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"The ADO Invariants are a q-Holonomic Family"

cf.

Apology: no knot homology (for now)
but both knots and homology will appear!
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Apology: no knot homology (for now)
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In the beginning: [Witten '89] [Reshetkhin-Turaev '91]

Chern-Simons QFT Rational VOA Quantum groups
<latexit sha1_base64="UK26uDqACjw1oq6lq0quEimwC9o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60GML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxW3flGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPnZuM0A==</latexit>

G <latexit sha1_base64="C3HG9zo8m7mJ+cwSluuu70jThWw=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURUZdFNy4r2Ae0sUymk3bIZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsKZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoreJUEtoiMY9l18eKciZoSzPNaTeRFEc+px0/vMv9zoRKxWLxqKcJ9SI8EixgBGsjDWy7/RTW+hHW40DiEI3OB3bVqTtzoFXiFqQKBZoD+6s/jEkaUaEJx0r1XCfRXoalZoTTWaWfKppgEuIR7RkqcESVl82Tz9CZUYYoiKV5QqO5+nsjw5FS08g3k3lGtezl4n9eL9XBjZcxkaSaCrI4FKQc6RjlNaAhk5RoPjUEE8lMVkTGWGKiTVkVU4K7/OVV0r6ou1d15+Gy2rgt6ijDCZxCDVy4hgbcQxNaQGACz/AKb1ZmvVjv1sditGQVO8fwB9bnD4hIkvE=</latexit>

V k(g)
<latexit sha1_base64="EXkZp6gUNQJavXNHyAse+dUmhEc=">AAAB+XicbVBNS8NAFHypX7V+RT16WSxCvZRERD0WvXisYNpCG8Jmu2mXbjZxd1Moof/EiwdFvPpPvPlv3LY5aOvAwjDzHm92wpQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRSyWZJNQjCU9kJ8SKciaop5nmtJNKiuOQ03Y4upv57TGViiXiUU9S6sd4IFjECNZGCmzbC55qvRjrYSTxCA3OA7vq1J050CpxC1KFAs3A/ur1E5LFVGjCsVJd10m1n2OpGeF0WulliqaYjPCAdg0VOKbKz+fJp+jMKH0UJdI8odFc/b2R41ipSRyayVlGtezNxP+8bqajGz9nIs00FWRxKMo40gma1YD6TFKi+cQQTCQzWREZYomJNmVVTAnu8pdXSeui7l7VnYfLauO2qKMMJ3AKNXDhGhpwD03wgMAYnuEV3qzcerHerY/FaMkqdo7hD6zPH5Gtkvc=</latexit>

Uq(g)
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

(compact)
<latexit sha1_base64="F1hBNMYrr4FHHUWRwpllp9t1HPA=">AAACAXicbVBNS8NAEN3Ur1q/ql4EL4tF8GJJRNRj0YvHCvYDmxA222m7dLOJuxuhhHrxr3jxoIhX/4U3/42bNgdtfTDweG+GmXlBzJnStv1tFRYWl5ZXiqultfWNza3y9k5TRYmk0KARj2Q7IAo4E9DQTHNoxxJIGHBoBcOrzG89gFQsErd6FIMXkr5gPUaJNpJf3hseD1wm3JDoQRDgOz91+3CP7bFfrthVewI8T5ycVFCOul/+crsRTUIQmnKiVMexY+2lRGpGOYxLbqIgJnRI+tAxVJAQlJdOPhjjQ6N0cS+SpoTGE/X3REpCpUZhYDqzS9Wsl4n/eZ1E9y68lIk40SDodFEv4VhHOIsDd5kEqvnIEEIlM7diOiCSUG1CK5kQnNmX50nzpOqcVe2b00rtMo+jiPbRATpCDjpHNXSN6qiBKHpEz+gVvVlP1ov1bn1MWwtWPrOL/sD6/AGZoJZX</latexit>

k � h 2 Z�0



In the beginning: [Witten '89] [Reshetkhin-Turaev '91]

Chern-Simons QFT Rational VOA Quantum groups
<latexit sha1_base64="UK26uDqACjw1oq6lq0quEimwC9o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60GML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxW3flGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPnZuM0A==</latexit>

G <latexit sha1_base64="C3HG9zo8m7mJ+cwSluuu70jThWw=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURUZdFNy4r2Ae0sUymk3bIZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsKZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoreJUEtoiMY9l18eKciZoSzPNaTeRFEc+px0/vMv9zoRKxWLxqKcJ9SI8EixgBGsjDWy7/RTW+hHW40DiEI3OB3bVqTtzoFXiFqQKBZoD+6s/jEkaUaEJx0r1XCfRXoalZoTTWaWfKppgEuIR7RkqcESVl82Tz9CZUYYoiKV5QqO5+nsjw5FS08g3k3lGtezl4n9eL9XBjZcxkaSaCrI4FKQc6RjlNaAhk5RoPjUEE8lMVkTGWGKiTVkVU4K7/OVV0r6ou1d15+Gy2rgt6ijDCZxCDVy4hgbcQxNaQGACz/AKb1ZmvVjv1sditGQVO8fwB9bnD4hIkvE=</latexit>

V k(g)
<latexit sha1_base64="EXkZp6gUNQJavXNHyAse+dUmhEc=">AAAB+XicbVBNS8NAFHypX7V+RT16WSxCvZRERD0WvXisYNpCG8Jmu2mXbjZxd1Moof/EiwdFvPpPvPlv3LY5aOvAwjDzHm92wpQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRSyWZJNQjCU9kJ8SKciaop5nmtJNKiuOQ03Y4upv57TGViiXiUU9S6sd4IFjECNZGCmzbC55qvRjrYSTxCA3OA7vq1J050CpxC1KFAs3A/ur1E5LFVGjCsVJd10m1n2OpGeF0WulliqaYjPCAdg0VOKbKz+fJp+jMKH0UJdI8odFc/b2R41ipSRyayVlGtezNxP+8bqajGz9nIs00FWRxKMo40gma1YD6TFKi+cQQTCQzWREZYomJNmVVTAnu8pdXSeui7l7VnYfLauO2qKMMJ3AKNXDhGhpwD03wgMAYnuEV3qzcerHerY/FaMkqdo7hD6zPH5Gtkvc=</latexit>

Uq(g)
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

(compact)
<latexit sha1_base64="F1hBNMYrr4FHHUWRwpllp9t1HPA=">AAACAXicbVBNS8NAEN3Ur1q/ql4EL4tF8GJJRNRj0YvHCvYDmxA222m7dLOJuxuhhHrxr3jxoIhX/4U3/42bNgdtfTDweG+GmXlBzJnStv1tFRYWl5ZXiqultfWNza3y9k5TRYmk0KARj2Q7IAo4E9DQTHNoxxJIGHBoBcOrzG89gFQsErd6FIMXkr5gPUaJNpJf3hseD1wm3JDoQRDgOz91+3CP7bFfrthVewI8T5ycVFCOul/+crsRTUIQmnKiVMexY+2lRGpGOYxLbqIgJnRI+tAxVJAQlJdOPhjjQ6N0cS+SpoTGE/X3REpCpUZhYDqzS9Wsl4n/eZ1E9y68lIk40SDodFEv4VhHOIsDd5kEqvnIEEIlM7diOiCSUG1CK5kQnNmX50nzpOqcVe2b00rtMo+jiPbRATpCDjpHNXSN6qiBKHpEz+gVvVlP1ov1bn1MWwtWPrOL/sD6/AGZoJZX</latexit>

k � h 2 Z�0

Key object in each:  a braided tensor category 
<latexit sha1_base64="l08zPEdFX1Q/wj1epy3TIVp+EYM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMtiNy4r2Ae2Q8mkd9rQTGZIMkIp/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4nvntJ1Sax/LBTBL0IzqUPOSMGis99iJqRowKUu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifGnVBnOBM5KvVRjQtmYDrFrqaQRan86TzwjZ1YZkDBW9klD5urvjSmNtJ5EgZ3MEuplLxP/87qpCW/8KZdJalCyxUdhKoiJSXY+GXCFzIiJJZQpbrMSNqKKMmNLKtkSvOWTV0nroupdVd37y0rtNq+jCCdwCufgwTXU4A4a0AQGEp7hFd4c7bw4787HYrTg5DvH8AfO5w8ESpB8</latexit>

C



In the beginning: [Witten '89] [Reshetkhin-Turaev '91]

Chern-Simons QFT Rational VOA Quantum groups
<latexit sha1_base64="UK26uDqACjw1oq6lq0quEimwC9o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60GML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxW3flGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPnZuM0A==</latexit>

G <latexit sha1_base64="C3HG9zo8m7mJ+cwSluuu70jThWw=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURUZdFNy4r2Ae0sUymk3bIZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsKZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoreJUEtoiMY9l18eKciZoSzPNaTeRFEc+px0/vMv9zoRKxWLxqKcJ9SI8EixgBGsjDWy7/RTW+hHW40DiEI3OB3bVqTtzoFXiFqQKBZoD+6s/jEkaUaEJx0r1XCfRXoalZoTTWaWfKppgEuIR7RkqcESVl82Tz9CZUYYoiKV5QqO5+nsjw5FS08g3k3lGtezl4n9eL9XBjZcxkaSaCrI4FKQc6RjlNaAhk5RoPjUEE8lMVkTGWGKiTVkVU4K7/OVV0r6ou1d15+Gy2rgt6ijDCZxCDVy4hgbcQxNaQGACz/AKb1ZmvVjv1sditGQVO8fwB9bnD4hIkvE=</latexit>

V k(g)
<latexit sha1_base64="EXkZp6gUNQJavXNHyAse+dUmhEc=">AAAB+XicbVBNS8NAFHypX7V+RT16WSxCvZRERD0WvXisYNpCG8Jmu2mXbjZxd1Moof/EiwdFvPpPvPlv3LY5aOvAwjDzHm92wpQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRSyWZJNQjCU9kJ8SKciaop5nmtJNKiuOQ03Y4upv57TGViiXiUU9S6sd4IFjECNZGCmzbC55qvRjrYSTxCA3OA7vq1J050CpxC1KFAs3A/ur1E5LFVGjCsVJd10m1n2OpGeF0WulliqaYjPCAdg0VOKbKz+fJp+jMKH0UJdI8odFc/b2R41ipSRyayVlGtezNxP+8bqajGz9nIs00FWRxKMo40gma1YD6TFKi+cQQTCQzWREZYomJNmVVTAnu8pdXSeui7l7VnYfLauO2qKMMJ3AKNXDhGhpwD03wgMAYnuEV3qzcerHerY/FaMkqdo7hD6zPH5Gtkvc=</latexit>

Uq(g)
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

(compact)
<latexit sha1_base64="F1hBNMYrr4FHHUWRwpllp9t1HPA=">AAACAXicbVBNS8NAEN3Ur1q/ql4EL4tF8GJJRNRj0YvHCvYDmxA222m7dLOJuxuhhHrxr3jxoIhX/4U3/42bNgdtfTDweG+GmXlBzJnStv1tFRYWl5ZXiqultfWNza3y9k5TRYmk0KARj2Q7IAo4E9DQTHNoxxJIGHBoBcOrzG89gFQsErd6FIMXkr5gPUaJNpJf3hseD1wm3JDoQRDgOz91+3CP7bFfrthVewI8T5ycVFCOul/+crsRTUIQmnKiVMexY+2lRGpGOYxLbqIgJnRI+tAxVJAQlJdOPhjjQ6N0cS+SpoTGE/X3REpCpUZhYDqzS9Wsl4n/eZ1E9y68lIk40SDodFEv4VhHOIsDd5kEqvnIEEIlM7diOiCSUG1CK5kQnNmX50nzpOqcVe2b00rtMo+jiPbRATpCDjpHNXSN6qiBKHpEz+gVvVlP1ov1bn1MWwtWPrOL/sD6/AGZoJZX</latexit>

k � h 2 Z�0

Key object in each:  a braided tensor category 
<latexit sha1_base64="l08zPEdFX1Q/wj1epy3TIVp+EYM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMtiNy4r2Ae2Q8mkd9rQTGZIMkIp/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4nvntJ1Sax/LBTBL0IzqUPOSMGis99iJqRowKUu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifGnVBnOBM5KvVRjQtmYDrFrqaQRan86TzwjZ1YZkDBW9klD5urvjSmNtJ5EgZ3MEuplLxP/87qpCW/8KZdJalCyxUdhKoiJSXY+GXCFzIiJJZQpbrMSNqKKMmNLKtkSvOWTV0nroupdVd37y0rtNq+jCCdwCufgwTXU4A4a0AQGEp7hFd4c7bw4787HYrTg5DvH8AfO5w8ESpB8</latexit>

C

<latexit sha1_base64="lJcQt2s5WcDjnrOW6D3w4MAoUog=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqBuh2I3LCvYBnaFk0kwbmsmEJCOUob/hxoUibv0Zd/6NmXYW2nogcDjnXu7JCSVn2rjut1NaW9/Y3CpvV3Z29/YPqodHHZ2kitA2SXiieiHWlDNB24YZTntSURyHnHbDSTP3u09UaZaIRzOVNIjxSLCIEWys5PsxNmOCOWqi20G15tbdOdAq8QpSgwKtQfXLHyYkjakwhGOt+5 4rTZBhZRjhdFbxU00lJhM8on1LBY6pDrJ55hk6s8oQRYmyTxg0V39vZDjWehqHdjLPqJe9XPzP66cmugkyJmRqqCCLQ1HKkUlQXgAaMkWJ4VNLMFHMZkVkjBUmxtZUsSV4y19eJZ2LundVdx8ua427oo4ynMApnIMH19CAe2hBGwhIeIZXeHNS58V5dz4WoyWn2DmGP3A+fwDifpDt</latexit>

C = {line operators}
<latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>'

<latexit sha1_base64="USwm1Cs4xiDOttdvv+9NJe65lUU=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQxCLAx3ImoZtLGMYD4giWFvs5cs2b07dufEcKSw8a/YWChi64+w89+4l1yhiQ8GHu/NMDPPiwTX4DjfVm5peWV1Lb9e2Njc2t6xd/caOowVZXUailC1PKKZ4AGrAwfBWpFiRHqCNb3RVeo375nSPAxuYRyxriSDgPucEjBSzy427kbljiQw9BUZ4cFRB9gDJMcy7E96dsmpOFPgReJmpIQy1Hr2V6cf0liyAKggWrddJ4JuQhRwKtik0Ik1iwgdkQFrGxoQyXQ3mT4xwYdG6WM/VKYCwFP190RCpNZj6ZnO9Fw976Xif147Bv+im/AgioEFdLbIjwWGEKeJ4D5XjIIYG0Ko4uZWTIdEEQomt4IJwZ1/eZE0TiruWcW5OS1VL7M48qiIDlAZuegcVdE1qqE6ougRPaNX9GY9WS/Wu/Uxa81Z2cw++gPr8wdRI5fl</latexit>

V k(g)-mod
<latexit sha1_base64="BhQePoF6Or84GZhUIDiHZEkzODI=">AAACFXicbVDLSsNAFJ3UV62vqks3g0WooCERUZdFNy4r2Ac0IUymk3bo5OHMjVhCf8KNv+LGhSJuBXf+jZO2C209cOFwzr3ce4+fCK7Asr6NwsLi0vJKcbW0tr6xuVXe3mmqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+ucr91z6TicXQLw4S5IelFPOCUgJa88pHj816n4d1VnZBAP5BkgHuHDrAHyI7DuDvKfdfLlKnMkVeuWKY1Bp4n9pRU0BR1r/zldGOahiwCKohSHdtKwM2IBE4FG5WcVLGE0AHpsY6mEQmZcrPxVyN8oJUuDmKpKwI8Vn9PZCRUahj6ujM/Xc16ufif10khuHAzHiUpsIhOFgWpwBDjPCLc5ZJREENNCJVc34ppn0hCQQdZ0iHYsy/Pk+aJaZ+Z1s1ppXY5jaOI9tA+qiIbnaMaukZ11EAUPaJn9IrejCfjxXg3PiatBWM6s4v+wPj8AXQpnwI=</latexit>⇥
Uq(g)-mod

⇤
s.s.

<latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>'



In the beginning: [Witten '89] [Reshetkhin-Turaev '91]

Chern-Simons QFT Rational VOA Quantum groups
<latexit sha1_base64="UK26uDqACjw1oq6lq0quEimwC9o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60GML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxW3flGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPnZuM0A==</latexit>

G <latexit sha1_base64="C3HG9zo8m7mJ+cwSluuu70jThWw=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURUZdFNy4r2Ae0sUymk3bIZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsKZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoreJUEtoiMY9l18eKciZoSzPNaTeRFEc+px0/vMv9zoRKxWLxqKcJ9SI8EixgBGsjDWy7/RTW+hHW40DiEI3OB3bVqTtzoFXiFqQKBZoD+6s/jEkaUaEJx0r1XCfRXoalZoTTWaWfKppgEuIR7RkqcESVl82Tz9CZUYYoiKV5QqO5+nsjw5FS08g3k3lGtezl4n9eL9XBjZcxkaSaCrI4FKQc6RjlNaAhk5RoPjUEE8lMVkTGWGKiTVkVU4K7/OVV0r6ou1d15+Gy2rgt6ijDCZxCDVy4hgbcQxNaQGACz/AKb1ZmvVjv1sditGQVO8fwB9bnD4hIkvE=</latexit>

V k(g)
<latexit sha1_base64="EXkZp6gUNQJavXNHyAse+dUmhEc=">AAAB+XicbVBNS8NAFHypX7V+RT16WSxCvZRERD0WvXisYNpCG8Jmu2mXbjZxd1Moof/EiwdFvPpPvPlv3LY5aOvAwjDzHm92wpQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRSyWZJNQjCU9kJ8SKciaop5nmtJNKiuOQ03Y4upv57TGViiXiUU9S6sd4IFjECNZGCmzbC55qvRjrYSTxCA3OA7vq1J050CpxC1KFAs3A/ur1E5LFVGjCsVJd10m1n2OpGeF0WulliqaYjPCAdg0VOKbKz+fJp+jMKH0UJdI8odFc/b2R41ipSRyayVlGtezNxP+8bqajGz9nIs00FWRxKMo40gma1YD6TFKi+cQQTCQzWREZYomJNmVVTAnu8pdXSeui7l7VnYfLauO2qKMMJ3AKNXDhGhpwD03wgMAYnuEV3qzcerHerY/FaMkqdo7hD6zPH5Gtkvc=</latexit>

Uq(g)
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

(compact)
<latexit sha1_base64="F1hBNMYrr4FHHUWRwpllp9t1HPA=">AAACAXicbVBNS8NAEN3Ur1q/ql4EL4tF8GJJRNRj0YvHCvYDmxA222m7dLOJuxuhhHrxr3jxoIhX/4U3/42bNgdtfTDweG+GmXlBzJnStv1tFRYWl5ZXiqultfWNza3y9k5TRYmk0KARj2Q7IAo4E9DQTHNoxxJIGHBoBcOrzG89gFQsErd6FIMXkr5gPUaJNpJf3hseD1wm3JDoQRDgOz91+3CP7bFfrthVewI8T5ycVFCOul/+crsRTUIQmnKiVMexY+2lRGpGOYxLbqIgJnRI+tAxVJAQlJdOPhjjQ6N0cS+SpoTGE/X3REpCpUZhYDqzS9Wsl4n/eZ1E9y68lIk40SDodFEv4VhHOIsDd5kEqvnIEEIlM7diOiCSUG1CK5kQnNmX50nzpOqcVe2b00rtMo+jiPbRATpCDjpHNXSN6qiBKHpEz+gVvVlP1ov1bn1MWwtWPrOL/sD6/AGZoJZX</latexit>

k � h 2 Z�0

Key object in each:  a braided tensor category 
<latexit sha1_base64="l08zPEdFX1Q/wj1epy3TIVp+EYM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMtiNy4r2Ae2Q8mkd9rQTGZIMkIp/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4nvntJ1Sax/LBTBL0IzqUPOSMGis99iJqRowKUu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifGnVBnOBM5KvVRjQtmYDrFrqaQRan86TzwjZ1YZkDBW9klD5urvjSmNtJ5EgZ3MEuplLxP/87qpCW/8KZdJalCyxUdhKoiJSXY+GXCFzIiJJZQpbrMSNqKKMmNLKtkSvOWTV0nroupdVd37y0rtNq+jCCdwCufgwTXU4A4a0AQGEp7hFd4c7bw4787HYrTg5DvH8AfO5w8ESpB8</latexit>

C

<latexit sha1_base64="lJcQt2s5WcDjnrOW6D3w4MAoUog=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqBuh2I3LCvYBnaFk0kwbmsmEJCOUob/hxoUibv0Zd/6NmXYW2nogcDjnXu7JCSVn2rjut1NaW9/Y3CpvV3Z29/YPqodHHZ2kitA2SXiieiHWlDNB24YZTntSURyHnHbDSTP3u09UaZaIRzOVNIjxSLCIEWys5PsxNmOCOWqi20G15tbdOdAq8QpSgwKtQfXLHyYkjakwhGOt+5 4rTZBhZRjhdFbxU00lJhM8on1LBY6pDrJ55hk6s8oQRYmyTxg0V39vZDjWehqHdjLPqJe9XPzP66cmugkyJmRqqCCLQ1HKkUlQXgAaMkWJ4VNLMFHMZkVkjBUmxtZUsSV4y19eJZ2LundVdx8ua427oo4ynMApnIMH19CAe2hBGwhIeIZXeHNS58V5dz4WoyWn2DmGP3A+fwDifpDt</latexit>

C = {line operators}
<latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>'

<latexit sha1_base64="USwm1Cs4xiDOttdvv+9NJe65lUU=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQxCLAx3ImoZtLGMYD4giWFvs5cs2b07dufEcKSw8a/YWChi64+w89+4l1yhiQ8GHu/NMDPPiwTX4DjfVm5peWV1Lb9e2Njc2t6xd/caOowVZXUailC1PKKZ4AGrAwfBWpFiRHqCNb3RVeo375nSPAxuYRyxriSDgPucEjBSzy427kbljiQw9BUZ4cFRB9gDJMcy7E96dsmpOFPgReJmpIQy1Hr2V6cf0liyAKggWrddJ4JuQhRwKtik0Ik1iwgdkQFrGxoQyXQ3mT4xwYdG6WM/VKYCwFP190RCpNZj6ZnO9Fw976Xif147Bv+im/AgioEFdLbIjwWGEKeJ4D5XjIIYG0Ko4uZWTIdEEQomt4IJwZ1/eZE0TiruWcW5OS1VL7M48qiIDlAZuegcVdE1qqE6ougRPaNX9GY9WS/Wu/Uxa81Z2cw++gPr8wdRI5fl</latexit>

V k(g)-mod
<latexit sha1_base64="BhQePoF6Or84GZhUIDiHZEkzODI=">AAACFXicbVDLSsNAFJ3UV62vqks3g0WooCERUZdFNy4r2Ac0IUymk3bo5OHMjVhCf8KNv+LGhSJuBXf+jZO2C209cOFwzr3ce4+fCK7Asr6NwsLi0vJKcbW0tr6xuVXe3mmqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+ucr91z6TicXQLw4S5IelFPOCUgJa88pHj816n4d1VnZBAP5BkgHuHDrAHyI7DuDvKfdfLlKnMkVeuWKY1Bp4n9pRU0BR1r/zldGOahiwCKohSHdtKwM2IBE4FG5WcVLGE0AHpsY6mEQmZcrPxVyN8oJUuDmKpKwI8Vn9PZCRUahj6ujM/Xc16ufif10khuHAzHiUpsIhOFgWpwBDjPCLc5ZJREENNCJVc34ppn0hCQQdZ0iHYsy/Pk+aJaZ+Z1s1ppXY5jaOI9tA+qiIbnaMaukZ11EAUPaJn9IrejCfjxXg3PiatBWM6s4v+wPj8AXQpnwI=</latexit>⇥
Uq(g)-mod

⇤
s.s.

<latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>'

Key property:        is semisimple
<latexit sha1_base64="l08zPEdFX1Q/wj1epy3TIVp+EYM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMtiNy4r2Ae2Q8mkd9rQTGZIMkIp/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4nvntJ1Sax/LBTBL0IzqUPOSMGis99iJqRowKUu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifGnVBnOBM5KvVRjQtmYDrFrqaQRan86TzwjZ1YZkDBW9klD5urvjSmNtJ5EgZ3MEuplLxP/87qpCW/8KZdJalCyxUdhKoiJSXY+GXCFzIiJJZQpbrMSNqKKMmNLKtkSvOWTV0nroupdVd37y0rtNq+jCCdwCufgwTXU4A4a0AQGEp7hFd4c7bw4787HYrTg5DvH8AfO5w8ESpB8</latexit>

C
no nontrivial junctions 
  of Wilson lines!

no nontrivial extensions 
   of simple objects



30 years after:

Rational VOA

Quantum groups
<latexit sha1_base64="hIWya78vl+2LbPRX8tCBkIbOn+M=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQxCLAx3ImoZtLGMYD4gCWFvs5cs2ds7d+fEcKSw8a/YWChi64+w89+4l1yhiQ8GHu/NMDPPiwTX4DjfVm5peWV1Lb9e2Njc2t6xd/caOowVZXUailC1PKKZ4JLVgYNgrUgxEniCNb3RVeo375nSPJS3MI5YNyADyX1OCRipZxfrvbtyJyAw9BUZ4cFRB9gDJMdB2J/07JJTcabAi8TNSAllqPXsr04/pHHAJFBBtG67TgTdhCjgVLBJoRNrFhE6IgPWNlSSgOluMn1igg+N0sd+qExJwFP190RCAq3HgWc603P1vJeK/3ntGPyLbsJlFAOTdLbIjwWGEKeJ4D5XjIIYG0Ko4uZWTIdEEQomt4IJwZ1/eZE0TiruWcW5OS1VL7M48qiIDlAZuegcVdE1qqE6ougRPaNX9GY9WS/Wu/Uxa81Z2cw++gPr8wdaypfr</latexit>

Uq(g)-mod
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

non-s.s. rep theory + vanishing quantum dim's

invariants of links/3-manifolds w/ flat         connections
<latexit sha1_base64="ob/+wClsaE/ljraClE+VEaEynlA=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi6rLYhS4r2Ac0MUymt+3QyYOZSbGE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWeOH3MmlWV9G6W19Y3NrfJ2ZWd3b//APKx2ZJQICm0a8Uj0fCKBsxDaiikOvVgACXwOXX/SzP3uFIRkUfigZjG4ARmFbMgoUVryzOqtlzoBUWPfx83s0ZkCeGbNqltz4FViF6SGCrQ888sZRDQJIFSUEyn7thUrNyVCMcohqziJhJjQCRlBX9OQBCDddJ49w6daGeBhJPQLFZ6rvzdSEkg5C3w9mceUy14u/uf1EzW8dlMWxomCkC4ODROOVYTzIvCACaCKzzQhVDCdFdMxEYQqXVdFl2Avf3mVdM7r9mXdur+oNW6KOsroGJ2gM2SjK9RAd6iF2oiiJ/SMXtGbkRkvxrvxsRgtGcXOEfoD4/MHmuOUKQ==</latexit>

G_
C

(& spin struc's)

Chern-Simons QFT



30 years after:

Rational VOA

Quantum groups
<latexit sha1_base64="hIWya78vl+2LbPRX8tCBkIbOn+M=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQxCLAx3ImoZtLGMYD4gCWFvs5cs2ds7d+fEcKSw8a/YWChi64+w89+4l1yhiQ8GHu/NMDPPiwTX4DjfVm5peWV1Lb9e2Njc2t6xd/caOowVZXUailC1PKKZ4JLVgYNgrUgxEniCNb3RVeo375nSPJS3MI5YNyADyX1OCRipZxfrvbtyJyAw9BUZ4cFRB9gDJMdB2J/07JJTcabAi8TNSAllqPXsr04/pHHAJFBBtG67TgTdhCjgVLBJoRNrFhE6IgPWNlSSgOluMn1igg+N0sd+qExJwFP190RCAq3HgWc603P1vJeK/3ntGPyLbsJlFAOTdLbIjwWGEKeJ4D5XjIIYG0Ko4uZWTIdEEQomt4IJwZ1/eZE0TiruWcW5OS1VL7M48qiIDlAZuegcVdE1qqE6ougRPaNX9GY9WS/Wu/Uxa81Z2cw++gPr8wdaypfr</latexit>

Uq(g)-mod
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

non-s.s. rep theory + vanishing quantum dim's

invariants of links/3-manifolds w/ flat         connections
<latexit sha1_base64="ob/+wClsaE/ljraClE+VEaEynlA=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi6rLYhS4r2Ac0MUymt+3QyYOZSbGE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWeOH3MmlWV9G6W19Y3NrfJ2ZWd3b//APKx2ZJQICm0a8Uj0fCKBsxDaiikOvVgACXwOXX/SzP3uFIRkUfigZjG4ARmFbMgoUVryzOqtlzoBUWPfx83s0ZkCeGbNqltz4FViF6SGCrQ888sZRDQJIFSUEyn7thUrNyVCMcohqziJhJjQCRlBX9OQBCDddJ49w6daGeBhJPQLFZ6rvzdSEkg5C3w9mceUy14u/uf1EzW8dlMWxomCkC4ODROOVYTzIvCACaCKzzQhVDCdFdMxEYQqXVdFl2Avf3mVdM7r9mXdur+oNW6KOsroGJ2gM2SjK9RAd6iF2oiiJ/SMXtGbkRkvxrvxsRgtGcXOEfoD4/MHmuOUKQ==</latexit>

G_
C

(& spin struc's)

Chern-Simons QFT

[Lyubashenko '95]
[Akutsu-Deguchi-Ohtsuki '92]

[Kashaev-Reshetikhin '02]

[Geer-Costantino-PatureauMirand '12]

[deRenzi-Gainutdinov-G-P-Runkel '19, '20]

"CGP"

[Blanchet-G-P-Reshetikhin '18]

...

[Blanchet-C-G-P '14]

"ADO"

unrolling
renormalized qu. dim's

<latexit sha1_base64="h6c5bTtciAi9lYcjA8QqQts7ZR8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE1GXRTZcVTFtoY5hMJ+3QycOZiVhCf8WNC0Xc+iPu/BsnbRbaemDgcM693DPHTziTyrK+jZXVtfWNzdJWeXtnd2/fPKi0ZZwKQh0S81h0fSwpZxF1FFOcdhNBcehz2vHHN7nfeaRCsji6U5OEuiEeRixgBCsteWbF8R7um7V+iNUoEHiMhqeeWbXq1gxomdgFqUKBlmd+9QcxSUMaKcKxlD3bSpSbYaEY4XRa7qeSJpiM8ZD2NI1wSKWbzbJP0YlWBiiIhX6RQjP190aGQyknoa8n84xy0cvF/7xeqoIrN2NRkioakfmhIOVIxSgvAg2YoETxiSaYCKazIjLCAhOl6yrrEuzFLy+T9lndvqhbt+fVxnVRRwmO4BhqYMMlNKAJLXCAwBM8wyu8GVPjxXg3PuajK0axcwh/YHz+AOKuk7E=</latexit>

UH

q
(g)



30 years after:

Rational VOA

Quantum groups
<latexit sha1_base64="hIWya78vl+2LbPRX8tCBkIbOn+M=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQxCLAx3ImoZtLGMYD4gCWFvs5cs2ds7d+fEcKSw8a/YWChi64+w89+4l1yhiQ8GHu/NMDPPiwTX4DjfVm5peWV1Lb9e2Njc2t6xd/caOowVZXUailC1PKKZ4JLVgYNgrUgxEniCNb3RVeo375nSPJS3MI5YNyADyX1OCRipZxfrvbtyJyAw9BUZ4cFRB9gDJMdB2J/07JJTcabAi8TNSAllqPXsr04/pHHAJFBBtG67TgTdhCjgVLBJoRNrFhE6IgPWNlSSgOluMn1igg+N0sd+qExJwFP190RCAq3HgWc603P1vJeK/3ntGPyLbsJlFAOTdLbIjwWGEKeJ4D5XjIIYG0Ko4uZWTIdEEQomt4IJwZ1/eZE0TiruWcW5OS1VL7M48qiIDlAZuegcVdE1qqE6ougRPaNX9GY9WS/Wu/Uxa81Z2cw++gPr8wdaypfr</latexit>

Uq(g)-mod
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

non-s.s. rep theory + vanishing quantum dim's

invariants of links/3-manifolds w/ flat         connections
<latexit sha1_base64="ob/+wClsaE/ljraClE+VEaEynlA=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi6rLYhS4r2Ac0MUymt+3QyYOZSbGE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWeOH3MmlWV9G6W19Y3NrfJ2ZWd3b//APKx2ZJQICm0a8Uj0fCKBsxDaiikOvVgACXwOXX/SzP3uFIRkUfigZjG4ARmFbMgoUVryzOqtlzoBUWPfx83s0ZkCeGbNqltz4FViF6SGCrQ888sZRDQJIFSUEyn7thUrNyVCMcohqziJhJjQCRlBX9OQBCDddJ49w6daGeBhJPQLFZ6rvzdSEkg5C3w9mceUy14u/uf1EzW8dlMWxomCkC4ODROOVYTzIvCACaCKzzQhVDCdFdMxEYQqXVdFl2Avf3mVdM7r9mXdur+oNW6KOsroGJ2gM2SjK9RAd6iF2oiiJ/SMXtGbkRkvxrvxsRgtGcXOEfoD4/MHmuOUKQ==</latexit>

G_
C

(& spin struc's)

<latexit sha1_base64="ICDp7rNAl2tj9U31hFeCvRa93+U=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvNpF262Y27E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulOSA0ILqGFHAV0Ug00CQU8hKObqf/wBNpwJe9xnEKQ0IHkMWcUrdTpCaCRQdWv1ry6N4O7TPyC1EiBZr/61YsUyxKQyAQ1put7KQY51ciZgEmllxlIKRvRAXQtlTQBE+SzeyfuiVUiN1balkR3pv6eyGlizDgJbWdCcWgWvan4n9fNML4Kci7TDEGy+aI4Ey4qd/q8G3ENDMXYEso0t7e6bEg1ZWgjqtgQ/MWXl0n7rO5f1L2781rjuoijTI7IMTklPrkkDXJLmqRFGBHkmbySN+fReXHenY95a8kpZg7JHzifPzjukBc=</latexit> log-VOA's and their module categories
deformations by flat connections

<latexit sha1_base64="VZ5QcY69R9n4B6GQDE1LytMv3PU=">AAACBXicbVDLSsNAFL3xWesr6lIXg0Wom5KIqMuiIC4r9AVtCJPppB06eTAzEUroxo2/4saFIm79B3f+jZM0C209MHDmnHu59x4v5kwqy/o2lpZXVtfWSxvlza3tnV1zb78to0QQ2iIRj0TXw5JyFtKWYorTbiwoDjxOO974JvM7D1RIFoVNNYmpE+BhyHxGsNKSax71A6xGBHOU3jan7ria/32Bx2h46poVq2blQIvELkgFCjRc86s/iEgS0FARjqXs2VasnBQLxQin03I/kTTGZIyHtKdpiAMqnTS/YopOtDJAfiT0CxXK1d8dKQ6knASersx2lPNeJv7n9RLlXzkpC+NE0ZDMBvkJRypCWSRowAQlik80wUQwvSsiIywwUTq4sg7Bnj95kbTPavZFzbo/r9SvizhKcAjHUAUbLqEOd9CAFhB4hGd4hTfjyXgx3o2PWemSUfQcwB8Ynz+YTJf8</latexit>

FT k(g)

[Creutzig-Gainutdinov-Runkel '17]

[Feigin-Tipunin '10]
[Kausch '91], [Gaberdiel-Kausch '96] triplet

<latexit sha1_base64="Dw79E6BJLVzul9l0VOC8UGsVGrQ=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0WoICUpom6EoiAuK/QFbQiT6aQdMnkwMxFKyHe48VfcuFDEnbjxb5ykQbT1wMCZc+7l3nuciFEhDeNLKy0tr6yuldcrG5tb2zv67l5XhDHHpINDFvK+gwRhNCAdSSUj/YgT5DuM9BzvOvN794QLGgZtOY2I5aNxQF2KkVSSrZtDH8kJRgz27MQ88dLLHyG5aae2V8v/LkdeIlhqN45tvWrUjRxwkZgFqYICLVv/GI5CHPskkJghIQamEUkrQVxSzEhaGcaCRAh7aEwGigbIJ8JK8tNSeKSUEXRDrl4gYa7+7kiQL8TUd1RltqeY9zLxP28QS/fCSmgQxZIEeDbIjRmUIcxygiPKCZZsqgjCnKpdIZ4gjrBUaVZUCOb8yYuk26ibZ3Xj7rTavCriKIMDcAhqwATnoAluQQt0AAYP4Am8gFftUXvW3rT3WWlJK3r2wR9on9/Jn6C4</latexit>

W1,k = FT k(sl2)

[Feigin-Gainutdinov-Semikhatov-Tipunin '05, '06]
[Nagatomo-Tsuchiya '09]

[Gannon-Negron '21]

[Creutzig-Milas-Rupert '16]

[Creutzig-Yang-McRae '20]        [Sugimoto '20]
[Creutzig-Lentner-Rupert '21]

Chern-Simons QFT



30 years after:

Rational VOA

Quantum groups
<latexit sha1_base64="hIWya78vl+2LbPRX8tCBkIbOn+M=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQxCLAx3ImoZtLGMYD4gCWFvs5cs2ds7d+fEcKSw8a/YWChi64+w89+4l1yhiQ8GHu/NMDPPiwTX4DjfVm5peWV1Lb9e2Njc2t6xd/caOowVZXUailC1PKKZ4JLVgYNgrUgxEniCNb3RVeo375nSPJS3MI5YNyADyX1OCRipZxfrvbtyJyAw9BUZ4cFRB9gDJMdB2J/07JJTcabAi8TNSAllqPXsr04/pHHAJFBBtG67TgTdhCjgVLBJoRNrFhE6IgPWNlSSgOluMn1igg+N0sd+qExJwFP190RCAq3HgWc603P1vJeK/3ntGPyLbsJlFAOTdLbIjwWGEKeJ4D5XjIIYG0Ko4uZWTIdEEQomt4IJwZ1/eZE0TiruWcW5OS1VL7M48qiIDlAZuegcVdE1qqE6ougRPaNX9GY9WS/Wu/Uxa81Z2cw++gPr8wdaypfr</latexit>

Uq(g)-mod
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

non-s.s. rep theory + vanishing quantum dim's

invariants of links/3-manifolds w/ flat         connections
<latexit sha1_base64="ob/+wClsaE/ljraClE+VEaEynlA=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi6rLYhS4r2Ac0MUymt+3QyYOZSbGE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWeOH3MmlWV9G6W19Y3NrfJ2ZWd3b//APKx2ZJQICm0a8Uj0fCKBsxDaiikOvVgACXwOXX/SzP3uFIRkUfigZjG4ARmFbMgoUVryzOqtlzoBUWPfx83s0ZkCeGbNqltz4FViF6SGCrQ888sZRDQJIFSUEyn7thUrNyVCMcohqziJhJjQCRlBX9OQBCDddJ49w6daGeBhJPQLFZ6rvzdSEkg5C3w9mceUy14u/uf1EzW8dlMWxomCkC4ODROOVYTzIvCACaCKzzQhVDCdFdMxEYQqXVdFl2Avf3mVdM7r9mXdur+oNW6KOsroGJ2gM2SjK9RAd6iF2oiiJ/SMXtGbkRkvxrvxsRgtGcXOEfoD4/MHmuOUKQ==</latexit>

G_
C

(& spin struc's)

<latexit sha1_base64="ICDp7rNAl2tj9U31hFeCvRa93+U=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvNpF262Y27E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulOSA0ILqGFHAV0Ug00CQU8hKObqf/wBNpwJe9xnEKQ0IHkMWcUrdTpCaCRQdWv1ry6N4O7TPyC1EiBZr/61YsUyxKQyAQ1put7KQY51ciZgEmllxlIKRvRAXQtlTQBE+SzeyfuiVUiN1balkR3pv6eyGlizDgJbWdCcWgWvan4n9fNML4Kci7TDEGy+aI4Ey4qd/q8G3ENDMXYEso0t7e6bEg1ZWgjqtgQ/MWXl0n7rO5f1L2781rjuoijTI7IMTklPrkkDXJLmqRFGBHkmbySN+fReXHenY95a8kpZg7JHzifPzjukBc=</latexit> log-VOA's and their module categories
deformations by flat connections

<latexit sha1_base64="VZ5QcY69R9n4B6GQDE1LytMv3PU=">AAACBXicbVDLSsNAFL3xWesr6lIXg0Wom5KIqMuiIC4r9AVtCJPppB06eTAzEUroxo2/4saFIm79B3f+jZM0C209MHDmnHu59x4v5kwqy/o2lpZXVtfWSxvlza3tnV1zb78to0QQ2iIRj0TXw5JyFtKWYorTbiwoDjxOO974JvM7D1RIFoVNNYmpE+BhyHxGsNKSax71A6xGBHOU3jan7ria/32Bx2h46poVq2blQIvELkgFCjRc86s/iEgS0FARjqXs2VasnBQLxQin03I/kTTGZIyHtKdpiAMqnTS/YopOtDJAfiT0CxXK1d8dKQ6knASersx2lPNeJv7n9RLlXzkpC+NE0ZDMBvkJRypCWSRowAQlik80wUQwvSsiIywwUTq4sg7Bnj95kbTPavZFzbo/r9SvizhKcAjHUAUbLqEOd9CAFhB4hGd4hTfjyXgx3o2PWemSUfQcwB8Ynz+YTJf8</latexit>

FT k(g)

triplet
<latexit sha1_base64="Dw79E6BJLVzul9l0VOC8UGsVGrQ=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0WoICUpom6EoiAuK/QFbQiT6aQdMnkwMxFKyHe48VfcuFDEnbjxb5ykQbT1wMCZc+7l3nuciFEhDeNLKy0tr6yuldcrG5tb2zv67l5XhDHHpINDFvK+gwRhNCAdSSUj/YgT5DuM9BzvOvN794QLGgZtOY2I5aNxQF2KkVSSrZtDH8kJRgz27MQ88dLLHyG5aae2V8v/LkdeIlhqN45tvWrUjRxwkZgFqYICLVv/GI5CHPskkJghIQamEUkrQVxSzEhaGcaCRAh7aEwGigbIJ8JK8tNSeKSUEXRDrl4gYa7+7kiQL8TUd1RltqeY9zLxP28QS/fCSmgQxZIEeDbIjRmUIcxygiPKCZZsqgjCnKpdIZ4gjrBUaVZUCOb8yYuk26ibZ3Xj7rTavCriKIMDcAhqwATnoAluQQt0AAYP4Am8gFftUXvW3rT3WWlJK3r2wR9on9/Jn6C4</latexit>

W1,k = FT k(sl2)

Chern-Simons QFT ??
cohomological 3d theories (twists of SUSY) ?
with flavor symmetry ?
cf. [GHNPPK '20]

[Witten '88]<latexit sha1_base64="ICDp7rNAl2tj9U31hFeCvRa93+U=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvNpF262Y27E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulOSA0ILqGFHAV0Ug00CQU8hKObqf/wBNpwJe9xnEKQ0IHkMWcUrdTpCaCRQdWv1ry6N4O7TPyC1EiBZr/61YsUyxKQyAQ1put7KQY51ciZgEmllxlIKRvRAXQtlTQBE+SzeyfuiVUiN1balkR3pv6eyGlizDgJbWdCcWgWvan4n9fNML4Kci7TDEGy+aI4Ey4qd/q8G3ENDMXYEso0t7e6bEg1ZWgjqtgQ/MWXl0n7rO5f1L2781rjuoijTI7IMTklPrkkDXJLmqRFGBHkmbySN+fReXHenY95a8kpZg7JHzifPzjukBc=</latexit> 

[Cheng-Chun-Ferrari-Gukov-Harrison '18]



Our main conjecture:

Log VOA Quantum group
<latexit sha1_base64="hIWya78vl+2LbPRX8tCBkIbOn+M=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQxCLAx3ImoZtLGMYD4gCWFvs5cs2ds7d+fEcKSw8a/YWChi64+w89+4l1yhiQ8GHu/NMDPPiwTX4DjfVm5peWV1Lb9e2Njc2t6xd/caOowVZXUailC1PKKZ4JLVgYNgrUgxEniCNb3RVeo375nSPJS3MI5YNyADyX1OCRipZxfrvbtyJyAw9BUZ4cFRB9gDJMdB2J/07JJTcabAi8TNSAllqPXsr04/pHHAJFBBtG67TgTdhCjgVLBJoRNrFhE6IgPWNlSSgOluMn1igg+N0sd+qExJwFP190RCAq3HgWc603P1vJeK/3ntGPyLbsJlFAOTdLbIjwWGEKeJ4D5XjIIYG0Ko4uZWTIdEEQomt4IJwZ1/eZE0TiruWcW5OS1VL7M48qiIDlAZuegcVdE1qqE6ougRPaNX9GY9WS/Wu/Uxa81Z2cw++gPr8wdaypfr</latexit>

Uq(g)-mod
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="VZ5QcY69R9n4B6GQDE1LytMv3PU=">AAACBXicbVDLSsNAFL3xWesr6lIXg0Wom5KIqMuiIC4r9AVtCJPppB06eTAzEUroxo2/4saFIm79B3f+jZM0C209MHDmnHu59x4v5kwqy/o2lpZXVtfWSxvlza3tnV1zb78to0QQ2iIRj0TXw5JyFtKWYorTbiwoDjxOO974JvM7D1RIFoVNNYmpE+BhyHxGsNKSax71A6xGBHOU3jan7ria/32Bx2h46poVq2blQIvELkgFCjRc86s/iEgS0FARjqXs2VasnBQLxQin03I/kTTGZIyHtKdpiAMqnTS/YopOtDJAfiT0CxXK1d8dKQ6knASersx2lPNeJv7n9RLlXzkpC+NE0ZDMBvkJRypCWSRowAQlik80wUQwvSsiIywwUTq4sg7Bnj95kbTPavZFzbo/r9SvizhKcAjHUAUbLqEOd9CAFhB4hGd4hTfjyXgx3o2PWemSUfQcwB8Ynz+YTJf8</latexit>

FT k(g)

QFT

(for G simply connected ADE...)

* unroll for braiding

<latexit sha1_base64="lJcQt2s5WcDjnrOW6D3w4MAoUog=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqBuh2I3LCvYBnaFk0kwbmsmEJCOUob/hxoUibv0Zd/6NmXYW2nogcDjnXu7JCSVn2rjut1NaW9/Y3CpvV3Z29/YPqodHHZ2kitA2SXiieiHWlDNB24YZTntSURyHnHbDSTP3u09UaZaIRzOVNIjxSLCIEWys5PsxNmOCOWqi20G15tbdOdAq8QpSgwKtQfXLHyYkjakwhGOt+54rTZBhZRjhdFbxU00lJhM8on1LBY6pDrJ55hk6s8oQRYmyTxg0V39vZDjWehqHdjLPqJe9XPzP66cmugkyJmRqqCCLQ1HKkUlQXgAaMkWJ4VNLMFHMZkVkjBUmxtZUsSV4y19eJZ2LundVdx8ua427oo4ynMApnIMH19CAe2hBGwhIeIZXeHNS58V5dz4WoyWn2DmGP3A+fwDifpDt</latexit>

C = {line operators}
<latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>' <latexit sha1_base64="2bsp1S1JsZWKVizGKYNpw63lF6o=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURUY9FLx4r2A9IQ9lsNu3S3WzYnYgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuhsQwwRPWAg6CdVPNiAwF64Sj26nfeWTacJU8wDhlgSSDhMecErCS3wP2BPmZVNGkX625dXcGvEy8gtRQgWa/+tWLFM0kS4AKYozvuSkEOdHAqWCTSi8zLCV0RAbMtzQhkpkgn508wSdWiXCstK0E8Ez9PZETacxYhrZTEhiaRW8q/uf5GcTXQc6TNAOW0PmiOBMYFJ7+jyOuGQUxtoRQze2tmA6JJhRsShUbgrf48jJpn9e9y7p7f1Fr3BRxlNEROkanyENXqIHuUBO1EEUKPaNX9OaA8+K8Ox/z1pJTzByiP3A+fwCVSZFz</latexit>

-mod
<latexit sha1_base64="1CN+BxrpOJ9d+B7tEZlq0VmhpkM=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjKt47S7oi5cVrS10I4lk2ba0ExmSDJCGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZuaXlldS2/XtjY3NreKe7utVScSkKbJOaxbAdYUc4EbWqmOW0nkuIo4PQ2GJ1P/dt7KhWLxY0eJ9SP8ECwkBGsjXR9cRf0iiVkV5HrVT2IbMfzauWKIRW35roedGw0Qwks0OgV37v9mKQRFZpwrFTHQYn2Myw1I5xOCt1U0QSTER7QjqECR1T52ezUCTwySh+GsTQlNJyp3ycyHCk1jgLTGWE9VL+9qfiX10l1WPUzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mVbefURlcnpfrZIo48OACH4Bg4wAN1cAkaoAkIGIAH8ASeLW49Wi/W67w1Zy1m9sEPWG+flKqOAw==</latexit>

Db <latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>'
<latexit sha1_base64="1CN+BxrpOJ9d+B7tEZlq0VmhpkM=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjKt47S7oi5cVrS10I4lk2ba0ExmSDJCGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZuaXlldS2/XtjY3NreKe7utVScSkKbJOaxbAdYUc4EbWqmOW0nkuIo4PQ2GJ1P/dt7KhWLxY0eJ9SP8ECwkBGsjXR9cRf0iiVkV5HrVT2IbMfzauWKIRW35roedGw0Qwks0OgV37v9mKQRFZpwrFTHQYn2Myw1I5xOCt1U0QSTER7QjqECR1T52ezUCTwySh+GsTQlNJyp3ycyHCk1jgLTGWE9VL+9qfiX10l1WPUzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mVbefURlcnpfrZIo48OACH4Bg4wAN1cAkaoAkIGIAH8ASeLW49Wi/W67w1Zy1m9sEPWG+flKqOAw==</latexit>

Db



Our main conjecture:

Log VOA Quantum group
<latexit sha1_base64="hIWya78vl+2LbPRX8tCBkIbOn+M=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQxCLAx3ImoZtLGMYD4gCWFvs5cs2ds7d+fEcKSw8a/YWChi64+w89+4l1yhiQ8GHu/NMDPPiwTX4DjfVm5peWV1Lb9e2Njc2t6xd/caOowVZXUailC1PKKZ4JLVgYNgrUgxEniCNb3RVeo375nSPJS3MI5YNyADyX1OCRipZxfrvbtyJyAw9BUZ4cFRB9gDJMdB2J/07JJTcabAi8TNSAllqPXsr04/pHHAJFBBtG67TgTdhCjgVLBJoRNrFhE6IgPWNlSSgOluMn1igg+N0sd+qExJwFP190RCAq3HgWc603P1vJeK/3ntGPyLbsJlFAOTdLbIjwWGEKeJ4D5XjIIYG0Ko4uZWTIdEEQomt4IJwZ1/eZE0TiruWcW5OS1VL7M48qiIDlAZuegcVdE1qqE6ougRPaNX9GY9WS/Wu/Uxa81Z2cw++gPr8wdaypfr</latexit>

Uq(g)-mod
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="VZ5QcY69R9n4B6GQDE1LytMv3PU=">AAACBXicbVDLSsNAFL3xWesr6lIXg0Wom5KIqMuiIC4r9AVtCJPppB06eTAzEUroxo2/4saFIm79B3f+jZM0C209MHDmnHu59x4v5kwqy/o2lpZXVtfWSxvlza3tnV1zb78to0QQ2iIRj0TXw5JyFtKWYorTbiwoDjxOO974JvM7D1RIFoVNNYmpE+BhyHxGsNKSax71A6xGBHOU3jan7ria/32Bx2h46poVq2blQIvELkgFCjRc86s/iEgS0FARjqXs2VasnBQLxQin03I/kTTGZIyHtKdpiAMqnTS/YopOtDJAfiT0CxXK1d8dKQ6knASersx2lPNeJv7n9RLlXzkpC+NE0ZDMBvkJRypCWSRowAQlik80wUQwvSsiIywwUTq4sg7Bnj95kbTPavZFzbo/r9SvizhKcAjHUAUbLqEOd9CAFhB4hGd4hTfjyXgx3o2PWemSUfQcwB8Ynz+YTJf8</latexit>

FT k(g)

QFT

(for G simply connected ADE...)

<latexit sha1_base64="oPG1yqrMn4RnHg2gmHgXjpGT4A8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJKIqMuqC11W6AvaGCbTSTt08mBmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxYs6ksqxvY2l5ZXVtvbRR3tza3tk19yptGSWC0BaJeCS6HpaUs5C2FFOcdmNBceBx2vHGN7nfeaRCsihsqklMnQAPQ+YzgpWWXLPSD7AaEcxR001vT8bZw5VrVq2aNQVaJHZBqlCg4Zpf/UFEko CGinAsZc+2YuWkWChGOM3K/UTSGJMxHtKepiEOqHTSafYMHWllgPxI6BcqNFV/b6Q4kHISeHoyTyrnvVz8z+slyr90UhbGiaIhmR3yE45UhPIi0IAJShSfaIKJYDorIiMsMFG6rrIuwZ7/8iJpn9bs85p1f1atXxd1lOAADuEYbLiAOtxBA1pA4Ame4RXejMx4Md6Nj9noklHs7MMfGJ8/LymT4g==</latexit>

T A
G,k

<latexit sha1_base64="dJoVKvb8XSwfhIm8gJVm/jOVrEY=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXmoioh6rHuqxQr8gjWWz3bRLN5uwuxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPz/JgzpW3728qtrK6tb+Q3C1vbO7t7xf2DlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb90d3Ubz9RqVgkGnocUy/EA8ECRrA2UrfccGveWa03On286RVLdsWeAS0TJyMlyFDvFb+6/YgkIRWacKyU69ix9lIsNSOcTgrdRNEYkxEeUNdQgUOqvHR28wSdGKWPgkiaEhrN1N8TKQ6VGoe+6QyxHqpFbyr+57mJDq69lIk40VSQ+aIg4UhHaBoA6jNJieZjQzCRzNyKyBBLTLSJqWBCcBZfXiat84pzWbEfLkrV2yyOPBzBMZTBgSuowj3UoQkEYniGV3izEuvFerc+5q05K5s5hD+wPn8ALg6Qeg==</latexit>

(T [G]/Gk)
A<latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=

topological A-twist of a 3d N=4 theory cf. [Gaiotto-Witten '08]

* unroll for braiding

<latexit sha1_base64="lJcQt2s5WcDjnrOW6D3w4MAoUog=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqBuh2I3LCvYBnaFk0kwbmsmEJCOUob/hxoUibv0Zd/6NmXYW2nogcDjnXu7JCSVn2rjut1NaW9/Y3CpvV3Z29/YPqodHHZ2kitA2SXiieiHWlDNB24YZTntSURyHnHbDSTP3u09UaZaIRzOVNIjxSLCIEWys5PsxNmOCOWqi20G15tbdOdAq8QpSgwKtQfXLHyYkjakwhGOt+54rTZBhZRjhdFbxU00lJhM8on1LBY6pDrJ55hk6s8oQRYmyTxg0V39vZDjWehqHdjLPqJe9XPzP66cmugkyJmRqqCCLQ1HKkUlQXgAaMkWJ4VNLMFHMZkVkjBUmxtZUsSV4y19eJZ2LundVdx8ua427oo4ynMApnIMH19CAe2hBGwhIeIZXeHNS58V5dz4WoyWn2DmGP3A+fwDifpDt</latexit>

C = {line operators}
<latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>' <latexit sha1_base64="2bsp1S1JsZWKVizGKYNpw63lF6o=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURUY9FLx4r2A9IQ9lsNu3S3WzYnYgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuhsQwwRPWAg6CdVPNiAwF64Sj26nfeWTacJU8wDhlgSSDhMecErCS3wP2BPmZVNGkX625dXcGvEy8gtRQgWa/+tWLFM0kS4AKYozvuSkEOdHAqWCTSi8zLCV0RAbMtzQhkpkgn508wSdWiXCstK0E8Ez9PZETacxYhrZTEhiaRW8q/uf5GcTXQc6TNAOW0PmiOBMYFJ7+jyOuGQUxtoRQze2tmA6JJhRsShUbgrf48jJpn9e9y7p7f1Fr3BRxlNEROkanyENXqIHuUBO1EEUKPaNX9OaA8+K8Ox/z1pJTzByiP3A+fwCVSZFz</latexit>

-mod
<latexit sha1_base64="1CN+BxrpOJ9d+B7tEZlq0VmhpkM=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjKt47S7oi5cVrS10I4lk2ba0ExmSDJCGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZuaXlldS2/XtjY3NreKe7utVScSkKbJOaxbAdYUc4EbWqmOW0nkuIo4PQ2GJ1P/dt7KhWLxY0eJ9SP8ECwkBGsjXR9cRf0iiVkV5HrVT2IbMfzauWKIRW35roedGw0Qwks0OgV37v9mKQRFZpwrFTHQYn2Myw1I5xOCt1U0QSTER7QjqECR1T52ezUCTwySh+GsTQlNJyp3ycyHCk1jgLTGWE9VL+9qfiX10l1WPUzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mVbefURlcnpfrZIo48OACH4Bg4wAN1cAkaoAkIGIAH8ASeLW49Wi/W67w1Zy1m9sEPWG+flKqOAw==</latexit>

Db <latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>'
<latexit sha1_base64="1CN+BxrpOJ9d+B7tEZlq0VmhpkM=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjKt47S7oi5cVrS10I4lk2ba0ExmSDJCGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZuaXlldS2/XtjY3NreKe7utVScSkKbJOaxbAdYUc4EbWqmOW0nkuIo4PQ2GJ1P/dt7KhWLxY0eJ9SP8ECwkBGsjXR9cRf0iiVkV5HrVT2IbMfzauWKIRW35roedGw0Qwks0OgV37v9mKQRFZpwrFTHQYn2Myw1I5xOCt1U0QSTER7QjqECR1T52ezUCTwySh+GsTQlNJyp3ycyHCk1jgLTGWE9VL+9qfiX10l1WPUzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mVbefURlcnpfrZIo48OACH4Bg4wAN1cAkaoAkIGIAH8ASeLW49Wi/W67w1Zy1m9sEPWG+flKqOAw==</latexit>

Db

<latexit sha1_base64="EpB+i+VmX8ROPSf1BRdY45eiF2Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V1Xv4bJSu83jKMIJnMI5+HANNbiHOjSAwwie4RXenNR5cd6dj0VrwclnjuEPnM8febePqQ==</latexit>•
expect it's 3d-mirror to B-twisted theories of [GHNPPK '20]



Our main conjecture:

Log VOA Quantum group
<latexit sha1_base64="hIWya78vl+2LbPRX8tCBkIbOn+M=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQxCLAx3ImoZtLGMYD4gCWFvs5cs2ds7d+fEcKSw8a/YWChi64+w89+4l1yhiQ8GHu/NMDPPiwTX4DjfVm5peWV1Lb9e2Njc2t6xd/caOowVZXUailC1PKKZ4JLVgYNgrUgxEniCNb3RVeo375nSPJS3MI5YNyADyX1OCRipZxfrvbtyJyAw9BUZ4cFRB9gDJMdB2J/07JJTcabAi8TNSAllqPXsr04/pHHAJFBBtG67TgTdhCjgVLBJoRNrFhE6IgPWNlSSgOluMn1igg+N0sd+qExJwFP190RCAq3HgWc603P1vJeK/3ntGPyLbsJlFAOTdLbIjwWGEKeJ4D5XjIIYG0Ko4uZWTIdEEQomt4IJwZ1/eZE0TiruWcW5OS1VL7M48qiIDlAZuegcVdE1qqE6ougRPaNX9GY9WS/Wu/Uxa81Z2cw++gPr8wdaypfr</latexit>

Uq(g)-mod
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="VZ5QcY69R9n4B6GQDE1LytMv3PU=">AAACBXicbVDLSsNAFL3xWesr6lIXg0Wom5KIqMuiIC4r9AVtCJPppB06eTAzEUroxo2/4saFIm79B3f+jZM0C209MHDmnHu59x4v5kwqy/o2lpZXVtfWSxvlza3tnV1zb78to0QQ2iIRj0TXw5JyFtKWYorTbiwoDjxOO974JvM7D1RIFoVNNYmpE+BhyHxGsNKSax71A6xGBHOU3jan7ria/32Bx2h46poVq2blQIvELkgFCjRc86s/iEgS0FARjqXs2VasnBQLxQin03I/kTTGZIyHtKdpiAMqnTS/YopOtDJAfiT0CxXK1d8dKQ6knASersx2lPNeJv7n9RLlXzkpC+NE0ZDMBvkJRypCWSRowAQlik80wUQwvSsiIywwUTq4sg7Bnj95kbTPavZFzbo/r9SvizhKcAjHUAUbLqEOd9CAFhB4hGd4hTfjyXgx3o2PWemSUfQcwB8Ynz+YTJf8</latexit>

FT k(g)

QFT

(for G simply connected ADE...)

<latexit sha1_base64="oPG1yqrMn4RnHg2gmHgXjpGT4A8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJKIqMuqC11W6AvaGCbTSTt08mBmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxYs6ksqxvY2l5ZXVtvbRR3tza3tk19yptGSWC0BaJeCS6HpaUs5C2FFOcdmNBceBx2vHGN7nfeaRCsihsqklMnQAPQ+YzgpWWXLPSD7AaEcxR001vT8bZw5VrVq2aNQVaJHZBqlCg4Zpf/UFEko CGinAsZc+2YuWkWChGOM3K/UTSGJMxHtKepiEOqHTSafYMHWllgPxI6BcqNFV/b6Q4kHISeHoyTyrnvVz8z+slyr90UhbGiaIhmR3yE45UhPIi0IAJShSfaIKJYDorIiMsMFG6rrIuwZ7/8iJpn9bs85p1f1atXxd1lOAADuEYbLiAOtxBA1pA4Ame4RXejMx4Md6Nj9noklHs7MMfGJ8/LymT4g==</latexit>

T A
G,k

<latexit sha1_base64="dJoVKvb8XSwfhIm8gJVm/jOVrEY=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXmoioh6rHuqxQr8gjWWz3bRLN5uwuxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPz/JgzpW3728qtrK6tb+Q3C1vbO7t7xf2DlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb90d3Ubz9RqVgkGnocUy/EA8ECRrA2UrfccGveWa03On286RVLdsWeAS0TJyMlyFDvFb+6/YgkIRWacKyU69ix9lIsNSOcTgrdRNEYkxEeUNdQgUOqvHR28wSdGKWPgkiaEhrN1N8TKQ6VGoe+6QyxHqpFbyr+57mJDq69lIk40VSQ+aIg4UhHaBoA6jNJieZjQzCRzNyKyBBLTLSJqWBCcBZfXiat84pzWbEfLkrV2yyOPBzBMZTBgSuowj3UoQkEYniGV3izEuvFerc+5q05K5s5hD+wPn8ALg6Qeg==</latexit>

(T [G]/Gk)
A<latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=

topological A-twist of a 3d N=4 theory cf. [Gaiotto-Witten '08]

* unroll for braiding

<latexit sha1_base64="lJcQt2s5WcDjnrOW6D3w4MAoUog=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqBuh2I3LCvYBnaFk0kwbmsmEJCOUob/hxoUibv0Zd/6NmXYW2nogcDjnXu7JCSVn2rjut1NaW9/Y3CpvV3Z29/YPqodHHZ2kitA2SXiieiHWlDNB24YZTntSURyHnHbDSTP3u09UaZaIRzOVNIjxSLCIEWys5PsxNmOCOWqi20G15tbdOdAq8QpSgwKtQfXLHyYkjakwhGOt+54rTZBhZRjhdFbxU00lJhM8on1LBY6pDrJ55hk6s8oQRYmyTxg0V39vZDjWehqHdjLPqJe9XPzP66cmugkyJmRqqCCLQ1HKkUlQXgAaMkWJ4VNLMFHMZkVkjBUmxtZUsSV4y19eJZ2LundVdx8ua427oo4ynMApnIMH19CAe2hBGwhIeIZXeHNS58V5dz4WoyWn2DmGP3A+fwDifpDt</latexit>

C = {line operators}
<latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>' <latexit sha1_base64="2bsp1S1JsZWKVizGKYNpw63lF6o=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURUY9FLx4r2A9IQ9lsNu3S3WzYnYgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuhsQwwRPWAg6CdVPNiAwF64Sj26nfeWTacJU8wDhlgSSDhMecErCS3wP2BPmZVNGkX625dXcGvEy8gtRQgWa/+tWLFM0kS4AKYozvuSkEOdHAqWCTSi8zLCV0RAbMtzQhkpkgn508wSdWiXCstK0E8Ez9PZETacxYhrZTEhiaRW8q/uf5GcTXQc6TNAOW0PmiOBMYFJ7+jyOuGQUxtoRQze2tmA6JJhRsShUbgrf48jJpn9e9y7p7f1Fr3BRxlNEROkanyENXqIHuUBO1EEUKPaNX9OaA8+K8Ox/z1pJTzByiP3A+fwCVSZFz</latexit>

-mod
<latexit sha1_base64="1CN+BxrpOJ9d+B7tEZlq0VmhpkM=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjKt47S7oi5cVrS10I4lk2ba0ExmSDJCGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZuaXlldS2/XtjY3NreKe7utVScSkKbJOaxbAdYUc4EbWqmOW0nkuIo4PQ2GJ1P/dt7KhWLxY0eJ9SP8ECwkBGsjXR9cRf0iiVkV5HrVT2IbMfzauWKIRW35roedGw0Qwks0OgV37v9mKQRFZpwrFTHQYn2Myw1I5xOCt1U0QSTER7QjqECR1T52ezUCTwySh+GsTQlNJyp3ycyHCk1jgLTGWE9VL+9qfiX10l1WPUzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mVbefURlcnpfrZIo48OACH4Bg4wAN1cAkaoAkIGIAH8ASeLW49Wi/W67w1Zy1m9sEPWG+flKqOAw==</latexit>

Db <latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>'
<latexit sha1_base64="1CN+BxrpOJ9d+B7tEZlq0VmhpkM=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjKt47S7oi5cVrS10I4lk2ba0ExmSDJCGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZuaXlldS2/XtjY3NreKe7utVScSkKbJOaxbAdYUc4EbWqmOW0nkuIo4PQ2GJ1P/dt7KhWLxY0eJ9SP8ECwkBGsjXR9cRf0iiVkV5HrVT2IbMfzauWKIRW35roedGw0Qwks0OgV37v9mKQRFZpwrFTHQYn2Myw1I5xOCt1U0QSTER7QjqECR1T52ezUCTwySh+GsTQlNJyp3ycyHCk1jgLTGWE9VL+9qfiX10l1WPUzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mVbefURlcnpfrZIo48OACH4Bg4wAN1cAkaoAkIGIAH8ASeLW49Wi/W67w1Zy1m9sEPWG+flKqOAw==</latexit>

Db

<latexit sha1_base64="EpB+i+VmX8ROPSf1BRdY45eiF2Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V1Xv4bJSu83jKMIJnMI5+HANNbiHOjSAwwie4RXenNR5cd6dj0VrwclnjuEPnM8febePqQ==</latexit>•
expect it's 3d-mirror to B-twisted theories of

action (BV)<latexit sha1_base64="EpB+i+VmX8ROPSf1BRdY45eiF2Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V1Xv4bJSu83jKMIJnMI5+HANNbiHOjSAwwie4RXenNR5cd6dj0VrwclnjuEPnM8febePqQ==</latexit>• cf. [Aganagic-Costello-McNamara-Vafa '17]
(for G = SU(n))

[GHNPPK '20]



Our main conjecture:

Log VOA Quantum group
<latexit sha1_base64="hIWya78vl+2LbPRX8tCBkIbOn+M=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQxCLAx3ImoZtLGMYD4gCWFvs5cs2ds7d+fEcKSw8a/YWChi64+w89+4l1yhiQ8GHu/NMDPPiwTX4DjfVm5peWV1Lb9e2Njc2t6xd/caOowVZXUailC1PKKZ4JLVgYNgrUgxEniCNb3RVeo375nSPJS3MI5YNyADyX1OCRipZxfrvbtyJyAw9BUZ4cFRB9gDJMdB2J/07JJTcabAi8TNSAllqPXsr04/pHHAJFBBtG67TgTdhCjgVLBJoRNrFhE6IgPWNlSSgOluMn1igg+N0sd+qExJwFP190RCAq3HgWc603P1vJeK/3ntGPyLbsJlFAOTdLbIjwWGEKeJ4D5XjIIYG0Ko4uZWTIdEEQomt4IJwZ1/eZE0TiruWcW5OS1VL7M48qiIDlAZuegcVdE1qqE6ougRPaNX9GY9WS/Wu/Uxa81Z2cw++gPr8wdaypfr</latexit>

Uq(g)-mod
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="VZ5QcY69R9n4B6GQDE1LytMv3PU=">AAACBXicbVDLSsNAFL3xWesr6lIXg0Wom5KIqMuiIC4r9AVtCJPppB06eTAzEUroxo2/4saFIm79B3f+jZM0C209MHDmnHu59x4v5kwqy/o2lpZXVtfWSxvlza3tnV1zb78to0QQ2iIRj0TXw5JyFtKWYorTbiwoDjxOO974JvM7D1RIFoVNNYmpE+BhyHxGsNKSax71A6xGBHOU3jan7ria/32Bx2h46poVq2blQIvELkgFCjRc86s/iEgS0FARjqXs2VasnBQLxQin03I/kTTGZIyHtKdpiAMqnTS/YopOtDJAfiT0CxXK1d8dKQ6knASersx2lPNeJv7n9RLlXzkpC+NE0ZDMBvkJRypCWSRowAQlik80wUQwvSsiIywwUTq4sg7Bnj95kbTPavZFzbo/r9SvizhKcAjHUAUbLqEOd9CAFhB4hGd4hTfjyXgx3o2PWemSUfQcwB8Ynz+YTJf8</latexit>

FT k(g)

QFT

(for G simply connected ADE...)

<latexit sha1_base64="oPG1yqrMn4RnHg2gmHgXjpGT4A8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJKIqMuqC11W6AvaGCbTSTt08mBmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxYs6ksqxvY2l5ZXVtvbRR3tza3tk19yptGSWC0BaJeCS6HpaUs5C2FFOcdmNBceBx2vHGN7nfeaRCsihsqklMnQAPQ+YzgpWWXLPSD7AaEcxR001vT8bZw5VrVq2aNQVaJHZBqlCg4Zpf/UFEko CGinAsZc+2YuWkWChGOM3K/UTSGJMxHtKepiEOqHTSafYMHWllgPxI6BcqNFV/b6Q4kHISeHoyTyrnvVz8z+slyr90UhbGiaIhmR3yE45UhPIi0IAJShSfaIKJYDorIiMsMFG6rrIuwZ7/8iJpn9bs85p1f1atXxd1lOAADuEYbLiAOtxBA1pA4Ame4RXejMx4Md6Nj9noklHs7MMfGJ8/LymT4g==</latexit>

T A
G,k

<latexit sha1_base64="dJoVKvb8XSwfhIm8gJVm/jOVrEY=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXmoioh6rHuqxQr8gjWWz3bRLN5uwuxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPz/JgzpW3728qtrK6tb+Q3C1vbO7t7xf2DlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb90d3Ubz9RqVgkGnocUy/EA8ECRrA2UrfccGveWa03On286RVLdsWeAS0TJyMlyFDvFb+6/YgkIRWacKyU69ix9lIsNSOcTgrdRNEYkxEeUNdQgUOqvHR28wSdGKWPgkiaEhrN1N8TKQ6VGoe+6QyxHqpFbyr+57mJDq69lIk40VSQ+aIg4UhHaBoA6jNJieZjQzCRzNyKyBBLTLSJqWBCcBZfXiat84pzWbEfLkrV2yyOPBzBMZTBgSuowj3UoQkEYniGV3izEuvFerc+5q05K5s5hD+wPn8ALg6Qeg==</latexit>

(T [G]/Gk)
A<latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=

topological A-twist of a 3d N=4 theory cf. [Gaiotto-Witten '08]

* unroll for braiding

<latexit sha1_base64="lJcQt2s5WcDjnrOW6D3w4MAoUog=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqBuh2I3LCvYBnaFk0kwbmsmEJCOUob/hxoUibv0Zd/6NmXYW2nogcDjnXu7JCSVn2rjut1NaW9/Y3CpvV3Z29/YPqodHHZ2kitA2SXiieiHWlDNB24YZTntSURyHnHbDSTP3u09UaZaIRzOVNIjxSLCIEWys5PsxNmOCOWqi20G15tbdOdAq8QpSgwKtQfXLHyYkjakwhGOt+54rTZBhZRjhdFbxU00lJhM8on1LBY6pDrJ55hk6s8oQRYmyTxg0V39vZDjWehqHdjLPqJe9XPzP66cmugkyJmRqqCCLQ1HKkUlQXgAaMkWJ4VNLMFHMZkVkjBUmxtZUsSV4y19eJZ2LundVdx8ua427oo4ynMApnIMH19CAe2hBGwhIeIZXeHNS58V5dz4WoyWn2DmGP3A+fwDifpDt</latexit>

C = {line operators}
<latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>' <latexit sha1_base64="2bsp1S1JsZWKVizGKYNpw63lF6o=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURUY9FLx4r2A9IQ9lsNu3S3WzYnYgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuhsQwwRPWAg6CdVPNiAwF64Sj26nfeWTacJU8wDhlgSSDhMecErCS3wP2BPmZVNGkX625dXcGvEy8gtRQgWa/+tWLFM0kS4AKYozvuSkEOdHAqWCTSi8zLCV0RAbMtzQhkpkgn508wSdWiXCstK0E8Ez9PZETacxYhrZTEhiaRW8q/uf5GcTXQc6TNAOW0PmiOBMYFJ7+jyOuGQUxtoRQze2tmA6JJhRsShUbgrf48jJpn9e9y7p7f1Fr3BRxlNEROkanyENXqIHuUBO1EEUKPaNX9OaA8+K8Ox/z1pJTzByiP3A+fwCVSZFz</latexit>

-mod
<latexit sha1_base64="1CN+BxrpOJ9d+B7tEZlq0VmhpkM=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjKt47S7oi5cVrS10I4lk2ba0ExmSDJCGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZuaXlldS2/XtjY3NreKe7utVScSkKbJOaxbAdYUc4EbWqmOW0nkuIo4PQ2GJ1P/dt7KhWLxY0eJ9SP8ECwkBGsjXR9cRf0iiVkV5HrVT2IbMfzauWKIRW35roedGw0Qwks0OgV37v9mKQRFZpwrFTHQYn2Myw1I5xOCt1U0QSTER7QjqECR1T52ezUCTwySh+GsTQlNJyp3ycyHCk1jgLTGWE9VL+9qfiX10l1WPUzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mVbefURlcnpfrZIo48OACH4Bg4wAN1cAkaoAkIGIAH8ASeLW49Wi/W67w1Zy1m9sEPWG+flKqOAw==</latexit>

Db <latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>'
<latexit sha1_base64="1CN+BxrpOJ9d+B7tEZlq0VmhpkM=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjKt47S7oi5cVrS10I4lk2ba0ExmSDJCGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZuaXlldS2/XtjY3NreKe7utVScSkKbJOaxbAdYUc4EbWqmOW0nkuIo4PQ2GJ1P/dt7KhWLxY0eJ9SP8ECwkBGsjXR9cRf0iiVkV5HrVT2IbMfzauWKIRW35roedGw0Qwks0OgV37v9mKQRFZpwrFTHQYn2Myw1I5xOCt1U0QSTER7QjqECR1T52ezUCTwySh+GsTQlNJyp3ycyHCk1jgLTGWE9VL+9qfiX10l1WPUzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mVbefURlcnpfrZIo48OACH4Bg4wAN1cAkaoAkIGIAH8ASeLW49Wi/W67w1Zy1m9sEPWG+flKqOAw==</latexit>

Db

<latexit sha1_base64="EpB+i+VmX8ROPSf1BRdY45eiF2Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V1Xv4bJSu83jKMIJnMI5+HANNbiHOjSAwwie4RXenNR5cd6dj0VrwclnjuEPnM8febePqQ==</latexit>•
expect it's 3d-mirror to B-twisted theories of

action (BV)<latexit sha1_base64="EpB+i+VmX8ROPSf1BRdY45eiF2Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V1Xv4bJSu83jKMIJnMI5+HANNbiHOjSAwwie4RXenNR5cd6dj0VrwclnjuEPnM8febePqQ==</latexit>•

boundary VOA<latexit sha1_base64="EpB+i+VmX8ROPSf1BRdY45eiF2Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V1Xv4bJSu83jKMIJnMI5+HANNbiHOjSAwwie4RXenNR5cd6dj0VrwclnjuEPnM8febePqQ==</latexit>•
<latexit sha1_base64="+Nk3VO+4sxQuRfvh7ZonleupH1A=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1WXeiygn1AG8NkOmmHTh7MTMQS8ituXCji1h9x5984abPQ1gMDh3Pu5Z45XsyZVJb1bZSWlldW18rrlY3Nre0dc7fallEiCG2RiEei62FJOQtpSzHFaTcWFAcepx1vfJ37nUcqJIvCezWJqRPgYch8RrDSkmtW+wFWI4I5arvpzfE4e7h0zZpVt6ZAi8QuSA0KNF3zqz+ISBLQUBGOpezZVqycFAvFCKdZpZ9IGmMyxkPa0zTEAZVOOs2eoUOtDJAfCf1Chabq740UB1JOAk9P5knlvJeL/3m9RPkXTsrCOFE0JLNDfsKRilBeBBowQYniE00wEUxnRWSEBSZK11XRJdjzX14k7ZO6fVa37k5rjauijjLswwEcgQ3n0IBbaEILCDzBM7zCm5EZL8a78TEbLRnFzh78gfH5AzJBk+Q=</latexit>

VA
G,k

[Costello-Gaiotto '18] [TD-Costello-Gaiotto '20]

cf. [Aganagic-Costello-McNamara-Vafa '17]

<latexit sha1_base64="NcQFrvMG26O8xRtl98koJifNuv0=">AAACIXicbVDJSgNBEO2JW4xb1KOXxiDoJcyIaI5BQTxGyAaZEHo6NUmTnoXuGjEM8yte/BUvHhTJTfwZO8tBow8aXr9XRVU9L5ZCo21/WrmV1bX1jfxmYWt7Z3evuH/Q1FGiODR4JCPV9pgGKUJooEAJ7VgBCzwJLW90M/VbD6C0iMI6jmPoBmwQCl9whkbqFSuurxhPXYRHTH0FQH1QgbF0lqVuwHDImUxv61lvdDr7mvIRHZxlvWLJLtsz0L/EWZASWaDWK07cfsSTAELkkmndcewYuylTKLiErOAmGmLGR2wAHUNDFoDuprMLM3pilD71I2VeiHSm/uxIWaD1OPBM5XRJvexNxf+8ToJ+pZuKME4QQj4f5CeSYkSncdG+UMBRjg1hXAmzK+VDZiJDE2rBhOAsn/yXNM/LzmXZvr8oVa8XceTJETkmp8QhV6RK7kiNNAgnT+SFvJF369l6tT6sybw0Zy16DskvWF/fzValGg==</latexit>

free fermions

FT k(g)
<latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>'

via
[Gaiotto-Rapcak '17], [Creutzig-Gaiotto '17]

(for G = SU(n))

[GHNPPK '20]



Our main conjecture:

Log VOA Quantum group
<latexit sha1_base64="hIWya78vl+2LbPRX8tCBkIbOn+M=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQxCLAx3ImoZtLGMYD4gCWFvs5cs2ds7d+fEcKSw8a/YWChi64+w89+4l1yhiQ8GHu/NMDPPiwTX4DjfVm5peWV1Lb9e2Njc2t6xd/caOowVZXUailC1PKKZ4JLVgYNgrUgxEniCNb3RVeo375nSPJS3MI5YNyADyX1OCRipZxfrvbtyJyAw9BUZ4cFRB9gDJMdB2J/07JJTcabAi8TNSAllqPXsr04/pHHAJFBBtG67TgTdhCjgVLBJoRNrFhE6IgPWNlSSgOluMn1igg+N0sd+qExJwFP190RCAq3HgWc603P1vJeK/3ntGPyLbsJlFAOTdLbIjwWGEKeJ4D5XjIIYG0Ko4uZWTIdEEQomt4IJwZ1/eZE0TiruWcW5OS1VL7M48qiIDlAZuegcVdE1qqE6ougRPaNX9GY9WS/Wu/Uxa81Z2cw++gPr8wdaypfr</latexit>

Uq(g)-mod
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="VZ5QcY69R9n4B6GQDE1LytMv3PU=">AAACBXicbVDLSsNAFL3xWesr6lIXg0Wom5KIqMuiIC4r9AVtCJPppB06eTAzEUroxo2/4saFIm79B3f+jZM0C209MHDmnHu59x4v5kwqy/o2lpZXVtfWSxvlza3tnV1zb78to0QQ2iIRj0TXw5JyFtKWYorTbiwoDjxOO974JvM7D1RIFoVNNYmpE+BhyHxGsNKSax71A6xGBHOU3jan7ria/32Bx2h46poVq2blQIvELkgFCjRc86s/iEgS0FARjqXs2VasnBQLxQin03I/kTTGZIyHtKdpiAMqnTS/YopOtDJAfiT0CxXK1d8dKQ6knASersx2lPNeJv7n9RLlXzkpC+NE0ZDMBvkJRypCWSRowAQlik80wUQwvSsiIywwUTq4sg7Bnj95kbTPavZFzbo/r9SvizhKcAjHUAUbLqEOd9CAFhB4hGd4hTfjyXgx3o2PWemSUfQcwB8Ynz+YTJf8</latexit>

FT k(g)

QFT

(for G simply connected ADE...)

<latexit sha1_base64="oPG1yqrMn4RnHg2gmHgXjpGT4A8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJKIqMuqC11W6AvaGCbTSTt08mBmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxYs6ksqxvY2l5ZXVtvbRR3tza3tk19yptGSWC0BaJeCS6HpaUs5C2FFOcdmNBceBx2vHGN7nfeaRCsihsqklMnQAPQ+YzgpWWXLPSD7AaEcxR001vT8bZw5VrVq2aNQVaJHZBqlCg4Zpf/UFEko CGinAsZc+2YuWkWChGOM3K/UTSGJMxHtKepiEOqHTSafYMHWllgPxI6BcqNFV/b6Q4kHISeHoyTyrnvVz8z+slyr90UhbGiaIhmR3yE45UhPIi0IAJShSfaIKJYDorIiMsMFG6rrIuwZ7/8iJpn9bs85p1f1atXxd1lOAADuEYbLiAOtxBA1pA4Ame4RXejMx4Md6Nj9noklHs7MMfGJ8/LymT4g==</latexit>

T A
G,k

<latexit sha1_base64="dJoVKvb8XSwfhIm8gJVm/jOVrEY=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXmoioh6rHuqxQr8gjWWz3bRLN5uwuxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPz/JgzpW3728qtrK6tb+Q3C1vbO7t7xf2DlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb90d3Ubz9RqVgkGnocUy/EA8ECRrA2UrfccGveWa03On286RVLdsWeAS0TJyMlyFDvFb+6/YgkIRWacKyU69ix9lIsNSOcTgrdRNEYkxEeUNdQgUOqvHR28wSdGKWPgkiaEhrN1N8TKQ6VGoe+6QyxHqpFbyr+57mJDq69lIk40VSQ+aIg4UhHaBoA6jNJieZjQzCRzNyKyBBLTLSJqWBCcBZfXiat84pzWbEfLkrV2yyOPBzBMZTBgSuowj3UoQkEYniGV3izEuvFerc+5q05K5s5hD+wPn8ALg6Qeg==</latexit>

(T [G]/Gk)
A<latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=

topological A-twist of a 3d N=4 theory cf. [Gaiotto-Witten '08]

* unroll for braiding

<latexit sha1_base64="lJcQt2s5WcDjnrOW6D3w4MAoUog=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqBuh2I3LCvYBnaFk0kwbmsmEJCOUob/hxoUibv0Zd/6NmXYW2nogcDjnXu7JCSVn2rjut1NaW9/Y3CpvV3Z29/YPqodHHZ2kitA2SXiieiHWlDNB24YZTntSURyHnHbDSTP3u09UaZaIRzOVNIjxSLCIEWys5PsxNmOCOWqi20G15tbdOdAq8QpSgwKtQfXLHyYkjakwhGOt+54rTZBhZRjhdFbxU00lJhM8on1LBY6pDrJ55hk6s8oQRYmyTxg0V39vZDjWehqHdjLPqJe9XPzP66cmugkyJmRqqCCLQ1HKkUlQXgAaMkWJ4VNLMFHMZkVkjBUmxtZUsSV4y19eJZ2LundVdx8ua427oo4ynMApnIMH19CAe2hBGwhIeIZXeHNS58V5dz4WoyWn2DmGP3A+fwDifpDt</latexit>

C = {line operators}
<latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>' <latexit sha1_base64="2bsp1S1JsZWKVizGKYNpw63lF6o=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURUY9FLx4r2A9IQ9lsNu3S3WzYnYgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuhsQwwRPWAg6CdVPNiAwF64Sj26nfeWTacJU8wDhlgSSDhMecErCS3wP2BPmZVNGkX625dXcGvEy8gtRQgWa/+tWLFM0kS4AKYozvuSkEOdHAqWCTSi8zLCV0RAbMtzQhkpkgn508wSdWiXCstK0E8Ez9PZETacxYhrZTEhiaRW8q/uf5GcTXQc6TNAOW0PmiOBMYFJ7+jyOuGQUxtoRQze2tmA6JJhRsShUbgrf48jJpn9e9y7p7f1Fr3BRxlNEROkanyENXqIHuUBO1EEUKPaNX9OaA8+K8Ox/z1pJTzByiP3A+fwCVSZFz</latexit>

-mod
<latexit sha1_base64="1CN+BxrpOJ9d+B7tEZlq0VmhpkM=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjKt47S7oi5cVrS10I4lk2ba0ExmSDJCGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZuaXlldS2/XtjY3NreKe7utVScSkKbJOaxbAdYUc4EbWqmOW0nkuIo4PQ2GJ1P/dt7KhWLxY0eJ9SP8ECwkBGsjXR9cRf0iiVkV5HrVT2IbMfzauWKIRW35roedGw0Qwks0OgV37v9mKQRFZpwrFTHQYn2Myw1I5xOCt1U0QSTER7QjqECR1T52ezUCTwySh+GsTQlNJyp3ycyHCk1jgLTGWE9VL+9qfiX10l1WPUzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mVbefURlcnpfrZIo48OACH4Bg4wAN1cAkaoAkIGIAH8ASeLW49Wi/W67w1Zy1m9sEPWG+flKqOAw==</latexit>

Db <latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>'
<latexit sha1_base64="1CN+BxrpOJ9d+B7tEZlq0VmhpkM=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjKt47S7oi5cVrS10I4lk2ba0ExmSDJCGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZuaXlldS2/XtjY3NreKe7utVScSkKbJOaxbAdYUc4EbWqmOW0nkuIo4PQ2GJ1P/dt7KhWLxY0eJ9SP8ECwkBGsjXR9cRf0iiVkV5HrVT2IbMfzauWKIRW35roedGw0Qwks0OgV37v9mKQRFZpwrFTHQYn2Myw1I5xOCt1U0QSTER7QjqECR1T52ezUCTwySh+GsTQlNJyp3ycyHCk1jgLTGWE9VL+9qfiX10l1WPUzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mVbefURlcnpfrZIo48OACH4Bg4wAN1cAkaoAkIGIAH8ASeLW49Wi/W67w1Zy1m9sEPWG+flKqOAw==</latexit>

Db

<latexit sha1_base64="EpB+i+VmX8ROPSf1BRdY45eiF2Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V1Xv4bJSu83jKMIJnMI5+HANNbiHOjSAwwie4RXenNR5cd6dj0VrwclnjuEPnM8febePqQ==</latexit>•
expect it's 3d-mirror to B-twisted theories of

action (BV)<latexit sha1_base64="EpB+i+VmX8ROPSf1BRdY45eiF2Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V1Xv4bJSu83jKMIJnMI5+HANNbiHOjSAwwie4RXenNR5cd6dj0VrwclnjuEPnM8febePqQ==</latexit>•

boundary VOA<latexit sha1_base64="EpB+i+VmX8ROPSf1BRdY45eiF2Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V1Xv4bJSu83jKMIJnMI5+HANNbiHOjSAwwie4RXenNR5cd6dj0VrwclnjuEPnM8febePqQ==</latexit>•
<latexit sha1_base64="+Nk3VO+4sxQuRfvh7ZonleupH1A=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1WXeiygn1AG8NkOmmHTh7MTMQS8ituXCji1h9x5984abPQ1gMDh3Pu5Z45XsyZVJb1bZSWlldW18rrlY3Nre0dc7fallEiCG2RiEei62FJOQtpSzHFaTcWFAcepx1vfJ37nUcqJIvCezWJqRPgYch8RrDSkmtW+wFWI4I5arvpzfE4e7h0zZpVt6ZAi8QuSA0KNF3zqz+ISBLQUBGOpezZVqycFAvFCKdZpZ9IGmMyxkPa0zTEAZVOOs2eoUOtDJAfCf1Chabq740UB1JOAk9P5knlvJeL/3m9RPkXTsrCOFE0JLNDfsKRilBeBBowQYniE00wEUxnRWSEBSZK11XRJdjzX14k7ZO6fVa37k5rjauijjLswwEcgQ3n0IBbaEILCDzBM7zCm5EZL8a78TEbLRnFzh78gfH5AzJBk+Q=</latexit>

VA
G,k

[Costello-Gaiotto '18] [TD-Costello-Gaiotto '20]

cf. [Aganagic-Costello-McNamara-Vafa '17]
<latexit sha1_base64="NcQFrvMG26O8xRtl98koJifNuv0=">AAACIXicbVDJSgNBEO2JW4xb1KOXxiDoJcyIaI5BQTxGyAaZEHo6NUmTnoXuGjEM8yte/BUvHhTJTfwZO8tBow8aXr9XRVU9L5ZCo21/WrmV1bX1jfxmYWt7Z3evuH/Q1FGiODR4JCPV9pgGKUJooEAJ7VgBCzwJLW90M/VbD6C0iMI6jmPoBmwQCl9whkbqFSuurxhPXYRHTH0FQH1QgbF0lqVuwHDImUxv61lvdDr7mvIRHZxlvWLJLtsz0L/EWZASWaDWK07cfsSTAELkkmndcewYuylTKLiErOAmGmLGR2wAHUNDFoDuprMLM3pilD71I2VeiHSm/uxIWaD1OPBM5XRJvexNxf+8ToJ+pZuKME4QQj4f5CeSYkSncdG+UMBRjg1hXAmzK+VDZiJDE2rBhOAsn/yXNM/LzmXZvr8oVa8XceTJETkmp8QhV6RK7kiNNAgnT+SFvJF369l6tT6sybw0Zy16DskvWF/fzValGg==</latexit>

free fermions

FT k(g)
<latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>'

simpler checks:<latexit sha1_base64="EpB+i+VmX8ROPSf1BRdY45eiF2Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V1Xv4bJSu83jKMIJnMI5+HANNbiHOjSAwwie4RXenNR5cd6dj0VrwclnjuEPnM8febePqQ==</latexit>•
<latexit sha1_base64="DXdan2m0W1UmRrJtOxAqr3ug7jw=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1iEuimJiLosdiO4qWAf0IYwmU7aoZNJmJkItfRL3LhQxK2f4s6/cdJmoa0HBg7n3Ms9c4KEM6Ud59sqrK1vbG4Vt0s7u3v7ZfvgsK3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYNzI/M4jlYrF4kFPEupFeChYyAjWRvLt8p3vVPsR1iOCOWqc+XbFqTlzoFXi5qQCOZq+/dUfxCSNqNCEY6V6rpNob4qlZoTTWamfKppgMsZD2jNU4IgqbzoPPkOnRhmgMJbmCY3m6u+NKY6UmkSBmcwiqmUvE//zeqkOr70pE0mqqSCLQ2HKkY5R1gIaMEmJ5hNDMJHMZEVkhCUm2nRVMiW4y19eJe3zmntZc+4vKvWbvI4iHMMJVMGFK6jDLTShBQRSeIZXeLOerBfr3fpYjBasfOcI/sD6/AEKuJIK</latexit>

K0(C)
<latexit sha1_base64="dTmS3bYufhFtKSXRY2G/RGajV7c=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUlE1GXRTZcV7QOSECbTSTp0JgkzE6GEght/xY0LRdz6E+78GydtFtp64MLhnHu5954gZVQqy/o2lpZXVtfWKxvVza3tnV1zb78rk0xg0sEJS0Q/QJIwGpOOooqRfioI4gEjvWB0U/i9ByIkTeJ7NU6Jx1EU05BipLTkm4cuHlLH5UgNMWKwVXfvaMSRH516vlmzGtYUcJHYJamBEm3f/HIHCc44iRVmSErHtlLl5UgoihmZVN1MkhThEYqIo2mMOJFePv1hAk+0MoBhInTFCk7V3xM54lKOeaA7i2PlvFeI/3lOpsIrL6dxmikS49miMGNQJbAIBA6oIFixsSYIC6pvhXiIBMJKx1bVIdjzLy+S7lnDvmhYt+e15nUZRwUcgWNQBza4BE3QAm3QARg8gmfwCt6MJ+PFeDc+Zq1LRjlzAP7A+PwB1NaW/g==</latexit>

�[H(⌃g)]

[Benini-Zaffaroni '15,'16], [Closset-Kim '16]

via

via

[Gaiotto-Rapcak '17], [Creutzig-Gaiotto '17]

(for G = SU(n))

[GHNPPK '20]



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2) [deConcini-Kac-(Procesi) '91, Beck '94]

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)
<latexit sha1_base64="vHkmKQf6hfRLSlf25cfdgAgBuC4=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgopRERN0IxaIIbirYBzShTKaTduhkEmYmQgndufFX3LhQxK2/4M6/cZJmoa0HBs6ccy/33uNFjEplWd9GYWFxaXmluFpaW9/Y3DK3d1oyjAUmTRyyUHQ8JAmjnDQVVYx0IkFQ4DHS9kb11G8/ECFpyO/VOCJugAac+hQjpaWeuX/hBEgNPQ/WHYb4gBF4Vbmu3Doi+/TMslW1MsB5YuekDHI0euaX0w9xHBCuMENSdm0rUm6ChKKYkUnJiSWJEB6hAelqylFApJtkd0zgoVb60A+FflzBTP3dkaBAynHg6cp0aTnrpeJ/XjdW/rmbUB7FinA8HeTHDKoQpqHAPhUEKzbWBGFB9a4QD5FAWOnoSjoEe/bkedI6rtqnVevupFy7zOMogj1wAI6ADc5ADdyABmgCDB7BM3gFb8aT8WK8Gx/T0oKR9+yCPzA+fwAm95g4</latexit>

= ChE,F,Ki/
<latexit sha1_base64="IPlExl+Bc69xPu378j5nQYAB6EY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVC9CUQpCLxXsB7SxbLabdulmk+5uhBL6J7x4UMSrf8eb/8Ztm4O2Phh4vDfDzDwv4kxp2/62MmvrG5tb2e3czu7e/kH+8KipwlgS2iAhD2Xbw4pyJmhDM81pO5IUBx6nLW90O/NbT1QqFooHPYmoG+CBYD4jWBupXatejx9L1VovX7CL9hxolTgpKUCKei//1e2HJA6o0IRjpTqOHWk3wVIzwuk0140VjTAZ4QHtGCpwQJWbzO+dojOj9JEfSlNCo7n6eyLBgVKTwDOdAdZDtezNxP+8Tqz9KzdhIoo1FWSxyI850iGaPY/6TFKi+cQQTCQztyIyxBITbSLKmRCc5ZdXSbNUdMpF+/6iULlJ48jCCZzCOThwCRW4gzo0gACHZ3iFN2tsvVjv1seiNWOlM8fwB9bnD9N8jy0=</latexit>

KE = q2EK
<latexit sha1_base64="IWo1Q07KPKigvHJeI8XFtRVT+9s=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4sSRF1ItQFIrQSwX7AWksm+2mXbrJxt2NUEJ/hhcPinj113jz37htc9DWBwOP92aYmefHnClt29/W0vLK6tp6biO/ubW9s1vY228qkUhCG0RwIds+VpSziDY005y2Y0lx6HPa8oc3E7/1RKViIrrXo5h6Ie5HLGAEayO5terV40N6Wh5Xa91C0S7ZU6BF4mSkCBnq3cJXpydIEtJIE46Vch071l6KpWaE03G+kygaYzLEfeoaGuGQKi+dnjxGx0bpoUBIU5FGU/X3RIpDpUahbzpDrAdq3puI/3luooNLL2VRnGgakdmiIOFICzT5H/WYpETzkSGYSGZuRWSAJSbapJQ3ITjzLy+SZrnknJfsu7Ni5TqLIweHcAQn4MAFVOAW6tAAAgKe4RXeLG29WO/Wx6x1ycpmDuAPrM8fCsaQcg==</latexit>

KF = q�2FK

<latexit sha1_base64="tL6EwMYRkKJCfKJGwcdakH48apk=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcGFLIqJuhKIoQjcV7AXaWCbTSTt0MklnJkIJWbrxVdy4UMStj+DOt3HaZqGtPwx8/OcczpzfDRmVyrK+jczc/MLiUnY5t7K6tr5hbm7VZBAJTKo4YIFouEgSRjmpKqoYaYSCIN9lpO72L0f1+gMRkgb8Tg1D4vioy6lHMVLaapu7zavDa+e85QmE43KhfB8X7CSJB4XBhNpm3ipaY8FZsFPIg1SVtvnV6gQ48glXmCEpm7YVKidGQlHMSJJrRZKECPdRlzQ1cuQT6cTjQxK4r50O9AKhH1dw7P6eiJEv5dB3daePVE9O10bmf7VmpLwzJ6Y8jBTheLLIixhUARylAjtUEKzYUAPCguq/QtxDOhOls8vpEOzpk2ehdlS0T4rW7XG+dJHGkQU7YA8cABucghK4ARVQBRg8gmfwCt6MJ+PFeDc+Jq0ZI53ZBn9kfP4A/pqYtA==</latexit>

[E,F ] =
K �K�1

q � q�1



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2) [deConcini-Kac-(Procesi) '91, Beck '94]

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)
<latexit sha1_base64="vHkmKQf6hfRLSlf25cfdgAgBuC4=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgopRERN0IxaIIbirYBzShTKaTduhkEmYmQgndufFX3LhQxK2/4M6/cZJmoa0HBs6ccy/33uNFjEplWd9GYWFxaXmluFpaW9/Y3DK3d1oyjAUmTRyyUHQ8JAmjnDQVVYx0IkFQ4DHS9kb11G8/ECFpyO/VOCJugAac+hQjpaWeuX/hBEgNPQ/WHYb4gBF4Vbmu3Doi+/TMslW1MsB5YuekDHI0euaX0w9xHBCuMENSdm0rUm6ChKKYkUnJiSWJEB6hAelqylFApJtkd0zgoVb60A+FflzBTP3dkaBAynHg6cp0aTnrpeJ/XjdW/rmbUB7FinA8HeTHDKoQpqHAPhUEKzbWBGFB9a4QD5FAWOnoSjoEe/bkedI6rtqnVevupFy7zOMogj1wAI6ADc5ADdyABmgCDB7BM3gFb8aT8WK8Gx/T0oKR9+yCPzA+fwAm95g4</latexit>

= ChE,F,Ki/
<latexit sha1_base64="IPlExl+Bc69xPu378j5nQYAB6EY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVC9CUQpCLxXsB7SxbLabdulmk+5uhBL6J7x4UMSrf8eb/8Ztm4O2Phh4vDfDzDwv4kxp2/62MmvrG5tb2e3czu7e/kH+8KipwlgS2iAhD2Xbw4pyJmhDM81pO5IUBx6nLW90O/NbT1QqFooHPYmoG+CBYD4jWBupXatejx9L1VovX7CL9hxolTgpKUCKei//1e2HJA6o0IRjpTqOHWk3wVIzwuk0140VjTAZ4QHtGCpwQJWbzO+dojOj9JEfSlNCo7n6eyLBgVKTwDOdAdZDtezNxP+8Tqz9KzdhIoo1FWSxyI850iGaPY/6TFKi+cQQTCQztyIyxBITbSLKmRCc5ZdXSbNUdMpF+/6iULlJ48jCCZzCOThwCRW4gzo0gACHZ3iFN2tsvVjv1seiNWOlM8fwB9bnD9N8jy0=</latexit>

KE = q2EK
<latexit sha1_base64="IWo1Q07KPKigvHJeI8XFtRVT+9s=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4sSRF1ItQFIrQSwX7AWksm+2mXbrJxt2NUEJ/hhcPinj113jz37htc9DWBwOP92aYmefHnClt29/W0vLK6tp6biO/ubW9s1vY228qkUhCG0RwIds+VpSziDY005y2Y0lx6HPa8oc3E7/1RKViIrrXo5h6Ie5HLGAEayO5terV40N6Wh5Xa91C0S7ZU6BF4mSkCBnq3cJXpydIEtJIE46Vch071l6KpWaE03G+kygaYzLEfeoaGuGQKi+dnjxGx0bpoUBIU5FGU/X3RIpDpUahbzpDrAdq3puI/3luooNLL2VRnGgakdmiIOFICzT5H/WYpETzkSGYSGZuRWSAJSbapJQ3ITjzLy+SZrnknJfsu7Ni5TqLIweHcAQn4MAFVOAW6tAAAgKe4RXeLG29WO/Wx6x1ycpmDuAPrM8fCsaQcg==</latexit>

KF = q�2FK

<latexit sha1_base64="tL6EwMYRkKJCfKJGwcdakH48apk=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcGFLIqJuhKIoQjcV7AXaWCbTSTt0MklnJkIJWbrxVdy4UMStj+DOt3HaZqGtPwx8/OcczpzfDRmVyrK+jczc/MLiUnY5t7K6tr5hbm7VZBAJTKo4YIFouEgSRjmpKqoYaYSCIN9lpO72L0f1+gMRkgb8Tg1D4vioy6lHMVLaapu7zavDa+e85QmE43KhfB8X7CSJB4XBhNpm3ipaY8FZsFPIg1SVtvnV6gQ48glXmCEpm7YVKidGQlHMSJJrRZKECPdRlzQ1cuQT6cTjQxK4r50O9AKhH1dw7P6eiJEv5dB3daePVE9O10bmf7VmpLwzJ6Y8jBTheLLIixhUARylAjtUEKzYUAPCguq/QtxDOhOls8vpEOzpk2ehdlS0T4rW7XG+dJHGkQU7YA8cABucghK4ARVQBRg8gmfwCt6MJ+PFeDc+Jq0ZI53ZBn9kfP4A/pqYtA==</latexit>

[E,F ] =
K �K�1

q � q�1

There's a large center, including
<latexit sha1_base64="0y+SfimDDxLuQZhdQltbyo7Kk5k=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgopSkiLosiiK4qWAf0KZlMp20QyaTMDMRS8ivuHGhiFt/xJ1/4zTNQlsP3MvhnHuZO8eNGJXKsr6Nwsrq2vpGcbO0tb2zu2ful9syjAUmLRyyUHRdJAmjnLQUVYx0I0FQ4DLScf2rmd95JELSkD+oaUScAI059ShGSktDs3w98Kv96k3W7wZJ3U+HZsWqWRngMrFzUgE5mkPzqz8KcRwQrjBDUvZsK1JOgoSimJG01I8liRD20Zj0NOUoINJJsttTeKyVEfRCoYsrmKm/NxIUSDkNXD0ZIDWRi95M/M/rxcq7cBLKo1gRjucPeTGDKoSzIOCICoIVm2qCsKD6VognSCCsdFwlHYK9+OVl0q7X7LOadX9aaVzmcRTBITgCJ8AG56ABbkETtAAGT+AZvII3IzVejHfjYz5aMPKdA/AHxucPCO+TJw==</latexit>

Ek, F k, K2k



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2) [deConcini-Kac-(Procesi) '91, Beck '94]

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)
<latexit sha1_base64="vHkmKQf6hfRLSlf25cfdgAgBuC4=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgopRERN0IxaIIbirYBzShTKaTduhkEmYmQgndufFX3LhQxK2/4M6/cZJmoa0HBs6ccy/33uNFjEplWd9GYWFxaXmluFpaW9/Y3DK3d1oyjAUmTRyyUHQ8JAmjnDQVVYx0IkFQ4DHS9kb11G8/ECFpyO/VOCJugAac+hQjpaWeuX/hBEgNPQ/WHYb4gBF4Vbmu3Doi+/TMslW1MsB5YuekDHI0euaX0w9xHBCuMENSdm0rUm6ChKKYkUnJiSWJEB6hAelqylFApJtkd0zgoVb60A+FflzBTP3dkaBAynHg6cp0aTnrpeJ/XjdW/rmbUB7FinA8HeTHDKoQpqHAPhUEKzbWBGFB9a4QD5FAWOnoSjoEe/bkedI6rtqnVevupFy7zOMogj1wAI6ADc5ADdyABmgCDB7BM3gFb8aT8WK8Gx/T0oKR9+yCPzA+fwAm95g4</latexit>

= ChE,F,Ki/
<latexit sha1_base64="IPlExl+Bc69xPu378j5nQYAB6EY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVC9CUQpCLxXsB7SxbLabdulmk+5uhBL6J7x4UMSrf8eb/8Ztm4O2Phh4vDfDzDwv4kxp2/62MmvrG5tb2e3czu7e/kH+8KipwlgS2iAhD2Xbw4pyJmhDM81pO5IUBx6nLW90O/NbT1QqFooHPYmoG+CBYD4jWBupXatejx9L1VovX7CL9hxolTgpKUCKei//1e2HJA6o0IRjpTqOHWk3wVIzwuk0140VjTAZ4QHtGCpwQJWbzO+dojOj9JEfSlNCo7n6eyLBgVKTwDOdAdZDtezNxP+8Tqz9KzdhIoo1FWSxyI850iGaPY/6TFKi+cQQTCQztyIyxBITbSLKmRCc5ZdXSbNUdMpF+/6iULlJ48jCCZzCOThwCRW4gzo0gACHZ3iFN2tsvVjv1seiNWOlM8fwB9bnD9N8jy0=</latexit>

KE = q2EK
<latexit sha1_base64="IWo1Q07KPKigvHJeI8XFtRVT+9s=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4sSRF1ItQFIrQSwX7AWksm+2mXbrJxt2NUEJ/hhcPinj113jz37htc9DWBwOP92aYmefHnClt29/W0vLK6tp6biO/ubW9s1vY228qkUhCG0RwIds+VpSziDY005y2Y0lx6HPa8oc3E7/1RKViIrrXo5h6Ie5HLGAEayO5terV40N6Wh5Xa91C0S7ZU6BF4mSkCBnq3cJXpydIEtJIE46Vch071l6KpWaE03G+kygaYzLEfeoaGuGQKi+dnjxGx0bpoUBIU5FGU/X3RIpDpUahbzpDrAdq3puI/3luooNLL2VRnGgakdmiIOFICzT5H/WYpETzkSGYSGZuRWSAJSbapJQ3ITjzLy+SZrnknJfsu7Ni5TqLIweHcAQn4MAFVOAW6tAAAgKe4RXeLG29WO/Wx6x1ycpmDuAPrM8fCsaQcg==</latexit>

KF = q�2FK

<latexit sha1_base64="tL6EwMYRkKJCfKJGwcdakH48apk=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcGFLIqJuhKIoQjcV7AXaWCbTSTt0MklnJkIJWbrxVdy4UMStj+DOt3HaZqGtPwx8/OcczpzfDRmVyrK+jczc/MLiUnY5t7K6tr5hbm7VZBAJTKo4YIFouEgSRjmpKqoYaYSCIN9lpO72L0f1+gMRkgb8Tg1D4vioy6lHMVLaapu7zavDa+e85QmE43KhfB8X7CSJB4XBhNpm3ipaY8FZsFPIg1SVtvnV6gQ48glXmCEpm7YVKidGQlHMSJJrRZKECPdRlzQ1cuQT6cTjQxK4r50O9AKhH1dw7P6eiJEv5dB3daePVE9O10bmf7VmpLwzJ6Y8jBTheLLIixhUARylAjtUEKzYUAPCguq/QtxDOhOls8vpEOzpk2ehdlS0T4rW7XG+dJHGkQU7YA8cABucghK4ARVQBRg8gmfwCt6MJ+PFeDc+Jq0ZI53ZBn9kfP4A/pqYtA==</latexit>

[E,F ] =
K �K�1

q � q�1

There's a large center, including
<latexit sha1_base64="0y+SfimDDxLuQZhdQltbyo7Kk5k=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgopSkiLosiiK4qWAf0KZlMp20QyaTMDMRS8ivuHGhiFt/xJ1/4zTNQlsP3MvhnHuZO8eNGJXKsr6Nwsrq2vpGcbO0tb2zu2ful9syjAUmLRyyUHRdJAmjnLQUVYx0I0FQ4DLScf2rmd95JELSkD+oaUScAI059ShGSktDs3w98Kv96k3W7wZJ3U+HZsWqWRngMrFzUgE5mkPzqz8KcRwQrjBDUvZsK1JOgoSimJG01I8liRD20Zj0NOUoINJJsttTeKyVEfRCoYsrmKm/NxIUSDkNXD0ZIDWRi95M/M/rxcq7cBLKo1gRjucPeTGDKoSzIOCICoIVm2qCsKD6VognSCCsdFwlHYK9+OVl0q7X7LOadX9aaVzmcRTBITgCJ8AG56ABbkETtAAGT+AZvII3IzVejHfjYz5aMPKdA/AHxucPCO+TJw==</latexit>

Ek, F k, K2k

rep category<latexit sha1_base64="EpB+i+VmX8ROPSf1BRdY45eiF2Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V1Xv4bJSu83jKMIJnMI5+HANNbiHOjSAwwie4RXenNR5cd6dj0VrwclnjuEPnM8febePqQ==</latexit>•
<latexit sha1_base64="S7uDeSbmBbNWxVs4t543btzvt2I=">AAACFnicbVBNSwJRFH1jX2ZfVss2jySwhTIjUREEkpuWBo0KKsOb5xt9+Oaj9+5EMvgr2vRX2rQoom2069/0HF2UduDC4Zx7ufceNxJcgWl+G5ml5ZXVtex6bmNza3snv7vXUGEsKbNpKELZcoliggfMBg6CtSLJiO8K1nSHtYnfvGdS8TC4hVHEuj7pB9zjlICWnHyp4xMYUCJwDV9cYtu5K6aKJ8kwUWLsVI47wB4gKflhb+zkC2bZTIEXiTUjBTRD3cl/dXohjX0WABVEqbZlRtBNiAROBRvnOrFiEaFD0mdtTQPiM9VN0rfG+EgrPeyFUlcAOFV/TyTEV2rku7pzcrKa9ybif147Bu+8m/AgioEFdLrIiwWGEE8ywj0uGQUx0oRQyfWtmA6IJBR0kjkdgjX/8iJpVMrWadm8OSlUr2ZxZNEBOkRFZKEzVEXXqI5sRNEjekav6M14Ml6Md+Nj2poxZjP76A+Mzx800J7Q</latexit>

C := Uq(sl2)-mod

"fibers" over 
<latexit sha1_base64="V28SEw4ia9/i/fwrzsL78GFC/HU="></latexit>

SpecC[Ek, F k,K2k] ⇡ PGL2(C)

<latexit sha1_base64="6BiZqt2w2h8QqDm7hMaq8YbcO9w=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLYjcsK9gFNKDfTSTt0MgkzE6GU/oYbF4q49Wfc+TdO2iy0emDgcM693DMnTAXXxnW/nNLa+sbmVnm7srO7t39QPTzq6CRTlLVpIhLVC1EzwSVrG24E66WKYRwK1g0nzdzvPjKleSIfzDRlQYwjySNO0VjJ92M0Y4qCNAejQbXm1t0FyF/iFaQGBVqD6qc/TGgWM2moQK37npuaYIbKcCrYvOJnmqVIJzhifUslxkwHs0XmOTmzypBEibJPGrJQf27MMNZ6God2Ms+oV71c/M/rZya6CWZcpplhki4PRZkgJiF5AWTIFaNGTC1BqrjNSugYFVJja6rYErzVL/8lnYu6d1V37y9rjduijjKcwCmcgwfX0IA7aEEbKKTwBC/w6mTOs/PmvC9HS06xcwy/4Hx8A4HwkVY=</latexit>

Cg <latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=
<latexit sha1_base64="ppojgKHQ1JumIYkuNNrAqZfFpJI="></latexit>⇥
Uq(sl2)/(K

2k = e↵, Ek = F k = 0)
⇤
-mod

<latexit sha1_base64="l08zPEdFX1Q/wj1epy3TIVp+EYM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMtiNy4r2Ae2Q8mkd9rQTGZIMkIp/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4nvntJ1Sax/LBTBL0IzqUPOSMGis99iJqRowKUu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifGnVBnOBM5KvVRjQtmYDrFrqaQRan86TzwjZ1YZkDBW9klD5urvjSmNtJ5EgZ3MEuplLxP/87qpCW/8KZdJalCyxUdhKoiJSXY+GXCFzIiJJZQpbrMSNqKKMmNLKtkSvOWTV0nroupdVd37y0rtNq+jCCdwCufgwTXU4A4a0AQGEp7hFd4c7bw4787HYrTg5DvH8AfO5w8ESpB8</latexit>

C
<latexit sha1_base64="abw6uWvm7NXACAquciqr+h8yiRE=">AAAB+XicbVBNS8NAFHypX7V+RT16WSxCvZSkiHos9qAHDxWsLbQhbLbbdulmE3Y3hRL6T7x4UMSr/8Sb/8ZNm4O2DiwMM+/xZieIOVPacb6twtr6xuZWcbu0s7u3f2AfHj2pKJGEtkjEI9kJsKKcCdrSTHPaiSXFYcBpOxg3Mr89oVKxSDzqaUy9EA8FGzCCtZF8227e3vu1Si/EehQEqHHu22Wn6syBVombkzLkaPr2V68fkSSkQhOOleq6Tqy9FEvNCKezUi9RNMZkjIe0a6jAIVVeOk8+Q2dG6aNBJM0TGs3V3xspDpWahoGZzBKqZS8T//O6iR5ceykTcaKpIItDg4QjHaGsBtRnkhLNp4ZgIpnJisgIS0y0KatkSnCXv7xKnmpV97LqPFyU6zd5HUU4gVOogAtXUIc7aEILCEzgGV7hzUqtF+vd+liMFqx85xj+wPr8AXkzkkI=</latexit>

PGL2(C)

e.g.
<latexit sha1_base64="BCPDaIsgilzlRRe5890FdD0O3Zk=">AAACG3icbVBNS8NAEN34WetX1KOXxWLxVJIi6kUoevFYwX5AE8tmO22XbjZhdyOW0P/hxb/ixYMingQP/hu3bUBtfTDweG+GmXlBzJnSjvNlLSwuLa+s5tby6xubW9v2zm5dRYmkUKMRj2QzIAo4E1DTTHNoxhJIGHBoBIPLsd+4A6lYJG70MAY/JD3BuowSbaS2Xe6dewH0mEjjkGjJ7kcYbj3C4z4pOtjzsFN0sQei8+O37YJTcibA88TNSAFlqLbtD68T0SQEoSknSrVcJ9Z+SqRmlMMo7yUKYkIHpActQwUJQfnp5LcRPjRKB3cjaUpoPFF/T6QkVGoYBqbTHNhXs95Y/M9rJbp75qdMxIkGQaeLugnHOsLjoHCHSaCaDw0hVDJzK6Z9IgnVJs68CcGdfXme1Msl96TkXB8XKhdZHDm0jw7QEXLRKaqgK1RFNUTRA3pCL+jVerSerTfrfdq6YGUze+gPrM9vs36gkA==</latexit>

g =

✓
e↵ 0
0 1

◆



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2) [deConcini-Kac-(Procesi) '91, Beck '94]

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)
<latexit sha1_base64="vHkmKQf6hfRLSlf25cfdgAgBuC4=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgopRERN0IxaIIbirYBzShTKaTduhkEmYmQgndufFX3LhQxK2/4M6/cZJmoa0HBs6ccy/33uNFjEplWd9GYWFxaXmluFpaW9/Y3DK3d1oyjAUmTRyyUHQ8JAmjnDQVVYx0IkFQ4DHS9kb11G8/ECFpyO/VOCJugAac+hQjpaWeuX/hBEgNPQ/WHYb4gBF4Vbmu3Doi+/TMslW1MsB5YuekDHI0euaX0w9xHBCuMENSdm0rUm6ChKKYkUnJiSWJEB6hAelqylFApJtkd0zgoVb60A+FflzBTP3dkaBAynHg6cp0aTnrpeJ/XjdW/rmbUB7FinA8HeTHDKoQpqHAPhUEKzbWBGFB9a4QD5FAWOnoSjoEe/bkedI6rtqnVevupFy7zOMogj1wAI6ADc5ADdyABmgCDB7BM3gFb8aT8WK8Gx/T0oKR9+yCPzA+fwAm95g4</latexit>

= ChE,F,Ki/
<latexit sha1_base64="IPlExl+Bc69xPu378j5nQYAB6EY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVC9CUQpCLxXsB7SxbLabdulmk+5uhBL6J7x4UMSrf8eb/8Ztm4O2Phh4vDfDzDwv4kxp2/62MmvrG5tb2e3czu7e/kH+8KipwlgS2iAhD2Xbw4pyJmhDM81pO5IUBx6nLW90O/NbT1QqFooHPYmoG+CBYD4jWBupXatejx9L1VovX7CL9hxolTgpKUCKei//1e2HJA6o0IRjpTqOHWk3wVIzwuk0140VjTAZ4QHtGCpwQJWbzO+dojOj9JEfSlNCo7n6eyLBgVKTwDOdAdZDtezNxP+8Tqz9KzdhIoo1FWSxyI850iGaPY/6TFKi+cQQTCQztyIyxBITbSLKmRCc5ZdXSbNUdMpF+/6iULlJ48jCCZzCOThwCRW4gzo0gACHZ3iFN2tsvVjv1seiNWOlM8fwB9bnD9N8jy0=</latexit>

KE = q2EK
<latexit sha1_base64="IWo1Q07KPKigvHJeI8XFtRVT+9s=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4sSRF1ItQFIrQSwX7AWksm+2mXbrJxt2NUEJ/hhcPinj113jz37htc9DWBwOP92aYmefHnClt29/W0vLK6tp6biO/ubW9s1vY228qkUhCG0RwIds+VpSziDY005y2Y0lx6HPa8oc3E7/1RKViIrrXo5h6Ie5HLGAEayO5terV40N6Wh5Xa91C0S7ZU6BF4mSkCBnq3cJXpydIEtJIE46Vch071l6KpWaE03G+kygaYzLEfeoaGuGQKi+dnjxGx0bpoUBIU5FGU/X3RIpDpUahbzpDrAdq3puI/3luooNLL2VRnGgakdmiIOFICzT5H/WYpETzkSGYSGZuRWSAJSbapJQ3ITjzLy+SZrnknJfsu7Ni5TqLIweHcAQn4MAFVOAW6tAAAgKe4RXeLG29WO/Wx6x1ycpmDuAPrM8fCsaQcg==</latexit>

KF = q�2FK

<latexit sha1_base64="tL6EwMYRkKJCfKJGwcdakH48apk=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcGFLIqJuhKIoQjcV7AXaWCbTSTt0MklnJkIJWbrxVdy4UMStj+DOt3HaZqGtPwx8/OcczpzfDRmVyrK+jczc/MLiUnY5t7K6tr5hbm7VZBAJTKo4YIFouEgSRjmpKqoYaYSCIN9lpO72L0f1+gMRkgb8Tg1D4vioy6lHMVLaapu7zavDa+e85QmE43KhfB8X7CSJB4XBhNpm3ipaY8FZsFPIg1SVtvnV6gQ48glXmCEpm7YVKidGQlHMSJJrRZKECPdRlzQ1cuQT6cTjQxK4r50O9AKhH1dw7P6eiJEv5dB3daePVE9O10bmf7VmpLwzJ6Y8jBTheLLIixhUARylAjtUEKzYUAPCguq/QtxDOhOls8vpEOzpk2ehdlS0T4rW7XG+dJHGkQU7YA8cABucghK4ARVQBRg8gmfwCt6MJ+PFeDc+Jq0ZI53ZBn9kfP4A/pqYtA==</latexit>

[E,F ] =
K �K�1

q � q�1

There's a large center, including
<latexit sha1_base64="0y+SfimDDxLuQZhdQltbyo7Kk5k=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgopSkiLosiiK4qWAf0KZlMp20QyaTMDMRS8ivuHGhiFt/xJ1/4zTNQlsP3MvhnHuZO8eNGJXKsr6Nwsrq2vpGcbO0tb2zu2ful9syjAUmLRyyUHRdJAmjnLQUVYx0I0FQ4DLScf2rmd95JELSkD+oaUScAI059ShGSktDs3w98Kv96k3W7wZJ3U+HZsWqWRngMrFzUgE5mkPzqz8KcRwQrjBDUvZsK1JOgoSimJG01I8liRD20Zj0NOUoINJJsttTeKyVEfRCoYsrmKm/NxIUSDkNXD0ZIDWRi95M/M/rxcq7cBLKo1gRjucPeTGDKoSzIOCICoIVm2qCsKD6VognSCCsdFwlHYK9+OVl0q7X7LOadX9aaVzmcRTBITgCJ8AG56ABbkETtAAGT+AZvII3IzVejHfjYz5aMPKdA/AHxucPCO+TJw==</latexit>

Ek, F k, K2k

rep category<latexit sha1_base64="EpB+i+VmX8ROPSf1BRdY45eiF2Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V1Xv4bJSu83jKMIJnMI5+HANNbiHOjSAwwie4RXenNR5cd6dj0VrwclnjuEPnM8febePqQ==</latexit>•
<latexit sha1_base64="S7uDeSbmBbNWxVs4t543btzvt2I=">AAACFnicbVBNSwJRFH1jX2ZfVss2jySwhTIjUREEkpuWBo0KKsOb5xt9+Oaj9+5EMvgr2vRX2rQoom2069/0HF2UduDC4Zx7ufceNxJcgWl+G5ml5ZXVtex6bmNza3snv7vXUGEsKbNpKELZcoliggfMBg6CtSLJiO8K1nSHtYnfvGdS8TC4hVHEuj7pB9zjlICWnHyp4xMYUCJwDV9cYtu5K6aKJ8kwUWLsVI47wB4gKflhb+zkC2bZTIEXiTUjBTRD3cl/dXohjX0WABVEqbZlRtBNiAROBRvnOrFiEaFD0mdtTQPiM9VN0rfG+EgrPeyFUlcAOFV/TyTEV2rku7pzcrKa9ybif147Bu+8m/AgioEFdLrIiwWGEE8ywj0uGQUx0oRQyfWtmA6IJBR0kjkdgjX/8iJpVMrWadm8OSlUr2ZxZNEBOkRFZKEzVEXXqI5sRNEjekav6M14Ml6Md+Nj2poxZjP76A+Mzx800J7Q</latexit>

C := Uq(sl2)-mod

"fibers" over 
<latexit sha1_base64="V28SEw4ia9/i/fwrzsL78GFC/HU="></latexit>

SpecC[Ek, F k,K2k] ⇡ PGL2(C)

a coherent sheaf of categories<latexit sha1_base64="EpB+i+VmX8ROPSf1BRdY45eiF2Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V1Xv4bJSu83jKMIJnMI5+HANNbiHOjSAwwie4RXenNR5cd6dj0VrwclnjuEPnM8febePqQ==</latexit>•

<latexit sha1_base64="6BiZqt2w2h8QqDm7hMaq8YbcO9w=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLYjcsK9gFNKDfTSTt0MgkzE6GU/oYbF4q49Wfc+TdO2iy0emDgcM693DMnTAXXxnW/nNLa+sbmVnm7srO7t39QPTzq6CRTlLVpIhLVC1EzwSVrG24E66WKYRwK1g0nzdzvPjKleSIfzDRlQYwjySNO0VjJ92M0Y4qCNAejQbXm1t0FyF/iFaQGBVqD6qc/TGgWM2moQK37npuaYIbKcCrYvOJnmqVIJzhifUslxkwHs0XmOTmzypBEibJPGrJQf27MMNZ6God2Ms+oV71c/M/rZya6CWZcpplhki4PRZkgJiF5AWTIFaNGTC1BqrjNSugYFVJja6rYErzVL/8lnYu6d1V37y9rjduijjKcwCmcgwfX0IA7aEEbKKTwBC/w6mTOs/PmvC9HS06xcwy/4Hx8A4HwkVY=</latexit>

Cg <latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=
<latexit sha1_base64="ppojgKHQ1JumIYkuNNrAqZfFpJI="></latexit>⇥
Uq(sl2)/(K

2k = e↵, Ek = F k = 0)
⇤
-mod

<latexit sha1_base64="l08zPEdFX1Q/wj1epy3TIVp+EYM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMtiNy4r2Ae2Q8mkd9rQTGZIMkIp/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4nvntJ1Sax/LBTBL0IzqUPOSMGis99iJqRowKUu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifGnVBnOBM5KvVRjQtmYDrFrqaQRan86TzwjZ1YZkDBW9klD5urvjSmNtJ5EgZ3MEuplLxP/87qpCW/8KZdJalCyxUdhKoiJSXY+GXCFzIiJJZQpbrMSNqKKMmNLKtkSvOWTV0nroupdVd37y0rtNq+jCCdwCufgwTXU4A4a0AQGEp7hFd4c7bw4787HYrTg5DvH8AfO5w8ESpB8</latexit>

C
<latexit sha1_base64="abw6uWvm7NXACAquciqr+h8yiRE=">AAAB+XicbVBNS8NAFHypX7V+RT16WSxCvZSkiHos9qAHDxWsLbQhbLbbdulmE3Y3hRL6T7x4UMSr/8Sb/8ZNm4O2DiwMM+/xZieIOVPacb6twtr6xuZWcbu0s7u3f2AfHj2pKJGEtkjEI9kJsKKcCdrSTHPaiSXFYcBpOxg3Mr89oVKxSDzqaUy9EA8FGzCCtZF8227e3vu1Si/EehQEqHHu22Wn6syBVombkzLkaPr2V68fkSSkQhOOleq6Tqy9FEvNCKezUi9RNMZkjIe0a6jAIVVeOk8+Q2dG6aNBJM0TGs3V3xspDpWahoGZzBKqZS8T//O6iR5ceykTcaKpIItDg4QjHaGsBtRnkhLNp4ZgIpnJisgIS0y0KatkSnCXv7xKnmpV97LqPFyU6zd5HUU4gVOogAtXUIc7aEILCEzgGV7hzUqtF+vd+liMFqx85xj+wPr8AXkzkkI=</latexit>

PGL2(C)

e.g.
<latexit sha1_base64="BCPDaIsgilzlRRe5890FdD0O3Zk=">AAACG3icbVBNS8NAEN34WetX1KOXxWLxVJIi6kUoevFYwX5AE8tmO22XbjZhdyOW0P/hxb/ixYMingQP/hu3bUBtfTDweG+GmXlBzJnSjvNlLSwuLa+s5tby6xubW9v2zm5dRYmkUKMRj2QzIAo4E1DTTHNoxhJIGHBoBIPLsd+4A6lYJG70MAY/JD3BuowSbaS2Xe6dewH0mEjjkGjJ7kcYbj3C4z4pOtjzsFN0sQei8+O37YJTcibA88TNSAFlqLbtD68T0SQEoSknSrVcJ9Z+SqRmlMMo7yUKYkIHpActQwUJQfnp5LcRPjRKB3cjaUpoPFF/T6QkVGoYBqbTHNhXs95Y/M9rJbp75qdMxIkGQaeLugnHOsLjoHCHSaCaDw0hVDJzK6Z9IgnVJs68CcGdfXme1Msl96TkXB8XKhdZHDm0jw7QEXLRKaqgK1RFNUTRA3pCL+jVerSerTfrfdq6YGUze+gPrM9vs36gkA==</latexit>

g =

✓
e↵ 0
0 1

◆



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2) [deConcini-Kac-(Procesi) '91, Beck '94]

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)
<latexit sha1_base64="vHkmKQf6hfRLSlf25cfdgAgBuC4=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgopRERN0IxaIIbirYBzShTKaTduhkEmYmQgndufFX3LhQxK2/4M6/cZJmoa0HBs6ccy/33uNFjEplWd9GYWFxaXmluFpaW9/Y3DK3d1oyjAUmTRyyUHQ8JAmjnDQVVYx0IkFQ4DHS9kb11G8/ECFpyO/VOCJugAac+hQjpaWeuX/hBEgNPQ/WHYb4gBF4Vbmu3Doi+/TMslW1MsB5YuekDHI0euaX0w9xHBCuMENSdm0rUm6ChKKYkUnJiSWJEB6hAelqylFApJtkd0zgoVb60A+FflzBTP3dkaBAynHg6cp0aTnrpeJ/XjdW/rmbUB7FinA8HeTHDKoQpqHAPhUEKzbWBGFB9a4QD5FAWOnoSjoEe/bkedI6rtqnVevupFy7zOMogj1wAI6ADc5ADdyABmgCDB7BM3gFb8aT8WK8Gx/T0oKR9+yCPzA+fwAm95g4</latexit>

= ChE,F,Ki/
<latexit sha1_base64="IPlExl+Bc69xPu378j5nQYAB6EY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVC9CUQpCLxXsB7SxbLabdulmk+5uhBL6J7x4UMSrf8eb/8Ztm4O2Phh4vDfDzDwv4kxp2/62MmvrG5tb2e3czu7e/kH+8KipwlgS2iAhD2Xbw4pyJmhDM81pO5IUBx6nLW90O/NbT1QqFooHPYmoG+CBYD4jWBupXatejx9L1VovX7CL9hxolTgpKUCKei//1e2HJA6o0IRjpTqOHWk3wVIzwuk0140VjTAZ4QHtGCpwQJWbzO+dojOj9JEfSlNCo7n6eyLBgVKTwDOdAdZDtezNxP+8Tqz9KzdhIoo1FWSxyI850iGaPY/6TFKi+cQQTCQztyIyxBITbSLKmRCc5ZdXSbNUdMpF+/6iULlJ48jCCZzCOThwCRW4gzo0gACHZ3iFN2tsvVjv1seiNWOlM8fwB9bnD9N8jy0=</latexit>

KE = q2EK
<latexit sha1_base64="IWo1Q07KPKigvHJeI8XFtRVT+9s=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4sSRF1ItQFIrQSwX7AWksm+2mXbrJxt2NUEJ/hhcPinj113jz37htc9DWBwOP92aYmefHnClt29/W0vLK6tp6biO/ubW9s1vY228qkUhCG0RwIds+VpSziDY005y2Y0lx6HPa8oc3E7/1RKViIrrXo5h6Ie5HLGAEayO5terV40N6Wh5Xa91C0S7ZU6BF4mSkCBnq3cJXpydIEtJIE46Vch071l6KpWaE03G+kygaYzLEfeoaGuGQKi+dnjxGx0bpoUBIU5FGU/X3RIpDpUahbzpDrAdq3puI/3luooNLL2VRnGgakdmiIOFICzT5H/WYpETzkSGYSGZuRWSAJSbapJQ3ITjzLy+SZrnknJfsu7Ni5TqLIweHcAQn4MAFVOAW6tAAAgKe4RXeLG29WO/Wx6x1ycpmDuAPrM8fCsaQcg==</latexit>

KF = q�2FK

<latexit sha1_base64="tL6EwMYRkKJCfKJGwcdakH48apk=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcGFLIqJuhKIoQjcV7AXaWCbTSTt0MklnJkIJWbrxVdy4UMStj+DOt3HaZqGtPwx8/OcczpzfDRmVyrK+jczc/MLiUnY5t7K6tr5hbm7VZBAJTKo4YIFouEgSRjmpKqoYaYSCIN9lpO72L0f1+gMRkgb8Tg1D4vioy6lHMVLaapu7zavDa+e85QmE43KhfB8X7CSJB4XBhNpm3ipaY8FZsFPIg1SVtvnV6gQ48glXmCEpm7YVKidGQlHMSJJrRZKECPdRlzQ1cuQT6cTjQxK4r50O9AKhH1dw7P6eiJEv5dB3daePVE9O10bmf7VmpLwzJ6Y8jBTheLLIixhUARylAjtUEKzYUAPCguq/QtxDOhOls8vpEOzpk2ehdlS0T4rW7XG+dJHGkQU7YA8cABucghK4ARVQBRg8gmfwCt6MJ+PFeDc+Jq0ZI53ZBn9kfP4A/pqYtA==</latexit>

[E,F ] =
K �K�1

q � q�1

There's a large center, including
<latexit sha1_base64="0y+SfimDDxLuQZhdQltbyo7Kk5k=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgopSkiLosiiK4qWAf0KZlMp20QyaTMDMRS8ivuHGhiFt/xJ1/4zTNQlsP3MvhnHuZO8eNGJXKsr6Nwsrq2vpGcbO0tb2zu2ful9syjAUmLRyyUHRdJAmjnLQUVYx0I0FQ4DLScf2rmd95JELSkD+oaUScAI059ShGSktDs3w98Kv96k3W7wZJ3U+HZsWqWRngMrFzUgE5mkPzqz8KcRwQrjBDUvZsK1JOgoSimJG01I8liRD20Zj0NOUoINJJsttTeKyVEfRCoYsrmKm/NxIUSDkNXD0ZIDWRi95M/M/rxcq7cBLKo1gRjucPeTGDKoSzIOCICoIVm2qCsKD6VognSCCsdFwlHYK9+OVl0q7X7LOadX9aaVzmcRTBITgCJ8AG56ABbkETtAAGT+AZvII3IzVejHfjYz5aMPKdA/AHxucPCO+TJw==</latexit>

Ek, F k, K2k

rep category<latexit sha1_base64="EpB+i+VmX8ROPSf1BRdY45eiF2Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V1Xv4bJSu83jKMIJnMI5+HANNbiHOjSAwwie4RXenNR5cd6dj0VrwclnjuEPnM8febePqQ==</latexit>•
<latexit sha1_base64="S7uDeSbmBbNWxVs4t543btzvt2I=">AAACFnicbVBNSwJRFH1jX2ZfVss2jySwhTIjUREEkpuWBo0KKsOb5xt9+Oaj9+5EMvgr2vRX2rQoom2069/0HF2UduDC4Zx7ufceNxJcgWl+G5ml5ZXVtex6bmNza3snv7vXUGEsKbNpKELZcoliggfMBg6CtSLJiO8K1nSHtYnfvGdS8TC4hVHEuj7pB9zjlICWnHyp4xMYUCJwDV9cYtu5K6aKJ8kwUWLsVI47wB4gKflhb+zkC2bZTIEXiTUjBTRD3cl/dXohjX0WABVEqbZlRtBNiAROBRvnOrFiEaFD0mdtTQPiM9VN0rfG+EgrPeyFUlcAOFV/TyTEV2rku7pzcrKa9ybif147Bu+8m/AgioEFdLrIiwWGEE8ywj0uGQUx0oRQyfWtmA6IJBR0kjkdgjX/8iJpVMrWadm8OSlUr2ZxZNEBOkRFZKEzVEXXqI5sRNEjekav6M14Ml6Md+Nj2poxZjP76A+Mzx800J7Q</latexit>

C := Uq(sl2)-mod

"fibers" over 
<latexit sha1_base64="V28SEw4ia9/i/fwrzsL78GFC/HU="></latexit>

SpecC[Ek, F k,K2k] ⇡ PGL2(C)

a coherent sheaf of categories<latexit sha1_base64="EpB+i+VmX8ROPSf1BRdY45eiF2Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V1Xv4bJSu83jKMIJnMI5+HANNbiHOjSAwwie4RXenNR5cd6dj0VrwclnjuEPnM8febePqQ==</latexit>•

fibers only depend on conjugacy class, up to iso<latexit sha1_base64="EpB+i+VmX8ROPSf1BRdY45eiF2Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V1Xv4bJSu83jKMIJnMI5+HANNbiHOjSAwwie4RXenNR5cd6dj0VrwclnjuEPnM8febePqQ==</latexit>•

<latexit sha1_base64="6BiZqt2w2h8QqDm7hMaq8YbcO9w=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLYjcsK9gFNKDfTSTt0MgkzE6GU/oYbF4q49Wfc+TdO2iy0emDgcM693DMnTAXXxnW/nNLa+sbmVnm7srO7t39QPTzq6CRTlLVpIhLVC1EzwSVrG24E66WKYRwK1g0nzdzvPjKleSIfzDRlQYwjySNO0VjJ92M0Y4qCNAejQbXm1t0FyF/iFaQGBVqD6qc/TGgWM2moQK37npuaYIbKcCrYvOJnmqVIJzhifUslxkwHs0XmOTmzypBEibJPGrJQf27MMNZ6God2Ms+oV71c/M/rZya6CWZcpplhki4PRZkgJiF5AWTIFaNGTC1BqrjNSugYFVJja6rYErzVL/8lnYu6d1V37y9rjduijjKcwCmcgwfX0IA7aEEbKKTwBC/w6mTOs/PmvC9HS06xcwy/4Hx8A4HwkVY=</latexit>

Cg <latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=
<latexit sha1_base64="ppojgKHQ1JumIYkuNNrAqZfFpJI="></latexit>⇥
Uq(sl2)/(K

2k = e↵, Ek = F k = 0)
⇤
-mod

<latexit sha1_base64="l08zPEdFX1Q/wj1epy3TIVp+EYM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMtiNy4r2Ae2Q8mkd9rQTGZIMkIp/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4nvntJ1Sax/LBTBL0IzqUPOSMGis99iJqRowKUu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifGnVBnOBM5KvVRjQtmYDrFrqaQRan86TzwjZ1YZkDBW9klD5urvjSmNtJ5EgZ3MEuplLxP/87qpCW/8KZdJalCyxUdhKoiJSXY+GXCFzIiJJZQpbrMSNqKKMmNLKtkSvOWTV0nroupdVd37y0rtNq+jCCdwCufgwTXU4A4a0AQGEp7hFd4c7bw4787HYrTg5DvH8AfO5w8ESpB8</latexit>

C
<latexit sha1_base64="abw6uWvm7NXACAquciqr+h8yiRE=">AAAB+XicbVBNS8NAFHypX7V+RT16WSxCvZSkiHos9qAHDxWsLbQhbLbbdulmE3Y3hRL6T7x4UMSr/8Sb/8ZNm4O2DiwMM+/xZieIOVPacb6twtr6xuZWcbu0s7u3f2AfHj2pKJGEtkjEI9kJsKKcCdrSTHPaiSXFYcBpOxg3Mr89oVKxSDzqaUy9EA8FGzCCtZF8227e3vu1Si/EehQEqHHu22Wn6syBVombkzLkaPr2V68fkSSkQhOOleq6Tqy9FEvNCKezUi9RNMZkjIe0a6jAIVVeOk8+Q2dG6aNBJM0TGs3V3xspDpWahoGZzBKqZS8T//O6iR5ceykTcaKpIItDg4QjHaGsBtRnkhLNp4ZgIpnJisgIS0y0KatkSnCXv7xKnmpV97LqPFyU6zd5HUU4gVOogAtXUIc7aEILCEzgGV7hzUqtF+vd+liMFqx85xj+wPr8AXkzkkI=</latexit>

PGL2(C)

e.g.
<latexit sha1_base64="BCPDaIsgilzlRRe5890FdD0O3Zk=">AAACG3icbVBNS8NAEN34WetX1KOXxWLxVJIi6kUoevFYwX5AE8tmO22XbjZhdyOW0P/hxb/ixYMingQP/hu3bUBtfTDweG+GmXlBzJnSjvNlLSwuLa+s5tby6xubW9v2zm5dRYmkUKMRj2QzIAo4E1DTTHNoxhJIGHBoBIPLsd+4A6lYJG70MAY/JD3BuowSbaS2Xe6dewH0mEjjkGjJ7kcYbj3C4z4pOtjzsFN0sQei8+O37YJTcibA88TNSAFlqLbtD68T0SQEoSknSrVcJ9Z+SqRmlMMo7yUKYkIHpActQwUJQfnp5LcRPjRKB3cjaUpoPFF/T6QkVGoYBqbTHNhXs95Y/M9rJbp75qdMxIkGQaeLugnHOsLjoHCHSaCaDw0hVDJzK6Z9IgnVJs68CcGdfXme1Msl96TkXB8XKhdZHDm0jw7QEXLRKaqgK1RFNUTRA3pCL+jVerSerTfrfdq6YGUze+gPrM9vs36gkA==</latexit>

g =

✓
e↵ 0
0 1

◆



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2) [deConcini-Kac-(Procesi) '91, Beck '94]

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)
<latexit sha1_base64="vHkmKQf6hfRLSlf25cfdgAgBuC4=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgopRERN0IxaIIbirYBzShTKaTduhkEmYmQgndufFX3LhQxK2/4M6/cZJmoa0HBs6ccy/33uNFjEplWd9GYWFxaXmluFpaW9/Y3DK3d1oyjAUmTRyyUHQ8JAmjnDQVVYx0IkFQ4DHS9kb11G8/ECFpyO/VOCJugAac+hQjpaWeuX/hBEgNPQ/WHYb4gBF4Vbmu3Doi+/TMslW1MsB5YuekDHI0euaX0w9xHBCuMENSdm0rUm6ChKKYkUnJiSWJEB6hAelqylFApJtkd0zgoVb60A+FflzBTP3dkaBAynHg6cp0aTnrpeJ/XjdW/rmbUB7FinA8HeTHDKoQpqHAPhUEKzbWBGFB9a4QD5FAWOnoSjoEe/bkedI6rtqnVevupFy7zOMogj1wAI6ADc5ADdyABmgCDB7BM3gFb8aT8WK8Gx/T0oKR9+yCPzA+fwAm95g4</latexit>

= ChE,F,Ki/
<latexit sha1_base64="IPlExl+Bc69xPu378j5nQYAB6EY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVC9CUQpCLxXsB7SxbLabdulmk+5uhBL6J7x4UMSrf8eb/8Ztm4O2Phh4vDfDzDwv4kxp2/62MmvrG5tb2e3czu7e/kH+8KipwlgS2iAhD2Xbw4pyJmhDM81pO5IUBx6nLW90O/NbT1QqFooHPYmoG+CBYD4jWBupXatejx9L1VovX7CL9hxolTgpKUCKei//1e2HJA6o0IRjpTqOHWk3wVIzwuk0140VjTAZ4QHtGCpwQJWbzO+dojOj9JEfSlNCo7n6eyLBgVKTwDOdAdZDtezNxP+8Tqz9KzdhIoo1FWSxyI850iGaPY/6TFKi+cQQTCQztyIyxBITbSLKmRCc5ZdXSbNUdMpF+/6iULlJ48jCCZzCOThwCRW4gzo0gACHZ3iFN2tsvVjv1seiNWOlM8fwB9bnD9N8jy0=</latexit>

KE = q2EK
<latexit sha1_base64="IWo1Q07KPKigvHJeI8XFtRVT+9s=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4sSRF1ItQFIrQSwX7AWksm+2mXbrJxt2NUEJ/hhcPinj113jz37htc9DWBwOP92aYmefHnClt29/W0vLK6tp6biO/ubW9s1vY228qkUhCG0RwIds+VpSziDY005y2Y0lx6HPa8oc3E7/1RKViIrrXo5h6Ie5HLGAEayO5terV40N6Wh5Xa91C0S7ZU6BF4mSkCBnq3cJXpydIEtJIE46Vch071l6KpWaE03G+kygaYzLEfeoaGuGQKi+dnjxGx0bpoUBIU5FGU/X3RIpDpUahbzpDrAdq3puI/3luooNLL2VRnGgakdmiIOFICzT5H/WYpETzkSGYSGZuRWSAJSbapJQ3ITjzLy+SZrnknJfsu7Ni5TqLIweHcAQn4MAFVOAW6tAAAgKe4RXeLG29WO/Wx6x1ycpmDuAPrM8fCsaQcg==</latexit>

KF = q�2FK

<latexit sha1_base64="tL6EwMYRkKJCfKJGwcdakH48apk=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcGFLIqJuhKIoQjcV7AXaWCbTSTt0MklnJkIJWbrxVdy4UMStj+DOt3HaZqGtPwx8/OcczpzfDRmVyrK+jczc/MLiUnY5t7K6tr5hbm7VZBAJTKo4YIFouEgSRjmpKqoYaYSCIN9lpO72L0f1+gMRkgb8Tg1D4vioy6lHMVLaapu7zavDa+e85QmE43KhfB8X7CSJB4XBhNpm3ipaY8FZsFPIg1SVtvnV6gQ48glXmCEpm7YVKidGQlHMSJJrRZKECPdRlzQ1cuQT6cTjQxK4r50O9AKhH1dw7P6eiJEv5dB3daePVE9O10bmf7VmpLwzJ6Y8jBTheLLIixhUARylAjtUEKzYUAPCguq/QtxDOhOls8vpEOzpk2ehdlS0T4rW7XG+dJHGkQU7YA8cABucghK4ARVQBRg8gmfwCt6MJ+PFeDc+Jq0ZI53ZBn9kfP4A/pqYtA==</latexit>

[E,F ] =
K �K�1

q � q�1

fibers only depend on conjugacy class, up to iso<latexit sha1_base64="EpB+i+VmX8ROPSf1BRdY45eiF2Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V1Xv4bJSu83jKMIJnMI5+HANNbiHOjSAwwie4RXenNR5cd6dj0VrwclnjuEPnM8febePqQ==</latexit>•

<latexit sha1_base64="6BiZqt2w2h8QqDm7hMaq8YbcO9w=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLYjcsK9gFNKDfTSTt0MgkzE6GU/oYbF4q49Wfc+TdO2iy0emDgcM693DMnTAXXxnW/nNLa+sbmVnm7srO7t39QPTzq6CRTlLVpIhLVC1EzwSVrG24E66WKYRwK1g0nzdzvPjKleSIfzDRlQYwjySNO0VjJ92M0Y4qCNAejQbXm1t0FyF/iFaQGBVqD6qc/TGgWM2moQK37npuaYIbKcCrYvOJnmqVIJzhifUslxkwHs0XmOTmzypBEibJPGrJQf27MMNZ6God2Ms+oV71c/M/rZya6CWZcpplhki4PRZkgJiF5AWTIFaNGTC1BqrjNSugYFVJja6rYErzVL/8lnYu6d1V37y9rjduijjKcwCmcgwfX0IA7aEEbKKTwBC/w6mTOs/PmvC9HS06xcwy/4Hx8A4HwkVY=</latexit>

Cg <latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=
<latexit sha1_base64="ppojgKHQ1JumIYkuNNrAqZfFpJI="></latexit>⇥
Uq(sl2)/(K

2k = e↵, Ek = F k = 0)
⇤
-mod

<latexit sha1_base64="l08zPEdFX1Q/wj1epy3TIVp+EYM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMtiNy4r2Ae2Q8mkd9rQTGZIMkIp/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4nvntJ1Sax/LBTBL0IzqUPOSMGis99iJqRowKUu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifGnVBnOBM5KvVRjQtmYDrFrqaQRan86TzwjZ1YZkDBW9klD5urvjSmNtJ5EgZ3MEuplLxP/87qpCW/8KZdJalCyxUdhKoiJSXY+GXCFzIiJJZQpbrMSNqKKMmNLKtkSvOWTV0nroupdVd37y0rtNq+jCCdwCufgwTXU4A4a0AQGEp7hFd4c7bw4787HYrTg5DvH8AfO5w8ESpB8</latexit>

C
<latexit sha1_base64="abw6uWvm7NXACAquciqr+h8yiRE=">AAAB+XicbVBNS8NAFHypX7V+RT16WSxCvZSkiHos9qAHDxWsLbQhbLbbdulmE3Y3hRL6T7x4UMSr/8Sb/8ZNm4O2DiwMM+/xZieIOVPacb6twtr6xuZWcbu0s7u3f2AfHj2pKJGEtkjEI9kJsKKcCdrSTHPaiSXFYcBpOxg3Mr89oVKxSDzqaUy9EA8FGzCCtZF8227e3vu1Si/EehQEqHHu22Wn6syBVombkzLkaPr2V68fkSSkQhOOleq6Tqy9FEvNCKezUi9RNMZkjIe0a6jAIVVeOk8+Q2dG6aNBJM0TGs3V3xspDpWahoGZzBKqZS8T//O6iR5ceykTcaKpIItDg4QjHaGsBtRnkhLNp4ZgIpnJisgIS0y0KatkSnCXv7xKnmpV97LqPFyU6zd5HUU4gVOogAtXUIc7aEILCEzgGV7hzUqtF+vd+liMFqx85xj+wPr8AXkzkkI=</latexit>

PGL2(C)

e.g.
<latexit sha1_base64="BCPDaIsgilzlRRe5890FdD0O3Zk=">AAACG3icbVBNS8NAEN34WetX1KOXxWLxVJIi6kUoevFYwX5AE8tmO22XbjZhdyOW0P/hxb/ixYMingQP/hu3bUBtfTDweG+GmXlBzJnSjvNlLSwuLa+s5tby6xubW9v2zm5dRYmkUKMRj2QzIAo4E1DTTHNoxhJIGHBoBIPLsd+4A6lYJG70MAY/JD3BuowSbaS2Xe6dewH0mEjjkGjJ7kcYbj3C4z4pOtjzsFN0sQei8+O37YJTcibA88TNSAFlqLbtD68T0SQEoSknSrVcJ9Z+SqRmlMMo7yUKYkIHpActQwUJQfnp5LcRPjRKB3cjaUpoPFF/T6QkVGoYBqbTHNhXs95Y/M9rJbp75qdMxIkGQaeLugnHOsLjoHCHSaCaDw0hVDJzK6Z9IgnVJs68CcGdfXme1Msl96TkXB8XKhdZHDm0jw7QEXLRKaqgK1RFNUTRA3pCL+jVerSerTfrfdq6YGUze+gPrM9vs36gkA==</latexit>

g =

✓
e↵ 0
0 1

◆

Leads to invariants of (spin) 3-manifolds w/ flat                 conn's!
<latexit sha1_base64="slj7mif7OB47lj7SXBcdcvnt15c=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWomyHTx1h3xS504aKCfUBbSibNtKGZB0mmUIb+iRsXirj1T9z5N2baCip6IHA4517uyXEjzqRC6MPIrK1vbG5lt3M7u3v7B+bhUUuGsSC0SUIeio6LJeUsoE3FFKedSFDsu5y23Uk99dtTKiQLg3s1i2jfx6OAeYxgpaWBaTaubwfFQs/Hauy6sH4+MPPIQsVyyalAZNmVasmxNSkjdIkcaFtogTxYoTEw33vDkMQ+DRThWMqujSLVT7BQjHA6z/ViSSNMJnhEu5oG2KeynyySz+GZVobQC4V+gYIL9ftGgn0pZ76rJ9OE8reXin953Vh51X7CgihWNCDLQ17MoQphWgMcMkGJ4jNNMBFMZ4VkjAUmSpeV0yV8/RT+T1pFy3YsdFfO165WdWTBCTgFBWCDC1ADN6ABmoCAKXgAT+DZSIxH48V4XY5mjNXOMfgB4+0T1E+SgQ==</latexit>

PGL2(C)
[Kashaev-Reshetikhin '02], CGP, [Blanchet-Geer-PatureauMirand-Reshetikhin '18]:

<latexit sha1_base64="qpMq0Gf9Km0twWx4jK74z/gPPng=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIFWTI9GXdVd24ESrYB7alZNJMG5p5kGSEMtSNv+LGhSJu/Qt3/o2ZtoqKHgicnHMv995jB5xJhdC7kZibX1hcSi6nVlbX1jfSm1t16YeC0BrxuS+aNpaUM4/WFFOcNgNBsWtz2rCHZ7HfuKFCMt+7UqOAdlzc95jDCFZa6qZ32i5WA4I5vM5eHH59Tg666QwyUa6QLxUhMq1iOV+yNCkgdIxK0DLRBBkwQ7Wbfmv3fBK61FOEYylbFgpUJ8JCMcLpONUOJQ0wGeI+bWnqYZfKTjS5YAz3tdKDji/08xScqN87IuxKOXJtXRmvKH97sfiX1wqVU+5EzAtCRT0yHeSEHCofxnHAHhOUKD7SBBPB9K6QDLDAROnQUjqEz0vh/6SeM62SiS4LmcrpLI4k2AV7IAsscAQq4BxUQQ0QcAvuwSN4Mu6MB+PZeJmWJoxZzzb4AeP1A/U0lfA=</latexit>

Z(M,A)



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2) [deConcini-Kac-(Procesi) '91, Beck '94]

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)
<latexit sha1_base64="vHkmKQf6hfRLSlf25cfdgAgBuC4=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgopRERN0IxaIIbirYBzShTKaTduhkEmYmQgndufFX3LhQxK2/4M6/cZJmoa0HBs6ccy/33uNFjEplWd9GYWFxaXmluFpaW9/Y3DK3d1oyjAUmTRyyUHQ8JAmjnDQVVYx0IkFQ4DHS9kb11G8/ECFpyO/VOCJugAac+hQjpaWeuX/hBEgNPQ/WHYb4gBF4Vbmu3Doi+/TMslW1MsB5YuekDHI0euaX0w9xHBCuMENSdm0rUm6ChKKYkUnJiSWJEB6hAelqylFApJtkd0zgoVb60A+FflzBTP3dkaBAynHg6cp0aTnrpeJ/XjdW/rmbUB7FinA8HeTHDKoQpqHAPhUEKzbWBGFB9a4QD5FAWOnoSjoEe/bkedI6rtqnVevupFy7zOMogj1wAI6ADc5ADdyABmgCDB7BM3gFb8aT8WK8Gx/T0oKR9+yCPzA+fwAm95g4</latexit>

= ChE,F,Ki/
<latexit sha1_base64="IPlExl+Bc69xPu378j5nQYAB6EY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVC9CUQpCLxXsB7SxbLabdulmk+5uhBL6J7x4UMSrf8eb/8Ztm4O2Phh4vDfDzDwv4kxp2/62MmvrG5tb2e3czu7e/kH+8KipwlgS2iAhD2Xbw4pyJmhDM81pO5IUBx6nLW90O/NbT1QqFooHPYmoG+CBYD4jWBupXatejx9L1VovX7CL9hxolTgpKUCKei//1e2HJA6o0IRjpTqOHWk3wVIzwuk0140VjTAZ4QHtGCpwQJWbzO+dojOj9JEfSlNCo7n6eyLBgVKTwDOdAdZDtezNxP+8Tqz9KzdhIoo1FWSxyI850iGaPY/6TFKi+cQQTCQztyIyxBITbSLKmRCc5ZdXSbNUdMpF+/6iULlJ48jCCZzCOThwCRW4gzo0gACHZ3iFN2tsvVjv1seiNWOlM8fwB9bnD9N8jy0=</latexit>

KE = q2EK
<latexit sha1_base64="IWo1Q07KPKigvHJeI8XFtRVT+9s=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4sSRF1ItQFIrQSwX7AWksm+2mXbrJxt2NUEJ/hhcPinj113jz37htc9DWBwOP92aYmefHnClt29/W0vLK6tp6biO/ubW9s1vY228qkUhCG0RwIds+VpSziDY005y2Y0lx6HPa8oc3E7/1RKViIrrXo5h6Ie5HLGAEayO5terV40N6Wh5Xa91C0S7ZU6BF4mSkCBnq3cJXpydIEtJIE46Vch071l6KpWaE03G+kygaYzLEfeoaGuGQKi+dnjxGx0bpoUBIU5FGU/X3RIpDpUahbzpDrAdq3puI/3luooNLL2VRnGgakdmiIOFICzT5H/WYpETzkSGYSGZuRWSAJSbapJQ3ITjzLy+SZrnknJfsu7Ni5TqLIweHcAQn4MAFVOAW6tAAAgKe4RXeLG29WO/Wx6x1ycpmDuAPrM8fCsaQcg==</latexit>

KF = q�2FK

<latexit sha1_base64="tL6EwMYRkKJCfKJGwcdakH48apk=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcGFLIqJuhKIoQjcV7AXaWCbTSTt0MklnJkIJWbrxVdy4UMStj+DOt3HaZqGtPwx8/OcczpzfDRmVyrK+jczc/MLiUnY5t7K6tr5hbm7VZBAJTKo4YIFouEgSRjmpKqoYaYSCIN9lpO72L0f1+gMRkgb8Tg1D4vioy6lHMVLaapu7zavDa+e85QmE43KhfB8X7CSJB4XBhNpm3ipaY8FZsFPIg1SVtvnV6gQ48glXmCEpm7YVKidGQlHMSJJrRZKECPdRlzQ1cuQT6cTjQxK4r50O9AKhH1dw7P6eiJEv5dB3daePVE9O10bmf7VmpLwzJ6Y8jBTheLLIixhUARylAjtUEKzYUAPCguq/QtxDOhOls8vpEOzpk2ehdlS0T4rW7XG+dJHGkQU7YA8cABucghK4ARVQBRg8gmfwCt6MJ+PFeDc+Jq0ZI53ZBn9kfP4A/pqYtA==</latexit>

[E,F ] =
K �K�1

q � q�1

fibers only depend on conjugacy class, up to iso<latexit sha1_base64="EpB+i+VmX8ROPSf1BRdY45eiF2Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V1Xv4bJSu83jKMIJnMI5+HANNbiHOjSAwwie4RXenNR5cd6dj0VrwclnjuEPnM8febePqQ==</latexit>•

<latexit sha1_base64="6BiZqt2w2h8QqDm7hMaq8YbcO9w=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLYjcsK9gFNKDfTSTt0MgkzE6GU/oYbF4q49Wfc+TdO2iy0emDgcM693DMnTAXXxnW/nNLa+sbmVnm7srO7t39QPTzq6CRTlLVpIhLVC1EzwSVrG24E66WKYRwK1g0nzdzvPjKleSIfzDRlQYwjySNO0VjJ92M0Y4qCNAejQbXm1t0FyF/iFaQGBVqD6qc/TGgWM2moQK37npuaYIbKcCrYvOJnmqVIJzhifUslxkwHs0XmOTmzypBEibJPGrJQf27MMNZ6God2Ms+oV71c/M/rZya6CWZcpplhki4PRZkgJiF5AWTIFaNGTC1BqrjNSugYFVJja6rYErzVL/8lnYu6d1V37y9rjduijjKcwCmcgwfX0IA7aEEbKKTwBC/w6mTOs/PmvC9HS06xcwy/4Hx8A4HwkVY=</latexit>

Cg <latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=
<latexit sha1_base64="ppojgKHQ1JumIYkuNNrAqZfFpJI="></latexit>⇥
Uq(sl2)/(K

2k = e↵, Ek = F k = 0)
⇤
-mod

<latexit sha1_base64="l08zPEdFX1Q/wj1epy3TIVp+EYM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMtiNy4r2Ae2Q8mkd9rQTGZIMkIp/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4nvntJ1Sax/LBTBL0IzqUPOSMGis99iJqRowKUu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifGnVBnOBM5KvVRjQtmYDrFrqaQRan86TzwjZ1YZkDBW9klD5urvjSmNtJ5EgZ3MEuplLxP/87qpCW/8KZdJalCyxUdhKoiJSXY+GXCFzIiJJZQpbrMSNqKKMmNLKtkSvOWTV0nroupdVd37y0rtNq+jCCdwCufgwTXU4A4a0AQGEp7hFd4c7bw4787HYrTg5DvH8AfO5w8ESpB8</latexit>

C
<latexit sha1_base64="abw6uWvm7NXACAquciqr+h8yiRE=">AAAB+XicbVBNS8NAFHypX7V+RT16WSxCvZSkiHos9qAHDxWsLbQhbLbbdulmE3Y3hRL6T7x4UMSr/8Sb/8ZNm4O2DiwMM+/xZieIOVPacb6twtr6xuZWcbu0s7u3f2AfHj2pKJGEtkjEI9kJsKKcCdrSTHPaiSXFYcBpOxg3Mr89oVKxSDzqaUy9EA8FGzCCtZF8227e3vu1Si/EehQEqHHu22Wn6syBVombkzLkaPr2V68fkSSkQhOOleq6Tqy9FEvNCKezUi9RNMZkjIe0a6jAIVVeOk8+Q2dG6aNBJM0TGs3V3xspDpWahoGZzBKqZS8T//O6iR5ceykTcaKpIItDg4QjHaGsBtRnkhLNp4ZgIpnJisgIS0y0KatkSnCXv7xKnmpV97LqPFyU6zd5HUU4gVOogAtXUIc7aEILCEzgGV7hzUqtF+vd+liMFqx85xj+wPr8AXkzkkI=</latexit>

PGL2(C)

e.g.
<latexit sha1_base64="BCPDaIsgilzlRRe5890FdD0O3Zk=">AAACG3icbVBNS8NAEN34WetX1KOXxWLxVJIi6kUoevFYwX5AE8tmO22XbjZhdyOW0P/hxb/ixYMingQP/hu3bUBtfTDweG+GmXlBzJnSjvNlLSwuLa+s5tby6xubW9v2zm5dRYmkUKMRj2QzIAo4E1DTTHNoxhJIGHBoBIPLsd+4A6lYJG70MAY/JD3BuowSbaS2Xe6dewH0mEjjkGjJ7kcYbj3C4z4pOtjzsFN0sQei8+O37YJTcibA88TNSAFlqLbtD68T0SQEoSknSrVcJ9Z+SqRmlMMo7yUKYkIHpActQwUJQfnp5LcRPjRKB3cjaUpoPFF/T6QkVGoYBqbTHNhXs95Y/M9rJbp75qdMxIkGQaeLugnHOsLjoHCHSaCaDw0hVDJzK6Z9IgnVJs68CcGdfXme1Msl96TkXB8XKhdZHDm0jw7QEXLRKaqgK1RFNUTRA3pCL+jVerSerTfrfdq6YGUze+gPrM9vs36gkA==</latexit>

g =

✓
e↵ 0
0 1

◆

Leads to invariants of (spin) 3-manifolds w/ flat                 conn's!
<latexit sha1_base64="slj7mif7OB47lj7SXBcdcvnt15c=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWomyHTx1h3xS504aKCfUBbSibNtKGZB0mmUIb+iRsXirj1T9z5N2baCip6IHA4517uyXEjzqRC6MPIrK1vbG5lt3M7u3v7B+bhUUuGsSC0SUIeio6LJeUsoE3FFKedSFDsu5y23Uk99dtTKiQLg3s1i2jfx6OAeYxgpaWBaTaubwfFQs/Hauy6sH4+MPPIQsVyyalAZNmVasmxNSkjdIkcaFtogTxYoTEw33vDkMQ+DRThWMqujSLVT7BQjHA6z/ViSSNMJnhEu5oG2KeynyySz+GZVobQC4V+gYIL9ftGgn0pZ76rJ9OE8reXin953Vh51X7CgihWNCDLQ17MoQphWgMcMkGJ4jNNMBFMZ4VkjAUmSpeV0yV8/RT+T1pFy3YsdFfO165WdWTBCTgFBWCDC1ADN6ABmoCAKXgAT+DZSIxH48V4XY5mjNXOMfgB4+0T1E+SgQ==</latexit>

PGL2(C)
[Kashaev-Reshetikhin '02], CGP, [Blanchet-Geer-PatureauMirand-Reshetikhin '18]:

<latexit sha1_base64="qpMq0Gf9Km0twWx4jK74z/gPPng=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIFWTI9GXdVd24ESrYB7alZNJMG5p5kGSEMtSNv+LGhSJu/Qt3/o2ZtoqKHgicnHMv995jB5xJhdC7kZibX1hcSi6nVlbX1jfSm1t16YeC0BrxuS+aNpaUM4/WFFOcNgNBsWtz2rCHZ7HfuKFCMt+7UqOAdlzc95jDCFZa6qZ32i5WA4I5vM5eHH59Tg666QwyUa6QLxUhMq1iOV+yNCkgdIxK0DLRBBkwQ7Wbfmv3fBK61FOEYylbFgpUJ8JCMcLpONUOJQ0wGeI+bWnqYZfKTjS5YAz3tdKDji/08xScqN87IuxKOXJtXRmvKH97sfiX1wqVU+5EzAtCRT0yHeSEHCofxnHAHhOUKD7SBBPB9K6QDLDAROnQUjqEz0vh/6SeM62SiS4LmcrpLI4k2AV7IAsscAQq4BxUQQ0QcAvuwSN4Mu6MB+PZeJmWJoxZzzb4AeP1A/U0lfA=</latexit>

Z(M,A)

<latexit sha1_base64="cUcYsyboGQqujKSde0VWCOYdO2w=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyiq5KIqLiqduOygr1AE8JkOmmHTjJhZiKW0Odx46u46UIpbn0QJ2kWvfjDwM93zmHO+f2YUaksa2qsrW9sbm2Xdsq7e/sHh+bRcUvyRGDSxJxx0fGRJIxGpKmoYqQTC4JCn5G2P6xn9fYrEZLy6EWNYuKGqB/RgGKkNPLMB4crGhJ574RIDTBisO71HZ+/5RTO0bR/MXYUX0SaeWbFqlq54KqxC1MBhRqeOXF6HCchiRRmSMqubcXKTZFQFDMyLjuJJDHCQ9QnXW0jpBdx0/zUMTzXpAcDLvSLFMzp/ESKQilHoa87sz3lci2D/9W6iQru3JRGcaJIhGcfBQmD+uIsN9ijgmDFRtogLKjeFeIBEggrnW5Zh2Avn7xqWldV+6ZqPV9Xao9FHCVwCs7AJbDBLaiBJ9AATYDBO/gEX+Db+DAmxtT4mbWuGcXMCViQ8fsHte+naQ==</latexit>

⌦ : Cg ⇥ Cg0 ! Cgg0



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)

<latexit sha1_base64="l08zPEdFX1Q/wj1epy3TIVp+EYM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMtiNy4r2Ae2Q8mkd9rQTGZIMkIp/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4nvntJ1Sax/LBTBL0IzqUPOSMGis99iJqRowKUu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifGnVBnOBM5KvVRjQtmYDrFrqaQRan86TzwjZ1YZkDBW9klD5urvjSmNtJ5EgZ3MEuplLxP/87qpCW/8KZdJalCyxUdhKoiJSXY+GXCFzIiJJZQpbrMSNqKKMmNLKtkSvOWTV0nroupdVd37y0rtNq+jCCdwCufgwTXU4A4a0AQGEp7hFd4c7bw4787HYrTg5DvH8AfO5w8ESpB8</latexit>

C
<latexit sha1_base64="abw6uWvm7NXACAquciqr+h8yiRE=">AAAB+XicbVBNS8NAFHypX7V+RT16WSxCvZSkiHos9qAHDxWsLbQhbLbbdulmE3Y3hRL6T7x4UMSr/8Sb/8ZNm4O2DiwMM+/xZieIOVPacb6twtr6xuZWcbu0s7u3f2AfHj2pKJGEtkjEI9kJsKKcCdrSTHPaiSXFYcBpOxg3Mr89oVKxSDzqaUy9EA8FGzCCtZF8227e3vu1Si/EehQEqHHu22Wn6syBVombkzLkaPr2V68fkSSkQhOOleq6Tqy9FEvNCKezUi9RNMZkjIe0a6jAIVVeOk8+Q2dG6aNBJM0TGs3V3xspDpWahoGZzBKqZS8T//O6iR5ceykTcaKpIItDg4QjHaGsBtRnkhLNp4ZgIpnJisgIS0y0KatkSnCXv7xKnmpV97LqPFyU6zd5HUU4gVOogAtXUIc7aEILCEzgGV7hzUqtF+vd+liMFqx85xj+wPr8AXkzkkI=</latexit>

PGL2(C)

Leads to invariants of (spin) 3-manifolds w/ flat                 conn's!
<latexit sha1_base64="slj7mif7OB47lj7SXBcdcvnt15c=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWomyHTx1h3xS504aKCfUBbSibNtKGZB0mmUIb+iRsXirj1T9z5N2baCip6IHA4517uyXEjzqRC6MPIrK1vbG5lt3M7u3v7B+bhUUuGsSC0SUIeio6LJeUsoE3FFKedSFDsu5y23Uk99dtTKiQLg3s1i2jfx6OAeYxgpaWBaTaubwfFQs/Hauy6sH4+MPPIQsVyyalAZNmVasmxNSkjdIkcaFtogTxYoTEw33vDkMQ+DRThWMqujSLVT7BQjHA6z/ViSSNMJnhEu5oG2KeynyySz+GZVobQC4V+gYIL9ftGgn0pZ76rJ9OE8reXin953Vh51X7CgihWNCDLQ17MoQphWgMcMkGJ4jNNMBFMZ4VkjAUmSpeV0yV8/RT+T1pFy3YsdFfO165WdWTBCTgFBWCDC1ADN6ABmoCAKXgAT+DZSIxH48V4XY5mjNXOMfgB4+0T1E+SgQ==</latexit>

PGL2(C)
<latexit sha1_base64="qpMq0Gf9Km0twWx4jK74z/gPPng=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIFWTI9GXdVd24ESrYB7alZNJMG5p5kGSEMtSNv+LGhSJu/Qt3/o2ZtoqKHgicnHMv995jB5xJhdC7kZibX1hcSi6nVlbX1jfSm1t16YeC0BrxuS+aNpaUM4/WFFOcNgNBsWtz2rCHZ7HfuKFCMt+7UqOAdlzc95jDCFZa6qZ32i5WA4I5vM5eHH59Tg666QwyUa6QLxUhMq1iOV+yNCkgdIxK0DLRBBkwQ7Wbfmv3fBK61FOEYylbFgpUJ8JCMcLpONUOJQ0wGeI+bWnqYZfKTjS5YAz3tdKDji/08xScqN87IuxKOXJtXRmvKH97sfiX1wqVU+5EzAtCRT0yHeSEHCofxnHAHhOUKD7SBBPB9K6QDLDAROnQUjqEz0vh/6SeM62SiS4LmcrpLI4k2AV7IAsscAQq4BxUQQ0QcAvuwSN4Mu6MB+PZeJmWJoxZzzb4AeP1A/U0lfA=</latexit>

Z(M,A)

<latexit sha1_base64="cUcYsyboGQqujKSde0VWCOYdO2w=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyiq5KIqLiqduOygr1AE8JkOmmHTjJhZiKW0Odx46u46UIpbn0QJ2kWvfjDwM93zmHO+f2YUaksa2qsrW9sbm2Xdsq7e/sHh+bRcUvyRGDSxJxx0fGRJIxGpKmoYqQTC4JCn5G2P6xn9fYrEZLy6EWNYuKGqB/RgGKkNPLMB4crGhJ574RIDTBisO71HZ+/5RTO0bR/MXYUX0SaeWbFqlq54KqxC1MBhRqeOXF6HCchiRRmSMqubcXKTZFQFDMyLjuJJDHCQ9QnXW0jpBdx0/zUMTzXpAcDLvSLFMzp/ESKQilHoa87sz3lci2D/9W6iQru3JRGcaJIhGcfBQmD+uIsN9ijgmDFRtogLKjeFeIBEggrnW5Zh2Avn7xqWldV+6ZqPV9Xao9FHCVwCs7AJbDBLaiBJ9AATYDBO/gEX+Db+DAmxtT4mbWuGcXMCViQ8fsHte+naQ==</latexit>

⌦ : Cg ⇥ Cg0 ! Cgg0

Physics: expect a topological 3d QFT w/ global symmetry
<latexit sha1_base64="ICDp7rNAl2tj9U31hFeCvRa93+U=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvNpF262Y27E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulOSA0ILqGFHAV0Ug00CQU8hKObqf/wBNpwJe9xnEKQ0IHkMWcUrdTpCaCRQdWv1ry6N4O7TPyC1EiBZr/61YsUyxKQyAQ1put7KQY51ciZgEmllxlIKRvRAXQtlTQBE+SzeyfuiVUiN1balkR3pv6eyGlizDgJbWdCcWgWvan4n9fNML4Kci7TDEGy+aI4Ey4qd/q8G3ENDMXYEso0t7e6bEg1ZWgjqtgQ/MWXl0n7rO5f1L2781rjuoijTI7IMTklPrkkDXJLmqRFGBHkmbySN+fReXHenY95a8kpZg7JHzifPzjukBc=</latexit> couple to background                            connections

flat? complexified?

<latexit sha1_base64="vIHJ8Q9sSej6NxRBq1slvom4z6A=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCITdgNojZCMEUsLCKYB2TjMju5SYbMPpiZDYQlX2Djr9hYKGJrbeffOJsE0cQDFw7n3Mu997ghZ1KZ5peRWlldW99Ib2a2tnd297L7Bw0ZRIJCnQY8EC2XSODMh7piikMrFEA8l0PTHVYSvzkCIVng36lxCB2P9H3WY5QoLTnZfNWJbY+ogeviyuTeHgHgS1yr3jilwo9+4mRzZtGcAi8Ta05yaI6ak/20uwGNPPAV5UTKtmWGqhMToRjlMMnYkYSQ0CHpQ1tTn3ggO/H0nQnOa6WLe4HQ5Ss8VX9PxMSTcuy5ujO5UC56ifif145U76ITMz+MFPh0tqgXcawCnGSDu0wAVXysCaGC6VsxHRBBqNIJZnQI1uLLy6RRKlpnRfP2NFe+mseRRkfoGBWQhc5RGV2jGqojih7QE3pBr8aj8Wy8Ge+z1pQxnzlEf2B8fANJqJpW</latexit>

G_
C = PGL2(C)

<latexit sha1_base64="Y9F/PeJRrTPJ7TQRcKz8hD45vUY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuqG5cV7APboWTStA3NZIbkjlCG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybkniKUw6LrfTmFldW19o7hZ2tre2d0r7x80TZRoxhsskpFuB9RwKRRvoEDJ27HmNAwkbwXj28xvPXFtRKQecBJzP6RDJQaCUbTSYzekOGJUkuteueJW3RnIMvFyUoEc9V75q9uPWBJyhUxSYzqeG6OfUo2CST4tdRPDY8rGdMg7lioacuOns8RTcmKVPhlE2j6FZKb+3khpaMwkDOxkltAsepn4n9dJcHDlp0LFCXLF5h8NEkkwItn5pC80ZygnllCmhc1K2IhqytCWVLIleIsnL5PmWdW7qLr355XaTV5HEY7gGE7Bg0uowR3UoQEMFDzDK7w5xnlx3p2P+WjByXcO4Q+czx8BQpB6</latexit>

A



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)

<latexit sha1_base64="l08zPEdFX1Q/wj1epy3TIVp+EYM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMtiNy4r2Ae2Q8mkd9rQTGZIMkIp/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4nvntJ1Sax/LBTBL0IzqUPOSMGis99iJqRowKUu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifGnVBnOBM5KvVRjQtmYDrFrqaQRan86TzwjZ1YZkDBW9klD5urvjSmNtJ5EgZ3MEuplLxP/87qpCW/8KZdJalCyxUdhKoiJSXY+GXCFzIiJJZQpbrMSNqKKMmNLKtkSvOWTV0nroupdVd37y0rtNq+jCCdwCufgwTXU4A4a0AQGEp7hFd4c7bw4787HYrTg5DvH8AfO5w8ESpB8</latexit>

C
<latexit sha1_base64="abw6uWvm7NXACAquciqr+h8yiRE=">AAAB+XicbVBNS8NAFHypX7V+RT16WSxCvZSkiHos9qAHDxWsLbQhbLbbdulmE3Y3hRL6T7x4UMSr/8Sb/8ZNm4O2DiwMM+/xZieIOVPacb6twtr6xuZWcbu0s7u3f2AfHj2pKJGEtkjEI9kJsKKcCdrSTHPaiSXFYcBpOxg3Mr89oVKxSDzqaUy9EA8FGzCCtZF8227e3vu1Si/EehQEqHHu22Wn6syBVombkzLkaPr2V68fkSSkQhOOleq6Tqy9FEvNCKezUi9RNMZkjIe0a6jAIVVeOk8+Q2dG6aNBJM0TGs3V3xspDpWahoGZzBKqZS8T//O6iR5ceykTcaKpIItDg4QjHaGsBtRnkhLNp4ZgIpnJisgIS0y0KatkSnCXv7xKnmpV97LqPFyU6zd5HUU4gVOogAtXUIc7aEILCEzgGV7hzUqtF+vd+liMFqx85xj+wPr8AXkzkkI=</latexit>

PGL2(C)

Leads to invariants of (spin) 3-manifolds w/ flat                 conn's!
<latexit sha1_base64="slj7mif7OB47lj7SXBcdcvnt15c=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWomyHTx1h3xS504aKCfUBbSibNtKGZB0mmUIb+iRsXirj1T9z5N2baCip6IHA4517uyXEjzqRC6MPIrK1vbG5lt3M7u3v7B+bhUUuGsSC0SUIeio6LJeUsoE3FFKedSFDsu5y23Uk99dtTKiQLg3s1i2jfx6OAeYxgpaWBaTaubwfFQs/Hauy6sH4+MPPIQsVyyalAZNmVasmxNSkjdIkcaFtogTxYoTEw33vDkMQ+DRThWMqujSLVT7BQjHA6z/ViSSNMJnhEu5oG2KeynyySz+GZVobQC4V+gYIL9ftGgn0pZ76rJ9OE8reXin953Vh51X7CgihWNCDLQ17MoQphWgMcMkGJ4jNNMBFMZ4VkjAUmSpeV0yV8/RT+T1pFy3YsdFfO165WdWTBCTgFBWCDC1ADN6ABmoCAKXgAT+DZSIxH48V4XY5mjNXOMfgB4+0T1E+SgQ==</latexit>

PGL2(C)
<latexit sha1_base64="qpMq0Gf9Km0twWx4jK74z/gPPng=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIFWTI9GXdVd24ESrYB7alZNJMG5p5kGSEMtSNv+LGhSJu/Qt3/o2ZtoqKHgicnHMv995jB5xJhdC7kZibX1hcSi6nVlbX1jfSm1t16YeC0BrxuS+aNpaUM4/WFFOcNgNBsWtz2rCHZ7HfuKFCMt+7UqOAdlzc95jDCFZa6qZ32i5WA4I5vM5eHH59Tg666QwyUa6QLxUhMq1iOV+yNCkgdIxK0DLRBBkwQ7Wbfmv3fBK61FOEYylbFgpUJ8JCMcLpONUOJQ0wGeI+bWnqYZfKTjS5YAz3tdKDji/08xScqN87IuxKOXJtXRmvKH97sfiX1wqVU+5EzAtCRT0yHeSEHCofxnHAHhOUKD7SBBPB9K6QDLDAROnQUjqEz0vh/6SeM62SiS4LmcrpLI4k2AV7IAsscAQq4BxUQQ0QcAvuwSN4Mu6MB+PZeJmWJoxZzzb4AeP1A/U0lfA=</latexit>

Z(M,A)

<latexit sha1_base64="cUcYsyboGQqujKSde0VWCOYdO2w=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyiq5KIqLiqduOygr1AE8JkOmmHTjJhZiKW0Odx46u46UIpbn0QJ2kWvfjDwM93zmHO+f2YUaksa2qsrW9sbm2Xdsq7e/sHh+bRcUvyRGDSxJxx0fGRJIxGpKmoYqQTC4JCn5G2P6xn9fYrEZLy6EWNYuKGqB/RgGKkNPLMB4crGhJ574RIDTBisO71HZ+/5RTO0bR/MXYUX0SaeWbFqlq54KqxC1MBhRqeOXF6HCchiRRmSMqubcXKTZFQFDMyLjuJJDHCQ9QnXW0jpBdx0/zUMTzXpAcDLvSLFMzp/ESKQilHoa87sz3lci2D/9W6iQru3JRGcaJIhGcfBQmD+uIsN9ijgmDFRtogLKjeFeIBEggrnW5Zh2Avn7xqWldV+6ZqPV9Xao9FHCVwCs7AJbDBLaiBJ9AATYDBO/gEX+Db+DAmxtT4mbWuGcXMCViQ8fsHte+naQ==</latexit>

⌦ : Cg ⇥ Cg0 ! Cgg0

Physics: expect a topological 3d QFT w/ global symmetry
<latexit sha1_base64="ICDp7rNAl2tj9U31hFeCvRa93+U=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvNpF262Y27E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulOSA0ILqGFHAV0Ug00CQU8hKObqf/wBNpwJe9xnEKQ0IHkMWcUrdTpCaCRQdWv1ry6N4O7TPyC1EiBZr/61YsUyxKQyAQ1put7KQY51ciZgEmllxlIKRvRAXQtlTQBE+SzeyfuiVUiN1balkR3pv6eyGlizDgJbWdCcWgWvan4n9fNML4Kci7TDEGy+aI4Ey4qd/q8G3ENDMXYEso0t7e6bEg1ZWgjqtgQ/MWXl0n7rO5f1L2781rjuoijTI7IMTklPrkkDXJLmqRFGBHkmbySN+fReXHenY95a8kpZg7JHzifPzjukBc=</latexit> couple to background                            connections

flat? complexified?

<latexit sha1_base64="vIHJ8Q9sSej6NxRBq1slvom4z6A=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCITdgNojZCMEUsLCKYB2TjMju5SYbMPpiZDYQlX2Djr9hYKGJrbeffOJsE0cQDFw7n3Mu997ghZ1KZ5peRWlldW99Ib2a2tnd297L7Bw0ZRIJCnQY8EC2XSODMh7piikMrFEA8l0PTHVYSvzkCIVng36lxCB2P9H3WY5QoLTnZfNWJbY+ogeviyuTeHgHgS1yr3jilwo9+4mRzZtGcAi8Ta05yaI6ak/20uwGNPPAV5UTKtmWGqhMToRjlMMnYkYSQ0CHpQ1tTn3ggO/H0nQnOa6WLe4HQ5Ss8VX9PxMSTcuy5ujO5UC56ifif145U76ITMz+MFPh0tqgXcawCnGSDu0wAVXysCaGC6VsxHRBBqNIJZnQI1uLLy6RRKlpnRfP2NFe+mseRRkfoGBWQhc5RGV2jGqojih7QE3pBr8aj8Wy8Ge+z1pQxnzlEf2B8fANJqJpW</latexit>

G_
C = PGL2(C)

{line ops} in the background of a holonomy defect
<latexit sha1_base64="QcgSQi2maoASN4w7f7HKpNzzZ24="></latexit>

A ⇠
✓
↵ 0
0 0

◆
d✓

<latexit sha1_base64="JMGaRuO15qWNRQP6xQw1yR2GBkY=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqBuh2I3LCvYB7VAyaaYNzSRjkimUod/hxoUibv0Yd/6NmXYW2nogcDjnXu7JCWLOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvBuJ757QlVmknxaKYx9SM8FCxkBBsr+b0ImxHBHNX7w9t+ueJW3TnQKvFyUoEcjX75qzeQJImoMIRjrbueGxs/xcowwums1Es0jTEZ4yHtWipwRLWfzkPP0JlVBiiUyj5h0Fz9vZHiSOtpFNjJLKRe9jLxP6+bmPDGT5mIE0MFWRwKE46MRFkDaMAUJYZPLcFEMZsVkRFWmBjbU8mW4C1/eZW0LqreVdV9uKzU7vI6inACp3AOHlxDDe6hAU0g8ATP8ApvzsR5cd6dj8Vowcl3juEPnM8fB8yRnQ==</latexit>

Cg =

<latexit sha1_base64="Y9F/PeJRrTPJ7TQRcKz8hD45vUY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuqG5cV7APboWTStA3NZIbkjlCG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybkniKUw6LrfTmFldW19o7hZ2tre2d0r7x80TZRoxhsskpFuB9RwKRRvoEDJ27HmNAwkbwXj28xvPXFtRKQecBJzP6RDJQaCUbTSYzekOGJUkuteueJW3RnIMvFyUoEc9V75q9uPWBJyhUxSYzqeG6OfUo2CST4tdRPDY8rGdMg7lioacuOns8RTcmKVPhlE2j6FZKb+3khpaMwkDOxkltAsepn4n9dJcHDlp0LFCXLF5h8NEkkwItn5pC80ZygnllCmhc1K2IhqytCWVLIleIsnL5PmWdW7qLr355XaTV5HEY7gGE7Bg0uowR3UoQEMFDzDK7w5xnlx3p2P+WjByXcO4Q+czx8BQpB6</latexit>

A

cf. [Mikhaylov '15]



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)

Generic diagonal holonomy:

is semisimple, w/ 2k simple objects

<latexit sha1_base64="BCPDaIsgilzlRRe5890FdD0O3Zk=">AAACG3icbVBNS8NAEN34WetX1KOXxWLxVJIi6kUoevFYwX5AE8tmO22XbjZhdyOW0P/hxb/ixYMingQP/hu3bUBtfTDweG+GmXlBzJnSjvNlLSwuLa+s5tby6xubW9v2zm5dRYmkUKMRj2QzIAo4E1DTTHNoxhJIGHBoBIPLsd+4A6lYJG70MAY/JD3BuowSbaS2Xe6dewH0mEjjkGjJ7kcYbj3C4z4pOtjzsFN0sQei8+O37YJTcibA88TNSAFlqLbtD68T0SQEoSknSrVcJ9Z+SqRmlMMo7yUKYkIHpActQwUJQfnp5LcRPjRKB3cjaUpoPFF/T6QkVGoYBqbTHNhXs95Y/M9rJbp75qdMxIkGQaeLugnHOsLjoHCHSaCaDw0hVDJzK6Z9IgnVJs68CcGdfXme1Msl96TkXB8XKhdZHDm0jw7QEXLRKaqgK1RFNUTRA3pCL+jVerSerTfrfdq6YGUze+gPrM9vs36gkA==</latexit>

g =

✓
e↵ 0
0 1

◆
<latexit sha1_base64="mFosgcmm70hgzbwdTTDLw3UaScc=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSRF1ItQ9CJ4qWA/oE3LZDttl242YXcj1NBf4sWDIl79Kd78N27bHLT1wcDjvRlm5gUxZ0q77re1srq2vrGZ28pv7+zuFez9g7qKEkmxRiMeyWYACjkTWNNMc2zGEiEMODaC0c3UbzyiVCwSD3ocox/CQLA+o6CN1LULd520PJpcYacNPB5C1y66JXcGZ5l4GSmSDNWu/dXuRTQJUWjKQamW58baT0FqRjlO8u1EYQx0BANsGSogROWns8MnzolRek4/kqaEdmbq74kUQqXGYWA6Q9BDtehNxf+8VqL7l37KRJxoFHS+qJ9wR0fONAWnxyRSzceGAJXM3OrQIUig2mSVNyF4iy8vk3q55J2X3PuzYuU6iyNHjsgxOSUeuSAVckuqpEYoScgzeSVv1pP1Yr1bH/PWFSubOSR/YH3+AFwfkuY=</latexit>

K2k = e↵

<latexit sha1_base64="6BiZqt2w2h8QqDm7hMaq8YbcO9w=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLYjcsK9gFNKDfTSTt0MgkzE6GU/oYbF4q49Wfc+TdO2iy0emDgcM693DMnTAXXxnW/nNLa+sbmVnm7srO7t39QPTzq6CRTlLVpIhLVC1EzwSVrG24E66WKYRwK1g0nzdzvPjKleSIfzDRlQYwjySNO0VjJ92M0Y4qCNAejQbXm1t0FyF/iFaQGBVqD6qc/TGgWM2moQK37npuaYIbKcCrYvOJnmqVIJzhifUslxkwHs0XmOTmzypBEibJPGrJQf27MMNZ6God2Ms+oV71c/M/rZya6CWZcpplhki4PRZkgJiF5AWTIFaNGTC1BqrjNSugYFVJja6rYErzVL/8lnYu6d1V37y9rjduijjKcwCmcgwfX0IA7aEEbKKTwBC/w6mTOs/PmvC9HS06xcwy/4Hx8A4HwkVY=</latexit>

Cg
<latexit sha1_base64="ATUltn5K7JUF7N+vSQVzp/Ej+6w=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgutCQi6kYounFZwT6gScNkOmmHTibDzEQoIVs3/oobF4q49Q/c+TdO2yy09cCFwzn3cu89oWBUacf5thYWl5ZXVktr5fWNza1te2e3qZJUYtLACUtkO0SKMMpJQ1PNSFtIguKQkVY4vBn7rQciFU34vR4J4seoz2lEMdJGCmzoZc0g8xATA3TM864nYi8PMn7l5N1seOLmgV1xqs4EcJ64BamAAvXA/vJ6CU5jwjVmSKmO6wjtZ0hqihnJy16qiEB4iPqkYyhHMVF+Nvkkh4dG6cEokaa4hhP190SGYqVGcWg6Y6QHatYbi/95nVRHl35GuUg14Xi6KEoZ1AkcxwJ7VBKs2cgQhCU1t0I8QBJhbcIrmxDc2ZfnSfO06p5XnbuzSu26iKME9sEBOAIuuAA1cAvqoAEweATP4BW8WU/Wi/VufUxbF6xiZg/8gfX5A31hmjE=</latexit>

{V ±
↵,n}k�1

n=0



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)

Generic diagonal holonomy:

is semisimple, w/ 2k simple objects

<latexit sha1_base64="BCPDaIsgilzlRRe5890FdD0O3Zk=">AAACG3icbVBNS8NAEN34WetX1KOXxWLxVJIi6kUoevFYwX5AE8tmO22XbjZhdyOW0P/hxb/ixYMingQP/hu3bUBtfTDweG+GmXlBzJnSjvNlLSwuLa+s5tby6xubW9v2zm5dRYmkUKMRj2QzIAo4E1DTTHNoxhJIGHBoBIPLsd+4A6lYJG70MAY/JD3BuowSbaS2Xe6dewH0mEjjkGjJ7kcYbj3C4z4pOtjzsFN0sQei8+O37YJTcibA88TNSAFlqLbtD68T0SQEoSknSrVcJ9Z+SqRmlMMo7yUKYkIHpActQwUJQfnp5LcRPjRKB3cjaUpoPFF/T6QkVGoYBqbTHNhXs95Y/M9rJbp75qdMxIkGQaeLugnHOsLjoHCHSaCaDw0hVDJzK6Z9IgnVJs68CcGdfXme1Msl96TkXB8XKhdZHDm0jw7QEXLRKaqgK1RFNUTRA3pCL+jVerSerTfrfdq6YGUze+gPrM9vs36gkA==</latexit>

g =

✓
e↵ 0
0 1

◆
<latexit sha1_base64="mFosgcmm70hgzbwdTTDLw3UaScc=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSRF1ItQ9CJ4qWA/oE3LZDttl242YXcj1NBf4sWDIl79Kd78N27bHLT1wcDjvRlm5gUxZ0q77re1srq2vrGZ28pv7+zuFez9g7qKEkmxRiMeyWYACjkTWNNMc2zGEiEMODaC0c3UbzyiVCwSD3ocox/CQLA+o6CN1LULd520PJpcYacNPB5C1y66JXcGZ5l4GSmSDNWu/dXuRTQJUWjKQamW58baT0FqRjlO8u1EYQx0BANsGSogROWns8MnzolRek4/kqaEdmbq74kUQqXGYWA6Q9BDtehNxf+8VqL7l37KRJxoFHS+qJ9wR0fONAWnxyRSzceGAJXM3OrQIUig2mSVNyF4iy8vk3q55J2X3PuzYuU6iyNHjsgxOSUeuSAVckuqpEYoScgzeSVv1pP1Yr1bH/PWFSubOSR/YH3+AFwfkuY=</latexit>

K2k = e↵

<latexit sha1_base64="6BiZqt2w2h8QqDm7hMaq8YbcO9w=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLYjcsK9gFNKDfTSTt0MgkzE6GU/oYbF4q49Wfc+TdO2iy0emDgcM693DMnTAXXxnW/nNLa+sbmVnm7srO7t39QPTzq6CRTlLVpIhLVC1EzwSVrG24E66WKYRwK1g0nzdzvPjKleSIfzDRlQYwjySNO0VjJ92M0Y4qCNAejQbXm1t0FyF/iFaQGBVqD6qc/TGgWM2moQK37npuaYIbKcCrYvOJnmqVIJzhifUslxkwHs0XmOTmzypBEibJPGrJQf27MMNZ6God2Ms+oV71c/M/rZya6CWZcpplhki4PRZkgJiF5AWTIFaNGTC1BqrjNSugYFVJja6rYErzVL/8lnYu6d1V37y9rjduijjKcwCmcgwfX0IA7aEEbKKTwBC/w6mTOs/PmvC9HS06xcwy/4Hx8A4HwkVY=</latexit>

Cg
<latexit sha1_base64="ATUltn5K7JUF7N+vSQVzp/Ej+6w=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgutCQi6kYounFZwT6gScNkOmmHTibDzEQoIVs3/oobF4q49Q/c+TdO2yy09cCFwzn3cu89oWBUacf5thYWl5ZXVktr5fWNza1te2e3qZJUYtLACUtkO0SKMMpJQ1PNSFtIguKQkVY4vBn7rQciFU34vR4J4seoz2lEMdJGCmzoZc0g8xATA3TM864nYi8PMn7l5N1seOLmgV1xqs4EcJ64BamAAvXA/vJ6CU5jwjVmSKmO6wjtZ0hqihnJy16qiEB4iPqkYyhHMVF+Nvkkh4dG6cEokaa4hhP190SGYqVGcWg6Y6QHatYbi/95nVRHl35GuUg14Xi6KEoZ1AkcxwJ7VBKs2cgQhCU1t0I8QBJhbcIrmxDc2ZfnSfO06p5XnbuzSu26iKME9sEBOAIuuAA1cAvqoAEweATP4BW8WU/Wi/VufUxbF6xiZg/8gfX5A31hmjE=</latexit>

{V ±
↵,n}k�1

n=0

<latexit sha1_base64="MXwx4Til7cVYqiuAE4qvEctKp2c=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4kJKIqMeiF48V7Ac0MUy223bpZrPsbgol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5seRMG8/7dlZW19Y3Nktb5e2d3b199+CwqdNMEdogKU9VOwZNORO0YZjhtC0VhSTmtBUP76Z+a0SVZql4NGNJwwT6gvUYAWOlyHWbT4FMojwALgdwLiaRW/Gq3gx4mfgFqaAC9cj9CropyRIqDOGgdcf3pAlzUIYRTiflINNUAhlCn3YsFZBQHeazyyf41Cpd3EuVLWHwTP09kUOi9TiJbWcCZqAXvan4n9fJTO8mzJmQmaGCzBf1Mo5Niqcx4C5TlBg+tgSIYvZWTAaggBgbVtmG4C++vEyaF1X/quo9XFZqt0UcJXSMTtAZ8tE1qqF7VEcNRNAIPaNX9Obkzovz7nzMW1ecYuYI/YHz+QN8T5OQ</latexit>

V ±
↵,n

<latexit sha1_base64="/UhEPSKhpykcl3kMa4zUlY6qKZ0=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIsgCCUpoh6LXjxWsB/QxjLZbtqlm026uymU0N/hxYMiXv0x3vw3btsctPXBwOO9GWbm+TFnSjvOt5VbW9/Y3MpvF3Z29/YPiodHDRUlktA6iXgkWz4qypmgdc00p61YUgx9Tpv+8G7mN8dUKhaJRz2JqRdiX7CAEdRG8kZPaQd5PMCLiph2iyWn7MxhrxI3IyXIUOsWvzq9iCQhFZpwVKrtOrH2UpSaEU6nhU6iaIxkiH3aNlRgSJWXzo+e2mdG6dlBJE0Jbc/V3xMphkpNQt90hqgHatmbif957UQHN17KRJxoKshiUZBwW0f2LAG7xyQlmk8MQSKZudUmA5RItMmpYEJwl19eJY1K2b0qOw+XpeptFkceTuAUzsGFa6jCPdSgDgRG8Ayv8GaNrRfr3fpYtOasbOYY/sD6/AGOZZH1</latexit>

q↵+2n

<latexit sha1_base64="WVkgx73eZMoLJu9CJ8JZvQbJg48=">AAAB+HicbVBNS8NAEJ34WetHox69BIsgiCUpoh6LXjxWsB/QxjLZbtqlm03c3Qg19Jd48aCIV3+KN/+N24+Dtj4YeLw3w8y8IOFMadf9tpaWV1bX1nMb+c2t7Z2CvbtXV3EqCa2RmMeyGaCinAla00xz2kwkxSjgtBEMrsd+45FKxWJxp4cJ9SPsCRYygtpIHbvwcJ+1kSd9PCmL0/KoYxfdkjuBs0i8GSnCDNWO/dXuxiSNqNCEo1Itz020n6HUjHA6yrdTRRMkA+zRlqECI6r8bHL4yDkyStcJY2lKaGei/p7IMFJqGAWmM0LdV/PeWPzPa6U6vPQzJpJUU0Gmi8KUOzp2xik4XSYp0XxoCBLJzK0O6aNEok1WeROCN//yIqmXS955yb09K1auZnHk4AAO4Rg8uIAK3EAVakAghWd4hTfryXqx3q2PaeuSNZvZhz+wPn8A6ZmSmQ==</latexit>

q↵+2n�2

<latexit sha1_base64="YiAuRADVvotFZuqR81w9KlO+xb0=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIgliSUtRj0YvHCvYD2lg22027dLOJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzz485U9pxvq3cyura+kZ+s7C1vbNbtPf2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR9dTv/VIpWKRuNPjmHohHggWMIK1kXp28eE+7WIeD/FpRZxVJz275JSdGdAycTNSggz1nv3V7UckCanQhGOlOq4Tay/FUjPC6aTQTRSNMRnhAe0YKnBIlZfODp+gY6P0URBJU0Kjmfp7IsWhUuPQN50h1kO16E3F/7xOooNLL2UiTjQVZL4oSDjSEZqmgPpMUqL52BBMJDO3IjLEEhNtsiqYENzFl5dJs1J2z8vObbVUu8riyMMhHMEJuHABNbiBOjSAQALP8Apv1pP1Yr1bH/PWnJXNHMAfWJ8/7KOSmw==</latexit>

q↵+2n�4

<latexit sha1_base64="yRso++AA8ZWpzgCcdtPOL1airPs=">AAAB+HicbVBNS8NAEJ34WetHox69BIsgFEpSRD0WvXisYD+gjWWy3bZLN5u4uxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpgzpV3321pZXVvf2Mxt5bd3dvcK9v5BQ0WJJLROIh7JVoCKciZoXTPNaSuWFMOA02Ywup76zUcqFYvEnR7H1A9xIFifEdRG6tqFh/u0gzweYqkiSpVJ1y66ZXcGZ5l4GSlChlrX/ur0IpKEVGjCUam258baT1FqRjid5DuJojGSEQ5o21CBIVV+Ojt84pwYpef0I2lKaGem/p5IMVRqHAamM0Q9VIveVPzPaye6f+mnTMSJpoLMF/UT7ujImabg9JikRPOxIUgkM7c6ZIgSiTZZ5U0I3uLLy6RRKXvnZff2rFi9yuLIwREcwyl4cAFVuIEa1IFAAs/wCm/Wk/VivVsf89YVK5s5hD+wPn8A5o2Slw==</latexit>

q↵+2n+2
<latexit sha1_base64="jME0vge3L6ezd1u4a0JNReOhR3I=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRZBKJYkiHosevFYwX5AG8tku2mXbjZxdyOWkL/ixYMiXv0j3vw3btsctPXBwOO9GWbm+TGjUtn2t1FYWV1b3yhulra2d3b3zP1yS0aJwKSJIxaJjg+SMMpJU1HFSCcWBEKfkbY/vp767UciJI34nZrExAthyGlAMSgt9c3yw33aAxaPoOryU3dcdbO+WbFr9gzWMnFyUkE5Gn3zqzeIcBISrjADKbuOHSsvBaEoZiQr9RJJYsBjGJKuphxCIr10dntmHWtlYAWR0MWVNVN/T6QQSjkJfd0ZghrJRW8q/ud1ExVceinlcaIIx/NFQcIsFVnTIKwBFQQrNtEEsKD6VguPQABWOq6SDsFZfHmZtNyac16zb88q9as8jiI6REfoBDnoAtXRDWqgJsLoCT2jV/RmZMaL8W58zFsLRj5zgP7A+PwBmIWTfw==</latexit>

q↵+2n�2k+2
<latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=

<latexit sha1_base64="7zOwaJKy3yNEbW3Fmqb3lgB94ic=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeiyK4LEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WDGSfoR3QgecgZNVaq3/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeG1n3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8y4pbvyhXb/I4CnAMJ3AGHlxBFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHmpOMzg==</latexit>

E
<latexit sha1_base64="ZOARUCS6WTMkfnwpQ7R31hfCNOk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeiwK4rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WDGSfoR3QgecgZNVaq3/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeG1n3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8y4pbvyhXb/I4CnAMJ3AGHlxBFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHnBeMzw==</latexit>

F

<latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit>

···

<latexit sha1_base64="gg3VZHGWnB5xTCpt7q43WA312jk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix6Eby0YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZK9fteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6k0eRwGO4QTOwIMrqMId1KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AKOrjNQ=</latexit>

K

<latexit sha1_base64="YlpqQpxfdBuj9evmSUPluTGBkXI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIiqeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/aZXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epvHUYBjOIEz8OAKqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/ieeMww==</latexit>:

<latexit sha1_base64="1+MBj/7hhn9V5Y7lVMNuGX4fTtI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1dzjdY=</latexit>±
<latexit sha1_base64="1+MBj/7hhn9V5Y7lVMNuGX4fTtI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1dzjdY=</latexit>±

<latexit sha1_base64="1+MBj/7hhn9V5Y7lVMNuGX4fTtI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1dzjdY=</latexit>±

<latexit sha1_base64="1+MBj/7hhn9V5Y7lVMNuGX4fTtI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1dzjdY=</latexit>±

• vanishing quantum dims
<latexit sha1_base64="xTBBgphLcw+rOOV43itFJsrK1E8=">AAACCXicbVA9SwNBEN2LXzF+RS1tFoNgEcJdELURgjaWEcwH5GLY22ySJbt7x+6cGI60Nv4VGwtFbP0Hdv4bN8kVmvhg4PHeDDPzgkhwA6777WSWlldW17LruY3Nre2d/O5e3YSxpqxGQxHqZkAME1yxGnAQrBlpRmQgWCMYXk38xj3ThofqFkYRa0vSV7zHKQErdfLYB/YASZfLsV+sdxKfiGhAimp850fyApeHnXzBLblT4EXipaSAUlQ7+S+/G9JYMgVUEGNanhtBOyEaOBVsnPNjwyJCh6TPWpYqIplpJ9NPxvjIKl3cC7UtBXiq/p5IiDRmJAPbKQkMzLw3Ef/zWjH0ztsJV1EMTNHZol4sMIR4Egvucs0oiJElhGpub8V0QDShYMPL2RC8+ZcXSb1c8k5L7s1JoXKZxpFFB+gQHSMPnaEKukZVVEMUPaJn9IrenCfnxXl3PmatGSed2Ud/4Hz+AD33mgU=</latexit>

dimV ±
↵,n = 2k

<latexit sha1_base64="UzcuGnYyuKtGsqmNYAKAETzU8AQ=">AAACCnicbVC7SgNBFJ31GeMramkzGgSLEHZF1EYI2lhGMA/IxmV2MkmGzMyuM3fFsKS28VdsLBSx9Qvs/Bsnj0ITD1w4nHMv994TxoIbcN1vZ25+YXFpObOSXV1b39jMbW1XTZRoyio0EpGuh8QwwRWrAAfB6rFmRIaC1cLe5dCv3TNteKRuoB+zpiQdxducErBSkNvzgT1A2uJyENz5hWqQ+kTEXVJQg1s/lufYDXJ5t+iOgGeJNyF5NEE5yH35rYgmkimgghjT8NwYminRwKlgg6yfGBYT2iMd1rBUEclMMx29MsAHVmnhdqRtKcAj9fdESqQxfRnaTkmga6a9ofif10igfdZMuYoTYIqOF7UTgSHCw1xwi2tGQfQtIVRzeyumXaIJBZte1obgTb88S6pHRe+k6F4f50sXkzgyaBfto0PkoVNUQleojCqIokf0jF7Rm/PkvDjvzse4dc6ZzOygP3A+fwAHvppy</latexit>

dimq V
±
↵,n = 0

ADO inv't of links in<latexit sha1_base64="d1j2byg3RYETVWvhESJ7dE1SiGM=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjJF2s6u6MZlBfuAdiiZTKYNzSRjkhFK6U+4caGIW3/HnX9j2o6gogcuHM65l3vvCVPOtEHowymsrW9sbhW3Szu7e/sH5cOjjpaZIrRNJJeqF2JNORO0bZjhtJcqipOQ0244uVr43XuqNJPi1kxTGiR4JFjMCDZW6g04xZE2cliuILdW9es+gshFS1jS8Hzf96CXKxWQozUsvw8iSbKECkM41rrvodQEM6wMI5zOS4NM0xSTCR7RvqUCJ1QHs+W9c3hmlQjGUtkSBi7V7xMznGg9TULbmWAz1r+9hfiX189M3AhmTKSZoYKsFsUZh0bCxfMwYooSw6eWYKKYvRWSMVaYGBtRyYbw9Sn8n3Sqrldz0c1FpXmZx1EEJ+AUnAMP1EETXIMWaAMCOHgAT+DZuXMenRfnddVacPKZY/ADztsnniSQXQ==</latexit> 
<latexit sha1_base64="aL71huPXszdxzKKiHelQt066e74=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4CkmVtrkVvXis1H5AG8tmu22XbjZhdyOU0J/gxYMiXv1F3vw3btsIKvpg4PHeDDPzgpgzpR3nw1pZXVvf2Mxt5bd3dvf2CweHLRUlktAmiXgkOwFWlDNBm5ppTjuxpDgMOG0Hk6u5376nUrFI3OppTP0QjwQbMoK1kRqNu/N+oejY5ZJX8Rzk2M4ChlRdz/Nc5GZKETLU+4X33iAiSUiFJhwr1XWdWPsplpoRTmf5XqJojMkEj2jXUIFDqvx0ceoMnRplgIaRNCU0WqjfJ1IcKjUNA9MZYj1Wv725+JfXTfSw6qdMxImmgiwXDROOdITmf6MBk5RoPjUEE8nMrYiMscREm3TyJoSvT9H/pFWy3bLt3FwUa5dZHDk4hhM4AxcqUINrqEMTCIzgAZ7g2eLWo/VivS5bV6xs5gh+wHr7BDuxjcc=</latexit>

S3
[CGP]

inv'ts of
<latexit sha1_base64="Rf/DP2DmzS3kZhdNuZCb9WFpriM=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1iEChKSIm2zq7pxI1SwD2hDmEwn7dDJg5mJUELBX3HjQhG3foc7/8ZJG0FFDwwczrmXe+Z4MaNCmuaHVlhaXlldK66XNja3tnf03b2OiBKOSRtHLOI9DwnCaEjakkpGejEnKPAY6XqTy8zv3hEuaBTeymlMnACNQupTjKSSXP2gcn06CJAcY8TguZsij7DZiauXTaNWteu2CU3DnEORhmXbtgWtXCmDHC1Xfx8MI5wEJJSYISH6lhlLJ0VcUszIrDRIBIkRnqAR6SsaooAIJ53Hn8FjpQyhH3H1Qgnn6veNFAVCTANPTWZJxW8vE//y+on0G05KwziRJMSLQ37CoIxg1gUcUk6wZFNFEOZUZYV4jDjCUjVWUiV8/RT+TzpVw6oZ5s1ZuXmR11EEh+AIVIAF6qAJrkALtAEGKXgAT+BZu9cetRftdTFa0PKdffAD2tsnSMaVFA==</latexit>

(M,Aabel)
<latexit sha1_base64="d1j2byg3RYETVWvhESJ7dE1SiGM=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjJF2s6u6MZlBfuAdiiZTKYNzSRjkhFK6U+4caGIW3/HnX9j2o6gogcuHM65l3vvCVPOtEHowymsrW9sbhW3Szu7e/sH5cOjjpaZIrRNJJeqF2JNORO0bZjhtJcqipOQ0244uVr43XuqNJPi1kxTGiR4JFjMCDZW6g04xZE2cliuILdW9es+gshFS1jS8Hzf96CXKxWQozUsvw8iSbKECkM41rrvodQEM6wMI5zOS4NM0xSTCR7RvqUCJ1QHs+W9c3hmlQjGUtkSBi7V7xMznGg9TULbmWAz1r+9hfiX189M3AhmTKSZoYKsFsUZh0bCxfMwYooSw6eWYKKYvRWSMVaYGBtRyYbw9Sn8n3Sqrldz0c1FpXmZx1EEJ+AUnAMP1EETXIMWaAMCOHgAT+DZuXMenRfnddVacPKZY/ADztsnniSQXQ==</latexit> 



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)

<latexit sha1_base64="ibACmX6YVtraBF78zVU3nL4UzQg=">AAACIXicbVDLSsNAFJ34rPUVdelmsEhdlJKIaJdFNy4r2Ac0aZlMJ+3QySTMTIQS8itu/BU3LhTpTvwZJ20K2npg4Nxz7uXOPV7EqFSW9WWsrW9sbm0Xdoq7e/sHh+bRcUuGscCkiUMWio6HJGGUk6aiipFOJAgKPEba3vgu89tPREga8kc1iYgboCGnPsVIaalv1lo9h0SSMl0kDmLRCFV4Cp1Q0YBI2OolC7ucLhrKlawwS1bVmgGuEjsnJZCj0TenziDEcUC4wgxJ2bWtSLkJEopiRtKiE0sSITxGQ9LVlCO9301mF6bwXCsD6IdCP67gTP09kaBAykng6c4AqZFc9jLxP68bK7/mJpRHsSIczxf5MYMqhFlccEAFwYpNNEFYUP1XiEdIIKx0qEUdgr188ippXVbt66r1cFWq3+ZxFMApOAMXwAY3oA7uQQM0AQbP4BW8gw/jxXgzPo3pvHXNyGdOwB8Y3z9UTKQ0</latexit>

V ✏
↵,n ⌦ V ✏0

↵0,n0

<latexit sha1_base64="xrkKR0a2TQeEWPPfMaDyIesoKqw="></latexit>

=
k�1M

j=0

V ✏✏0

↵+↵0,n+n0�2j

is semisimple, w/ 2k simple objects

<latexit sha1_base64="BCPDaIsgilzlRRe5890FdD0O3Zk=">AAACG3icbVBNS8NAEN34WetX1KOXxWLxVJIi6kUoevFYwX5AE8tmO22XbjZhdyOW0P/hxb/ixYMingQP/hu3bUBtfTDweG+GmXlBzJnSjvNlLSwuLa+s5tby6xubW9v2zm5dRYmkUKMRj2QzIAo4E1DTTHNoxhJIGHBoBIPLsd+4A6lYJG70MAY/JD3BuowSbaS2Xe6dewH0mEjjkGjJ7kcYbj3C4z4pOtjzsFN0sQei8+O37YJTcibA88TNSAFlqLbtD68T0SQEoSknSrVcJ9Z+SqRmlMMo7yUKYkIHpActQwUJQfnp5LcRPjRKB3cjaUpoPFF/T6QkVGoYBqbTHNhXs95Y/M9rJbp75qdMxIkGQaeLugnHOsLjoHCHSaCaDw0hVDJzK6Z9IgnVJs68CcGdfXme1Msl96TkXB8XKhdZHDm0jw7QEXLRKaqgK1RFNUTRA3pCL+jVerSerTfrfdq6YGUze+gPrM9vs36gkA==</latexit>

g =

✓
e↵ 0
0 1

◆
<latexit sha1_base64="mFosgcmm70hgzbwdTTDLw3UaScc=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSRF1ItQ9CJ4qWA/oE3LZDttl242YXcj1NBf4sWDIl79Kd78N27bHLT1wcDjvRlm5gUxZ0q77re1srq2vrGZ28pv7+zuFez9g7qKEkmxRiMeyWYACjkTWNNMc2zGEiEMODaC0c3UbzyiVCwSD3ocox/CQLA+o6CN1LULd520PJpcYacNPB5C1y66JXcGZ5l4GSmSDNWu/dXuRTQJUWjKQamW58baT0FqRjlO8u1EYQx0BANsGSogROWns8MnzolRek4/kqaEdmbq74kUQqXGYWA6Q9BDtehNxf+8VqL7l37KRJxoFHS+qJ9wR0fONAWnxyRSzceGAJXM3OrQIUig2mSVNyF4iy8vk3q55J2X3PuzYuU6iyNHjsgxOSUeuSAVckuqpEYoScgzeSVv1pP1Yr1bH/PWFSubOSR/YH3+AFwfkuY=</latexit>

K2k = e↵

<latexit sha1_base64="6BiZqt2w2h8QqDm7hMaq8YbcO9w=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLYjcsK9gFNKDfTSTt0MgkzE6GU/oYbF4q49Wfc+TdO2iy0emDgcM693DMnTAXXxnW/nNLa+sbmVnm7srO7t39QPTzq6CRTlLVpIhLVC1EzwSVrG24E66WKYRwK1g0nzdzvPjKleSIfzDRlQYwjySNO0VjJ92M0Y4qCNAejQbXm1t0FyF/iFaQGBVqD6qc/TGgWM2moQK37npuaYIbKcCrYvOJnmqVIJzhifUslxkwHs0XmOTmzypBEibJPGrJQf27MMNZ6God2Ms+oV71c/M/rZya6CWZcpplhki4PRZkgJiF5AWTIFaNGTC1BqrjNSugYFVJja6rYErzVL/8lnYu6d1V37y9rjduijjKcwCmcgwfX0IA7aEEbKKTwBC/w6mTOs/PmvC9HS06xcwy/4Hx8A4HwkVY=</latexit>

Cg
<latexit sha1_base64="ATUltn5K7JUF7N+vSQVzp/Ej+6w=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgutCQi6kYounFZwT6gScNkOmmHTibDzEQoIVs3/oobF4q49Q/c+TdO2yy09cCFwzn3cu89oWBUacf5thYWl5ZXVktr5fWNza1te2e3qZJUYtLACUtkO0SKMMpJQ1PNSFtIguKQkVY4vBn7rQciFU34vR4J4seoz2lEMdJGCmzoZc0g8xATA3TM864nYi8PMn7l5N1seOLmgV1xqs4EcJ64BamAAvXA/vJ6CU5jwjVmSKmO6wjtZ0hqihnJy16qiEB4iPqkYyhHMVF+Nvkkh4dG6cEokaa4hhP190SGYqVGcWg6Y6QHatYbi/95nVRHl35GuUg14Xi6KEoZ1AkcxwJ7VBKs2cgQhCU1t0I8QBJhbcIrmxDc2ZfnSfO06p5XnbuzSu26iKME9sEBOAIuuAA1cAvqoAEweATP4BW8WU/Wi/VufUxbF6xiZg/8gfX5A31hmjE=</latexit>

{V ±
↵,n}k�1

n=0

<latexit sha1_base64="MXwx4Til7cVYqiuAE4qvEctKp2c=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4kJKIqMeiF48V7Ac0MUy223bpZrPsbgol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5seRMG8/7dlZW19Y3Nktb5e2d3b199+CwqdNMEdogKU9VOwZNORO0YZjhtC0VhSTmtBUP76Z+a0SVZql4NGNJwwT6gvUYAWOlyHWbT4FMojwALgdwLiaRW/Gq3gx4mfgFqaAC9cj9CropyRIqDOGgdcf3pAlzUIYRTiflINNUAhlCn3YsFZBQHeazyyf41Cpd3EuVLWHwTP09kUOi9TiJbWcCZqAXvan4n9fJTO8mzJmQmaGCzBf1Mo5Niqcx4C5TlBg+tgSIYvZWTAaggBgbVtmG4C++vEyaF1X/quo9XFZqt0UcJXSMTtAZ8tE1qqF7VEcNRNAIPaNX9Obkzovz7nzMW1ecYuYI/YHz+QN8T5OQ</latexit>

V ±
↵,n

<latexit sha1_base64="/UhEPSKhpykcl3kMa4zUlY6qKZ0=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIsgCCUpoh6LXjxWsB/QxjLZbtqlm026uymU0N/hxYMiXv0x3vw3btsctPXBwOO9GWbm+TFnSjvOt5VbW9/Y3MpvF3Z29/YPiodHDRUlktA6iXgkWz4qypmgdc00p61YUgx9Tpv+8G7mN8dUKhaJRz2JqRdiX7CAEdRG8kZPaQd5PMCLiph2iyWn7MxhrxI3IyXIUOsWvzq9iCQhFZpwVKrtOrH2UpSaEU6nhU6iaIxkiH3aNlRgSJWXzo+e2mdG6dlBJE0Jbc/V3xMphkpNQt90hqgHatmbif957UQHN17KRJxoKshiUZBwW0f2LAG7xyQlmk8MQSKZudUmA5RItMmpYEJwl19eJY1K2b0qOw+XpeptFkceTuAUzsGFa6jCPdSgDgRG8Ayv8GaNrRfr3fpYtOasbOYY/sD6/AGOZZH1</latexit>

q↵+2n

<latexit sha1_base64="WVkgx73eZMoLJu9CJ8JZvQbJg48=">AAAB+HicbVBNS8NAEJ34WetHox69BIsgiCUpoh6LXjxWsB/QxjLZbtqlm03c3Qg19Jd48aCIV3+KN/+N24+Dtj4YeLw3w8y8IOFMadf9tpaWV1bX1nMb+c2t7Z2CvbtXV3EqCa2RmMeyGaCinAla00xz2kwkxSjgtBEMrsd+45FKxWJxp4cJ9SPsCRYygtpIHbvwcJ+1kSd9PCmL0/KoYxfdkjuBs0i8GSnCDNWO/dXuxiSNqNCEo1Itz020n6HUjHA6yrdTRRMkA+zRlqECI6r8bHL4yDkyStcJY2lKaGei/p7IMFJqGAWmM0LdV/PeWPzPa6U6vPQzJpJUU0Gmi8KUOzp2xik4XSYp0XxoCBLJzK0O6aNEok1WeROCN//yIqmXS955yb09K1auZnHk4AAO4Rg8uIAK3EAVakAghWd4hTfryXqx3q2PaeuSNZvZhz+wPn8A6ZmSmQ==</latexit>

q↵+2n�2

<latexit sha1_base64="YiAuRADVvotFZuqR81w9KlO+xb0=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIgliSUtRj0YvHCvYD2lg22027dLOJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzz485U9pxvq3cyura+kZ+s7C1vbNbtPf2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR9dTv/VIpWKRuNPjmHohHggWMIK1kXp28eE+7WIeD/FpRZxVJz275JSdGdAycTNSggz1nv3V7UckCanQhGOlOq4Tay/FUjPC6aTQTRSNMRnhAe0YKnBIlZfODp+gY6P0URBJU0Kjmfp7IsWhUuPQN50h1kO16E3F/7xOooNLL2UiTjQVZL4oSDjSEZqmgPpMUqL52BBMJDO3IjLEEhNtsiqYENzFl5dJs1J2z8vObbVUu8riyMMhHMEJuHABNbiBOjSAQALP8Apv1pP1Yr1bH/PWnJXNHMAfWJ8/7KOSmw==</latexit>

q↵+2n�4

<latexit sha1_base64="yRso++AA8ZWpzgCcdtPOL1airPs=">AAAB+HicbVBNS8NAEJ34WetHox69BIsgFEpSRD0WvXisYD+gjWWy3bZLN5u4uxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpgzpV3321pZXVvf2Mxt5bd3dvcK9v5BQ0WJJLROIh7JVoCKciZoXTPNaSuWFMOA02Ywup76zUcqFYvEnR7H1A9xIFifEdRG6tqFh/u0gzweYqkiSpVJ1y66ZXcGZ5l4GSlChlrX/ur0IpKEVGjCUam258baT1FqRjid5DuJojGSEQ5o21CBIVV+Ojt84pwYpef0I2lKaGem/p5IMVRqHAamM0Q9VIveVPzPaye6f+mnTMSJpoLMF/UT7ujImabg9JikRPOxIUgkM7c6ZIgSiTZZ5U0I3uLLy6RRKXvnZff2rFi9yuLIwREcwyl4cAFVuIEa1IFAAs/wCm/Wk/VivVsf89YVK5s5hD+wPn8A5o2Slw==</latexit>

q↵+2n+2
<latexit sha1_base64="jME0vge3L6ezd1u4a0JNReOhR3I=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRZBKJYkiHosevFYwX5AG8tku2mXbjZxdyOWkL/ixYMiXv0j3vw3btsctPXBwOO9GWbm+TGjUtn2t1FYWV1b3yhulra2d3b3zP1yS0aJwKSJIxaJjg+SMMpJU1HFSCcWBEKfkbY/vp767UciJI34nZrExAthyGlAMSgt9c3yw33aAxaPoOryU3dcdbO+WbFr9gzWMnFyUkE5Gn3zqzeIcBISrjADKbuOHSsvBaEoZiQr9RJJYsBjGJKuphxCIr10dntmHWtlYAWR0MWVNVN/T6QQSjkJfd0ZghrJRW8q/ud1ExVceinlcaIIx/NFQcIsFVnTIKwBFQQrNtEEsKD6VguPQABWOq6SDsFZfHmZtNyac16zb88q9as8jiI6REfoBDnoAtXRDWqgJsLoCT2jV/RmZMaL8W58zFsLRj5zgP7A+PwBmIWTfw==</latexit>

q↵+2n�2k+2
<latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=

<latexit sha1_base64="7zOwaJKy3yNEbW3Fmqb3lgB94ic=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeiyK4LEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WDGSfoR3QgecgZNVaq3/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeG1n3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8y4pbvyhXb/I4CnAMJ3AGHlxBFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHmpOMzg==</latexit>

E
<latexit sha1_base64="ZOARUCS6WTMkfnwpQ7R31hfCNOk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeiwK4rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WDGSfoR3QgecgZNVaq3/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeG1n3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8y4pbvyhXb/I4CnAMJ3AGHlxBFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHnBeMzw==</latexit>

F

<latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit>

···

<latexit sha1_base64="gg3VZHGWnB5xTCpt7q43WA312jk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix6Eby0YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZK9fteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6k0eRwGO4QTOwIMrqMId1KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AKOrjNQ=</latexit>

K

<latexit sha1_base64="YlpqQpxfdBuj9evmSUPluTGBkXI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIiqeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/aZXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epvHUYBjOIEz8OAKqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/ieeMww==</latexit>:

<latexit sha1_base64="1+MBj/7hhn9V5Y7lVMNuGX4fTtI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1dzjdY=</latexit>±
<latexit sha1_base64="1+MBj/7hhn9V5Y7lVMNuGX4fTtI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1dzjdY=</latexit>±

<latexit sha1_base64="1+MBj/7hhn9V5Y7lVMNuGX4fTtI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1dzjdY=</latexit>±

<latexit sha1_base64="1+MBj/7hhn9V5Y7lVMNuGX4fTtI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1dzjdY=</latexit>±

ADO inv't of links in<latexit sha1_base64="d1j2byg3RYETVWvhESJ7dE1SiGM=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjJF2s6u6MZlBfuAdiiZTKYNzSRjkhFK6U+4caGIW3/HnX9j2o6gogcuHM65l3vvCVPOtEHowymsrW9sbhW3Szu7e/sH5cOjjpaZIrRNJJeqF2JNORO0bZjhtJcqipOQ0244uVr43XuqNJPi1kxTGiR4JFjMCDZW6g04xZE2cliuILdW9es+gshFS1jS8Hzf96CXKxWQozUsvw8iSbKECkM41rrvodQEM6wMI5zOS4NM0xSTCR7RvqUCJ1QHs+W9c3hmlQjGUtkSBi7V7xMznGg9TULbmWAz1r+9hfiX189M3AhmTKSZoYKsFsUZh0bCxfMwYooSw6eWYKKYvRWSMVaYGBtRyYbw9Sn8n3Sqrldz0c1FpXmZx1EEJ+AUnAMP1EETXIMWaAMCOHgAT+DZuXMenRfnddVacPKZY/ADztsnniSQXQ==</latexit> 
<latexit sha1_base64="aL71huPXszdxzKKiHelQt066e74=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4CkmVtrkVvXis1H5AG8tmu22XbjZhdyOU0J/gxYMiXv1F3vw3btsIKvpg4PHeDDPzgpgzpR3nw1pZXVvf2Mxt5bd3dvf2CweHLRUlktAmiXgkOwFWlDNBm5ppTjuxpDgMOG0Hk6u5376nUrFI3OppTP0QjwQbMoK1kRqNu/N+oejY5ZJX8Rzk2M4ChlRdz/Nc5GZKETLU+4X33iAiSUiFJhwr1XWdWPsplpoRTmf5XqJojMkEj2jXUIFDqvx0ceoMnRplgIaRNCU0WqjfJ1IcKjUNA9MZYj1Wv725+JfXTfSw6qdMxImmgiwXDROOdITmf6MBk5RoPjUEE8nMrYiMscREm3TyJoSvT9H/pFWy3bLt3FwUa5dZHDk4hhM4AxcqUINrqEMTCIzgAZ7g2eLWo/VivS5bV6xs5gh+wHr7BDuxjcc=</latexit>

S3
[CGP]

inv'ts of
<latexit sha1_base64="Rf/DP2DmzS3kZhdNuZCb9WFpriM=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1iEChKSIm2zq7pxI1SwD2hDmEwn7dDJg5mJUELBX3HjQhG3foc7/8ZJG0FFDwwczrmXe+Z4MaNCmuaHVlhaXlldK66XNja3tnf03b2OiBKOSRtHLOI9DwnCaEjakkpGejEnKPAY6XqTy8zv3hEuaBTeymlMnACNQupTjKSSXP2gcn06CJAcY8TguZsij7DZiauXTaNWteu2CU3DnEORhmXbtgWtXCmDHC1Xfx8MI5wEJJSYISH6lhlLJ0VcUszIrDRIBIkRnqAR6SsaooAIJ53Hn8FjpQyhH3H1Qgnn6veNFAVCTANPTWZJxW8vE//y+on0G05KwziRJMSLQ37CoIxg1gUcUk6wZFNFEOZUZYV4jDjCUjVWUiV8/RT+TzpVw6oZ5s1ZuXmR11EEh+AIVIAF6qAJrkALtAEGKXgAT+BZu9cetRftdTFa0PKdffAD2tsnSMaVFA==</latexit>

(M,Aabel)
<latexit sha1_base64="d1j2byg3RYETVWvhESJ7dE1SiGM=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjJF2s6u6MZlBfuAdiiZTKYNzSRjkhFK6U+4caGIW3/HnX9j2o6gogcuHM65l3vvCVPOtEHowymsrW9sbhW3Szu7e/sH5cOjjpaZIrRNJJeqF2JNORO0bZjhtJcqipOQ0244uVr43XuqNJPi1kxTGiR4JFjMCDZW6g04xZE2cliuILdW9es+gshFS1jS8Hzf96CXKxWQozUsvw8iSbKECkM41rrvodQEM6wMI5zOS4NM0xSTCR7RvqUCJ1QHs+W9c3hmlQjGUtkSBi7V7xMznGg9TULbmWAz1r+9hfiX189M3AhmTKSZoYKsFsUZh0bCxfMwYooSw6eWYKKYvRWSMVaYGBtRyYbw9Sn8n3Sqrldz0c1FpXmZx1EEJ+AUnAMP1EETXIMWaAMCOHgAT+DZuXMenRfnddVacPKZY/ADztsnniSQXQ==</latexit> 

Simple monoidal structure
<latexit sha1_base64="BIfUHlVU7c1a6PJgRvc3Ixz3fq4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1U3bvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5LBkXI=</latexit>)

<latexit sha1_base64="iMDy6/QItC11ueu1RO9m5mn+0s4=">AAACGXicbVDJSgNBEO1xN26jHr00BkFBwkwQ9SK4XHKMkA0yMfR0KkmTnoXuGjEM+Q0v/ooXD4p41JN/Y2cBNfqg4fV7VVTV82MpNDrOpzUzOze/sLi0nFlZXVvfsDe3KjpKFIcyj2Skaj7TIEUIZRQooRYrYIEvoer3roZ+9RaUFlFYwn4MjYB1QtEWnKGRmrbjIdxh2hLBwDv0AoZdziQt7Jdu8t/fi2bKfJCDg7N8r2lnnZwzAv1L3AnJkgmKTfvda0U8CSBELpnWddeJsZEyhYJLGGS8REPMeI91oG5oyALQjXR02YDuGaVF25EyL0Q6Un92pCzQuh/4pnK4rJ72huJ/Xj3B9mkjFWGcIIR8PKidSIoRHcZEW0IBR9k3hHElzK6Ud5liHE2YGROCO33yX1LJ59zjnHN9lD2/nMSxRHbILtknLjkh56RAiqRMOLknj+SZvFgP1pP1ar2NS2esSc82+QXr4ws5IZ/G</latexit>

dimH(T 2,Aabel) = 2k
<latexit sha1_base64="7s2oQlEf6qK5bjcW3NwXwqnP0S0="></latexit>

dimH(⌃g>1,Aabel) = 2gk3g�3

Generic diagonal holonomy:



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)

Trivial holonomy:
<latexit sha1_base64="TgGzKx7u30U4LrwB8zTUXmVIAoA=">AAACD3icbVBNS8NAEN34WetX1KOXYLF4KomIehGKXjxWsB/QhLLZTNKlm03Y3Ygl9B948a948aCIV6/e/Ddu2yDa+mDg8d4MM/P8lFGpbPvLWFhcWl5ZLa2V1zc2t7bNnd2WTDJBoEkSloiOjyUwyqGpqGLQSQXg2GfQ9gdXY799B0LShN+qYQpejCNOQ0qw0lLPrEYXrg8R5XkaYyXo/cip2q5rVx0XePAj9syKXbMnsOaJU5AKKtDomZ9ukJAsBq4Iw1J2HTtVXo6FooTBqOxmElJMBjiCrqYcxyC9fPLPyDrUSmCFidDFlTVRf0/kOJZyGPu6U9/Xl7PeWPzP62YqPPdyytNMASfTRWHGLJVY43CsgAogig01wURQfatF+lhgonSEZR2CM/vyPGkd15zTmn1zUqlfFnGU0D46QEfIQWeojq5RAzURQQ/oCb2gV+PReDbejPdp64JRzOyhPzA+vgHLSZyE</latexit>

g =

✓
1 0
0 1

◆
<latexit sha1_base64="CWeyNlFhaMIAlg8ZsH1PaL7QFiA=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6kUIehG8RDAPSGKYncwmQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuLj+WwqDrfjtLyyura+u5jfzm1vbObmFvv26iRDNeY5GMdNOnhkuheA0FSt6MNaehL3nDH15P/MYT10ZE6h5HMe+EtK9EIBhFKzVvH9LycHzpdQtFt+ROQRaJl5EiZKh2C1/tXsSSkCtkkhrT8twYOynVKJjk43w7MTymbEj7vGWpoiE3nXR675gcW6VHgkjbUkim6u+JlIbGjELfdoYUB2bem4j/ea0Eg4tOKlScIFdstihIJMGITJ4nPaE5QzmyhDIt7K2EDaimDG1EeRuCN//yIqmXS95Zyb07LVausjhycAhHcAIenEMFbqAKNWAg4Rle4c15dF6cd+dj1rrkZDMH8AfO5w9LSI97</latexit>

K2k = 1

<latexit sha1_base64="u9krjd/qaGoPCZqueWdIpFkkGYI="></latexit>

uq(sl2) = Uq(sl2)/(K
2k � 1 = Ek = F k = 0)small qu. group



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)

is NOT semisimple

Trivial holonomy:
<latexit sha1_base64="TgGzKx7u30U4LrwB8zTUXmVIAoA=">AAACD3icbVBNS8NAEN34WetX1KOXYLF4KomIehGKXjxWsB/QhLLZTNKlm03Y3Ygl9B948a948aCIV6/e/Ddu2yDa+mDg8d4MM/P8lFGpbPvLWFhcWl5ZLa2V1zc2t7bNnd2WTDJBoEkSloiOjyUwyqGpqGLQSQXg2GfQ9gdXY799B0LShN+qYQpejCNOQ0qw0lLPrEYXrg8R5XkaYyXo/cip2q5rVx0XePAj9syKXbMnsOaJU5AKKtDomZ9ukJAsBq4Iw1J2HTtVXo6FooTBqOxmElJMBjiCrqYcxyC9fPLPyDrUSmCFidDFlTVRf0/kOJZyGPu6U9/Xl7PeWPzP62YqPPdyytNMASfTRWHGLJVY43CsgAogig01wURQfatF+lhgonSEZR2CM/vyPGkd15zTmn1zUqlfFnGU0D46QEfIQWeojq5RAzURQQ/oCb2gV+PReDbejPdp64JRzOyhPzA+vgHLSZyE</latexit>

g =

✓
1 0
0 1

◆
<latexit sha1_base64="CWeyNlFhaMIAlg8ZsH1PaL7QFiA=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6kUIehG8RDAPSGKYncwmQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuLj+WwqDrfjtLyyura+u5jfzm1vbObmFvv26iRDNeY5GMdNOnhkuheA0FSt6MNaehL3nDH15P/MYT10ZE6h5HMe+EtK9EIBhFKzVvH9LycHzpdQtFt+ROQRaJl5EiZKh2C1/tXsSSkCtkkhrT8twYOynVKJjk43w7MTymbEj7vGWpoiE3nXR675gcW6VHgkjbUkim6u+JlIbGjELfdoYUB2bem4j/ea0Eg4tOKlScIFdstihIJMGITJ4nPaE5QzmyhDIt7K2EDaimDG1EeRuCN//yIqmXS95Zyb07LVausjhycAhHcAIenEMFbqAKNWAg4Rle4c15dF6cd+dj1rrkZDMH8AfO5w9LSI97</latexit>

K2k = 1

<latexit sha1_base64="u9krjd/qaGoPCZqueWdIpFkkGYI="></latexit>

uq(sl2) = Uq(sl2)/(K
2k � 1 = Ek = F k = 0)small qu. group

<latexit sha1_base64="fxGb8nbvWy67HwsN1kaQeCXvBWI=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUGIoGEmiHoRgrl4jGAWyAxDT6cnadKz2F0jhiE/4cVf8eJBEa+CN//GznLQ6IOCx3tVVNXzE8EVWNaXkVtYXFpeya8W1tY3NrfM7Z2milNJWYPGIpZtnygmeMQawEGwdiIZCX3BWv6gNvZbd0wqHkc3MEyYG5JexANOCWjJM4+ckECfEoFrnn2RereliRBIMsiUGHmVQwfYPWTHYdwdeWbRKlsT4L/EnpEimqHumZ9ON6ZpyCKggijVsa0E3IxI4FSwUcFJFUsIHZAe62gakZApN5t8NcIHWuniIJa6IsAT9edERkKlhqGvO8cnq3lvLP7ndVIIzt2MR0kKLKLTRUEqMMR4HBHucskoiKEmhEqub8W0TyShoIMs6BDs+Zf/kmalbJ+WreuTYvVyFkce7aF9VEI2OkNVdIXqqIEoekBP6AW9Go/Gs/FmvE9bc8ZsZhf9gvHxDWP+nvw=</latexit>

C1 = uq(sl2)-mod



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)

is NOT semisimple

Trivial holonomy:
<latexit sha1_base64="TgGzKx7u30U4LrwB8zTUXmVIAoA=">AAACD3icbVBNS8NAEN34WetX1KOXYLF4KomIehGKXjxWsB/QhLLZTNKlm03Y3Ygl9B948a948aCIV6/e/Ddu2yDa+mDg8d4MM/P8lFGpbPvLWFhcWl5ZLa2V1zc2t7bNnd2WTDJBoEkSloiOjyUwyqGpqGLQSQXg2GfQ9gdXY799B0LShN+qYQpejCNOQ0qw0lLPrEYXrg8R5XkaYyXo/cip2q5rVx0XePAj9syKXbMnsOaJU5AKKtDomZ9ukJAsBq4Iw1J2HTtVXo6FooTBqOxmElJMBjiCrqYcxyC9fPLPyDrUSmCFidDFlTVRf0/kOJZyGPu6U9/Xl7PeWPzP62YqPPdyytNMASfTRWHGLJVY43CsgAogig01wURQfatF+lhgonSEZR2CM/vyPGkd15zTmn1zUqlfFnGU0D46QEfIQWeojq5RAzURQQ/oCb2gV+PReDbejPdp64JRzOyhPzA+vgHLSZyE</latexit>

g =

✓
1 0
0 1

◆
<latexit sha1_base64="CWeyNlFhaMIAlg8ZsH1PaL7QFiA=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6kUIehG8RDAPSGKYncwmQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuLj+WwqDrfjtLyyura+u5jfzm1vbObmFvv26iRDNeY5GMdNOnhkuheA0FSt6MNaehL3nDH15P/MYT10ZE6h5HMe+EtK9EIBhFKzVvH9LycHzpdQtFt+ROQRaJl5EiZKh2C1/tXsSSkCtkkhrT8twYOynVKJjk43w7MTymbEj7vGWpoiE3nXR675gcW6VHgkjbUkim6u+JlIbGjELfdoYUB2bem4j/ea0Eg4tOKlScIFdstihIJMGITJ4nPaE5QzmyhDIt7K2EDaimDG1EeRuCN//yIqmXS95Zyb07LVausjhycAhHcAIenEMFbqAKNWAg4Rle4c15dF6cd+dj1rrkZDMH8AfO5w9LSI97</latexit>

K2k = 1

<latexit sha1_base64="u9krjd/qaGoPCZqueWdIpFkkGYI="></latexit>

uq(sl2) = Uq(sl2)/(K
2k � 1 = Ek = F k = 0)small qu. group

<latexit sha1_base64="fxGb8nbvWy67HwsN1kaQeCXvBWI=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUGIoGEmiHoRgrl4jGAWyAxDT6cnadKz2F0jhiE/4cVf8eJBEa+CN//GznLQ6IOCx3tVVNXzE8EVWNaXkVtYXFpeya8W1tY3NrfM7Z2milNJWYPGIpZtnygmeMQawEGwdiIZCX3BWv6gNvZbd0wqHkc3MEyYG5JexANOCWjJM4+ckECfEoFrnn2RereliRBIMsiUGHmVQwfYPWTHYdwdeWbRKlsT4L/EnpEimqHumZ9ON6ZpyCKggijVsa0E3IxI4FSwUcFJFUsIHZAe62gakZApN5t8NcIHWuniIJa6IsAT9edERkKlhqGvO8cnq3lvLP7ndVIIzt2MR0kKLKLTRUEqMMR4HBHucskoiKEmhEqub8W0TyShoIMs6BDs+Zf/kmalbJ+WreuTYvVyFkce7aF9VEI2OkNVdIXqqIEoekBP6AW9Go/Gs/FmvE9bc8ZsZhf9gvHxDWP+nvw=</latexit>

C1 = uq(sl2)-mod

<latexit sha1_base64="EZIbwMVJK1PZJoPUG0G2dE5s/bA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9UPHntK9MsVv+rPgVZJkJMK5Gj0y1+9QUJSQaUlHBvTDXxlwwxrywin01IvNVRhMsZD2nVUYkFNmM3PnaIzpwxQnGhX0qK5+nsiw8KYiYhcp8B2ZJa9mfif101tfB1mTKrUUkkWi+KUI5ug2e9owDQllk8cwUQzdysiI6wxsS6hkgshWH55lbQuqkGt6t9fVuo3eRxFOIFTOIcArqAOd9CAJhAYwzO8wpunvBfv3ftYtBa8fOYY/sD7/AHcCo9C</latexit>

V ±
1

<latexit sha1_base64="yhAVrZFeWEhuc872ozkg9yneWG8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9WvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPdko9D</latexit>

V ±
2

<latexit sha1_base64="jwkSMkAXJjogWJJKIdsCitLxdKo=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7qNHvZ6CyYPHYT0StX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPbD5D6</latexit>

V ±
k�1

<latexit sha1_base64="hAtDSmYoqXZifYlWEfidat+Py3w=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6rHoxWMF+wHtWrJptg2bZEOSFcrSH+HFgyJe/T3e/Dem7R609cHA470ZZuZFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7ETaUM0mblllOO0pTLCJO21FyO/XbT1QblsoHO1Y0FHgoWcwItk5qt/rJY0+JfqXq1/wZ0DIJClKFAo1+5as3SEkmqLSEY2O6ga9smGNtGeF0Uu5lhipMEjykXUclFtSE+ezcCTp1ygDFqXYlLZqpvydyLIwZi8h1CmxHZtGbiv953czG12HOpMoslWS+KM44sima/o4GTFNi+dgRTDRztyIywhoT6xIquxCCxZeXSeu8FlzW/PuLav2miKMEx3ACZxDAFdThDhrQBAIJPMMrvHnKe/HevY9564pXzBzBH3ifPzTpj3w=</latexit>

V ±
k

<latexit sha1_base64="Aevejvqx9LB2sFVL/oB3ZvPJ6y8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4r2A9o15JNs21okg1JVihLf4QXD4p49fd489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aJkk1oQ2S8ES3I2woZ5I2LLOctpWmWESctqLR7dRvPVFtWCIf7FjRUOCBZDEj2Dqp1eydP3aV6JUrftWfAS2TICcVyFHvlb+6/YSkgkpLODamE/jKhhnWlhFOJ6VuaqjCZIQHtOOoxIKaMJudO0EnTumjONGupEUz9fdEhoUxYxG5ToHt0Cx6U/E/r5Pa+DrMmFSppZLMF8UpRzZB099Rn2lKLB87golm7lZEhlhjYl1CJRdCsPjyMmmeVYPLqn9/Uand5HEU4QiO4RQCuIIa3EEdGkBgBM/wCm+e8l68d+9j3lrw8plD+APv8wffGo9E</latexit>

V ±
3

<latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit>

···

<latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit>

···

<latexit sha1_base64="DYdijkkskp48e1G6E91zk0VeGJ8=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukoJdK7PerNa/uzYFXiV+QGhRo9qtfvUFCM8mUpYIY0/W91IY50ZZTwaaVXmZYSuiYDFnXUUUkM2E+P3aKz5wywHGiXSmL5+rviZxIYyYycp2S2JFZ9mbif143s/FNmHOVZpYpulgUZwLbBM8+xwOuGbVi4gihmrtbMR0RTah1+VRcCP7yy6ukdVH3r+rew2WtcVvEUYYTOIVz8OEaGnAPTQiAAodneIU3pNALekcfi9YSKmaO4Q/Q5w8eqo47</latexit>±1

<latexit sha1_base64="/LHoq1ZpNdp/nqs1YeCwNxI5fac=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4ruLXQLiWbZtvQJBuTrFCW/gYvHhTx6g/y5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h+0TJppQkOS8lS3Y2woZ5KGlllO20pTLGJOH+LRzdR/eKLasFTe27GikcADyRJGsHVS2FUCPfaqNb/uz4CWSVCQGhRo9qpf3X5KMkGlJRwb0wl8ZaMca8sIp5NKNzNUYTLCA9pxVGJBTZTPjp2gE6f0UZJqV9Kimfp7IsfCmLGIXafAdmgWvan4n9fJbHIV5UyqzFJJ5ouSjCObounnqM80JZaPHcFEM3crIkOsMbEun4oLIVh8eZm0zurBRd2/O681ros4ynAEx3AKAVxCA26hCSEQYPAMr/DmSe/Fe/c+5q0lr5g5hD/wPn8Af6qOew==</latexit>±q
<latexit sha1_base64="sQCsbnuqDzTYxJ3GODY6azf93eU=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXRD0WvXisYD+wXUs2zbahSXZNskJZ9l948aCIV/+NN/+NabsHbX0w8Hhvhpl5QcyZNq777RSWlldW14rrpY3Nre2d8u5eU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdD3xW09UaRbJOzOOqS/wQLKQEWysdN+NBXp8SE+8rFeuuFV3CrRIvJxUIEe9V/7q9iOSCCoN4VjrjufGxk+xMoxwmpW6iaYxJiM8oB1LJRZU++n04gwdWaWPwkjZkgZN1d8TKRZaj0VgOwU2Qz3vTcT/vE5iwks/ZTJODJVktihMODIRmryP+kxRYvjYEkwUs7ciMsQKE2NDKtkQvPmXF0nztOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AACEp7hFd4c7bw4787HrLXg5DP78AfO5w/ZvZBh</latexit>

±q�1

<latexit sha1_base64="1e5nE0HaQoLkjTLr/HdZXVSdeWs=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbRD0WvXisYD+kXUs2zbahSXZNskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8MOFMG8/7dgorq2vrG8XN0tb2zu6eu3/Q1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXU/91hNVmsXyzowTGgg8kCxiBBsr3XcTgR4fsuqk55a9ijcDWiZ+TsqQo95zv7r9mKSCSkM41rrje4kJMqwMI5xOSt1U0wSTER7QjqUSC6qDbHbwBJ1YpY+iWNmSBs3U3xMZFlqPRWg7BTZDvehNxf+8TmqiyyBjMkkNlWS+KEo5MjGafo/6TFFi+NgSTBSztyIyxAoTYzMq2RD8xZeXSbNa8c8r3u1ZuXaVx1GEIziGU/DhAmpwA3VoAAEBz/AKb45yXpx352PeWnDymUP4A+fzB28dkCs=</latexit>

±q2

<latexit sha1_base64="2D6qjYUlvtMZBS6lg0LRRSRxQB8=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBi2W3FPVY9OKxgv3Adi3ZNNuGJtk1yQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Hrqt56o0iySd2YcU1/ggWQhI9hY6b4bC/T4kJ5VJr1iyS27M6Bl4mWkBBnqveJXtx+RRFBpCMdadzw3Nn6KlWGE00mhm2gaYzLCA9qxVGJBtZ/OLp6gE6v0URgpW9Kgmfp7IsVC67EIbKfAZqgXvan4n9dJTHjpp0zGiaGSzBeFCUcmQtP3UZ8pSgwfW4KJYvZWRIZYYWJsSAUbgrf48jJpVsreedm9rZZqV1kceTiCYzgFDy6gBjdQhwYQkPAMr/DmaOfFeXc+5q05J5s5hD9wPn8A20KQYg==</latexit>

±q�2

<latexit sha1_base64="QI/xjR32wUH42z2Dn/eAN/5stLc=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBC8GHZF1GPQi8cI5gHJGmYns8mQeawzvUJY8hlePCji1a/x5t84SfagiQUNRVU33V1RIrgF3//2lpZXVtfWCxvFza3tnd3S3n7D6tRQVqdaaNOKiGWCK1YHDoK1EsOIjARrRsObid98YsZyre5hlLBQkr7iMacEnNTuJBI/PmTD02DcLZX9ij8FXiRBTsooR61b+ur0NE0lU0AFsbYd+AmEGTHAqWDjYie1LCF0SPqs7agiktkwm548xsdO6eFYG1cK8FT9PZERae1IRq5TEhjYeW8i/ue1U4ivwoyrJAWm6GxRnAoMGk/+xz1uGAUxcoRQw92tmA6IIRRcSkUXQjD/8iJpnFWCi4p/d16uXudxFNAhOkInKECXqIpuUQ3VEUUaPaNX9OaB9+K9ex+z1iUvnzlAf+B9/gCk0pDW</latexit>

±qk�1

<latexit sha1_base64="zltOP9ZU8x2y78lhhRiXuIsp0lw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBEMuuiHosevFYwX5Ady3ZNNuGJrsxyQpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzQsmZNq777RSWlldW14rrpY3Nre2d8u5eUyepIrRBEp6odog15SymDcMMp22pKBYhp61weDPxW09UaZbE92YkaSBwP2YRI9hYyfelQI8P2enwxBt3yxW36k6BFomXkwrkqHfLX34vIamgsSEca93xXGmCDCvDCKfjkp9qKjEZ4j7tWBpjQXWQTW8eoyOr9FCUKFuxQVP190SGhdYjEdpOgc1Az3sT8T+vk5roKshYLFNDYzJbFKUcmQRNAkA9pigxfGQJJorZWxEZYIWJsTGVbAje/MuLpHlW9S6q7t15pXadx1GEAziEY/DgEmpwC3VoAAEJz/AKb07qvDjvzsesteDkM/vwB87nDw5YkQs=</latexit>

±q�k+1

<latexit sha1_base64="l6tes74CpPM+XAxY4M73GZLzLrU=">AAAB83icbVBNSwMxEJ31s9avqkcvwSIIYtktoh6LXjxWsB/QXUs2zbah2WxMskJZ+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8UHKmjet+O0vLK6tr64WN4ubW9s5uaW+/qZNUEdogCU9UO8SaciZowzDDaVsqiuOQ01Y4vJn4rSeqNEvEvRlJGsS4L1jECDZW8n0Zo8eH7Gx4Wh13S2W34k6BFomXkzLkqHdLX34vIWlMhSEca93xXGmCDCvDCKfjop9qKjEZ4j7tWCpwTHWQTW8eo2Or9FCUKFvCoKn6eyLDsdajOLSdMTYDPe9NxP+8TmqiqyBjQqaGCjJbFKUcmQRNAkA9pigxfGQJJorZWxEZYIWJsTEVbQje/MuLpFmteBcV9+68XLvO4yjAIRzBCXhwCTW4hTo0gICEZ3iFNyd1Xpx352PWuuTkMwfwB87nDw/dkQw=</latexit>

±q�k+2

<latexit sha1_base64="YKPzhZjvoK2SzqXV5kwtuAlI/0Q=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgxbJbRD0WvXisYD9gu5Zsmm1Dk+yazApl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5By8SppqxJYxHrTkgME1yxJnAQrJNoRmQoWDsc3Uz99hPThsfqHsYJCyQZKB5xSsBKfjeR+PEhG53VJr1yxa26M+Bl4uWkgnI0euWvbj+mqWQKqCDG+J6bQJARDZwKNil1U8MSQkdkwHxLFZHMBNns5Ak+sUofR7G2pQDP1N8TGZHGjGVoOyWBoVn0puJ/np9CdBVkXCUpMEXni6JUYIjx9H/c55pREGNLCNXc3orpkGhCwaZUsiF4iy8vk1at6l1U3bvzSv06j6OIjtAxOkUeukR1dIsaqIkoitEzekVvDjgvzrvzMW8tOPnMIfoD5/MHpleQ1w==</latexit>

±qk�2
<latexit sha1_base64="FMEmKG0giMrLFqPOf+l/0EZMDVs=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgxbKroh6LXjxWsB+wXUs2zbahSXZNZoWy9Gd48aCIV3+NN/+NabsHbX0w8Hhvhpl5YSK4Adf9dgpLyyura8X10sbm1vZOeXevaeJUU9agsYh1OySGCa5YAzgI1k40IzIUrBUObyZ+64lpw2N1D6OEBZL0FY84JWAlv5NI/PiQDU/Oxt1yxa26U+BF4uWkgnLUu+WvTi+mqWQKqCDG+J6bQJARDZwKNi51UsMSQoekz3xLFZHMBNn05DE+skoPR7G2pQBP1d8TGZHGjGRoOyWBgZn3JuJ/np9CdBVkXCUpMEVni6JUYIjx5H/c45pRECNLCNXc3orpgGhCwaZUsiF48y8vkuZp1buounfnldp1HkcRHaBDdIw8dIlq6BbVUQNRFKNn9IreHHBenHfnY9ZacPKZffQHzucPp9yQ2A==</latexit>

±qk�3
<latexit sha1_base64="0pRE8Yrb/GjVm3PINxxEzPg7c14=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgxbIrRT0WvXisYD9gu5Zsmm1Ds8mazApl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5By6hUU9akSijdCYlhgkvWBA6CdRLNSBwK1g5HN1O//cS04UrewzhhQUwGkkecErCS301i/PiQjc5qk1654lbdGfAy8XJSQTkavfJXt69oGjMJVBBjfM9NIMiIBk4Fm5S6qWEJoSMyYL6lksTMBNns5Ak+sUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eX4K0VWQcZmkwCSdL4pSgUHh6f+4zzWjIMaWEKq5vRXTIdGEgk2pZEPwFl9eJq3zqndRde9qlfp1HkcRHaFjdIo8dInq6BY1UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHqWGQ2Q==</latexit>

±qk�4

<latexit sha1_base64="DYdijkkskp48e1G6E91zk0VeGJ8=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukoJdK7PerNa/uzYFXiV+QGhRo9qtfvUFCM8mUpYIY0/W91IY50ZZTwaaVXmZYSuiYDFnXUUUkM2E+P3aKz5wywHGiXSmL5+rviZxIYyYycp2S2JFZ9mbif143s/FNmHOVZpYpulgUZwLbBM8+xwOuGbVi4gihmrtbMR0RTah1+VRcCP7yy6ukdVH3r+rew2WtcVvEUYYTOIVz8OEaGnAPTQiAAodneIU3pNALekcfi9YSKmaO4Q/Q5w8eqo47</latexit>±1 <latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit>· · ·

<latexit sha1_base64="bdZ6UuzfjfryvsaYbBKw0vMxdF4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9EPHntK9MsVv+rPgVZJkJMK5Gj0y1+9QUJSQaUlHBvTDXxlwwxrywin01IvNVRhMsZD2nVUYkFNmM3PnaIzpwxQnGhX0qK5+nsiw8KYiYhcp8B2ZJa9mfif101tfB1mTKrUUkkWi+KUI5ug2e9owDQllk8cwUQzdysiI6wxsS6hkgshWH55lbQuqkGt6t9fVuo3eRxFOIFTOIcArqAOd9CAJhAYwzO8wpunvBfv3ftYtBa8fOYY/sD7/AHSzo88</latexit>

P±
1

<latexit sha1_base64="yWgbETgH6577YEDYIZgvpNMvUZM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9GvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPUVo89</latexit>

P±
2

<latexit sha1_base64="XR09I7XnqtMm8Zhoom0ubJLLCg4=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7qNHvZ6CyYPHZF0itX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPbDJD6</latexit>

V ⌥
k�1

<latexit sha1_base64="01XUWokfPpy0hWway2jELWPe1Rw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNjk5lZrulsl/xZyDLJMhJGXLUuqWvTk+zLOEKmaTWtgM/xXBMDQom+aTYySxPKRvSPm87qmjCbTieXTshp07pkVgbVwrJTP09MaaJtaMkcp0JxYFd9Kbif147w/g6HAuVZsgVmy+KM0lQk+nrpCcMZyhHjlBmhLuVsAE1lKELqOhCCBZfXiaN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyB9/kD0aSPSg==</latexit>�

<latexit sha1_base64="EZIbwMVJK1PZJoPUG0G2dE5s/bA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9UPHntK9MsVv+rPgVZJkJMK5Gj0y1+9QUJSQaUlHBvTDXxlwwxrywin01IvNVRhMsZD2nVUYkFNmM3PnaIzpwxQnGhX0qK5+nsiw8KYiYhcp8B2ZJa9mfif101tfB1mTKrUUkkWi+KUI5ug2e9owDQllk8cwUQzdysiI6wxsS6hkgshWH55lbQuqkGt6t9fVuo3eRxFOIFTOIcArqAOd9CAJhAYwzO8wpunvBfv3ftYtBa8fOYY/sD7/AHcCo9C</latexit>

V ±
1

<latexit sha1_base64="XR09I7XnqtMm8Zhoom0ubJLLCg4=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7qNHvZ6CyYPHZF0itX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPbDJD6</latexit>

V ⌥
k�1

<latexit sha1_base64="EZIbwMVJK1PZJoPUG0G2dE5s/bA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9UPHntK9MsVv+rPgVZJkJMK5Gj0y1+9QUJSQaUlHBvTDXxlwwxrywin01IvNVRhMsZD2nVUYkFNmM3PnaIzpwxQnGhX0qK5+nsiw8KYiYhcp8B2ZJa9mfif101tfB1mTKrUUkkWi+KUI5ug2e9owDQllk8cwUQzdysiI6wxsS6hkgshWH55lbQuqkGt6t9fVuo3eRxFOIFTOIcArqAOd9CAJhAYwzO8wpunvBfv3ftYtBa8fOYY/sD7/AHcCo9C</latexit>

V ±
1

<latexit sha1_base64="01XUWokfPpy0hWway2jELWPe1Rw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNjk5lZrulsl/xZyDLJMhJGXLUuqWvTk+zLOEKmaTWtgM/xXBMDQom+aTYySxPKRvSPm87qmjCbTieXTshp07pkVgbVwrJTP09MaaJtaMkcp0JxYFd9Kbif147w/g6HAuVZsgVmy+KM0lQk+nrpCcMZyhHjlBmhLuVsAE1lKELqOhCCBZfXiaN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyB9/kD0aSPSg==</latexit>�

<latexit sha1_base64="yhAVrZFeWEhuc872ozkg9yneWG8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9WvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPdko9D</latexit>

V ±
2

<latexit sha1_base64="yhAVrZFeWEhuc872ozkg9yneWG8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9WvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPdko9D</latexit>

V ±
2

<latexit sha1_base64="GnymiWPtWIWJimqPsQDaZSetRz8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBC8GHaDqMegF48RzAOSNcxOZpMh81hmZoWw5DO8eFDEq1/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfqtJ6oNU/LBjhMaCjyQLGYEWyd1mr1sdF6dPHZF0iuV/Yo/A1omQU7KkKPeK311+4qkgkpLODamE/iJDTOsLSOcTord1NAEkxEe0I6jEgtqwmx28gSdOqWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUii6EYPHlZdKsVoLLin9/Ua7d5HEU4BhO4AwCuIIa3EEdGkBAwTO8wptnvRfv3fuYt654+cwR/IH3+QPclZD7</latexit>

V ⌥
k�2

<latexit sha1_base64="GnymiWPtWIWJimqPsQDaZSetRz8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBC8GHaDqMegF48RzAOSNcxOZpMh81hmZoWw5DO8eFDEq1/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfqtJ6oNU/LBjhMaCjyQLGYEWyd1mr1sdF6dPHZF0iuV/Yo/A1omQU7KkKPeK311+4qkgkpLODamE/iJDTOsLSOcTord1NAEkxEe0I6jEgtqwmx28gSdOqWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUii6EYPHlZdKsVoLLin9/Ua7d5HEU4BhO4AwCuIIa3EEdGkBAwTO8wptnvRfv3fuYt654+cwR/IH3+QPclZD7</latexit>

V ⌥
k�2

<latexit sha1_base64="01XUWokfPpy0hWway2jELWPe1Rw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNjk5lZrulsl/xZyDLJMhJGXLUuqWvTk+zLOEKmaTWtgM/xXBMDQom+aTYySxPKRvSPm87qmjCbTieXTshp07pkVgbVwrJTP09MaaJtaMkcp0JxYFd9Kbif147w/g6HAuVZsgVmy+KM0lQk+nrpCcMZyhHjlBmhLuVsAE1lKELqOhCCBZfXiaN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyB9/kD0aSPSg==</latexit>�
<latexit sha1_base64="/EsIk+XKWvd4jBVuEw9/24WkpTU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzEOSNcxOZpMh81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZMemr0smDx2RdIrV/yqPwNaJkFOKpCj3it/dfuKpIJKSzg2phP4iQ0zrC0jnE5K3dTQBJMRHtCOoxILasJsdvAEnTilj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jEouhGDx5WXSPKsGF1X/7rxSu87jKMIRHMMpBHAJNbiFOjSAgIBneIU3T3sv3rv3MW8tePnMIfyB9/kDpFiQTg==</latexit>

V ⌥
1

<latexit sha1_base64="/EsIk+XKWvd4jBVuEw9/24WkpTU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzEOSNcxOZpMh81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZMemr0smDx2RdIrV/yqPwNaJkFOKpCj3it/dfuKpIJKSzg2phP4iQ0zrC0jnE5K3dTQBJMRHtCOoxILasJsdvAEnTilj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jEouhGDx5WXSPKsGF1X/7rxSu87jKMIRHMMpBHAJNbiFOjSAgIBneIU3T3sv3rv3MW8tePnMIfyB9/kDpFiQTg==</latexit>

V ⌥
1

<latexit sha1_base64="jwkSMkAXJjogWJJKIdsCitLxdKo=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7qNHvZ6CyYPHYT0StX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPbD5D6</latexit>

V ±
k�1

<latexit sha1_base64="jwkSMkAXJjogWJJKIdsCitLxdKo=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7qNHvZ6CyYPHYT0StX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPbD5D6</latexit>

V ±
k�1

<latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit>· · ·

<latexit sha1_base64="1wwSu8lDwYhr+1C9fx/bq4bd8go=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7q1HvZ6CyYPHYT0StX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPRu5D0</latexit>

P±
k�1

<latexit sha1_base64="i/6zNM8aDSTsxXT9pjOtiXh4H7M=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMiLoRim5cVrAPaMchk6ZtaJIZkoxQh36JGxeKuPVT3Pk3pu0stPXA5R7OuZfcnCjhTBvP+3YKK6tr6xvFzdLW9s5u2d3bb+o4VYQ2SMxj1Y6wppxJ2jDMcNpOFMUi4rQVjW6mfuuRKs1ieW/GCQ0EHkjWZwQbK4VuuR6OHrqJuGrOe+hWvKo3A1omfk4qkKMeul/dXkxSQaUhHGvd8b3EBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7fIKOrdJD/VjZkgbN1N8bGRZaj0VkJwU2Q73oTcX/vE5q+pdBxmSSGirJ/KF+ypGJ0TQF1GOKEsPHlmCimL0VkSFWmBibVcmG4C9+eZk0T6v+edW7O6vUrvM4inAIR3ACPlxADW6hDg0gkMIzvMKb8+S8OO/Ox3y04OQ7B/AHzucPZESS6w==</latexit>

P±
k = V ±

k
<latexit sha1_base64="01XUWokfPpy0hWway2jELWPe1Rw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNjk5lZrulsl/xZyDLJMhJGXLUuqWvTk+zLOEKmaTWtgM/xXBMDQom+aTYySxPKRvSPm87qmjCbTieXTshp07pkVgbVwrJTP09MaaJtaMkcp0JxYFd9Kbif147w/g6HAuVZsgVmy+KM0lQk+nrpCcMZyhHjlBmhLuVsAE1lKELqOhCCBZfXiaN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyB9/kD0aSPSg==</latexit>�

<latexit sha1_base64="yhAVrZFeWEhuc872ozkg9yneWG8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9WvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPdko9D</latexit>

V ±
2

<latexit sha1_base64="yhAVrZFeWEhuc872ozkg9yneWG8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9WvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPdko9D</latexit>

V ±
2

<latexit sha1_base64="Ns9mjHZb9x0xYQIm468NRDJbIGo=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBC8GHZV1GPQi8cI5gGbNcxOJsmQeSwzvUJY8hlePCji1a/x5t84SfagiQUNRVU33V1xIrgF3//2lpZXVtfWCxvFza3tnd3S3n7D6tRQVqdaaNOKiWWCK1YHDoK1EsOIjAVrxsPbid98YsZyrR5glLBIkr7iPU4JOClsdLLh6fn4sS2TTqnsV/wp8CIJclJGOWqd0le7q2kqmQIqiLVh4CcQZcQAp4KNi+3UsoTQIemz0FFFJLNRNj15jI+d0sU9bVwpwFP190RGpLUjGbtOSWBg572J+J8XptC7jjKukhSYorNFvVRg0HjyP+5ywyiIkSOEGu5uxXRADKHgUiq6EIL5lxdJ46wSXFb8+4ty9SaPo4AO0RE6QQG6QlV0h2qojijS6Bm9ojcPvBfv3fuYtS55+cwB+gPv8wfeHpD8</latexit>

V ⌥
k�3

<latexit sha1_base64="Ns9mjHZb9x0xYQIm468NRDJbIGo=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBC8GHZV1GPQi8cI5gGbNcxOJsmQeSwzvUJY8hlePCji1a/x5t84SfagiQUNRVU33V1xIrgF3//2lpZXVtfWCxvFza3tnd3S3n7D6tRQVqdaaNOKiWWCK1YHDoK1EsOIjAVrxsPbid98YsZyrR5glLBIkr7iPU4JOClsdLLh6fn4sS2TTqnsV/wp8CIJclJGOWqd0le7q2kqmQIqiLVh4CcQZcQAp4KNi+3UsoTQIemz0FFFJLNRNj15jI+d0sU9bVwpwFP190RGpLUjGbtOSWBg572J+J8XptC7jjKukhSYorNFvVRg0HjyP+5ywyiIkSOEGu5uxXRADKHgUiq6EIL5lxdJ46wSXFb8+4ty9SaPo4AO0RE6QQG6QlV0h2qojijS6Bm9ojcPvBfv3fuYtS55+cwB+gPv8wfeHpD8</latexit>

V ⌥
k�3

<latexit sha1_base64="tqsN3wqaTOkt6DJIpTVoPzjf5IQ=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4r2A9o15JNs21okg1JVihLf4QXD4p49fd489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aJkk1oQ2S8ES3I2woZ5I2LLOctpWmWESctqLR7dRvPVFtWCIf7FjRUOCBZDEj2DqpVe+dP3aV6JUrftWfAS2TICcVyFHvlb+6/YSkgkpLODamE/jKhhnWlhFOJ6VuaqjCZIQHtOOoxIKaMJudO0EnTumjONGupEUz9fdEhoUxYxG5ToHt0Cx6U/E/r5Pa+DrMmFSppZLMF8UpRzZB099Rn2lKLB87golm7lZEhlhjYl1CJRdCsPjyMmmeVYPLqn9/Uand5HEU4QiO4RQCuIIa3EEdGkBgBM/wCm+e8l68d+9j3lrw8plD+APv8wfV3o8+</latexit>

P±
3

2k simple objects

2k indecomposable projectives



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)

is NOT semisimple

Trivial holonomy:
<latexit sha1_base64="TgGzKx7u30U4LrwB8zTUXmVIAoA=">AAACD3icbVBNS8NAEN34WetX1KOXYLF4KomIehGKXjxWsB/QhLLZTNKlm03Y3Ygl9B948a948aCIV6/e/Ddu2yDa+mDg8d4MM/P8lFGpbPvLWFhcWl5ZLa2V1zc2t7bNnd2WTDJBoEkSloiOjyUwyqGpqGLQSQXg2GfQ9gdXY799B0LShN+qYQpejCNOQ0qw0lLPrEYXrg8R5XkaYyXo/cip2q5rVx0XePAj9syKXbMnsOaJU5AKKtDomZ9ukJAsBq4Iw1J2HTtVXo6FooTBqOxmElJMBjiCrqYcxyC9fPLPyDrUSmCFidDFlTVRf0/kOJZyGPu6U9/Xl7PeWPzP62YqPPdyytNMASfTRWHGLJVY43CsgAogig01wURQfatF+lhgonSEZR2CM/vyPGkd15zTmn1zUqlfFnGU0D46QEfIQWeojq5RAzURQQ/oCb2gV+PReDbejPdp64JRzOyhPzA+vgHLSZyE</latexit>

g =

✓
1 0
0 1

◆
<latexit sha1_base64="CWeyNlFhaMIAlg8ZsH1PaL7QFiA=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6kUIehG8RDAPSGKYncwmQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuLj+WwqDrfjtLyyura+u5jfzm1vbObmFvv26iRDNeY5GMdNOnhkuheA0FSt6MNaehL3nDH15P/MYT10ZE6h5HMe+EtK9EIBhFKzVvH9LycHzpdQtFt+ROQRaJl5EiZKh2C1/tXsSSkCtkkhrT8twYOynVKJjk43w7MTymbEj7vGWpoiE3nXR675gcW6VHgkjbUkim6u+JlIbGjELfdoYUB2bem4j/ea0Eg4tOKlScIFdstihIJMGITJ4nPaE5QzmyhDIt7K2EDaimDG1EeRuCN//yIqmXS95Zyb07LVausjhycAhHcAIenEMFbqAKNWAg4Rle4c15dF6cd+dj1rrkZDMH8AfO5w9LSI97</latexit>

K2k = 1

<latexit sha1_base64="u9krjd/qaGoPCZqueWdIpFkkGYI="></latexit>

uq(sl2) = Uq(sl2)/(K
2k � 1 = Ek = F k = 0)small qu. group

<latexit sha1_base64="fxGb8nbvWy67HwsN1kaQeCXvBWI=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUGIoGEmiHoRgrl4jGAWyAxDT6cnadKz2F0jhiE/4cVf8eJBEa+CN//GznLQ6IOCx3tVVNXzE8EVWNaXkVtYXFpeya8W1tY3NrfM7Z2milNJWYPGIpZtnygmeMQawEGwdiIZCX3BWv6gNvZbd0wqHkc3MEyYG5JexANOCWjJM4+ckECfEoFrnn2RereliRBIMsiUGHmVQwfYPWTHYdwdeWbRKlsT4L/EnpEimqHumZ9ON6ZpyCKggijVsa0E3IxI4FSwUcFJFUsIHZAe62gakZApN5t8NcIHWuniIJa6IsAT9edERkKlhqGvO8cnq3lvLP7ndVIIzt2MR0kKLKLTRUEqMMR4HBHucskoiKEmhEqub8W0TyShoIMs6BDs+Zf/kmalbJ+WreuTYvVyFkce7aF9VEI2OkNVdIXqqIEoekBP6AW9Go/Gs/FmvE9bc8ZsZhf9gvHxDWP+nvw=</latexit>

C1 = uq(sl2)-mod

<latexit sha1_base64="EZIbwMVJK1PZJoPUG0G2dE5s/bA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9UPHntK9MsVv+rPgVZJkJMK5Gj0y1+9QUJSQaUlHBvTDXxlwwxrywin01IvNVRhMsZD2nVUYkFNmM3PnaIzpwxQnGhX0qK5+nsiw8KYiYhcp8B2ZJa9mfif101tfB1mTKrUUkkWi+KUI5ug2e9owDQllk8cwUQzdysiI6wxsS6hkgshWH55lbQuqkGt6t9fVuo3eRxFOIFTOIcArqAOd9CAJhAYwzO8wpunvBfv3ftYtBa8fOYY/sD7/AHcCo9C</latexit>

V ±
1

<latexit sha1_base64="yhAVrZFeWEhuc872ozkg9yneWG8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9WvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPdko9D</latexit>

V ±
2

<latexit sha1_base64="jwkSMkAXJjogWJJKIdsCitLxdKo=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7qNHvZ6CyYPHYT0StX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPbD5D6</latexit>

V ±
k�1

<latexit sha1_base64="hAtDSmYoqXZifYlWEfidat+Py3w=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6rHoxWMF+wHtWrJptg2bZEOSFcrSH+HFgyJe/T3e/Dem7R609cHA470ZZuZFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7ETaUM0mblllOO0pTLCJO21FyO/XbT1QblsoHO1Y0FHgoWcwItk5qt/rJY0+JfqXq1/wZ0DIJClKFAo1+5as3SEkmqLSEY2O6ga9smGNtGeF0Uu5lhipMEjykXUclFtSE+ezcCTp1ygDFqXYlLZqpvydyLIwZi8h1CmxHZtGbiv953czG12HOpMoslWS+KM44sima/o4GTFNi+dgRTDRztyIywhoT6xIquxCCxZeXSeu8FlzW/PuLav2miKMEx3ACZxDAFdThDhrQBAIJPMMrvHnKe/HevY9564pXzBzBH3ifPzTpj3w=</latexit>

V ±
k

<latexit sha1_base64="Aevejvqx9LB2sFVL/oB3ZvPJ6y8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4r2A9o15JNs21okg1JVihLf4QXD4p49fd489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aJkk1oQ2S8ES3I2woZ5I2LLOctpWmWESctqLR7dRvPVFtWCIf7FjRUOCBZDEj2Dqp1eydP3aV6JUrftWfAS2TICcVyFHvlb+6/YSkgkpLODamE/jKhhnWlhFOJ6VuaqjCZIQHtOOoxIKaMJudO0EnTumjONGupEUz9fdEhoUxYxG5ToHt0Cx6U/E/r5Pa+DrMmFSppZLMF8UpRzZB099Rn2lKLB87golm7lZEhlhjYl1CJRdCsPjyMmmeVYPLqn9/Uand5HEU4QiO4RQCuIIa3EEdGkBgBM/wCm+e8l68d+9j3lrw8plD+APv8wffGo9E</latexit>

V ±
3

<latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit>

···

<latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit>

···

<latexit sha1_base64="DYdijkkskp48e1G6E91zk0VeGJ8=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukoJdK7PerNa/uzYFXiV+QGhRo9qtfvUFCM8mUpYIY0/W91IY50ZZTwaaVXmZYSuiYDFnXUUUkM2E+P3aKz5wywHGiXSmL5+rviZxIYyYycp2S2JFZ9mbif143s/FNmHOVZpYpulgUZwLbBM8+xwOuGbVi4gihmrtbMR0RTah1+VRcCP7yy6ukdVH3r+rew2WtcVvEUYYTOIVz8OEaGnAPTQiAAodneIU3pNALekcfi9YSKmaO4Q/Q5w8eqo47</latexit>±1

<latexit sha1_base64="/LHoq1ZpNdp/nqs1YeCwNxI5fac=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4ruLXQLiWbZtvQJBuTrFCW/gYvHhTx6g/y5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h+0TJppQkOS8lS3Y2woZ5KGlllO20pTLGJOH+LRzdR/eKLasFTe27GikcADyRJGsHVS2FUCPfaqNb/uz4CWSVCQGhRo9qpf3X5KMkGlJRwb0wl8ZaMca8sIp5NKNzNUYTLCA9pxVGJBTZTPjp2gE6f0UZJqV9Kimfp7IsfCmLGIXafAdmgWvan4n9fJbHIV5UyqzFJJ5ouSjCObounnqM80JZaPHcFEM3crIkOsMbEun4oLIVh8eZm0zurBRd2/O681ros4ynAEx3AKAVxCA26hCSEQYPAMr/DmSe/Fe/c+5q0lr5g5hD/wPn8Af6qOew==</latexit>±q
<latexit sha1_base64="sQCsbnuqDzTYxJ3GODY6azf93eU=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXRD0WvXisYD+wXUs2zbahSXZNskJZ9l948aCIV/+NN/+NabsHbX0w8Hhvhpl5QcyZNq777RSWlldW14rrpY3Nre2d8u5eU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdD3xW09UaRbJOzOOqS/wQLKQEWysdN+NBXp8SE+8rFeuuFV3CrRIvJxUIEe9V/7q9iOSCCoN4VjrjufGxk+xMoxwmpW6iaYxJiM8oB1LJRZU++n04gwdWaWPwkjZkgZN1d8TKRZaj0VgOwU2Qz3vTcT/vE5iwks/ZTJODJVktihMODIRmryP+kxRYvjYEkwUs7ciMsQKE2NDKtkQvPmXF0nztOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AACEp7hFd4c7bw4787HrLXg5DP78AfO5w/ZvZBh</latexit>

±q�1

<latexit sha1_base64="1e5nE0HaQoLkjTLr/HdZXVSdeWs=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbRD0WvXisYD+kXUs2zbahSXZNskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8MOFMG8/7dgorq2vrG8XN0tb2zu6eu3/Q1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXU/91hNVmsXyzowTGgg8kCxiBBsr3XcTgR4fsuqk55a9ijcDWiZ+TsqQo95zv7r9mKSCSkM41rrje4kJMqwMI5xOSt1U0wSTER7QjqUSC6qDbHbwBJ1YpY+iWNmSBs3U3xMZFlqPRWg7BTZDvehNxf+8TmqiyyBjMkkNlWS+KEo5MjGafo/6TFFi+NgSTBSztyIyxAoTYzMq2RD8xZeXSbNa8c8r3u1ZuXaVx1GEIziGU/DhAmpwA3VoAAEBz/AKb45yXpx352PeWnDymUP4A+fzB28dkCs=</latexit>

±q2

<latexit sha1_base64="2D6qjYUlvtMZBS6lg0LRRSRxQB8=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBi2W3FPVY9OKxgv3Adi3ZNNuGJtk1yQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Hrqt56o0iySd2YcU1/ggWQhI9hY6b4bC/T4kJ5VJr1iyS27M6Bl4mWkBBnqveJXtx+RRFBpCMdadzw3Nn6KlWGE00mhm2gaYzLCA9qxVGJBtZ/OLp6gE6v0URgpW9Kgmfp7IsVC67EIbKfAZqgXvan4n9dJTHjpp0zGiaGSzBeFCUcmQtP3UZ8pSgwfW4KJYvZWRIZYYWJsSAUbgrf48jJpVsreedm9rZZqV1kceTiCYzgFDy6gBjdQhwYQkPAMr/DmaOfFeXc+5q05J5s5hD9wPn8A20KQYg==</latexit>

±q�2

<latexit sha1_base64="QI/xjR32wUH42z2Dn/eAN/5stLc=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBC8GHZF1GPQi8cI5gHJGmYns8mQeawzvUJY8hlePCji1a/x5t84SfagiQUNRVU33V1RIrgF3//2lpZXVtfWCxvFza3tnd3S3n7D6tRQVqdaaNOKiGWCK1YHDoK1EsOIjARrRsObid98YsZyre5hlLBQkr7iMacEnNTuJBI/PmTD02DcLZX9ij8FXiRBTsooR61b+ur0NE0lU0AFsbYd+AmEGTHAqWDjYie1LCF0SPqs7agiktkwm548xsdO6eFYG1cK8FT9PZERae1IRq5TEhjYeW8i/ue1U4ivwoyrJAWm6GxRnAoMGk/+xz1uGAUxcoRQw92tmA6IIRRcSkUXQjD/8iJpnFWCi4p/d16uXudxFNAhOkInKECXqIpuUQ3VEUUaPaNX9OaB9+K9ex+z1iUvnzlAf+B9/gCk0pDW</latexit>

±qk�1

<latexit sha1_base64="zltOP9ZU8x2y78lhhRiXuIsp0lw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBEMuuiHosevFYwX5Ady3ZNNuGJrsxyQpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzQsmZNq777RSWlldW14rrpY3Nre2d8u5eUyepIrRBEp6odog15SymDcMMp22pKBYhp61weDPxW09UaZbE92YkaSBwP2YRI9hYyfelQI8P2enwxBt3yxW36k6BFomXkwrkqHfLX34vIamgsSEca93xXGmCDCvDCKfjkp9qKjEZ4j7tWBpjQXWQTW8eoyOr9FCUKFuxQVP190SGhdYjEdpOgc1Az3sT8T+vk5roKshYLFNDYzJbFKUcmQRNAkA9pigxfGQJJorZWxEZYIWJsTGVbAje/MuLpHlW9S6q7t15pXadx1GEAziEY/DgEmpwC3VoAAEJz/AKb07qvDjvzsesteDkM/vwB87nDw5YkQs=</latexit>

±q�k+1

<latexit sha1_base64="l6tes74CpPM+XAxY4M73GZLzLrU=">AAAB83icbVBNSwMxEJ31s9avqkcvwSIIYtktoh6LXjxWsB/QXUs2zbah2WxMskJZ+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8UHKmjet+O0vLK6tr64WN4ubW9s5uaW+/qZNUEdogCU9UO8SaciZowzDDaVsqiuOQ01Y4vJn4rSeqNEvEvRlJGsS4L1jECDZW8n0Zo8eH7Gx4Wh13S2W34k6BFomXkzLkqHdLX34vIWlMhSEca93xXGmCDCvDCKfjop9qKjEZ4j7tWCpwTHWQTW8eo2Or9FCUKFvCoKn6eyLDsdajOLSdMTYDPe9NxP+8TmqiqyBjQqaGCjJbFKUcmQRNAkA9pigxfGQJJorZWxEZYIWJsTEVbQje/MuLpFmteBcV9+68XLvO4yjAIRzBCXhwCTW4hTo0gICEZ3iFNyd1Xpx352PWuuTkMwfwB87nDw/dkQw=</latexit>

±q�k+2

<latexit sha1_base64="YKPzhZjvoK2SzqXV5kwtuAlI/0Q=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgxbJbRD0WvXisYD9gu5Zsmm1Dk+yazApl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5By8SppqxJYxHrTkgME1yxJnAQrJNoRmQoWDsc3Uz99hPThsfqHsYJCyQZKB5xSsBKfjeR+PEhG53VJr1yxa26M+Bl4uWkgnI0euWvbj+mqWQKqCDG+J6bQJARDZwKNil1U8MSQkdkwHxLFZHMBNns5Ak+sUofR7G2pQDP1N8TGZHGjGVoOyWBoVn0puJ/np9CdBVkXCUpMEXni6JUYIjx9H/c55pREGNLCNXc3orpkGhCwaZUsiF4iy8vk1at6l1U3bvzSv06j6OIjtAxOkUeukR1dIsaqIkoitEzekVvDjgvzrvzMW8tOPnMIfoD5/MHpleQ1w==</latexit>

±qk�2
<latexit sha1_base64="FMEmKG0giMrLFqPOf+l/0EZMDVs=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgxbKroh6LXjxWsB+wXUs2zbahSXZNZoWy9Gd48aCIV3+NN/+NabsHbX0w8Hhvhpl5YSK4Adf9dgpLyyura8X10sbm1vZOeXevaeJUU9agsYh1OySGCa5YAzgI1k40IzIUrBUObyZ+64lpw2N1D6OEBZL0FY84JWAlv5NI/PiQDU/Oxt1yxa26U+BF4uWkgnLUu+WvTi+mqWQKqCDG+J6bQJARDZwKNi51UsMSQoekz3xLFZHMBNn05DE+skoPR7G2pQBP1d8TGZHGjGRoOyWBgZn3JuJ/np9CdBVkXCUpMEVni6JUYIjx5H/c45pRECNLCNXc3orpgGhCwaZUsiF48y8vkuZp1buounfnldp1HkcRHaBDdIw8dIlq6BbVUQNRFKNn9IreHHBenHfnY9ZacPKZffQHzucPp9yQ2A==</latexit>

±qk�3
<latexit sha1_base64="0pRE8Yrb/GjVm3PINxxEzPg7c14=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgxbIrRT0WvXisYD9gu5Zsmm1Ds8mazApl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5By6hUU9akSijdCYlhgkvWBA6CdRLNSBwK1g5HN1O//cS04UrewzhhQUwGkkecErCS301i/PiQjc5qk1654lbdGfAy8XJSQTkavfJXt69oGjMJVBBjfM9NIMiIBk4Fm5S6qWEJoSMyYL6lksTMBNns5Ak+sUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eX4K0VWQcZmkwCSdL4pSgUHh6f+4zzWjIMaWEKq5vRXTIdGEgk2pZEPwFl9eJq3zqndRde9qlfp1HkcRHaFjdIo8dInq6BY1UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHqWGQ2Q==</latexit>

±qk�4

<latexit sha1_base64="DYdijkkskp48e1G6E91zk0VeGJ8=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukoJdK7PerNa/uzYFXiV+QGhRo9qtfvUFCM8mUpYIY0/W91IY50ZZTwaaVXmZYSuiYDFnXUUUkM2E+P3aKz5wywHGiXSmL5+rviZxIYyYycp2S2JFZ9mbif143s/FNmHOVZpYpulgUZwLbBM8+xwOuGbVi4gihmrtbMR0RTah1+VRcCP7yy6ukdVH3r+rew2WtcVvEUYYTOIVz8OEaGnAPTQiAAodneIU3pNALekcfi9YSKmaO4Q/Q5w8eqo47</latexit>±1 <latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit>· · ·

<latexit sha1_base64="bdZ6UuzfjfryvsaYbBKw0vMxdF4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9EPHntK9MsVv+rPgVZJkJMK5Gj0y1+9QUJSQaUlHBvTDXxlwwxrywin01IvNVRhMsZD2nVUYkFNmM3PnaIzpwxQnGhX0qK5+nsiw8KYiYhcp8B2ZJa9mfif101tfB1mTKrUUkkWi+KUI5ug2e9owDQllk8cwUQzdysiI6wxsS6hkgshWH55lbQuqkGt6t9fVuo3eRxFOIFTOIcArqAOd9CAJhAYwzO8wpunvBfv3ftYtBa8fOYY/sD7/AHSzo88</latexit>

P±
1

<latexit sha1_base64="yWgbETgH6577YEDYIZgvpNMvUZM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9GvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPUVo89</latexit>

P±
2

<latexit sha1_base64="XR09I7XnqtMm8Zhoom0ubJLLCg4=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7qNHvZ6CyYPHZF0itX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPbDJD6</latexit>

V ⌥
k�1

<latexit sha1_base64="01XUWokfPpy0hWway2jELWPe1Rw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNjk5lZrulsl/xZyDLJMhJGXLUuqWvTk+zLOEKmaTWtgM/xXBMDQom+aTYySxPKRvSPm87qmjCbTieXTshp07pkVgbVwrJTP09MaaJtaMkcp0JxYFd9Kbif147w/g6HAuVZsgVmy+KM0lQk+nrpCcMZyhHjlBmhLuVsAE1lKELqOhCCBZfXiaN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyB9/kD0aSPSg==</latexit>�

<latexit sha1_base64="EZIbwMVJK1PZJoPUG0G2dE5s/bA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9UPHntK9MsVv+rPgVZJkJMK5Gj0y1+9QUJSQaUlHBvTDXxlwwxrywin01IvNVRhMsZD2nVUYkFNmM3PnaIzpwxQnGhX0qK5+nsiw8KYiYhcp8B2ZJa9mfif101tfB1mTKrUUkkWi+KUI5ug2e9owDQllk8cwUQzdysiI6wxsS6hkgshWH55lbQuqkGt6t9fVuo3eRxFOIFTOIcArqAOd9CAJhAYwzO8wpunvBfv3ftYtBa8fOYY/sD7/AHcCo9C</latexit>

V ±
1

<latexit sha1_base64="XR09I7XnqtMm8Zhoom0ubJLLCg4=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7qNHvZ6CyYPHZF0itX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPbDJD6</latexit>

V ⌥
k�1

<latexit sha1_base64="EZIbwMVJK1PZJoPUG0G2dE5s/bA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9UPHntK9MsVv+rPgVZJkJMK5Gj0y1+9QUJSQaUlHBvTDXxlwwxrywin01IvNVRhMsZD2nVUYkFNmM3PnaIzpwxQnGhX0qK5+nsiw8KYiYhcp8B2ZJa9mfif101tfB1mTKrUUkkWi+KUI5ug2e9owDQllk8cwUQzdysiI6wxsS6hkgshWH55lbQuqkGt6t9fVuo3eRxFOIFTOIcArqAOd9CAJhAYwzO8wpunvBfv3ftYtBa8fOYY/sD7/AHcCo9C</latexit>

V ±
1

<latexit sha1_base64="01XUWokfPpy0hWway2jELWPe1Rw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNjk5lZrulsl/xZyDLJMhJGXLUuqWvTk+zLOEKmaTWtgM/xXBMDQom+aTYySxPKRvSPm87qmjCbTieXTshp07pkVgbVwrJTP09MaaJtaMkcp0JxYFd9Kbif147w/g6HAuVZsgVmy+KM0lQk+nrpCcMZyhHjlBmhLuVsAE1lKELqOhCCBZfXiaN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyB9/kD0aSPSg==</latexit>�

<latexit sha1_base64="yhAVrZFeWEhuc872ozkg9yneWG8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9WvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPdko9D</latexit>

V ±
2

<latexit sha1_base64="yhAVrZFeWEhuc872ozkg9yneWG8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9WvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPdko9D</latexit>

V ±
2

<latexit sha1_base64="GnymiWPtWIWJimqPsQDaZSetRz8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBC8GHaDqMegF48RzAOSNcxOZpMh81hmZoWw5DO8eFDEq1/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfqtJ6oNU/LBjhMaCjyQLGYEWyd1mr1sdF6dPHZF0iuV/Yo/A1omQU7KkKPeK311+4qkgkpLODamE/iJDTOsLSOcTord1NAEkxEe0I6jEgtqwmx28gSdOqWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUii6EYPHlZdKsVoLLin9/Ua7d5HEU4BhO4AwCuIIa3EEdGkBAwTO8wptnvRfv3fuYt654+cwR/IH3+QPclZD7</latexit>

V ⌥
k�2

<latexit sha1_base64="GnymiWPtWIWJimqPsQDaZSetRz8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBC8GHaDqMegF48RzAOSNcxOZpMh81hmZoWw5DO8eFDEq1/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfqtJ6oNU/LBjhMaCjyQLGYEWyd1mr1sdF6dPHZF0iuV/Yo/A1omQU7KkKPeK311+4qkgkpLODamE/iJDTOsLSOcTord1NAEkxEe0I6jEgtqwmx28gSdOqWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUii6EYPHlZdKsVoLLin9/Ua7d5HEU4BhO4AwCuIIa3EEdGkBAwTO8wptnvRfv3fuYt654+cwR/IH3+QPclZD7</latexit>

V ⌥
k�2

<latexit sha1_base64="01XUWokfPpy0hWway2jELWPe1Rw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNjk5lZrulsl/xZyDLJMhJGXLUuqWvTk+zLOEKmaTWtgM/xXBMDQom+aTYySxPKRvSPm87qmjCbTieXTshp07pkVgbVwrJTP09MaaJtaMkcp0JxYFd9Kbif147w/g6HAuVZsgVmy+KM0lQk+nrpCcMZyhHjlBmhLuVsAE1lKELqOhCCBZfXiaN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyB9/kD0aSPSg==</latexit>�
<latexit sha1_base64="/EsIk+XKWvd4jBVuEw9/24WkpTU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzEOSNcxOZpMh81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZMemr0smDx2RdIrV/yqPwNaJkFOKpCj3it/dfuKpIJKSzg2phP4iQ0zrC0jnE5K3dTQBJMRHtCOoxILasJsdvAEnTilj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jEouhGDx5WXSPKsGF1X/7rxSu87jKMIRHMMpBHAJNbiFOjSAgIBneIU3T3sv3rv3MW8tePnMIfyB9/kDpFiQTg==</latexit>

V ⌥
1

<latexit sha1_base64="/EsIk+XKWvd4jBVuEw9/24WkpTU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzEOSNcxOZpMh81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZMemr0smDx2RdIrV/yqPwNaJkFOKpCj3it/dfuKpIJKSzg2phP4iQ0zrC0jnE5K3dTQBJMRHtCOoxILasJsdvAEnTilj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jEouhGDx5WXSPKsGF1X/7rxSu87jKMIRHMMpBHAJNbiFOjSAgIBneIU3T3sv3rv3MW8tePnMIfyB9/kDpFiQTg==</latexit>

V ⌥
1

<latexit sha1_base64="jwkSMkAXJjogWJJKIdsCitLxdKo=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7qNHvZ6CyYPHYT0StX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPbD5D6</latexit>

V ±
k�1

<latexit sha1_base64="jwkSMkAXJjogWJJKIdsCitLxdKo=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7qNHvZ6CyYPHYT0StX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPbD5D6</latexit>

V ±
k�1

<latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit>· · ·

<latexit sha1_base64="1wwSu8lDwYhr+1C9fx/bq4bd8go=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7q1HvZ6CyYPHYT0StX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPRu5D0</latexit>

P±
k�1

<latexit sha1_base64="i/6zNM8aDSTsxXT9pjOtiXh4H7M=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMiLoRim5cVrAPaMchk6ZtaJIZkoxQh36JGxeKuPVT3Pk3pu0stPXA5R7OuZfcnCjhTBvP+3YKK6tr6xvFzdLW9s5u2d3bb+o4VYQ2SMxj1Y6wppxJ2jDMcNpOFMUi4rQVjW6mfuuRKs1ieW/GCQ0EHkjWZwQbK4VuuR6OHrqJuGrOe+hWvKo3A1omfk4qkKMeul/dXkxSQaUhHGvd8b3EBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7fIKOrdJD/VjZkgbN1N8bGRZaj0VkJwU2Q73oTcX/vE5q+pdBxmSSGirJ/KF+ypGJ0TQF1GOKEsPHlmCimL0VkSFWmBibVcmG4C9+eZk0T6v+edW7O6vUrvM4inAIR3ACPlxADW6hDg0gkMIzvMKb8+S8OO/Ox3y04OQ7B/AHzucPZESS6w==</latexit>

P±
k = V ±

k
<latexit sha1_base64="01XUWokfPpy0hWway2jELWPe1Rw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNjk5lZrulsl/xZyDLJMhJGXLUuqWvTk+zLOEKmaTWtgM/xXBMDQom+aTYySxPKRvSPm87qmjCbTieXTshp07pkVgbVwrJTP09MaaJtaMkcp0JxYFd9Kbif147w/g6HAuVZsgVmy+KM0lQk+nrpCcMZyhHjlBmhLuVsAE1lKELqOhCCBZfXiaN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyB9/kD0aSPSg==</latexit>�

<latexit sha1_base64="yhAVrZFeWEhuc872ozkg9yneWG8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9WvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPdko9D</latexit>

V ±
2

<latexit sha1_base64="yhAVrZFeWEhuc872ozkg9yneWG8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9WvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPdko9D</latexit>

V ±
2

<latexit sha1_base64="Ns9mjHZb9x0xYQIm468NRDJbIGo=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBC8GHZV1GPQi8cI5gGbNcxOJsmQeSwzvUJY8hlePCji1a/x5t84SfagiQUNRVU33V1xIrgF3//2lpZXVtfWCxvFza3tnd3S3n7D6tRQVqdaaNOKiWWCK1YHDoK1EsOIjAVrxsPbid98YsZyrR5glLBIkr7iPU4JOClsdLLh6fn4sS2TTqnsV/wp8CIJclJGOWqd0le7q2kqmQIqiLVh4CcQZcQAp4KNi+3UsoTQIemz0FFFJLNRNj15jI+d0sU9bVwpwFP190RGpLUjGbtOSWBg572J+J8XptC7jjKukhSYorNFvVRg0HjyP+5ywyiIkSOEGu5uxXRADKHgUiq6EIL5lxdJ46wSXFb8+4ty9SaPo4AO0RE6QQG6QlV0h2qojijS6Bm9ojcPvBfv3fuYtS55+cwB+gPv8wfeHpD8</latexit>

V ⌥
k�3

<latexit sha1_base64="Ns9mjHZb9x0xYQIm468NRDJbIGo=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBC8GHZV1GPQi8cI5gGbNcxOJsmQeSwzvUJY8hlePCji1a/x5t84SfagiQUNRVU33V1xIrgF3//2lpZXVtfWCxvFza3tnd3S3n7D6tRQVqdaaNOKiWWCK1YHDoK1EsOIjAVrxsPbid98YsZyrR5glLBIkr7iPU4JOClsdLLh6fn4sS2TTqnsV/wp8CIJclJGOWqd0le7q2kqmQIqiLVh4CcQZcQAp4KNi+3UsoTQIemz0FFFJLNRNj15jI+d0sU9bVwpwFP190RGpLUjGbtOSWBg572J+J8XptC7jjKukhSYorNFvVRg0HjyP+5ywyiIkSOEGu5uxXRADKHgUiq6EIL5lxdJ46wSXFb8+4ty9SaPo4AO0RE6QQG6QlV0h2qojijS6Bm9ojcPvBfv3fuYtS55+cwB+gPv8wfeHpD8</latexit>

V ⌥
k�3

<latexit sha1_base64="tqsN3wqaTOkt6DJIpTVoPzjf5IQ=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4r2A9o15JNs21okg1JVihLf4QXD4p49fd489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aJkk1oQ2S8ES3I2woZ5I2LLOctpWmWESctqLR7dRvPVFtWCIf7FjRUOCBZDEj2DqpVe+dP3aV6JUrftWfAS2TICcVyFHvlb+6/YSkgkpLODamE/jKhhnWlhFOJ6VuaqjCZIQHtOOoxIKaMJudO0EnTumjONGupEUz9fdEhoUxYxG5ToHt0Cx6U/E/r5Pa+DrMmFSppZLMF8UpRzZB099Rn2lKLB87golm7lZEhlhjYl1CJRdCsPjyMmmeVYPLqn9/Uand5HEU4QiO4RQCuIIa3EEdGkBgBM/wCm+e8l68d+9j3lrw8plD+APv8wfV3o8+</latexit>

P±
3

2k simple objects

2k indecomposable projectives

RT semisimplification/WZW<latexit sha1_base64="vxRBTispfmjg53itkGDCS3NIniU=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQzJqp+6KblxWsA9oh5LJZNrQzGRMMkIp/Qk3LhRx6++4829MH4KKHrhwOOde7r0nzATXBqEPZ2l5ZXVtvbBR3Nza3tkt7e03tcwVZQ0qhVTtkGgmeMoahhvB2pliJAkFa4XDq6nfumdKc5nemlHGgoT0Ux5zSoyV2l3BSKSN7JXKyK36Pr5AELmnnod9zxLkVTA+h9hFM5TBAvVe6b0bSZonLDVUEK07GGUmGBNlOBVsUuzmmmWEDkmfdSxNScJ0MJ7dO4HHVolgLJWt1MCZ+n1iTBKtR0loOxNiBvq3NxX/8jq5iavBmKdZblhK54viXEAj4fR5GHHFqBEjSwhV3N4K6YAoQo2NqGhD+PoU/k+anosrLro5K9cuF3EUwCE4AicAAx/UwDWogwagQIAH8ASenTvn0XlxXuetS85i5gD8gPP2CZYukFc=</latexit> 



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)

is NOT semisimple

Trivial holonomy:
<latexit sha1_base64="TgGzKx7u30U4LrwB8zTUXmVIAoA=">AAACD3icbVBNS8NAEN34WetX1KOXYLF4KomIehGKXjxWsB/QhLLZTNKlm03Y3Ygl9B948a948aCIV6/e/Ddu2yDa+mDg8d4MM/P8lFGpbPvLWFhcWl5ZLa2V1zc2t7bNnd2WTDJBoEkSloiOjyUwyqGpqGLQSQXg2GfQ9gdXY799B0LShN+qYQpejCNOQ0qw0lLPrEYXrg8R5XkaYyXo/cip2q5rVx0XePAj9syKXbMnsOaJU5AKKtDomZ9ukJAsBq4Iw1J2HTtVXo6FooTBqOxmElJMBjiCrqYcxyC9fPLPyDrUSmCFidDFlTVRf0/kOJZyGPu6U9/Xl7PeWPzP62YqPPdyytNMASfTRWHGLJVY43CsgAogig01wURQfatF+lhgonSEZR2CM/vyPGkd15zTmn1zUqlfFnGU0D46QEfIQWeojq5RAzURQQ/oCb2gV+PReDbejPdp64JRzOyhPzA+vgHLSZyE</latexit>

g =

✓
1 0
0 1

◆
<latexit sha1_base64="CWeyNlFhaMIAlg8ZsH1PaL7QFiA=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6kUIehG8RDAPSGKYncwmQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuLj+WwqDrfjtLyyura+u5jfzm1vbObmFvv26iRDNeY5GMdNOnhkuheA0FSt6MNaehL3nDH15P/MYT10ZE6h5HMe+EtK9EIBhFKzVvH9LycHzpdQtFt+ROQRaJl5EiZKh2C1/tXsSSkCtkkhrT8twYOynVKJjk43w7MTymbEj7vGWpoiE3nXR675gcW6VHgkjbUkim6u+JlIbGjELfdoYUB2bem4j/ea0Eg4tOKlScIFdstihIJMGITJ4nPaE5QzmyhDIt7K2EDaimDG1EeRuCN//yIqmXS95Zyb07LVausjhycAhHcAIenEMFbqAKNWAg4Rle4c15dF6cd+dj1rrkZDMH8AfO5w9LSI97</latexit>

K2k = 1

<latexit sha1_base64="u9krjd/qaGoPCZqueWdIpFkkGYI="></latexit>

uq(sl2) = Uq(sl2)/(K
2k � 1 = Ek = F k = 0)small qu. group

<latexit sha1_base64="fxGb8nbvWy67HwsN1kaQeCXvBWI=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUGIoGEmiHoRgrl4jGAWyAxDT6cnadKz2F0jhiE/4cVf8eJBEa+CN//GznLQ6IOCx3tVVNXzE8EVWNaXkVtYXFpeya8W1tY3NrfM7Z2milNJWYPGIpZtnygmeMQawEGwdiIZCX3BWv6gNvZbd0wqHkc3MEyYG5JexANOCWjJM4+ckECfEoFrnn2RereliRBIMsiUGHmVQwfYPWTHYdwdeWbRKlsT4L/EnpEimqHumZ9ON6ZpyCKggijVsa0E3IxI4FSwUcFJFUsIHZAe62gakZApN5t8NcIHWuniIJa6IsAT9edERkKlhqGvO8cnq3lvLP7ndVIIzt2MR0kKLKLTRUEqMMR4HBHucskoiKEmhEqub8W0TyShoIMs6BDs+Zf/kmalbJ+WreuTYvVyFkce7aF9VEI2OkNVdIXqqIEoekBP6AW9Go/Gs/FmvE9bc8ZsZhf9gvHxDWP+nvw=</latexit>

C1 = uq(sl2)-mod

<latexit sha1_base64="EZIbwMVJK1PZJoPUG0G2dE5s/bA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9UPHntK9MsVv+rPgVZJkJMK5Gj0y1+9QUJSQaUlHBvTDXxlwwxrywin01IvNVRhMsZD2nVUYkFNmM3PnaIzpwxQnGhX0qK5+nsiw8KYiYhcp8B2ZJa9mfif101tfB1mTKrUUkkWi+KUI5ug2e9owDQllk8cwUQzdysiI6wxsS6hkgshWH55lbQuqkGt6t9fVuo3eRxFOIFTOIcArqAOd9CAJhAYwzO8wpunvBfv3ftYtBa8fOYY/sD7/AHcCo9C</latexit>

V ±
1

<latexit sha1_base64="yhAVrZFeWEhuc872ozkg9yneWG8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9WvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPdko9D</latexit>

V ±
2

<latexit sha1_base64="jwkSMkAXJjogWJJKIdsCitLxdKo=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7qNHvZ6CyYPHYT0StX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPbD5D6</latexit>

V ±
k�1

<latexit sha1_base64="hAtDSmYoqXZifYlWEfidat+Py3w=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6rHoxWMF+wHtWrJptg2bZEOSFcrSH+HFgyJe/T3e/Dem7R609cHA470ZZuZFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7ETaUM0mblllOO0pTLCJO21FyO/XbT1QblsoHO1Y0FHgoWcwItk5qt/rJY0+JfqXq1/wZ0DIJClKFAo1+5as3SEkmqLSEY2O6ga9smGNtGeF0Uu5lhipMEjykXUclFtSE+ezcCTp1ygDFqXYlLZqpvydyLIwZi8h1CmxHZtGbiv953czG12HOpMoslWS+KM44sima/o4GTFNi+dgRTDRztyIywhoT6xIquxCCxZeXSeu8FlzW/PuLav2miKMEx3ACZxDAFdThDhrQBAIJPMMrvHnKe/HevY9564pXzBzBH3ifPzTpj3w=</latexit>

V ±
k

<latexit sha1_base64="Aevejvqx9LB2sFVL/oB3ZvPJ6y8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4r2A9o15JNs21okg1JVihLf4QXD4p49fd489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aJkk1oQ2S8ES3I2woZ5I2LLOctpWmWESctqLR7dRvPVFtWCIf7FjRUOCBZDEj2Dqp1eydP3aV6JUrftWfAS2TICcVyFHvlb+6/YSkgkpLODamE/jKhhnWlhFOJ6VuaqjCZIQHtOOoxIKaMJudO0EnTumjONGupEUz9fdEhoUxYxG5ToHt0Cx6U/E/r5Pa+DrMmFSppZLMF8UpRzZB099Rn2lKLB87golm7lZEhlhjYl1CJRdCsPjyMmmeVYPLqn9/Uand5HEU4QiO4RQCuIIa3EEdGkBgBM/wCm+e8l68d+9j3lrw8plD+APv8wffGo9E</latexit>

V ±
3

<latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit>

···

<latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit>

···

<latexit sha1_base64="DYdijkkskp48e1G6E91zk0VeGJ8=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukoJdK7PerNa/uzYFXiV+QGhRo9qtfvUFCM8mUpYIY0/W91IY50ZZTwaaVXmZYSuiYDFnXUUUkM2E+P3aKz5wywHGiXSmL5+rviZxIYyYycp2S2JFZ9mbif143s/FNmHOVZpYpulgUZwLbBM8+xwOuGbVi4gihmrtbMR0RTah1+VRcCP7yy6ukdVH3r+rew2WtcVvEUYYTOIVz8OEaGnAPTQiAAodneIU3pNALekcfi9YSKmaO4Q/Q5w8eqo47</latexit>±1

<latexit sha1_base64="/LHoq1ZpNdp/nqs1YeCwNxI5fac=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4ruLXQLiWbZtvQJBuTrFCW/gYvHhTx6g/y5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h+0TJppQkOS8lS3Y2woZ5KGlllO20pTLGJOH+LRzdR/eKLasFTe27GikcADyRJGsHVS2FUCPfaqNb/uz4CWSVCQGhRo9qpf3X5KMkGlJRwb0wl8ZaMca8sIp5NKNzNUYTLCA9pxVGJBTZTPjp2gE6f0UZJqV9Kimfp7IsfCmLGIXafAdmgWvan4n9fJbHIV5UyqzFJJ5ouSjCObounnqM80JZaPHcFEM3crIkOsMbEun4oLIVh8eZm0zurBRd2/O681ros4ynAEx3AKAVxCA26hCSEQYPAMr/DmSe/Fe/c+5q0lr5g5hD/wPn8Af6qOew==</latexit>±q
<latexit sha1_base64="sQCsbnuqDzTYxJ3GODY6azf93eU=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXRD0WvXisYD+wXUs2zbahSXZNskJZ9l948aCIV/+NN/+NabsHbX0w8Hhvhpl5QcyZNq777RSWlldW14rrpY3Nre2d8u5eU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdD3xW09UaRbJOzOOqS/wQLKQEWysdN+NBXp8SE+8rFeuuFV3CrRIvJxUIEe9V/7q9iOSCCoN4VjrjufGxk+xMoxwmpW6iaYxJiM8oB1LJRZU++n04gwdWaWPwkjZkgZN1d8TKRZaj0VgOwU2Qz3vTcT/vE5iwks/ZTJODJVktihMODIRmryP+kxRYvjYEkwUs7ciMsQKE2NDKtkQvPmXF0nztOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AACEp7hFd4c7bw4787HrLXg5DP78AfO5w/ZvZBh</latexit>

±q�1

<latexit sha1_base64="1e5nE0HaQoLkjTLr/HdZXVSdeWs=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbRD0WvXisYD+kXUs2zbahSXZNskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8MOFMG8/7dgorq2vrG8XN0tb2zu6eu3/Q1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXU/91hNVmsXyzowTGgg8kCxiBBsr3XcTgR4fsuqk55a9ijcDWiZ+TsqQo95zv7r9mKSCSkM41rrje4kJMqwMI5xOSt1U0wSTER7QjqUSC6qDbHbwBJ1YpY+iWNmSBs3U3xMZFlqPRWg7BTZDvehNxf+8TmqiyyBjMkkNlWS+KEo5MjGafo/6TFFi+NgSTBSztyIyxAoTYzMq2RD8xZeXSbNa8c8r3u1ZuXaVx1GEIziGU/DhAmpwA3VoAAEBz/AKb45yXpx352PeWnDymUP4A+fzB28dkCs=</latexit>

±q2

<latexit sha1_base64="2D6qjYUlvtMZBS6lg0LRRSRxQB8=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBi2W3FPVY9OKxgv3Adi3ZNNuGJtk1yQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Hrqt56o0iySd2YcU1/ggWQhI9hY6b4bC/T4kJ5VJr1iyS27M6Bl4mWkBBnqveJXtx+RRFBpCMdadzw3Nn6KlWGE00mhm2gaYzLCA9qxVGJBtZ/OLp6gE6v0URgpW9Kgmfp7IsVC67EIbKfAZqgXvan4n9dJTHjpp0zGiaGSzBeFCUcmQtP3UZ8pSgwfW4KJYvZWRIZYYWJsSAUbgrf48jJpVsreedm9rZZqV1kceTiCYzgFDy6gBjdQhwYQkPAMr/DmaOfFeXc+5q05J5s5hD9wPn8A20KQYg==</latexit>

±q�2

<latexit sha1_base64="QI/xjR32wUH42z2Dn/eAN/5stLc=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBC8GHZF1GPQi8cI5gHJGmYns8mQeawzvUJY8hlePCji1a/x5t84SfagiQUNRVU33V1RIrgF3//2lpZXVtfWCxvFza3tnd3S3n7D6tRQVqdaaNOKiGWCK1YHDoK1EsOIjARrRsObid98YsZyre5hlLBQkr7iMacEnNTuJBI/PmTD02DcLZX9ij8FXiRBTsooR61b+ur0NE0lU0AFsbYd+AmEGTHAqWDjYie1LCF0SPqs7agiktkwm548xsdO6eFYG1cK8FT9PZERae1IRq5TEhjYeW8i/ue1U4ivwoyrJAWm6GxRnAoMGk/+xz1uGAUxcoRQw92tmA6IIRRcSkUXQjD/8iJpnFWCi4p/d16uXudxFNAhOkInKECXqIpuUQ3VEUUaPaNX9OaB9+K9ex+z1iUvnzlAf+B9/gCk0pDW</latexit>

±qk�1

<latexit sha1_base64="zltOP9ZU8x2y78lhhRiXuIsp0lw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBEMuuiHosevFYwX5Ady3ZNNuGJrsxyQpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzQsmZNq777RSWlldW14rrpY3Nre2d8u5eUyepIrRBEp6odog15SymDcMMp22pKBYhp61weDPxW09UaZbE92YkaSBwP2YRI9hYyfelQI8P2enwxBt3yxW36k6BFomXkwrkqHfLX34vIamgsSEca93xXGmCDCvDCKfjkp9qKjEZ4j7tWBpjQXWQTW8eoyOr9FCUKFuxQVP190SGhdYjEdpOgc1Az3sT8T+vk5roKshYLFNDYzJbFKUcmQRNAkA9pigxfGQJJorZWxEZYIWJsTGVbAje/MuLpHlW9S6q7t15pXadx1GEAziEY/DgEmpwC3VoAAEJz/AKb07qvDjvzsesteDkM/vwB87nDw5YkQs=</latexit>

±q�k+1

<latexit sha1_base64="l6tes74CpPM+XAxY4M73GZLzLrU=">AAAB83icbVBNSwMxEJ31s9avqkcvwSIIYtktoh6LXjxWsB/QXUs2zbah2WxMskJZ+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8UHKmjet+O0vLK6tr64WN4ubW9s5uaW+/qZNUEdogCU9UO8SaciZowzDDaVsqiuOQ01Y4vJn4rSeqNEvEvRlJGsS4L1jECDZW8n0Zo8eH7Gx4Wh13S2W34k6BFomXkzLkqHdLX34vIWlMhSEca93xXGmCDCvDCKfjop9qKjEZ4j7tWCpwTHWQTW8eo2Or9FCUKFvCoKn6eyLDsdajOLSdMTYDPe9NxP+8TmqiqyBjQqaGCjJbFKUcmQRNAkA9pigxfGQJJorZWxEZYIWJsTEVbQje/MuLpFmteBcV9+68XLvO4yjAIRzBCXhwCTW4hTo0gICEZ3iFNyd1Xpx352PWuuTkMwfwB87nDw/dkQw=</latexit>

±q�k+2

<latexit sha1_base64="YKPzhZjvoK2SzqXV5kwtuAlI/0Q=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgxbJbRD0WvXisYD9gu5Zsmm1Dk+yazApl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5By8SppqxJYxHrTkgME1yxJnAQrJNoRmQoWDsc3Uz99hPThsfqHsYJCyQZKB5xSsBKfjeR+PEhG53VJr1yxa26M+Bl4uWkgnI0euWvbj+mqWQKqCDG+J6bQJARDZwKNil1U8MSQkdkwHxLFZHMBNns5Ak+sUofR7G2pQDP1N8TGZHGjGVoOyWBoVn0puJ/np9CdBVkXCUpMEXni6JUYIjx9H/c55pREGNLCNXc3orpkGhCwaZUsiF4iy8vk1at6l1U3bvzSv06j6OIjtAxOkUeukR1dIsaqIkoitEzekVvDjgvzrvzMW8tOPnMIfoD5/MHpleQ1w==</latexit>

±qk�2
<latexit sha1_base64="FMEmKG0giMrLFqPOf+l/0EZMDVs=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgxbKroh6LXjxWsB+wXUs2zbahSXZNZoWy9Gd48aCIV3+NN/+NabsHbX0w8Hhvhpl5YSK4Adf9dgpLyyura8X10sbm1vZOeXevaeJUU9agsYh1OySGCa5YAzgI1k40IzIUrBUObyZ+64lpw2N1D6OEBZL0FY84JWAlv5NI/PiQDU/Oxt1yxa26U+BF4uWkgnLUu+WvTi+mqWQKqCDG+J6bQJARDZwKNi51UsMSQoekz3xLFZHMBNn05DE+skoPR7G2pQBP1d8TGZHGjGRoOyWBgZn3JuJ/np9CdBVkXCUpMEVni6JUYIjx5H/c45pRECNLCNXc3orpgGhCwaZUsiF48y8vkuZp1buounfnldp1HkcRHaBDdIw8dIlq6BbVUQNRFKNn9IreHHBenHfnY9ZacPKZffQHzucPp9yQ2A==</latexit>

±qk�3
<latexit sha1_base64="0pRE8Yrb/GjVm3PINxxEzPg7c14=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgxbIrRT0WvXisYD9gu5Zsmm1Ds8mazApl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5By6hUU9akSijdCYlhgkvWBA6CdRLNSBwK1g5HN1O//cS04UrewzhhQUwGkkecErCS301i/PiQjc5qk1654lbdGfAy8XJSQTkavfJXt69oGjMJVBBjfM9NIMiIBk4Fm5S6qWEJoSMyYL6lksTMBNns5Ak+sUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eX4K0VWQcZmkwCSdL4pSgUHh6f+4zzWjIMaWEKq5vRXTIdGEgk2pZEPwFl9eJq3zqndRde9qlfp1HkcRHaFjdIo8dInq6BY1UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHqWGQ2Q==</latexit>

±qk�4

<latexit sha1_base64="DYdijkkskp48e1G6E91zk0VeGJ8=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukoJdK7PerNa/uzYFXiV+QGhRo9qtfvUFCM8mUpYIY0/W91IY50ZZTwaaVXmZYSuiYDFnXUUUkM2E+P3aKz5wywHGiXSmL5+rviZxIYyYycp2S2JFZ9mbif143s/FNmHOVZpYpulgUZwLbBM8+xwOuGbVi4gihmrtbMR0RTah1+VRcCP7yy6ukdVH3r+rew2WtcVvEUYYTOIVz8OEaGnAPTQiAAodneIU3pNALekcfi9YSKmaO4Q/Q5w8eqo47</latexit>±1 <latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit>· · ·

<latexit sha1_base64="bdZ6UuzfjfryvsaYbBKw0vMxdF4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9EPHntK9MsVv+rPgVZJkJMK5Gj0y1+9QUJSQaUlHBvTDXxlwwxrywin01IvNVRhMsZD2nVUYkFNmM3PnaIzpwxQnGhX0qK5+nsiw8KYiYhcp8B2ZJa9mfif101tfB1mTKrUUkkWi+KUI5ug2e9owDQllk8cwUQzdysiI6wxsS6hkgshWH55lbQuqkGt6t9fVuo3eRxFOIFTOIcArqAOd9CAJhAYwzO8wpunvBfv3ftYtBa8fOYY/sD7/AHSzo88</latexit>

P±
1

<latexit sha1_base64="yWgbETgH6577YEDYIZgvpNMvUZM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9GvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPUVo89</latexit>

P±
2

<latexit sha1_base64="XR09I7XnqtMm8Zhoom0ubJLLCg4=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7qNHvZ6CyYPHZF0itX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPbDJD6</latexit>

V ⌥
k�1

<latexit sha1_base64="01XUWokfPpy0hWway2jELWPe1Rw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNjk5lZrulsl/xZyDLJMhJGXLUuqWvTk+zLOEKmaTWtgM/xXBMDQom+aTYySxPKRvSPm87qmjCbTieXTshp07pkVgbVwrJTP09MaaJtaMkcp0JxYFd9Kbif147w/g6HAuVZsgVmy+KM0lQk+nrpCcMZyhHjlBmhLuVsAE1lKELqOhCCBZfXiaN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyB9/kD0aSPSg==</latexit>�

<latexit sha1_base64="EZIbwMVJK1PZJoPUG0G2dE5s/bA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9UPHntK9MsVv+rPgVZJkJMK5Gj0y1+9QUJSQaUlHBvTDXxlwwxrywin01IvNVRhMsZD2nVUYkFNmM3PnaIzpwxQnGhX0qK5+nsiw8KYiYhcp8B2ZJa9mfif101tfB1mTKrUUkkWi+KUI5ug2e9owDQllk8cwUQzdysiI6wxsS6hkgshWH55lbQuqkGt6t9fVuo3eRxFOIFTOIcArqAOd9CAJhAYwzO8wpunvBfv3ftYtBa8fOYY/sD7/AHcCo9C</latexit>

V ±
1

<latexit sha1_base64="XR09I7XnqtMm8Zhoom0ubJLLCg4=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7qNHvZ6CyYPHZF0itX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPbDJD6</latexit>

V ⌥
k�1

<latexit sha1_base64="EZIbwMVJK1PZJoPUG0G2dE5s/bA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9UPHntK9MsVv+rPgVZJkJMK5Gj0y1+9QUJSQaUlHBvTDXxlwwxrywin01IvNVRhMsZD2nVUYkFNmM3PnaIzpwxQnGhX0qK5+nsiw8KYiYhcp8B2ZJa9mfif101tfB1mTKrUUkkWi+KUI5ug2e9owDQllk8cwUQzdysiI6wxsS6hkgshWH55lbQuqkGt6t9fVuo3eRxFOIFTOIcArqAOd9CAJhAYwzO8wpunvBfv3ftYtBa8fOYY/sD7/AHcCo9C</latexit>

V ±
1

<latexit sha1_base64="01XUWokfPpy0hWway2jELWPe1Rw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNjk5lZrulsl/xZyDLJMhJGXLUuqWvTk+zLOEKmaTWtgM/xXBMDQom+aTYySxPKRvSPm87qmjCbTieXTshp07pkVgbVwrJTP09MaaJtaMkcp0JxYFd9Kbif147w/g6HAuVZsgVmy+KM0lQk+nrpCcMZyhHjlBmhLuVsAE1lKELqOhCCBZfXiaN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyB9/kD0aSPSg==</latexit>�

<latexit sha1_base64="yhAVrZFeWEhuc872ozkg9yneWG8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9WvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPdko9D</latexit>

V ±
2

<latexit sha1_base64="yhAVrZFeWEhuc872ozkg9yneWG8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9WvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPdko9D</latexit>

V ±
2

<latexit sha1_base64="GnymiWPtWIWJimqPsQDaZSetRz8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBC8GHaDqMegF48RzAOSNcxOZpMh81hmZoWw5DO8eFDEq1/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfqtJ6oNU/LBjhMaCjyQLGYEWyd1mr1sdF6dPHZF0iuV/Yo/A1omQU7KkKPeK311+4qkgkpLODamE/iJDTOsLSOcTord1NAEkxEe0I6jEgtqwmx28gSdOqWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUii6EYPHlZdKsVoLLin9/Ua7d5HEU4BhO4AwCuIIa3EEdGkBAwTO8wptnvRfv3fuYt654+cwR/IH3+QPclZD7</latexit>

V ⌥
k�2

<latexit sha1_base64="GnymiWPtWIWJimqPsQDaZSetRz8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBC8GHaDqMegF48RzAOSNcxOZpMh81hmZoWw5DO8eFDEq1/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfqtJ6oNU/LBjhMaCjyQLGYEWyd1mr1sdF6dPHZF0iuV/Yo/A1omQU7KkKPeK311+4qkgkpLODamE/iJDTOsLSOcTord1NAEkxEe0I6jEgtqwmx28gSdOqWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUii6EYPHlZdKsVoLLin9/Ua7d5HEU4BhO4AwCuIIa3EEdGkBAwTO8wptnvRfv3fuYt654+cwR/IH3+QPclZD7</latexit>

V ⌥
k�2

<latexit sha1_base64="01XUWokfPpy0hWway2jELWPe1Rw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNjk5lZrulsl/xZyDLJMhJGXLUuqWvTk+zLOEKmaTWtgM/xXBMDQom+aTYySxPKRvSPm87qmjCbTieXTshp07pkVgbVwrJTP09MaaJtaMkcp0JxYFd9Kbif147w/g6HAuVZsgVmy+KM0lQk+nrpCcMZyhHjlBmhLuVsAE1lKELqOhCCBZfXiaN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyB9/kD0aSPSg==</latexit>�
<latexit sha1_base64="/EsIk+XKWvd4jBVuEw9/24WkpTU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzEOSNcxOZpMh81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZMemr0smDx2RdIrV/yqPwNaJkFOKpCj3it/dfuKpIJKSzg2phP4iQ0zrC0jnE5K3dTQBJMRHtCOoxILasJsdvAEnTilj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jEouhGDx5WXSPKsGF1X/7rxSu87jKMIRHMMpBHAJNbiFOjSAgIBneIU3T3sv3rv3MW8tePnMIfyB9/kDpFiQTg==</latexit>

V ⌥
1

<latexit sha1_base64="/EsIk+XKWvd4jBVuEw9/24WkpTU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzEOSNcxOZpMh81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZMemr0smDx2RdIrV/yqPwNaJkFOKpCj3it/dfuKpIJKSzg2phP4iQ0zrC0jnE5K3dTQBJMRHtCOoxILasJsdvAEnTilj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jEouhGDx5WXSPKsGF1X/7rxSu87jKMIRHMMpBHAJNbiFOjSAgIBneIU3T3sv3rv3MW8tePnMIfyB9/kDpFiQTg==</latexit>

V ⌥
1

<latexit sha1_base64="jwkSMkAXJjogWJJKIdsCitLxdKo=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7qNHvZ6CyYPHYT0StX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPbD5D6</latexit>

V ±
k�1

<latexit sha1_base64="jwkSMkAXJjogWJJKIdsCitLxdKo=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7qNHvZ6CyYPHYT0StX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPbD5D6</latexit>

V ±
k�1

<latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit>· · ·

<latexit sha1_base64="1wwSu8lDwYhr+1C9fx/bq4bd8go=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7q1HvZ6CyYPHYT0StX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPRu5D0</latexit>

P±
k�1

<latexit sha1_base64="i/6zNM8aDSTsxXT9pjOtiXh4H7M=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMiLoRim5cVrAPaMchk6ZtaJIZkoxQh36JGxeKuPVT3Pk3pu0stPXA5R7OuZfcnCjhTBvP+3YKK6tr6xvFzdLW9s5u2d3bb+o4VYQ2SMxj1Y6wppxJ2jDMcNpOFMUi4rQVjW6mfuuRKs1ieW/GCQ0EHkjWZwQbK4VuuR6OHrqJuGrOe+hWvKo3A1omfk4qkKMeul/dXkxSQaUhHGvd8b3EBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7fIKOrdJD/VjZkgbN1N8bGRZaj0VkJwU2Q73oTcX/vE5q+pdBxmSSGirJ/KF+ypGJ0TQF1GOKEsPHlmCimL0VkSFWmBibVcmG4C9+eZk0T6v+edW7O6vUrvM4inAIR3ACPlxADW6hDg0gkMIzvMKb8+S8OO/Ox3y04OQ7B/AHzucPZESS6w==</latexit>

P±
k = V ±

k
<latexit sha1_base64="01XUWokfPpy0hWway2jELWPe1Rw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNjk5lZrulsl/xZyDLJMhJGXLUuqWvTk+zLOEKmaTWtgM/xXBMDQom+aTYySxPKRvSPm87qmjCbTieXTshp07pkVgbVwrJTP09MaaJtaMkcp0JxYFd9Kbif147w/g6HAuVZsgVmy+KM0lQk+nrpCcMZyhHjlBmhLuVsAE1lKELqOhCCBZfXiaN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyB9/kD0aSPSg==</latexit>�

<latexit sha1_base64="yhAVrZFeWEhuc872ozkg9yneWG8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9WvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPdko9D</latexit>

V ±
2

<latexit sha1_base64="yhAVrZFeWEhuc872ozkg9yneWG8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9WvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPdko9D</latexit>

V ±
2

<latexit sha1_base64="Ns9mjHZb9x0xYQIm468NRDJbIGo=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBC8GHZV1GPQi8cI5gGbNcxOJsmQeSwzvUJY8hlePCji1a/x5t84SfagiQUNRVU33V1xIrgF3//2lpZXVtfWCxvFza3tnd3S3n7D6tRQVqdaaNOKiWWCK1YHDoK1EsOIjAVrxsPbid98YsZyrR5glLBIkr7iPU4JOClsdLLh6fn4sS2TTqnsV/wp8CIJclJGOWqd0le7q2kqmQIqiLVh4CcQZcQAp4KNi+3UsoTQIemz0FFFJLNRNj15jI+d0sU9bVwpwFP190RGpLUjGbtOSWBg572J+J8XptC7jjKukhSYorNFvVRg0HjyP+5ywyiIkSOEGu5uxXRADKHgUiq6EIL5lxdJ46wSXFb8+4ty9SaPo4AO0RE6QQG6QlV0h2qojijS6Bm9ojcPvBfv3fuYtS55+cwB+gPv8wfeHpD8</latexit>

V ⌥
k�3

<latexit sha1_base64="Ns9mjHZb9x0xYQIm468NRDJbIGo=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBC8GHZV1GPQi8cI5gGbNcxOJsmQeSwzvUJY8hlePCji1a/x5t84SfagiQUNRVU33V1xIrgF3//2lpZXVtfWCxvFza3tnd3S3n7D6tRQVqdaaNOKiWWCK1YHDoK1EsOIjAVrxsPbid98YsZyrR5glLBIkr7iPU4JOClsdLLh6fn4sS2TTqnsV/wp8CIJclJGOWqd0le7q2kqmQIqiLVh4CcQZcQAp4KNi+3UsoTQIemz0FFFJLNRNj15jI+d0sU9bVwpwFP190RGpLUjGbtOSWBg572J+J8XptC7jjKukhSYorNFvVRg0HjyP+5ywyiIkSOEGu5uxXRADKHgUiq6EIL5lxdJ46wSXFb8+4ty9SaPo4AO0RE6QQG6QlV0h2qojijS6Bm9ojcPvBfv3fuYtS55+cwB+gPv8wfeHpD8</latexit>

V ⌥
k�3

<latexit sha1_base64="tqsN3wqaTOkt6DJIpTVoPzjf5IQ=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4r2A9o15JNs21okg1JVihLf4QXD4p49fd489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aJkk1oQ2S8ES3I2woZ5I2LLOctpWmWESctqLR7dRvPVFtWCIf7FjRUOCBZDEj2DqpVe+dP3aV6JUrftWfAS2TICcVyFHvlb+6/YSkgkpLODamE/jKhhnWlhFOJ6VuaqjCZIQHtOOoxIKaMJudO0EnTumjONGupEUz9fdEhoUxYxG5ToHt0Cx6U/E/r5Pa+DrMmFSppZLMF8UpRzZB099Rn2lKLB87golm7lZEhlhjYl1CJRdCsPjyMmmeVYPLqn9/Uand5HEU4QiO4RQCuIIa3EEdGkBgBM/wCm+e8l68d+9j3lrw8plD+APv8wfV3o8+</latexit>

P±
3

2k simple objects

2k indecomposable projectives

RT semisimplification/WZW<latexit sha1_base64="vxRBTispfmjg53itkGDCS3NIniU=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQzJqp+6KblxWsA9oh5LJZNrQzGRMMkIp/Qk3LhRx6++4829MH4KKHrhwOOde7r0nzATXBqEPZ2l5ZXVtvbBR3Nza3tkt7e03tcwVZQ0qhVTtkGgmeMoahhvB2pliJAkFa4XDq6nfumdKc5nemlHGgoT0Ux5zSoyV2l3BSKSN7JXKyK36Pr5AELmnnod9zxLkVTA+h9hFM5TBAvVe6b0bSZonLDVUEK07GGUmGBNlOBVsUuzmmmWEDkmfdSxNScJ0MJ7dO4HHVolgLJWt1MCZ+n1iTBKtR0loOxNiBvq3NxX/8jq5iavBmKdZblhK54viXEAj4fR5GHHFqBEjSwhV3N4K6YAoQo2NqGhD+PoU/k+anosrLro5K9cuF3EUwCE4AicAAx/UwDWogwagQIAH8ASenTvn0XlxXuetS85i5gD8gPP2CZYukFc=</latexit> 
Kashaev inv't, 
volume conjecture<latexit sha1_base64="MNqjBw5NmWHgwLGpicnWc+cdBR8=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjK29rErunFZwT6gHUomk2mDmWRMMkIp/Qk3LhRx6++482/MtBVU9MCFwzn3cu89QcKZNgh9OLmV1bX1jfxmYWt7Z3evuH/Q0TJVhLaJ5FL1AqwpZ4K2DTOc9hJFcRxw2g1uLzO/e0+VZlLcmElC/RiPBIsYwcZKvQGnONRGDosl5KKqV6uXIXIr5XKj0rAEoWrt3IOeJRlKYInWsPg+CCVJYyoM4VjrvocS40+xMoxwOisMUk0TTG7xiPYtFTim2p/O753BE6uEMJLKljBwrn6fmOJY60kc2M4Ym7H+7WXiX14/NVHdnzKRpIYKslgUpRwaCbPnYcgUJYZPLMFEMXsrJGOsMDE2ooIN4etT+D/pnLle1UXXlVLzYhlHHhyBY3AKPFADTXAFWqANCODgATyBZ+fOeXRenNdFa85ZzhyCH3DePgGm+ZBj</latexit> 



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)

is NOT semisimple

Trivial holonomy:
<latexit sha1_base64="TgGzKx7u30U4LrwB8zTUXmVIAoA=">AAACD3icbVBNS8NAEN34WetX1KOXYLF4KomIehGKXjxWsB/QhLLZTNKlm03Y3Ygl9B948a948aCIV6/e/Ddu2yDa+mDg8d4MM/P8lFGpbPvLWFhcWl5ZLa2V1zc2t7bNnd2WTDJBoEkSloiOjyUwyqGpqGLQSQXg2GfQ9gdXY799B0LShN+qYQpejCNOQ0qw0lLPrEYXrg8R5XkaYyXo/cip2q5rVx0XePAj9syKXbMnsOaJU5AKKtDomZ9ukJAsBq4Iw1J2HTtVXo6FooTBqOxmElJMBjiCrqYcxyC9fPLPyDrUSmCFidDFlTVRf0/kOJZyGPu6U9/Xl7PeWPzP62YqPPdyytNMASfTRWHGLJVY43CsgAogig01wURQfatF+lhgonSEZR2CM/vyPGkd15zTmn1zUqlfFnGU0D46QEfIQWeojq5RAzURQQ/oCb2gV+PReDbejPdp64JRzOyhPzA+vgHLSZyE</latexit>

g =

✓
1 0
0 1

◆
<latexit sha1_base64="CWeyNlFhaMIAlg8ZsH1PaL7QFiA=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6kUIehG8RDAPSGKYncwmQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuLj+WwqDrfjtLyyura+u5jfzm1vbObmFvv26iRDNeY5GMdNOnhkuheA0FSt6MNaehL3nDH15P/MYT10ZE6h5HMe+EtK9EIBhFKzVvH9LycHzpdQtFt+ROQRaJl5EiZKh2C1/tXsSSkCtkkhrT8twYOynVKJjk43w7MTymbEj7vGWpoiE3nXR675gcW6VHgkjbUkim6u+JlIbGjELfdoYUB2bem4j/ea0Eg4tOKlScIFdstihIJMGITJ4nPaE5QzmyhDIt7K2EDaimDG1EeRuCN//yIqmXS95Zyb07LVausjhycAhHcAIenEMFbqAKNWAg4Rle4c15dF6cd+dj1rrkZDMH8AfO5w9LSI97</latexit>

K2k = 1

<latexit sha1_base64="u9krjd/qaGoPCZqueWdIpFkkGYI="></latexit>

uq(sl2) = Uq(sl2)/(K
2k � 1 = Ek = F k = 0)small qu. group

<latexit sha1_base64="fxGb8nbvWy67HwsN1kaQeCXvBWI=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUGIoGEmiHoRgrl4jGAWyAxDT6cnadKz2F0jhiE/4cVf8eJBEa+CN//GznLQ6IOCx3tVVNXzE8EVWNaXkVtYXFpeya8W1tY3NrfM7Z2milNJWYPGIpZtnygmeMQawEGwdiIZCX3BWv6gNvZbd0wqHkc3MEyYG5JexANOCWjJM4+ckECfEoFrnn2RereliRBIMsiUGHmVQwfYPWTHYdwdeWbRKlsT4L/EnpEimqHumZ9ON6ZpyCKggijVsa0E3IxI4FSwUcFJFUsIHZAe62gakZApN5t8NcIHWuniIJa6IsAT9edERkKlhqGvO8cnq3lvLP7ndVIIzt2MR0kKLKLTRUEqMMR4HBHucskoiKEmhEqub8W0TyShoIMs6BDs+Zf/kmalbJ+WreuTYvVyFkce7aF9VEI2OkNVdIXqqIEoekBP6AW9Go/Gs/FmvE9bc8ZsZhf9gvHxDWP+nvw=</latexit>

C1 = uq(sl2)-mod

<latexit sha1_base64="EZIbwMVJK1PZJoPUG0G2dE5s/bA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9UPHntK9MsVv+rPgVZJkJMK5Gj0y1+9QUJSQaUlHBvTDXxlwwxrywin01IvNVRhMsZD2nVUYkFNmM3PnaIzpwxQnGhX0qK5+nsiw8KYiYhcp8B2ZJa9mfif101tfB1mTKrUUkkWi+KUI5ug2e9owDQllk8cwUQzdysiI6wxsS6hkgshWH55lbQuqkGt6t9fVuo3eRxFOIFTOIcArqAOd9CAJhAYwzO8wpunvBfv3ftYtBa8fOYY/sD7/AHcCo9C</latexit>

V ±
1

<latexit sha1_base64="yhAVrZFeWEhuc872ozkg9yneWG8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9WvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPdko9D</latexit>

V ±
2

<latexit sha1_base64="jwkSMkAXJjogWJJKIdsCitLxdKo=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7qNHvZ6CyYPHYT0StX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPbD5D6</latexit>

V ±
k�1

<latexit sha1_base64="hAtDSmYoqXZifYlWEfidat+Py3w=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6rHoxWMF+wHtWrJptg2bZEOSFcrSH+HFgyJe/T3e/Dem7R609cHA470ZZuZFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7ETaUM0mblllOO0pTLCJO21FyO/XbT1QblsoHO1Y0FHgoWcwItk5qt/rJY0+JfqXq1/wZ0DIJClKFAo1+5as3SEkmqLSEY2O6ga9smGNtGeF0Uu5lhipMEjykXUclFtSE+ezcCTp1ygDFqXYlLZqpvydyLIwZi8h1CmxHZtGbiv953czG12HOpMoslWS+KM44sima/o4GTFNi+dgRTDRztyIywhoT6xIquxCCxZeXSeu8FlzW/PuLav2miKMEx3ACZxDAFdThDhrQBAIJPMMrvHnKe/HevY9564pXzBzBH3ifPzTpj3w=</latexit>

V ±
k

<latexit sha1_base64="Aevejvqx9LB2sFVL/oB3ZvPJ6y8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4r2A9o15JNs21okg1JVihLf4QXD4p49fd489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aJkk1oQ2S8ES3I2woZ5I2LLOctpWmWESctqLR7dRvPVFtWCIf7FjRUOCBZDEj2Dqp1eydP3aV6JUrftWfAS2TICcVyFHvlb+6/YSkgkpLODamE/jKhhnWlhFOJ6VuaqjCZIQHtOOoxIKaMJudO0EnTumjONGupEUz9fdEhoUxYxG5ToHt0Cx6U/E/r5Pa+DrMmFSppZLMF8UpRzZB099Rn2lKLB87golm7lZEhlhjYl1CJRdCsPjyMmmeVYPLqn9/Uand5HEU4QiO4RQCuIIa3EEdGkBgBM/wCm+e8l68d+9j3lrw8plD+APv8wffGo9E</latexit>

V ±
3

<latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit>

···

<latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit>

···

<latexit sha1_base64="DYdijkkskp48e1G6E91zk0VeGJ8=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukoJdK7PerNa/uzYFXiV+QGhRo9qtfvUFCM8mUpYIY0/W91IY50ZZTwaaVXmZYSuiYDFnXUUUkM2E+P3aKz5wywHGiXSmL5+rviZxIYyYycp2S2JFZ9mbif143s/FNmHOVZpYpulgUZwLbBM8+xwOuGbVi4gihmrtbMR0RTah1+VRcCP7yy6ukdVH3r+rew2WtcVvEUYYTOIVz8OEaGnAPTQiAAodneIU3pNALekcfi9YSKmaO4Q/Q5w8eqo47</latexit>±1

<latexit sha1_base64="/LHoq1ZpNdp/nqs1YeCwNxI5fac=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4ruLXQLiWbZtvQJBuTrFCW/gYvHhTx6g/y5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h+0TJppQkOS8lS3Y2woZ5KGlllO20pTLGJOH+LRzdR/eKLasFTe27GikcADyRJGsHVS2FUCPfaqNb/uz4CWSVCQGhRo9qpf3X5KMkGlJRwb0wl8ZaMca8sIp5NKNzNUYTLCA9pxVGJBTZTPjp2gE6f0UZJqV9Kimfp7IsfCmLGIXafAdmgWvan4n9fJbHIV5UyqzFJJ5ouSjCObounnqM80JZaPHcFEM3crIkOsMbEun4oLIVh8eZm0zurBRd2/O681ros4ynAEx3AKAVxCA26hCSEQYPAMr/DmSe/Fe/c+5q0lr5g5hD/wPn8Af6qOew==</latexit>±q
<latexit sha1_base64="sQCsbnuqDzTYxJ3GODY6azf93eU=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXRD0WvXisYD+wXUs2zbahSXZNskJZ9l948aCIV/+NN/+NabsHbX0w8Hhvhpl5QcyZNq777RSWlldW14rrpY3Nre2d8u5eU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdD3xW09UaRbJOzOOqS/wQLKQEWysdN+NBXp8SE+8rFeuuFV3CrRIvJxUIEe9V/7q9iOSCCoN4VjrjufGxk+xMoxwmpW6iaYxJiM8oB1LJRZU++n04gwdWaWPwkjZkgZN1d8TKRZaj0VgOwU2Qz3vTcT/vE5iwks/ZTJODJVktihMODIRmryP+kxRYvjYEkwUs7ciMsQKE2NDKtkQvPmXF0nztOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AACEp7hFd4c7bw4787HrLXg5DP78AfO5w/ZvZBh</latexit>

±q�1

<latexit sha1_base64="1e5nE0HaQoLkjTLr/HdZXVSdeWs=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbRD0WvXisYD+kXUs2zbahSXZNskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8MOFMG8/7dgorq2vrG8XN0tb2zu6eu3/Q1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXU/91hNVmsXyzowTGgg8kCxiBBsr3XcTgR4fsuqk55a9ijcDWiZ+TsqQo95zv7r9mKSCSkM41rrje4kJMqwMI5xOSt1U0wSTER7QjqUSC6qDbHbwBJ1YpY+iWNmSBs3U3xMZFlqPRWg7BTZDvehNxf+8TmqiyyBjMkkNlWS+KEo5MjGafo/6TFFi+NgSTBSztyIyxAoTYzMq2RD8xZeXSbNa8c8r3u1ZuXaVx1GEIziGU/DhAmpwA3VoAAEBz/AKb45yXpx352PeWnDymUP4A+fzB28dkCs=</latexit>

±q2

<latexit sha1_base64="2D6qjYUlvtMZBS6lg0LRRSRxQB8=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBi2W3FPVY9OKxgv3Adi3ZNNuGJtk1yQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Hrqt56o0iySd2YcU1/ggWQhI9hY6b4bC/T4kJ5VJr1iyS27M6Bl4mWkBBnqveJXtx+RRFBpCMdadzw3Nn6KlWGE00mhm2gaYzLCA9qxVGJBtZ/OLp6gE6v0URgpW9Kgmfp7IsVC67EIbKfAZqgXvan4n9dJTHjpp0zGiaGSzBeFCUcmQtP3UZ8pSgwfW4KJYvZWRIZYYWJsSAUbgrf48jJpVsreedm9rZZqV1kceTiCYzgFDy6gBjdQhwYQkPAMr/DmaOfFeXc+5q05J5s5hD9wPn8A20KQYg==</latexit>

±q�2

<latexit sha1_base64="QI/xjR32wUH42z2Dn/eAN/5stLc=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBC8GHZF1GPQi8cI5gHJGmYns8mQeawzvUJY8hlePCji1a/x5t84SfagiQUNRVU33V1RIrgF3//2lpZXVtfWCxvFza3tnd3S3n7D6tRQVqdaaNOKiGWCK1YHDoK1EsOIjARrRsObid98YsZyre5hlLBQkr7iMacEnNTuJBI/PmTD02DcLZX9ij8FXiRBTsooR61b+ur0NE0lU0AFsbYd+AmEGTHAqWDjYie1LCF0SPqs7agiktkwm548xsdO6eFYG1cK8FT9PZERae1IRq5TEhjYeW8i/ue1U4ivwoyrJAWm6GxRnAoMGk/+xz1uGAUxcoRQw92tmA6IIRRcSkUXQjD/8iJpnFWCi4p/d16uXudxFNAhOkInKECXqIpuUQ3VEUUaPaNX9OaB9+K9ex+z1iUvnzlAf+B9/gCk0pDW</latexit>

±qk�1

<latexit sha1_base64="zltOP9ZU8x2y78lhhRiXuIsp0lw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBEMuuiHosevFYwX5Ady3ZNNuGJrsxyQpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzQsmZNq777RSWlldW14rrpY3Nre2d8u5eUyepIrRBEp6odog15SymDcMMp22pKBYhp61weDPxW09UaZbE92YkaSBwP2YRI9hYyfelQI8P2enwxBt3yxW36k6BFomXkwrkqHfLX34vIamgsSEca93xXGmCDCvDCKfjkp9qKjEZ4j7tWBpjQXWQTW8eoyOr9FCUKFuxQVP190SGhdYjEdpOgc1Az3sT8T+vk5roKshYLFNDYzJbFKUcmQRNAkA9pigxfGQJJorZWxEZYIWJsTGVbAje/MuLpHlW9S6q7t15pXadx1GEAziEY/DgEmpwC3VoAAEJz/AKb07qvDjvzsesteDkM/vwB87nDw5YkQs=</latexit>

±q�k+1

<latexit sha1_base64="l6tes74CpPM+XAxY4M73GZLzLrU=">AAAB83icbVBNSwMxEJ31s9avqkcvwSIIYtktoh6LXjxWsB/QXUs2zbah2WxMskJZ+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8UHKmjet+O0vLK6tr64WN4ubW9s5uaW+/qZNUEdogCU9UO8SaciZowzDDaVsqiuOQ01Y4vJn4rSeqNEvEvRlJGsS4L1jECDZW8n0Zo8eH7Gx4Wh13S2W34k6BFomXkzLkqHdLX34vIWlMhSEca93xXGmCDCvDCKfjop9qKjEZ4j7tWCpwTHWQTW8eo2Or9FCUKFvCoKn6eyLDsdajOLSdMTYDPe9NxP+8TmqiqyBjQqaGCjJbFKUcmQRNAkA9pigxfGQJJorZWxEZYIWJsTEVbQje/MuLpFmteBcV9+68XLvO4yjAIRzBCXhwCTW4hTo0gICEZ3iFNyd1Xpx352PWuuTkMwfwB87nDw/dkQw=</latexit>

±q�k+2

<latexit sha1_base64="YKPzhZjvoK2SzqXV5kwtuAlI/0Q=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgxbJbRD0WvXisYD9gu5Zsmm1Dk+yazApl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5By8SppqxJYxHrTkgME1yxJnAQrJNoRmQoWDsc3Uz99hPThsfqHsYJCyQZKB5xSsBKfjeR+PEhG53VJr1yxa26M+Bl4uWkgnI0euWvbj+mqWQKqCDG+J6bQJARDZwKNil1U8MSQkdkwHxLFZHMBNns5Ak+sUofR7G2pQDP1N8TGZHGjGVoOyWBoVn0puJ/np9CdBVkXCUpMEXni6JUYIjx9H/c55pREGNLCNXc3orpkGhCwaZUsiF4iy8vk1at6l1U3bvzSv06j6OIjtAxOkUeukR1dIsaqIkoitEzekVvDjgvzrvzMW8tOPnMIfoD5/MHpleQ1w==</latexit>

±qk�2
<latexit sha1_base64="FMEmKG0giMrLFqPOf+l/0EZMDVs=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgxbKroh6LXjxWsB+wXUs2zbahSXZNZoWy9Gd48aCIV3+NN/+NabsHbX0w8Hhvhpl5YSK4Adf9dgpLyyura8X10sbm1vZOeXevaeJUU9agsYh1OySGCa5YAzgI1k40IzIUrBUObyZ+64lpw2N1D6OEBZL0FY84JWAlv5NI/PiQDU/Oxt1yxa26U+BF4uWkgnLUu+WvTi+mqWQKqCDG+J6bQJARDZwKNi51UsMSQoekz3xLFZHMBNn05DE+skoPR7G2pQBP1d8TGZHGjGRoOyWBgZn3JuJ/np9CdBVkXCUpMEVni6JUYIjx5H/c45pRECNLCNXc3orpgGhCwaZUsiF48y8vkuZp1buounfnldp1HkcRHaBDdIw8dIlq6BbVUQNRFKNn9IreHHBenHfnY9ZacPKZffQHzucPp9yQ2A==</latexit>

±qk�3
<latexit sha1_base64="0pRE8Yrb/GjVm3PINxxEzPg7c14=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgxbIrRT0WvXisYD9gu5Zsmm1Ds8mazApl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5By6hUU9akSijdCYlhgkvWBA6CdRLNSBwK1g5HN1O//cS04UrewzhhQUwGkkecErCS301i/PiQjc5qk1654lbdGfAy8XJSQTkavfJXt69oGjMJVBBjfM9NIMiIBk4Fm5S6qWEJoSMyYL6lksTMBNns5Ak+sUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eX4K0VWQcZmkwCSdL4pSgUHh6f+4zzWjIMaWEKq5vRXTIdGEgk2pZEPwFl9eJq3zqndRde9qlfp1HkcRHaFjdIo8dInq6BY1UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHqWGQ2Q==</latexit>

±qk�4

<latexit sha1_base64="DYdijkkskp48e1G6E91zk0VeGJ8=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukoJdK7PerNa/uzYFXiV+QGhRo9qtfvUFCM8mUpYIY0/W91IY50ZZTwaaVXmZYSuiYDFnXUUUkM2E+P3aKz5wywHGiXSmL5+rviZxIYyYycp2S2JFZ9mbif143s/FNmHOVZpYpulgUZwLbBM8+xwOuGbVi4gihmrtbMR0RTah1+VRcCP7yy6ukdVH3r+rew2WtcVvEUYYTOIVz8OEaGnAPTQiAAodneIU3pNALekcfi9YSKmaO4Q/Q5w8eqo47</latexit>±1 <latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit>· · ·

<latexit sha1_base64="bdZ6UuzfjfryvsaYbBKw0vMxdF4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9EPHntK9MsVv+rPgVZJkJMK5Gj0y1+9QUJSQaUlHBvTDXxlwwxrywin01IvNVRhMsZD2nVUYkFNmM3PnaIzpwxQnGhX0qK5+nsiw8KYiYhcp8B2ZJa9mfif101tfB1mTKrUUkkWi+KUI5ug2e9owDQllk8cwUQzdysiI6wxsS6hkgshWH55lbQuqkGt6t9fVuo3eRxFOIFTOIcArqAOd9CAJhAYwzO8wpunvBfv3ftYtBa8fOYY/sD7/AHSzo88</latexit>

P±
1

<latexit sha1_base64="yWgbETgH6577YEDYIZgvpNMvUZM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9GvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPUVo89</latexit>

P±
2

<latexit sha1_base64="XR09I7XnqtMm8Zhoom0ubJLLCg4=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7qNHvZ6CyYPHZF0itX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPbDJD6</latexit>

V ⌥
k�1

<latexit sha1_base64="01XUWokfPpy0hWway2jELWPe1Rw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNjk5lZrulsl/xZyDLJMhJGXLUuqWvTk+zLOEKmaTWtgM/xXBMDQom+aTYySxPKRvSPm87qmjCbTieXTshp07pkVgbVwrJTP09MaaJtaMkcp0JxYFd9Kbif147w/g6HAuVZsgVmy+KM0lQk+nrpCcMZyhHjlBmhLuVsAE1lKELqOhCCBZfXiaN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyB9/kD0aSPSg==</latexit>�

<latexit sha1_base64="EZIbwMVJK1PZJoPUG0G2dE5s/bA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9UPHntK9MsVv+rPgVZJkJMK5Gj0y1+9QUJSQaUlHBvTDXxlwwxrywin01IvNVRhMsZD2nVUYkFNmM3PnaIzpwxQnGhX0qK5+nsiw8KYiYhcp8B2ZJa9mfif101tfB1mTKrUUkkWi+KUI5ug2e9owDQllk8cwUQzdysiI6wxsS6hkgshWH55lbQuqkGt6t9fVuo3eRxFOIFTOIcArqAOd9CAJhAYwzO8wpunvBfv3ftYtBa8fOYY/sD7/AHcCo9C</latexit>

V ±
1

<latexit sha1_base64="XR09I7XnqtMm8Zhoom0ubJLLCg4=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7qNHvZ6CyYPHZF0itX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPbDJD6</latexit>

V ⌥
k�1

<latexit sha1_base64="EZIbwMVJK1PZJoPUG0G2dE5s/bA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9UPHntK9MsVv+rPgVZJkJMK5Gj0y1+9QUJSQaUlHBvTDXxlwwxrywin01IvNVRhMsZD2nVUYkFNmM3PnaIzpwxQnGhX0qK5+nsiw8KYiYhcp8B2ZJa9mfif101tfB1mTKrUUkkWi+KUI5ug2e9owDQllk8cwUQzdysiI6wxsS6hkgshWH55lbQuqkGt6t9fVuo3eRxFOIFTOIcArqAOd9CAJhAYwzO8wpunvBfv3ftYtBa8fOYY/sD7/AHcCo9C</latexit>

V ±
1

<latexit sha1_base64="01XUWokfPpy0hWway2jELWPe1Rw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNjk5lZrulsl/xZyDLJMhJGXLUuqWvTk+zLOEKmaTWtgM/xXBMDQom+aTYySxPKRvSPm87qmjCbTieXTshp07pkVgbVwrJTP09MaaJtaMkcp0JxYFd9Kbif147w/g6HAuVZsgVmy+KM0lQk+nrpCcMZyhHjlBmhLuVsAE1lKELqOhCCBZfXiaN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyB9/kD0aSPSg==</latexit>�

<latexit sha1_base64="yhAVrZFeWEhuc872ozkg9yneWG8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9WvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPdko9D</latexit>

V ±
2

<latexit sha1_base64="yhAVrZFeWEhuc872ozkg9yneWG8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9WvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPdko9D</latexit>

V ±
2

<latexit sha1_base64="GnymiWPtWIWJimqPsQDaZSetRz8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBC8GHaDqMegF48RzAOSNcxOZpMh81hmZoWw5DO8eFDEq1/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfqtJ6oNU/LBjhMaCjyQLGYEWyd1mr1sdF6dPHZF0iuV/Yo/A1omQU7KkKPeK311+4qkgkpLODamE/iJDTOsLSOcTord1NAEkxEe0I6jEgtqwmx28gSdOqWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUii6EYPHlZdKsVoLLin9/Ua7d5HEU4BhO4AwCuIIa3EEdGkBAwTO8wptnvRfv3fuYt654+cwR/IH3+QPclZD7</latexit>

V ⌥
k�2

<latexit sha1_base64="GnymiWPtWIWJimqPsQDaZSetRz8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBC8GHaDqMegF48RzAOSNcxOZpMh81hmZoWw5DO8eFDEq1/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfqtJ6oNU/LBjhMaCjyQLGYEWyd1mr1sdF6dPHZF0iuV/Yo/A1omQU7KkKPeK311+4qkgkpLODamE/iJDTOsLSOcTord1NAEkxEe0I6jEgtqwmx28gSdOqWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUii6EYPHlZdKsVoLLin9/Ua7d5HEU4BhO4AwCuIIa3EEdGkBAwTO8wptnvRfv3fuYt654+cwR/IH3+QPclZD7</latexit>

V ⌥
k�2

<latexit sha1_base64="01XUWokfPpy0hWway2jELWPe1Rw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNjk5lZrulsl/xZyDLJMhJGXLUuqWvTk+zLOEKmaTWtgM/xXBMDQom+aTYySxPKRvSPm87qmjCbTieXTshp07pkVgbVwrJTP09MaaJtaMkcp0JxYFd9Kbif147w/g6HAuVZsgVmy+KM0lQk+nrpCcMZyhHjlBmhLuVsAE1lKELqOhCCBZfXiaN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyB9/kD0aSPSg==</latexit>�
<latexit sha1_base64="/EsIk+XKWvd4jBVuEw9/24WkpTU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzEOSNcxOZpMh81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZMemr0smDx2RdIrV/yqPwNaJkFOKpCj3it/dfuKpIJKSzg2phP4iQ0zrC0jnE5K3dTQBJMRHtCOoxILasJsdvAEnTilj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jEouhGDx5WXSPKsGF1X/7rxSu87jKMIRHMMpBHAJNbiFOjSAgIBneIU3T3sv3rv3MW8tePnMIfyB9/kDpFiQTg==</latexit>

V ⌥
1

<latexit sha1_base64="/EsIk+XKWvd4jBVuEw9/24WkpTU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzEOSNcxOZpMh81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZMemr0smDx2RdIrV/yqPwNaJkFOKpCj3it/dfuKpIJKSzg2phP4iQ0zrC0jnE5K3dTQBJMRHtCOoxILasJsdvAEnTilj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jEouhGDx5WXSPKsGF1X/7rxSu87jKMIRHMMpBHAJNbiFOjSAgIBneIU3T3sv3rv3MW8tePnMIfyB9/kDpFiQTg==</latexit>

V ⌥
1

<latexit sha1_base64="jwkSMkAXJjogWJJKIdsCitLxdKo=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7qNHvZ6CyYPHYT0StX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPbD5D6</latexit>

V ±
k�1

<latexit sha1_base64="jwkSMkAXJjogWJJKIdsCitLxdKo=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7qNHvZ6CyYPHYT0StX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPbD5D6</latexit>

V ±
k�1

<latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit>· · ·

<latexit sha1_base64="1wwSu8lDwYhr+1C9fx/bq4bd8go=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk7q1HvZ6CyYPHYT0StX/Ko/A1omQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx28gSdOKWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18XWYMZmklkoyXxSnHFmFpv+jPtOUWD52BBPN3K2IDLHGxLqUSi6EYPHlZdI8rwaXVf/+olK7yeMowhEcwykEcAU1uIM6NICAgmd4hTfPei/eu/cxby14+cwh/IH3+QPRu5D0</latexit>

P±
k�1

<latexit sha1_base64="i/6zNM8aDSTsxXT9pjOtiXh4H7M=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMiLoRim5cVrAPaMchk6ZtaJIZkoxQh36JGxeKuPVT3Pk3pu0stPXA5R7OuZfcnCjhTBvP+3YKK6tr6xvFzdLW9s5u2d3bb+o4VYQ2SMxj1Y6wppxJ2jDMcNpOFMUi4rQVjW6mfuuRKs1ieW/GCQ0EHkjWZwQbK4VuuR6OHrqJuGrOe+hWvKo3A1omfk4qkKMeul/dXkxSQaUhHGvd8b3EBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7fIKOrdJD/VjZkgbN1N8bGRZaj0VkJwU2Q73oTcX/vE5q+pdBxmSSGirJ/KF+ypGJ0TQF1GOKEsPHlmCimL0VkSFWmBibVcmG4C9+eZk0T6v+edW7O6vUrvM4inAIR3ACPlxADW6hDg0gkMIzvMKb8+S8OO/Ox3y04OQ7B/AHzucPZESS6w==</latexit>

P±
k = V ±

k
<latexit sha1_base64="01XUWokfPpy0hWway2jELWPe1Rw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNjk5lZrulsl/xZyDLJMhJGXLUuqWvTk+zLOEKmaTWtgM/xXBMDQom+aTYySxPKRvSPm87qmjCbTieXTshp07pkVgbVwrJTP09MaaJtaMkcp0JxYFd9Kbif147w/g6HAuVZsgVmy+KM0lQk+nrpCcMZyhHjlBmhLuVsAE1lKELqOhCCBZfXiaN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyB9/kD0aSPSg==</latexit>�

<latexit sha1_base64="yhAVrZFeWEhuc872ozkg9yneWG8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9WvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPdko9D</latexit>

V ±
2

<latexit sha1_base64="yhAVrZFeWEhuc872ozkg9yneWG8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSu9WvPfaU6JcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmnVqsFl1b+/qNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QPdko9D</latexit>

V ±
2

<latexit sha1_base64="Ns9mjHZb9x0xYQIm468NRDJbIGo=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBC8GHZV1GPQi8cI5gGbNcxOJsmQeSwzvUJY8hlePCji1a/x5t84SfagiQUNRVU33V1xIrgF3//2lpZXVtfWCxvFza3tnd3S3n7D6tRQVqdaaNOKiWWCK1YHDoK1EsOIjAVrxsPbid98YsZyrR5glLBIkr7iPU4JOClsdLLh6fn4sS2TTqnsV/wp8CIJclJGOWqd0le7q2kqmQIqiLVh4CcQZcQAp4KNi+3UsoTQIemz0FFFJLNRNj15jI+d0sU9bVwpwFP190RGpLUjGbtOSWBg572J+J8XptC7jjKukhSYorNFvVRg0HjyP+5ywyiIkSOEGu5uxXRADKHgUiq6EIL5lxdJ46wSXFb8+4ty9SaPo4AO0RE6QQG6QlV0h2qojijS6Bm9ojcPvBfv3fuYtS55+cwB+gPv8wfeHpD8</latexit>

V ⌥
k�3

<latexit sha1_base64="Ns9mjHZb9x0xYQIm468NRDJbIGo=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBC8GHZV1GPQi8cI5gGbNcxOJsmQeSwzvUJY8hlePCji1a/x5t84SfagiQUNRVU33V1xIrgF3//2lpZXVtfWCxvFza3tnd3S3n7D6tRQVqdaaNOKiWWCK1YHDoK1EsOIjAVrxsPbid98YsZyrR5glLBIkr7iPU4JOClsdLLh6fn4sS2TTqnsV/wp8CIJclJGOWqd0le7q2kqmQIqiLVh4CcQZcQAp4KNi+3UsoTQIemz0FFFJLNRNj15jI+d0sU9bVwpwFP190RGpLUjGbtOSWBg572J+J8XptC7jjKukhSYorNFvVRg0HjyP+5ywyiIkSOEGu5uxXRADKHgUiq6EIL5lxdJ46wSXFb8+4ty9SaPo4AO0RE6QQG6QlV0h2qojijS6Bm9ojcPvBfv3fuYtS55+cwB+gPv8wfeHpD8</latexit>

V ⌥
k�3

<latexit sha1_base64="tqsN3wqaTOkt6DJIpTVoPzjf5IQ=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4r2A9o15JNs21okg1JVihLf4QXD4p49fd489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aJkk1oQ2S8ES3I2woZ5I2LLOctpWmWESctqLR7dRvPVFtWCIf7FjRUOCBZDEj2DqpVe+dP3aV6JUrftWfAS2TICcVyFHvlb+6/YSkgkpLODamE/jKhhnWlhFOJ6VuaqjCZIQHtOOoxIKaMJudO0EnTumjONGupEUz9fdEhoUxYxG5ToHt0Cx6U/E/r5Pa+DrMmFSppZLMF8UpRzZB099Rn2lKLB87golm7lZEhlhjYl1CJRdCsPjyMmmeVYPLqn9/Uand5HEU4QiO4RQCuIIa3EEdGkBgBM/wCm+e8l68d+9j3lrw8plD+APv8wfV3o8+</latexit>

P±
3

2k simple objects

2k indecomposable projectives

RT semisimplification/WZW

<latexit sha1_base64="d1j2byg3RYETVWvhESJ7dE1SiGM=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjJF2s6u6MZlBfuAdiiZTKYNzSRjkhFK6U+4caGIW3/HnX9j2o6gogcuHM65l3vvCVPOtEHowymsrW9sbhW3Szu7e/sH5cOjjpaZIrRNJJeqF2JNORO0bZjhtJcqipOQ0244uVr43XuqNJPi1kxTGiR4JFjMCDZW6g04xZE2cliuILdW9es+gshFS1jS8Hzf96CXKxWQozUsvw8iSbKECkM41rrvodQEM6wMI5zOS4NM0xSTCR7RvqUCJ1QHs+W9c3hmlQjGUtkSBi7V7xMznGg9TULbmWAz1r+9hfiX189M3AhmTKSZoYKsFsUZh0bCxfMwYooSw6eWYKKYvRWSMVaYGBtRyYbw9Sn8n3Sqrldz0c1FpXmZx1EEJ+AUnAMP1EETXIMWaAMCOHgAT+DZuXMenRfnddVacPKZY/ADztsnniSQXQ==</latexit> 

<latexit sha1_base64="vxRBTispfmjg53itkGDCS3NIniU=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQzJqp+6KblxWsA9oh5LJZNrQzGRMMkIp/Qk3LhRx6++4829MH4KKHrhwOOde7r0nzATXBqEPZ2l5ZXVtvbBR3Nza3tkt7e03tcwVZQ0qhVTtkGgmeMoahhvB2pliJAkFa4XDq6nfumdKc5nemlHGgoT0Ux5zSoyV2l3BSKSN7JXKyK36Pr5AELmnnod9zxLkVTA+h9hFM5TBAvVe6b0bSZonLDVUEK07GGUmGBNlOBVsUuzmmmWEDkmfdSxNScJ0MJ7dO4HHVolgLJWt1MCZ+n1iTBKtR0loOxNiBvq3NxX/8jq5iavBmKdZblhK54viXEAj4fR5GHHFqBEjSwhV3N4K6YAoQo2NqGhD+PoU/k+anosrLro5K9cuF3EUwCE4AicAAx/UwDWogwagQIAH8ASenTvn0XlxXuetS85i5gD8gPP2CZYukFc=</latexit> 
Kashaev inv't, 
volume conjecture<latexit sha1_base64="MNqjBw5NmWHgwLGpicnWc+cdBR8=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjK29rErunFZwT6gHUomk2mDmWRMMkIp/Qk3LhRx6++482/MtBVU9MCFwzn3cu89QcKZNgh9OLmV1bX1jfxmYWt7Z3evuH/Q0TJVhLaJ5FL1AqwpZ4K2DTOc9hJFcRxw2g1uLzO/e0+VZlLcmElC/RiPBIsYwcZKvQGnONRGDosl5KKqV6uXIXIr5XKj0rAEoWrt3IOeJRlKYInWsPg+CCVJYyoM4VjrvocS40+xMoxwOisMUk0TTG7xiPYtFTim2p/O753BE6uEMJLKljBwrn6fmOJY60kc2M4Ym7H+7WXiX14/NVHdnzKRpIYKslgUpRwaCbPnYcgUJYZPLMFEMXsrJGOsMDE2ooIN4etT+D/pnLle1UXXlVLzYhlHHhyBY3AKPFADTXAFWqANCODgATyBZ+fOeXRenNdFa85ZzhyCH3DePgGm+ZBj</latexit> 

Lyubashenko's TQFTentire category [deRenzi-Gainutdinov-G-P-Runkel '19, '20]



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)

Trivial holonomy:
<latexit sha1_base64="TgGzKx7u30U4LrwB8zTUXmVIAoA=">AAACD3icbVBNS8NAEN34WetX1KOXYLF4KomIehGKXjxWsB/QhLLZTNKlm03Y3Ygl9B948a948aCIV6/e/Ddu2yDa+mDg8d4MM/P8lFGpbPvLWFhcWl5ZLa2V1zc2t7bNnd2WTDJBoEkSloiOjyUwyqGpqGLQSQXg2GfQ9gdXY799B0LShN+qYQpejCNOQ0qw0lLPrEYXrg8R5XkaYyXo/cip2q5rVx0XePAj9syKXbMnsOaJU5AKKtDomZ9ukJAsBq4Iw1J2HTtVXo6FooTBqOxmElJMBjiCrqYcxyC9fPLPyDrUSmCFidDFlTVRf0/kOJZyGPu6U9/Xl7PeWPzP62YqPPdyytNMASfTRWHGLJVY43CsgAogig01wURQfatF+lhgonSEZR2CM/vyPGkd15zTmn1zUqlfFnGU0D46QEfIQWeojq5RAzURQQ/oCb2gV+PReDbejPdp64JRzOyhPzA+vgHLSZyE</latexit>

g =

✓
1 0
0 1

◆
<latexit sha1_base64="CWeyNlFhaMIAlg8ZsH1PaL7QFiA=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6kUIehG8RDAPSGKYncwmQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuLj+WwqDrfjtLyyura+u5jfzm1vbObmFvv26iRDNeY5GMdNOnhkuheA0FSt6MNaehL3nDH15P/MYT10ZE6h5HMe+EtK9EIBhFKzVvH9LycHzpdQtFt+ROQRaJl5EiZKh2C1/tXsSSkCtkkhrT8twYOynVKJjk43w7MTymbEj7vGWpoiE3nXR675gcW6VHgkjbUkim6u+JlIbGjELfdoYUB2bem4j/ea0Eg4tOKlScIFdstihIJMGITJ4nPaE5QzmyhDIt7K2EDaimDG1EeRuCN//yIqmXS95Zyb07LVausjhycAhHcAIenEMFbqAKNWAg4Rle4c15dF6cd+dj1rrkZDMH8AfO5w9LSI97</latexit>

K2k = 1
<latexit sha1_base64="fxGb8nbvWy67HwsN1kaQeCXvBWI=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUGIoGEmiHoRgrl4jGAWyAxDT6cnadKz2F0jhiE/4cVf8eJBEa+CN//GznLQ6IOCx3tVVNXzE8EVWNaXkVtYXFpeya8W1tY3NrfM7Z2milNJWYPGIpZtnygmeMQawEGwdiIZCX3BWv6gNvZbd0wqHkc3MEyYG5JexANOCWjJM4+ckECfEoFrnn2RereliRBIMsiUGHmVQwfYPWTHYdwdeWbRKlsT4L/EnpEimqHumZ9ON6ZpyCKggijVsa0E3IxI4FSwUcFJFUsIHZAe62gakZApN5t8NcIHWuniIJa6IsAT9edERkKlhqGvO8cnq3lvLP7ndVIIzt2MR0kKLKLTRUEqMMR4HBHucskoiKEmhEqub8W0TyShoIMs6BDs+Zf/kmalbJ+WreuTYvVyFkce7aF9VEI2OkNVdIXqqIEoekBP6AW9Go/Gs/FmvE9bc8ZsZhf9gvHxDWP+nvw=</latexit>

C1 = uq(sl2)-mod

derived Hilbert space
<latexit sha1_base64="OXEjkVGJkb6BRXUedmKmgf2MQJo=">AAACIHicbVDLSgMxFM34rPVVdekmWIQWpMwUsW4K1W5mWaEv6IxDJs20oZnMkGSEUvopbvwVNy4U0Z1+jemDoq0HAifn3Mu99/gxo1KZ5pextr6xubWd2knv7u0fHGaOjpsySgQmDRyxSLR9JAmjnDQUVYy0Y0FQ6DPS8gfVid96IELSiNfVMCZuiHqcBhQjpSUvU3JCpPoYMWjn6vfFi8X3pmzmYRnatuf4CWNE5RZW1bPyXiZrFswp4Cqx5iQL5qh5mU+nG+EkJFxhhqTsWGas3BESimJGxmknkSRGeIB6pKMpRyGR7mh64Biea6ULg0joxxWcqr87RiiUchj6unKypFz2JuJ/XidRwbU7ojxOFOF4NihIGFQRnKQFu1QQrNhQE4QF1btC3EcCYaUzTesQrOWTV0mzWLCuCubdZbZyO48jBU7BGcgBC5RABdigBhoAg0fwDF7Bm/FkvBjvxsesdM2Y95yAPzC+fwBlTqCj</latexit>

H(T 2
,A = 0) = HH•(C1)



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)

Trivial holonomy:
<latexit sha1_base64="TgGzKx7u30U4LrwB8zTUXmVIAoA=">AAACD3icbVBNS8NAEN34WetX1KOXYLF4KomIehGKXjxWsB/QhLLZTNKlm03Y3Ygl9B948a948aCIV6/e/Ddu2yDa+mDg8d4MM/P8lFGpbPvLWFhcWl5ZLa2V1zc2t7bNnd2WTDJBoEkSloiOjyUwyqGpqGLQSQXg2GfQ9gdXY799B0LShN+qYQpejCNOQ0qw0lLPrEYXrg8R5XkaYyXo/cip2q5rVx0XePAj9syKXbMnsOaJU5AKKtDomZ9ukJAsBq4Iw1J2HTtVXo6FooTBqOxmElJMBjiCrqYcxyC9fPLPyDrUSmCFidDFlTVRf0/kOJZyGPu6U9/Xl7PeWPzP62YqPPdyytNMASfTRWHGLJVY43CsgAogig01wURQfatF+lhgonSEZR2CM/vyPGkd15zTmn1zUqlfFnGU0D46QEfIQWeojq5RAzURQQ/oCb2gV+PReDbejPdp64JRzOyhPzA+vgHLSZyE</latexit>

g =

✓
1 0
0 1

◆
<latexit sha1_base64="CWeyNlFhaMIAlg8ZsH1PaL7QFiA=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6kUIehG8RDAPSGKYncwmQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuLj+WwqDrfjtLyyura+u5jfzm1vbObmFvv26iRDNeY5GMdNOnhkuheA0FSt6MNaehL3nDH15P/MYT10ZE6h5HMe+EtK9EIBhFKzVvH9LycHzpdQtFt+ROQRaJl5EiZKh2C1/tXsSSkCtkkhrT8twYOynVKJjk43w7MTymbEj7vGWpoiE3nXR675gcW6VHgkjbUkim6u+JlIbGjELfdoYUB2bem4j/ea0Eg4tOKlScIFdstihIJMGITJ4nPaE5QzmyhDIt7K2EDaimDG1EeRuCN//yIqmXS95Zyb07LVausjhycAhHcAIenEMFbqAKNWAg4Rle4c15dF6cd+dj1rrkZDMH8AfO5w9LSI97</latexit>

K2k = 1
<latexit sha1_base64="fxGb8nbvWy67HwsN1kaQeCXvBWI=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUGIoGEmiHoRgrl4jGAWyAxDT6cnadKz2F0jhiE/4cVf8eJBEa+CN//GznLQ6IOCx3tVVNXzE8EVWNaXkVtYXFpeya8W1tY3NrfM7Z2milNJWYPGIpZtnygmeMQawEGwdiIZCX3BWv6gNvZbd0wqHkc3MEyYG5JexANOCWjJM4+ckECfEoFrnn2RereliRBIMsiUGHmVQwfYPWTHYdwdeWbRKlsT4L/EnpEimqHumZ9ON6ZpyCKggijVsa0E3IxI4FSwUcFJFUsIHZAe62gakZApN5t8NcIHWuniIJa6IsAT9edERkKlhqGvO8cnq3lvLP7ndVIIzt2MR0kKLKLTRUEqMMR4HBHucskoiKEmhEqub8W0TyShoIMs6BDs+Zf/kmalbJ+WreuTYvVyFkce7aF9VEI2OkNVdIXqqIEoekBP6AW9Go/Gs/FmvE9bc8ZsZhf9gvHxDWP+nvw=</latexit>

C1 = uq(sl2)-mod

derived Hilbert space
<latexit sha1_base64="OXEjkVGJkb6BRXUedmKmgf2MQJo=">AAACIHicbVDLSgMxFM34rPVVdekmWIQWpMwUsW4K1W5mWaEv6IxDJs20oZnMkGSEUvopbvwVNy4U0Z1+jemDoq0HAifn3Mu99/gxo1KZ5pextr6xubWd2knv7u0fHGaOjpsySgQmDRyxSLR9JAmjnDQUVYy0Y0FQ6DPS8gfVid96IELSiNfVMCZuiHqcBhQjpSUvU3JCpPoYMWjn6vfFi8X3pmzmYRnatuf4CWNE5RZW1bPyXiZrFswp4Cqx5iQL5qh5mU+nG+EkJFxhhqTsWGas3BESimJGxmknkSRGeIB6pKMpRyGR7mh64Biea6ULg0joxxWcqr87RiiUchj6unKypFz2JuJ/XidRwbU7ojxOFOF4NihIGFQRnKQFu1QQrNhQE4QF1btC3EcCYaUzTesQrOWTV0mzWLCuCubdZbZyO48jBU7BGcgBC5RABdigBhoAg0fwDF7Bm/FkvBjvxsesdM2Y95yAPzC+fwBlTqCj</latexit>

H(T 2
,A = 0) = HH•(C1)

<latexit sha1_base64="ldgqQqy7yE8YKGnNHUbhgbePzzk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoC0tGRd0IxW66rGAfkMQwmU7boZMHMxOhhP6AG3/FjQtF3Lp35984abPQ6oELh3Pu5d57/JgzqSzryygsLC4trxRXS2vrG5tb5vZOW0aJILRFIh6Jro8l5SykLcUUp91YUBz4nHb8UT3zO/dUSBaFt2ocUzfAg5D1GcFKS5550Gh4VsUJsBoSzGHdQ0dXNnLvUieKeSLh6egYTTyzbFWtKeBfgnJSBjmanvnp9CKSBDRUhGMpbWTFyk2xUIxwOik5iaQxJiM8oLamIQ6odNPpNxN4qJUe7EdCV6jgVP05keJAynHg687sbDnvZeJ/np2o/qWbsjBOFA3JbFE/4VBFMIsG9pigRPGxJpgIpm+FZIgFJkoHWNIhoPmX/5L2SRWdV62bs3LtOo+jCPbAPqgABC5ADTRAE7QAAQ/gCbyAV+PReDbejPdZa8HIZ3bBLxgf31cbmdg=</latexit>

HH0(C1) = [1]�3k�1

<latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit> ··
·

<latexit sha1_base64="y7du480U45Nq0TkY753fjrRlwpg=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VpF5ak1MdGKHbTZQX7gCSGyXTaDp08mJkIJfQP3Pgrblwo4tatO//GSZuFth64cDjnXu69x4sYFdIwvrXcyura+kZ+s7C1vbO7p+8fdEQYc0zaOGQh73lIEEYD0pZUMtKLOEG+x0jXGzdSv/tAuKBhcCcnEXF8NAzogGIkleTqp82mWyvZPpIjjBhsuGb52jp37hM7jFgsYLU0PjPLU1cvGhVjBrhMzIwUQYaWq3/Z/RDHPgkkZkgIyzQi6SSIS4oZmRbsWJAI4TEaEkvRAPlEOMnsnyk8UUofDkKuKpBwpv6eSJAvxMT3VGd6uFj0UvE/z4rl4MpJaBDFkgR4vmgQMyhDmIYD+5QTLNlEEYQ5VbdCPEIcYakiLKgQzMWXl0mnWjEvKsZtrVi/yeLIgyNwDErABJegDpqgBdoAg0fwDF7Bm/akvWjv2se8NadlM4fgD7TPHz6SmkQ=</latexit>

HH4(C1) = [5]�2(k�1)

<latexit sha1_base64="uFftwXtYS0HyZ6E29DENTw4tFwU=">AAACD3icbVDLSsNAFJ34rPUVdelmsCjtwpJUUTdCsZsuK9gHJDFMppN26OTBzEQooX/gxl9x40IRt27d+TdO2iy09cCFwzn3cu89XsyokIbxrS0tr6yurRc2iptb2zu7+t5+R0QJx6SNIxbxnocEYTQkbUklI72YExR4jHS9USPzuw+ECxqFd3IcEydAg5D6FCOpJFc/aTbdWtkOkBxixGDDNSvX1plzn9pRzBIBa+XRqVmZuHrJqBpTwEVi5qQEcrRc/cvuRzgJSCgxQ0JYphFLJ0VcUszIpGgngsQIj9CAWIqGKCDCSaf/TOCxUvrQj7iqUMKp+nsiRYEQ48BTndnhYt7LxP88K5H+lZPSME4kCfFskZ8wKCOYhQP7lBMs2VgRhDlVt0I8RBxhqSIsqhDM+ZcXSadWNS+qxu15qX6Tx1EAh+AIlIEJLkEdNEELtAEGj+AZvII37Ul70d61j1nrkpbPHIA/0D5/ADgcmkA=</latexit>

HH2(C1) = [3]�2(k�1)

<latexit sha1_base64="oNCRVa19Di8yf3fqFrnIK0i33DM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0WoC0tifSEIxW66rGAfkMQwmU7boZMHMxOhhP6LG3/FjQuluHHhvzhps7CtBwYO59zLnXO8iFEhDeNby62srq1v5DcLW9s7u3v6/kFLhDHHpIlDFvKOhwRhNCBNSSUjnYgT5HuMtL1hLfXbz4QLGgaPchQRx0f9gPYoRlJJrn5br7uVku0jOcCIwZprnt5ZFecpscOIxQIOz8xxRq3LednVi0bZmAIuEzMjRZCh4eoTuxvi2CeBxAwJYZlGJJ0EcUkxI+OCHQsSITxEfWIpGiCfCCeZZhzDE6V0YS/k6gUSTtW/GwnyhRj5nppMw4hFLxX/86xY9m6chAZRLEmAZ4d6MYMyhGlhsEs5wZKNFEGYU/VXiAeIIyxVrQVVgrkYeZm0zsvmVdl4uChW77M68uAIHIMSMME1qII6aIAmwOAFvIEP8Km9au/aRPuajea0bOcQzEH7+QVoJ6Lw</latexit>

HH3(C1) = [3]�k�1 � [5]�k�1

<latexit sha1_base64="jkXielz9PDxG9pvvFoU8QoZpf4M=">AAACI3icbVDLSgMxFM3UV62vqks3wSLUhWWioiIIxW66rGAfMDMOmTTThmYeJBmhDP0XN/6KGxdKcePCfzFtZ2FbDwQO59zLzTlezJlUpvlt5FZW19Y38puFre2d3b3i/kFLRokgtEkiHomOhyXlLKRNxRSnnVhQHHictr1BbeK3n6mQLAof1TCmToB7IfMZwUpLbvG2XndR2Q6w6hPMYc1Fp3cWcp5SO4p5IuHgDI0yal3My26xZFbMKeAyQRkpgQwNtzi2uxFJAhoqwrGUFjJj5aRYKEY4HRXsRNIYkwHuUUvTEAdUOuk04wieaKUL/UjoFyo4Vf9upDiQchh4enISRi56E/E/z0qUf+OkLIwTRUMyO+QnHKoITgqDXSYoUXyoCSaC6b9C0scCE6VrLegS0GLkZdI6r6CrivlwWareZ3XkwRE4BmWAwDWogjpogCYg4AW8gQ/wabwa78bY+JqN5oxs5xDMwfj5BV49ouo=</latexit>

HH1(C1) = [1]�k�1 � [3]�k�1

<latexit sha1_base64="abw6uWvm7NXACAquciqr+h8yiRE=">AAAB+XicbVBNS8NAFHypX7V+RT16WSxCvZSkiHos9qAHDxWsLbQhbLbbdulmE3Y3hRL6T7x4UMSr/8Sb/8ZNm4O2DiwMM+/xZieIOVPacb6twtr6xuZWcbu0s7u3f2AfHj2pKJGEtkjEI9kJsKKcCdrSTHPaiSXFYcBpOxg3Mr89oVKxSDzqaUy9EA8FGzCCtZF8227e3vu1Si/EehQEqHHu22Wn6syBVombkzLkaPr2V68fkSSkQhOOleq6Tqy9FEvNCKezUi9RNMZkjIe0a6jAIVVeOk8+Q2dG6aNBJM0TGs3V3xspDpWahoGZzBKqZS8T//O6iR5ceykTcaKpIItDg4QjHaGsBtRnkhLNp4ZgIpnJisgIS0y0KatkSnCXv7xKnmpV97LqPFyU6zd5HUU4gVOogAtXUIc7aEILCEzgGV7hzUqtF+vd+liMFqx85xj+wPr8AXkzkkI=</latexit>

PGL2(C)
n-dimensional rep of

<latexit sha1_base64="lZEXqSwX+/NBQw8eIuIm/czEnmY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEVASh6MVjBdMW0lA22027dLMbdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpRypo3rfjulldW19Y3yZmVre2d3r7p/0NIyU4T6RHKpOhHWlDNBfcMMp51UUZxEnLaj0d3Ubz9RpZkUj2ac0jDBA8FiRrCxkh+I8PqmV625dXcGtEy8gtSgQLNX/er2JckSKgzhWOvAc1MT5lgZRjidVLqZpikmIzyggaUCJ1SH+ezYCTqxSh/FUtkSBs3U3xM5TrQeJ5HtTLAZ6kVvKv7nBZmJr8KciTQzVJD5ojjjyEg0/Rz1maLE8LElmChmb0VkiBUmxuZTsSF4iy8vk9ZZ3buouw/ntcZtEUcZjuAYTsGDS2jAPTTBBwIMnuEV3hzhvDjvzse8teQUM4fwB87nDztmjk4=</latexit>

[n] :=



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)

Trivial holonomy:
<latexit sha1_base64="TgGzKx7u30U4LrwB8zTUXmVIAoA=">AAACD3icbVBNS8NAEN34WetX1KOXYLF4KomIehGKXjxWsB/QhLLZTNKlm03Y3Ygl9B948a948aCIV6/e/Ddu2yDa+mDg8d4MM/P8lFGpbPvLWFhcWl5ZLa2V1zc2t7bNnd2WTDJBoEkSloiOjyUwyqGpqGLQSQXg2GfQ9gdXY799B0LShN+qYQpejCNOQ0qw0lLPrEYXrg8R5XkaYyXo/cip2q5rVx0XePAj9syKXbMnsOaJU5AKKtDomZ9ukJAsBq4Iw1J2HTtVXo6FooTBqOxmElJMBjiCrqYcxyC9fPLPyDrUSmCFidDFlTVRf0/kOJZyGPu6U9/Xl7PeWPzP62YqPPdyytNMASfTRWHGLJVY43CsgAogig01wURQfatF+lhgonSEZR2CM/vyPGkd15zTmn1zUqlfFnGU0D46QEfIQWeojq5RAzURQQ/oCb2gV+PReDbejPdp64JRzOyhPzA+vgHLSZyE</latexit>

g =

✓
1 0
0 1

◆
<latexit sha1_base64="CWeyNlFhaMIAlg8ZsH1PaL7QFiA=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6kUIehG8RDAPSGKYncwmQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuLj+WwqDrfjtLyyura+u5jfzm1vbObmFvv26iRDNeY5GMdNOnhkuheA0FSt6MNaehL3nDH15P/MYT10ZE6h5HMe+EtK9EIBhFKzVvH9LycHzpdQtFt+ROQRaJl5EiZKh2C1/tXsSSkCtkkhrT8twYOynVKJjk43w7MTymbEj7vGWpoiE3nXR675gcW6VHgkjbUkim6u+JlIbGjELfdoYUB2bem4j/ea0Eg4tOKlScIFdstihIJMGITJ4nPaE5QzmyhDIt7K2EDaimDG1EeRuCN//yIqmXS95Zyb07LVausjhycAhHcAIenEMFbqAKNWAg4Rle4c15dF6cd+dj1rrkZDMH8AfO5w9LSI97</latexit>

K2k = 1
<latexit sha1_base64="fxGb8nbvWy67HwsN1kaQeCXvBWI=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUGIoGEmiHoRgrl4jGAWyAxDT6cnadKz2F0jhiE/4cVf8eJBEa+CN//GznLQ6IOCx3tVVNXzE8EVWNaXkVtYXFpeya8W1tY3NrfM7Z2milNJWYPGIpZtnygmeMQawEGwdiIZCX3BWv6gNvZbd0wqHkc3MEyYG5JexANOCWjJM4+ckECfEoFrnn2RereliRBIMsiUGHmVQwfYPWTHYdwdeWbRKlsT4L/EnpEimqHumZ9ON6ZpyCKggijVsa0E3IxI4FSwUcFJFUsIHZAe62gakZApN5t8NcIHWuniIJa6IsAT9edERkKlhqGvO8cnq3lvLP7ndVIIzt2MR0kKLKLTRUEqMMR4HBHucskoiKEmhEqub8W0TyShoIMs6BDs+Zf/kmalbJ+WreuTYvVyFkce7aF9VEI2OkNVdIXqqIEoekBP6AW9Go/Gs/FmvE9bc8ZsZhf9gvHxDWP+nvw=</latexit>

C1 = uq(sl2)-mod

derived Hilbert space
<latexit sha1_base64="OXEjkVGJkb6BRXUedmKmgf2MQJo=">AAACIHicbVDLSgMxFM34rPVVdekmWIQWpMwUsW4K1W5mWaEv6IxDJs20oZnMkGSEUvopbvwVNy4U0Z1+jemDoq0HAifn3Mu99/gxo1KZ5pextr6xubWd2knv7u0fHGaOjpsySgQmDRyxSLR9JAmjnDQUVYy0Y0FQ6DPS8gfVid96IELSiNfVMCZuiHqcBhQjpSUvU3JCpPoYMWjn6vfFi8X3pmzmYRnatuf4CWNE5RZW1bPyXiZrFswp4Cqx5iQL5qh5mU+nG+EkJFxhhqTsWGas3BESimJGxmknkSRGeIB6pKMpRyGR7mh64Biea6ULg0joxxWcqr87RiiUchj6unKypFz2JuJ/XidRwbU7ojxOFOF4NihIGFQRnKQFu1QQrNhQE4QF1btC3EcCYaUzTesQrOWTV0mzWLCuCubdZbZyO48jBU7BGcgBC5RABdigBhoAg0fwDF7Bm/FkvBjvxsesdM2Y95yAPzC+fwBlTqCj</latexit>

H(T 2
,A = 0) = HH•(C1)

<latexit sha1_base64="ldgqQqy7yE8YKGnNHUbhgbePzzk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoC0tGRd0IxW66rGAfkMQwmU7boZMHMxOhhP6AG3/FjQtF3Lp35984abPQ6oELh3Pu5d57/JgzqSzryygsLC4trxRXS2vrG5tb5vZOW0aJILRFIh6Jro8l5SykLcUUp91YUBz4nHb8UT3zO/dUSBaFt2ocUzfAg5D1GcFKS5550Gh4VsUJsBoSzGHdQ0dXNnLvUieKeSLh6egYTTyzbFWtKeBfgnJSBjmanvnp9CKSBDRUhGMpbWTFyk2xUIxwOik5iaQxJiM8oLamIQ6odNPpNxN4qJUe7EdCV6jgVP05keJAynHg687sbDnvZeJ/np2o/qWbsjBOFA3JbFE/4VBFMIsG9pigRPGxJpgIpm+FZIgFJkoHWNIhoPmX/5L2SRWdV62bs3LtOo+jCPbAPqgABC5ADTRAE7QAAQ/gCbyAV+PReDbejPdZa8HIZ3bBLxgf31cbmdg=</latexit>

HH0(C1) = [1]�3k�1

<latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit> ··
·

<latexit sha1_base64="y7du480U45Nq0TkY753fjrRlwpg=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VpF5ak1MdGKHbTZQX7gCSGyXTaDp08mJkIJfQP3Pgrblwo4tatO//GSZuFth64cDjnXu69x4sYFdIwvrXcyura+kZ+s7C1vbO7p+8fdEQYc0zaOGQh73lIEEYD0pZUMtKLOEG+x0jXGzdSv/tAuKBhcCcnEXF8NAzogGIkleTqp82mWyvZPpIjjBhsuGb52jp37hM7jFgsYLU0PjPLU1cvGhVjBrhMzIwUQYaWq3/Z/RDHPgkkZkgIyzQi6SSIS4oZmRbsWJAI4TEaEkvRAPlEOMnsnyk8UUofDkKuKpBwpv6eSJAvxMT3VGd6uFj0UvE/z4rl4MpJaBDFkgR4vmgQMyhDmIYD+5QTLNlEEYQ5VbdCPEIcYakiLKgQzMWXl0mnWjEvKsZtrVi/yeLIgyNwDErABJegDpqgBdoAg0fwDF7Bm/akvWjv2se8NadlM4fgD7TPHz6SmkQ=</latexit>

HH4(C1) = [5]�2(k�1)

<latexit sha1_base64="uFftwXtYS0HyZ6E29DENTw4tFwU=">AAACD3icbVDLSsNAFJ34rPUVdelmsCjtwpJUUTdCsZsuK9gHJDFMppN26OTBzEQooX/gxl9x40IRt27d+TdO2iy09cCFwzn3cu89XsyokIbxrS0tr6yurRc2iptb2zu7+t5+R0QJx6SNIxbxnocEYTQkbUklI72YExR4jHS9USPzuw+ECxqFd3IcEydAg5D6FCOpJFc/aTbdWtkOkBxixGDDNSvX1plzn9pRzBIBa+XRqVmZuHrJqBpTwEVi5qQEcrRc/cvuRzgJSCgxQ0JYphFLJ0VcUszIpGgngsQIj9CAWIqGKCDCSaf/TOCxUvrQj7iqUMKp+nsiRYEQ48BTndnhYt7LxP88K5H+lZPSME4kCfFskZ8wKCOYhQP7lBMs2VgRhDlVt0I8RBxhqSIsqhDM+ZcXSadWNS+qxu15qX6Tx1EAh+AIlIEJLkEdNEELtAEGj+AZvII37Ul70d61j1nrkpbPHIA/0D5/ADgcmkA=</latexit>

HH2(C1) = [3]�2(k�1)

<latexit sha1_base64="oNCRVa19Di8yf3fqFrnIK0i33DM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0WoC0tifSEIxW66rGAfkMQwmU7boZMHMxOhhP6LG3/FjQuluHHhvzhps7CtBwYO59zLnXO8iFEhDeNby62srq1v5DcLW9s7u3v6/kFLhDHHpIlDFvKOhwRhNCBNSSUjnYgT5HuMtL1hLfXbz4QLGgaPchQRx0f9gPYoRlJJrn5br7uVku0jOcCIwZprnt5ZFecpscOIxQIOz8xxRq3LednVi0bZmAIuEzMjRZCh4eoTuxvi2CeBxAwJYZlGJJ0EcUkxI+OCHQsSITxEfWIpGiCfCCeZZhzDE6V0YS/k6gUSTtW/GwnyhRj5nppMw4hFLxX/86xY9m6chAZRLEmAZ4d6MYMyhGlhsEs5wZKNFEGYU/VXiAeIIyxVrQVVgrkYeZm0zsvmVdl4uChW77M68uAIHIMSMME1qII6aIAmwOAFvIEP8Km9au/aRPuajea0bOcQzEH7+QVoJ6Lw</latexit>

HH3(C1) = [3]�k�1 � [5]�k�1

<latexit sha1_base64="jkXielz9PDxG9pvvFoU8QoZpf4M=">AAACI3icbVDLSgMxFM3UV62vqks3wSLUhWWioiIIxW66rGAfMDMOmTTThmYeJBmhDP0XN/6KGxdKcePCfzFtZ2FbDwQO59zLzTlezJlUpvlt5FZW19Y38puFre2d3b3i/kFLRokgtEkiHomOhyXlLKRNxRSnnVhQHHictr1BbeK3n6mQLAof1TCmToB7IfMZwUpLbvG2XndR2Q6w6hPMYc1Fp3cWcp5SO4p5IuHgDI0yal3My26xZFbMKeAyQRkpgQwNtzi2uxFJAhoqwrGUFjJj5aRYKEY4HRXsRNIYkwHuUUvTEAdUOuk04wieaKUL/UjoFyo4Vf9upDiQchh4enISRi56E/E/z0qUf+OkLIwTRUMyO+QnHKoITgqDXSYoUXyoCSaC6b9C0scCE6VrLegS0GLkZdI6r6CrivlwWareZ3XkwRE4BmWAwDWogjpogCYg4AW8gQ/wabwa78bY+JqN5oxs5xDMwfj5BV49ouo=</latexit>

HH1(C1) = [1]�k�1 � [3]�k�1

<latexit sha1_base64="abw6uWvm7NXACAquciqr+h8yiRE=">AAAB+XicbVBNS8NAFHypX7V+RT16WSxCvZSkiHos9qAHDxWsLbQhbLbbdulmE3Y3hRL6T7x4UMSr/8Sb/8ZNm4O2DiwMM+/xZieIOVPacb6twtr6xuZWcbu0s7u3f2AfHj2pKJGEtkjEI9kJsKKcCdrSTHPaiSXFYcBpOxg3Mr89oVKxSDzqaUy9EA8FGzCCtZF8227e3vu1Si/EehQEqHHu22Wn6syBVombkzLkaPr2V68fkSSkQhOOleq6Tqy9FEvNCKezUi9RNMZkjIe0a6jAIVVeOk8+Q2dG6aNBJM0TGs3V3xspDpWahoGZzBKqZS8T//O6iR5ceykTcaKpIItDg4QjHaGsBtRnkhLNp4ZgIpnJisgIS0y0KatkSnCXv7xKnmpV97LqPFyU6zd5HUU4gVOogAtXUIc7aEILCEzgGV7hzUqtF+vd+liMFqx85xj+wPr8AXkzkkI=</latexit>

PGL2(C)
n-dimensional rep of

<latexit sha1_base64="lZEXqSwX+/NBQw8eIuIm/czEnmY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEVASh6MVjBdMW0lA22027dLMbdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpRypo3rfjulldW19Y3yZmVre2d3r7p/0NIyU4T6RHKpOhHWlDNBfcMMp51UUZxEnLaj0d3Ubz9RpZkUj2ac0jDBA8FiRrCxkh+I8PqmV625dXcGtEy8gtSgQLNX/er2JckSKgzhWOvAc1MT5lgZRjidVLqZpikmIzyggaUCJ1SH+ezYCTqxSh/FUtkSBs3U3xM5TrQeJ5HtTLAZ6kVvKv7nBZmJr8KciTQzVJD5ojjjyEg0/Rz1maLE8LElmChmb0VkiBUmxuZTsSF4iy8vk9ZZ3buouw/ntcZtEUcZjuAYTsGDS2jAPTTBBwIMnuEV3hzhvDjvzse8teQUM4fwB87nDztmjk4=</latexit>

[n] :=

Lyubashenko + much of TQFT literature<latexit sha1_base64="d1j2byg3RYETVWvhESJ7dE1SiGM=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjJF2s6u6MZlBfuAdiiZTKYNzSRjkhFK6U+4caGIW3/HnX9j2o6gogcuHM65l3vvCVPOtEHowymsrW9sbhW3Szu7e/sH5cOjjpaZIrRNJJeqF2JNORO0bZjhtJcqipOQ0244uVr43XuqNJPi1kxTGiR4JFjMCDZW6g04xZE2cliuILdW9es+gshFS1jS8Hzf96CXKxWQozUsvw8iSbKECkM41rrvodQEM6wMI5zOS4NM0xSTCR7RvqUCJ1QHs+W9c3hmlQjGUtkSBi7V7xMznGg9TULbmWAz1r+9hfiX189M3AhmTKSZoYKsFsUZh0bCxfMwYooSw6eWYKKYvRWSMVaYGBtRyYbw9Sn8n3Sqrldz0c1FpXmZx1EEJ+AUnAMP1EETXIMWaAMCOHgAT+DZuXMenRfnddVacPKZY/ADztsnniSQXQ==</latexit> 



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)

Trivial holonomy:
<latexit sha1_base64="TgGzKx7u30U4LrwB8zTUXmVIAoA=">AAACD3icbVBNS8NAEN34WetX1KOXYLF4KomIehGKXjxWsB/QhLLZTNKlm03Y3Ygl9B948a948aCIV6/e/Ddu2yDa+mDg8d4MM/P8lFGpbPvLWFhcWl5ZLa2V1zc2t7bNnd2WTDJBoEkSloiOjyUwyqGpqGLQSQXg2GfQ9gdXY799B0LShN+qYQpejCNOQ0qw0lLPrEYXrg8R5XkaYyXo/cip2q5rVx0XePAj9syKXbMnsOaJU5AKKtDomZ9ukJAsBq4Iw1J2HTtVXo6FooTBqOxmElJMBjiCrqYcxyC9fPLPyDrUSmCFidDFlTVRf0/kOJZyGPu6U9/Xl7PeWPzP62YqPPdyytNMASfTRWHGLJVY43CsgAogig01wURQfatF+lhgonSEZR2CM/vyPGkd15zTmn1zUqlfFnGU0D46QEfIQWeojq5RAzURQQ/oCb2gV+PReDbejPdp64JRzOyhPzA+vgHLSZyE</latexit>

g =

✓
1 0
0 1

◆
<latexit sha1_base64="CWeyNlFhaMIAlg8ZsH1PaL7QFiA=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6kUIehG8RDAPSGKYncwmQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuLj+WwqDrfjtLyyura+u5jfzm1vbObmFvv26iRDNeY5GMdNOnhkuheA0FSt6MNaehL3nDH15P/MYT10ZE6h5HMe+EtK9EIBhFKzVvH9LycHzpdQtFt+ROQRaJl5EiZKh2C1/tXsSSkCtkkhrT8twYOynVKJjk43w7MTymbEj7vGWpoiE3nXR675gcW6VHgkjbUkim6u+JlIbGjELfdoYUB2bem4j/ea0Eg4tOKlScIFdstihIJMGITJ4nPaE5QzmyhDIt7K2EDaimDG1EeRuCN//yIqmXS95Zyb07LVausjhycAhHcAIenEMFbqAKNWAg4Rle4c15dF6cd+dj1rrkZDMH8AfO5w9LSI97</latexit>

K2k = 1
<latexit sha1_base64="fxGb8nbvWy67HwsN1kaQeCXvBWI=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUGIoGEmiHoRgrl4jGAWyAxDT6cnadKz2F0jhiE/4cVf8eJBEa+CN//GznLQ6IOCx3tVVNXzE8EVWNaXkVtYXFpeya8W1tY3NrfM7Z2milNJWYPGIpZtnygmeMQawEGwdiIZCX3BWv6gNvZbd0wqHkc3MEyYG5JexANOCWjJM4+ckECfEoFrnn2RereliRBIMsiUGHmVQwfYPWTHYdwdeWbRKlsT4L/EnpEimqHumZ9ON6ZpyCKggijVsa0E3IxI4FSwUcFJFUsIHZAe62gakZApN5t8NcIHWuniIJa6IsAT9edERkKlhqGvO8cnq3lvLP7ndVIIzt2MR0kKLKLTRUEqMMR4HBHucskoiKEmhEqub8W0TyShoIMs6BDs+Zf/kmalbJ+WreuTYvVyFkce7aF9VEI2OkNVdIXqqIEoekBP6AW9Go/Gs/FmvE9bc8ZsZhf9gvHxDWP+nvw=</latexit>

C1 = uq(sl2)-mod

derived Hilbert space
<latexit sha1_base64="OXEjkVGJkb6BRXUedmKmgf2MQJo=">AAACIHicbVDLSgMxFM34rPVVdekmWIQWpMwUsW4K1W5mWaEv6IxDJs20oZnMkGSEUvopbvwVNy4U0Z1+jemDoq0HAifn3Mu99/gxo1KZ5pextr6xubWd2knv7u0fHGaOjpsySgQmDRyxSLR9JAmjnDQUVYy0Y0FQ6DPS8gfVid96IELSiNfVMCZuiHqcBhQjpSUvU3JCpPoYMWjn6vfFi8X3pmzmYRnatuf4CWNE5RZW1bPyXiZrFswp4Cqx5iQL5qh5mU+nG+EkJFxhhqTsWGas3BESimJGxmknkSRGeIB6pKMpRyGR7mh64Biea6ULg0joxxWcqr87RiiUchj6unKypFz2JuJ/XidRwbU7ojxOFOF4NihIGFQRnKQFu1QQrNhQE4QF1btC3EcCYaUzTesQrOWTV0mzWLCuCubdZbZyO48jBU7BGcgBC5RABdigBhoAg0fwDF7Bm/FkvBjvxsesdM2Y95yAPzC+fwBlTqCj</latexit>

H(T 2
,A = 0) = HH•(C1)

<latexit sha1_base64="ldgqQqy7yE8YKGnNHUbhgbePzzk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoC0tGRd0IxW66rGAfkMQwmU7boZMHMxOhhP6AG3/FjQtF3Lp35984abPQ6oELh3Pu5d57/JgzqSzryygsLC4trxRXS2vrG5tb5vZOW0aJILRFIh6Jro8l5SykLcUUp91YUBz4nHb8UT3zO/dUSBaFt2ocUzfAg5D1GcFKS5550Gh4VsUJsBoSzGHdQ0dXNnLvUieKeSLh6egYTTyzbFWtKeBfgnJSBjmanvnp9CKSBDRUhGMpbWTFyk2xUIxwOik5iaQxJiM8oLamIQ6odNPpNxN4qJUe7EdCV6jgVP05keJAynHg687sbDnvZeJ/np2o/qWbsjBOFA3JbFE/4VBFMIsG9pigRPGxJpgIpm+FZIgFJkoHWNIhoPmX/5L2SRWdV62bs3LtOo+jCPbAPqgABC5ADTRAE7QAAQ/gCbyAV+PReDbejPdZa8HIZ3bBLxgf31cbmdg=</latexit>

HH0(C1) = [1]�3k�1

<latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit> ··
·

Lyubashenko + much of TQFT literature<latexit sha1_base64="d1j2byg3RYETVWvhESJ7dE1SiGM=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjJF2s6u6MZlBfuAdiiZTKYNzSRjkhFK6U+4caGIW3/HnX9j2o6gogcuHM65l3vvCVPOtEHowymsrW9sbhW3Szu7e/sH5cOjjpaZIrRNJJeqF2JNORO0bZjhtJcqipOQ0244uVr43XuqNJPi1kxTGiR4JFjMCDZW6g04xZE2cliuILdW9es+gshFS1jS8Hzf96CXKxWQozUsvw8iSbKECkM41rrvodQEM6wMI5zOS4NM0xSTCR7RvqUCJ1QHs+W9c3hmlQjGUtkSBi7V7xMznGg9TULbmWAz1r+9hfiX189M3AhmTKSZoYKsFsUZh0bCxfMwYooSw6eWYKKYvRWSMVaYGBtRyYbw9Sn8n3Sqrldz0c1FpXmZx1EEJ+AUnAMP1EETXIMWaAMCOHgAT+DZuXMenRfnddVacPKZY/ADztsnniSQXQ==</latexit> 

<latexit sha1_base64="Vhu1JJr9MACdAnl0NeEwoGhFXH4="></latexit>

H(T 2
, 0) ' C2

�H
•,•
@̄

(T ⇤[2]P1)�k�1

[Arkhipov-Bezrukavnikov-Ginzburg '03]
[Bezrukavnikov-Lachowska '06] 
[Lachowska-Qi '19]



Reps of
<latexit sha1_base64="8BWxlUbMiGg4Km/HronwJbostb8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUTdC0Y3LCvYBTSyT6aQdOpnEmYlQQ/BX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59sqLCwuLa8UV0tr6xubW/b2TkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweBq5DcfqFQsFrd6mFA/wj3BQkawNlLH3ru/oHeZF0pMMuYlLM8Ged6xy07FGQPNE3dKyjBFrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOM1LXqpogskA92jbUIEjqvxsfH2ODo3SRWEsTQmNxurviQxHSg2jwHRGWPfVrDcS//PaqQ7P/YyJJNVUkMmiMOVIx2gUBeoySYnmQ0MwkczcikgfmyS0CaxkQnBnX54njeOKe1pxbk7K1ctpHEXYhwM4AhfOoArXUIM6EHiEZ3iFN+vJerHerY9Ja8GazuzCH1ifP117ldI=</latexit>

q = e
i⇡
k

<latexit sha1_base64="fRcsa6PIIb5x5LqdjPPd6qtWkyw=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5IUUZdFNy4rmLbQhjCZTtqhk0mcmQg1FH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzJ0gYlcq2v42l5ZXVtfXSRnlza3tn19zbb8k4FZi4OGax6ARIEkY5cRVVjHQSQVAUMNIORte5334gQtKY36lxQrwIDTgNKUZKS7556Pr31V6E1DAUaJRJNvHrp75ZsWv2FNYicQpSgQJN3/zq9WOcRoQrzJCUXcdOlJchoShmZFLupZIkCI/QgHQ15Sgi0sum6SfWiVb6VhgL/biypurvjQxFUo6jQE/mOeW8l4v/ed1UhZdeRnmSKsLx7FCYMkvFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFmX4Mx/eZG06jXnvGbfnlUaV0UdJTiCY6iCAxfQgBtoggsYHuEZXuHNeDJejHfjYza6ZBQ7B/AHxucPG+qVAA==</latexit>

Uq(sl2)

Trivial holonomy:
<latexit sha1_base64="TgGzKx7u30U4LrwB8zTUXmVIAoA=">AAACD3icbVBNS8NAEN34WetX1KOXYLF4KomIehGKXjxWsB/QhLLZTNKlm03Y3Ygl9B948a948aCIV6/e/Ddu2yDa+mDg8d4MM/P8lFGpbPvLWFhcWl5ZLa2V1zc2t7bNnd2WTDJBoEkSloiOjyUwyqGpqGLQSQXg2GfQ9gdXY799B0LShN+qYQpejCNOQ0qw0lLPrEYXrg8R5XkaYyXo/cip2q5rVx0XePAj9syKXbMnsOaJU5AKKtDomZ9ukJAsBq4Iw1J2HTtVXo6FooTBqOxmElJMBjiCrqYcxyC9fPLPyDrUSmCFidDFlTVRf0/kOJZyGPu6U9/Xl7PeWPzP62YqPPdyytNMASfTRWHGLJVY43CsgAogig01wURQfatF+lhgonSEZR2CM/vyPGkd15zTmn1zUqlfFnGU0D46QEfIQWeojq5RAzURQQ/oCb2gV+PReDbejPdp64JRzOyhPzA+vgHLSZyE</latexit>

g =

✓
1 0
0 1

◆
<latexit sha1_base64="CWeyNlFhaMIAlg8ZsH1PaL7QFiA=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6kUIehG8RDAPSGKYncwmQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuLj+WwqDrfjtLyyura+u5jfzm1vbObmFvv26iRDNeY5GMdNOnhkuheA0FSt6MNaehL3nDH15P/MYT10ZE6h5HMe+EtK9EIBhFKzVvH9LycHzpdQtFt+ROQRaJl5EiZKh2C1/tXsSSkCtkkhrT8twYOynVKJjk43w7MTymbEj7vGWpoiE3nXR675gcW6VHgkjbUkim6u+JlIbGjELfdoYUB2bem4j/ea0Eg4tOKlScIFdstihIJMGITJ4nPaE5QzmyhDIt7K2EDaimDG1EeRuCN//yIqmXS95Zyb07LVausjhycAhHcAIenEMFbqAKNWAg4Rle4c15dF6cd+dj1rrkZDMH8AfO5w9LSI97</latexit>

K2k = 1
<latexit sha1_base64="fxGb8nbvWy67HwsN1kaQeCXvBWI=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUGIoGEmiHoRgrl4jGAWyAxDT6cnadKz2F0jhiE/4cVf8eJBEa+CN//GznLQ6IOCx3tVVNXzE8EVWNaXkVtYXFpeya8W1tY3NrfM7Z2milNJWYPGIpZtnygmeMQawEGwdiIZCX3BWv6gNvZbd0wqHkc3MEyYG5JexANOCWjJM4+ckECfEoFrnn2RereliRBIMsiUGHmVQwfYPWTHYdwdeWbRKlsT4L/EnpEimqHumZ9ON6ZpyCKggijVsa0E3IxI4FSwUcFJFUsIHZAe62gakZApN5t8NcIHWuniIJa6IsAT9edERkKlhqGvO8cnq3lvLP7ndVIIzt2MR0kKLKLTRUEqMMR4HBHucskoiKEmhEqub8W0TyShoIMs6BDs+Zf/kmalbJ+WreuTYvVyFkce7aF9VEI2OkNVdIXqqIEoekBP6AW9Go/Gs/FmvE9bc8ZsZhf9gvHxDWP+nvw=</latexit>

C1 = uq(sl2)-mod

derived Hilbert space
<latexit sha1_base64="OXEjkVGJkb6BRXUedmKmgf2MQJo=">AAACIHicbVDLSgMxFM34rPVVdekmWIQWpMwUsW4K1W5mWaEv6IxDJs20oZnMkGSEUvopbvwVNy4U0Z1+jemDoq0HAifn3Mu99/gxo1KZ5pextr6xubWd2knv7u0fHGaOjpsySgQmDRyxSLR9JAmjnDQUVYy0Y0FQ6DPS8gfVid96IELSiNfVMCZuiHqcBhQjpSUvU3JCpPoYMWjn6vfFi8X3pmzmYRnatuf4CWNE5RZW1bPyXiZrFswp4Cqx5iQL5qh5mU+nG+EkJFxhhqTsWGas3BESimJGxmknkSRGeIB6pKMpRyGR7mh64Biea6ULg0joxxWcqr87RiiUchj6unKypFz2JuJ/XidRwbU7ojxOFOF4NihIGFQRnKQFu1QQrNhQE4QF1btC3EcCYaUzTesQrOWTV0mzWLCuCubdZbZyO48jBU7BGcgBC5RABdigBhoAg0fwDF7Bm/FkvBjvxsesdM2Y95yAPzC+fwBlTqCj</latexit>

H(T 2
,A = 0) = HH•(C1)

<latexit sha1_base64="ldgqQqy7yE8YKGnNHUbhgbePzzk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoC0tGRd0IxW66rGAfkMQwmU7boZMHMxOhhP6AG3/FjQtF3Lp35984abPQ6oELh3Pu5d57/JgzqSzryygsLC4trxRXS2vrG5tb5vZOW0aJILRFIh6Jro8l5SykLcUUp91YUBz4nHb8UT3zO/dUSBaFt2ocUzfAg5D1GcFKS5550Gh4VsUJsBoSzGHdQ0dXNnLvUieKeSLh6egYTTyzbFWtKeBfgnJSBjmanvnp9CKSBDRUhGMpbWTFyk2xUIxwOik5iaQxJiM8oLamIQ6odNPpNxN4qJUe7EdCV6jgVP05keJAynHg687sbDnvZeJ/np2o/qWbsjBOFA3JbFE/4VBFMIsG9pigRPGxJpgIpm+FZIgFJkoHWNIhoPmX/5L2SRWdV62bs3LtOo+jCPbAPqgABC5ADTRAE7QAAQ/gCbyAV+PReDbejPdZa8HIZ3bBLxgf31cbmdg=</latexit>

HH0(C1) = [1]�3k�1

<latexit sha1_base64="0wnPUQt89aJI4JVFunW8vuJm37E=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtHo0Umn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBr/2PNA==</latexit> ··
·

Lyubashenko + much of TQFT literature<latexit sha1_base64="d1j2byg3RYETVWvhESJ7dE1SiGM=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjJF2s6u6MZlBfuAdiiZTKYNzSRjkhFK6U+4caGIW3/HnX9j2o6gogcuHM65l3vvCVPOtEHowymsrW9sbhW3Szu7e/sH5cOjjpaZIrRNJJeqF2JNORO0bZjhtJcqipOQ0244uVr43XuqNJPi1kxTGiR4JFjMCDZW6g04xZE2cliuILdW9es+gshFS1jS8Hzf96CXKxWQozUsvw8iSbKECkM41rrvodQEM6wMI5zOS4NM0xSTCR7RvqUCJ1QHs+W9c3hmlQjGUtkSBi7V7xMznGg9TULbmWAz1r+9hfiX189M3AhmTKSZoYKsFsUZh0bCxfMwYooSw6eWYKKYvRWSMVaYGBtRyYbw9Sn8n3Sqrldz0c1FpXmZx1EEJ+AUnAMP1EETXIMWaAMCOHgAT+DZuXMenRfnddVacPKZY/ADztsnniSQXQ==</latexit> 

<latexit sha1_base64="Vhu1JJr9MACdAnl0NeEwoGhFXH4="></latexit>

H(T 2
, 0) ' C2

�H
•,•
@̄

(T ⇤[2]P1)�k�1

[Arkhipov-Bezrukavnikov-Ginzburg '03]
[Bezrukavnikov-Lachowska '06] 
[Lachowska-Qi '19]

<latexit sha1_base64="hlzxZs6XmD3XICg+X+NqulDGbeg=">AAACFnicbVDLSgNBEJyNrxhfqx69DAYhgobdIOpFiHrJMUIShSSG2UlHh8w+mOkVw5Kv8OKvePGgiFfx5t84eSCaWDBQU9VNd5cXSaHRcb6s1Mzs3PxCejGztLyyumavb9R0GCsOVR7KUF15TIMUAVRRoISrSAHzPQmXXvd84F/egdIiDCrYi6Dps5tAdARnaKSWvX9CGwj3mLSF32/4DG85k7SUq1wX9n6+p62EeSD7uy076+SdIeg0ccckS8Yot+zPRjvksQ8Bcsm0rrtOhM2EKRRcQj/TiDVEjHfZDdQNDZgPupkMz+rTHaO0aSdU5gVIh+rvjoT5Wvd8z1QONtWT3kD8z6vH2DluJiKIYoSAjwZ1YkkxpIOMaFso4Ch7hjCuhNmV8lumGEeTZMaE4E6ePE1qhbx7mHcuDrLFs3EcabJFtkmOuOSIFEmJlEmVcPJAnsgLebUerWfrzXoflaascc8m+QPr4xsA6p6j</latexit>

= dimH(T 2,Aabel)
<latexit sha1_base64="vsNuHOh6mD82x8e2DxHsqlw8I/M=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoICUpom6EopsuK/QFSSyT6aQdOpmEmYlQQn/Ajb/ixoUibt2782+ctFlo9cCFwzn3cu89fsyoVJb1ZRSWlldW14rrpY3Nre0dc3evI6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/fJP53XsiJI14S01i4oVoyGlAMVJa6ptHLh5R16dDxw2RGmHEYKPSuqudWieZ6sErWBv3zbJVtWaAf4mdkzLI0eybn+4gwklIuMIMSenYVqy8FAlFMSPTkptIEiM8RkPiaMpRSKSXzr6ZwmOtDGAQCV1cwZn6cyJFoZST0Ned2cly0cvE/zwnUcGll1IeJ4pwPF8UJAyqCGbRwAEVBCs20QRhQfWtEI+QQFjpAEs6BHvx5b+kU6va51Xr9qxcv87jKIIDcAgqwAYXoA4aoAnaAIMH8ARewKvxaDwbb8b7vLVg5DP74BeMj29OZJnF</latexit>

�
⇥
H(T 2, 0)

⇤
= 2ks.t.

<latexit sha1_base64="tLTODmPNWd8GCVC+K+1s1yW//q8="></latexit>

K0(C1) ' C[X]
.
(X2 � 4)

k�1Y

j=1

⇣
X � 2 cos

⇡j

k

⌘2
<latexit sha1_base64="CGhuCcueyCXaXUomIsANbFiSQb8=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIsgCGW3iHoRil48VrAfsF1LNs22odlkSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEiuAHX/XYKK6tr6xvFzdLW9s7uXnn/oGVUqilrUiWU7oTEMMElawIHwTqJZiQOBWuHo9up335i2nAlH2CcsCAmA8kjTglYye/ga+y3erXHs6BXrrhVdwa8TLycVFCORq/81e0rmsZMAhXEGN9zEwgyooFTwSalbmpYQuiIDJhvqSQxM0E2O3mCT6zSx5HStiTgmfp7IiOxMeM4tJ0xgaFZ9Kbif56fQnQVZFwmKTBJ54uiVGBQePo/7nPNKIixJYRqbm/FdEg0oWBTKtkQvMWXl0mrVvUuqu79eaV+k8dRREfoGJ0iD12iOrpDDdREFCn0jF7RmwPOi/PufMxbC04+c4j+wPn8ATkwj+o=</latexit>

X = [V +
2 ]



QFT

We're looking for a topological QFT that...
• is labelled by 

<latexit sha1_base64="6RsRlG6kbWleX8mEPnYT2Cluuro=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBRSmJiLosutBlBfvAJpTJdNoOnUzCzEQsob/ixoUibv0Rd/6NkzYLbT0wcDjnXu6ZE8ScKe0431ZhZXVtfaO4Wdra3tnds/fLLRUlktAmiXgkOwFWlDNBm5ppTjuxpDgMOG0H4+vMbz9SqVgk7vUkpn6Ih4INGMHaSD27fFP1qmOPCeSFWI+CAD307IpTc2ZAy8TNSQVyNHr2l9ePSBJSoQnHSnVdJ9Z+iqVmhNNpyUsUjTEZ4yHtGipwSJWfzrJP0bFR+mgQSfOERjP190aKQ6UmYWAms4Bq0cvE/7xuogeXfspEnGgqyPzQIOFIRygrAvWZpETziSGYSGayIjLCEhNt6iqZEtzFLy+T1mnNPa85d2eV+lVeRxEO4QhOwIULqMMtNKAJBJ7gGV7hzZpaL9a79TEfLVj5zgH8gfX5A2Ntk2E=</latexit>

G, k 2 Z

• is Chern-Simons like



QFT

We're looking for a topological QFT that...
• is labelled by 

Category of line ops has a finite # (~k) of inequivalent "Wilson lines"

<latexit sha1_base64="6RsRlG6kbWleX8mEPnYT2Cluuro=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBRSmJiLosutBlBfvAJpTJdNoOnUzCzEQsob/ixoUibv0Rd/6NkzYLbT0wcDjnXu6ZE8ScKe0431ZhZXVtfaO4Wdra3tnds/fLLRUlktAmiXgkOwFWlDNBm5ppTjuxpDgMOG0H4+vMbz9SqVgk7vUkpn6Ih4INGMHaSD27fFP1qmOPCeSFWI+CAD307IpTc2ZAy8TNSQVyNHr2l9ePSBJSoQnHSnVdJ9Z+iqVmhNNpyUsUjTEZ4yHtGipwSJWfzrJP0bFR+mgQSfOERjP190aKQ6UmYWAms4Bq0cvE/7xuogeXfspEnGgqyPzQIOFIRygrAvWZpETziSGYSGayIjLCEhNt6iqZEtzFLy+T1mnNPa85d2eV+lVeRxEO4QhOwIULqMMtNKAJBJ7gGV7hzZpaL9a79TEfLVj5zgH8gfX5A2Ntk2E=</latexit>

G, k 2 Z

• is Chern-Simons like

[GHNPPK '20], [Brown-TD-Geer-Garoufalidis '20]
also: ADO invariants obey same recursions as colored Jones



QFT

We're looking for a topological QFT that...
• is labelled by 

Category of line ops has a finite # (~k) of inequivalent "Wilson lines"

• is not semisimple
Line ops must have nontrivial junctions 
       (e.g. there exist bulk local operators other than 1)

<latexit sha1_base64="6RsRlG6kbWleX8mEPnYT2Cluuro=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBRSmJiLosutBlBfvAJpTJdNoOnUzCzEQsob/ixoUibv0Rd/6NkzYLbT0wcDjnXu6ZE8ScKe0431ZhZXVtfaO4Wdra3tnds/fLLRUlktAmiXgkOwFWlDNBm5ppTjuxpDgMOG0H4+vMbz9SqVgk7vUkpn6Ih4INGMHaSD27fFP1qmOPCeSFWI+CAD307IpTc2ZAy8TNSQVyNHr2l9ePSBJSoQnHSnVdJ9Z+iqVmhNNpyUsUjTEZ4yHtGipwSJWfzrJP0bFR+mgQSfOERjP190aKQ6UmYWAms4Bq0cvE/7xuogeXfspEnGgqyPzQIOFIRygrAvWZpETziSGYSGayIjLCEhNt6iqZEtzFLy+T1mnNPa85d2eV+lVeRxEO4QhOwIULqMMtNKAJBJ7gGV7hzZpaL9a79TEfLVj5zgH8gfX5A2Ntk2E=</latexit>

G, k 2 Z

• is Chern-Simons like

[GHNPPK '20], [Brown-TD-Geer-Garoufalidis '20]
also: ADO invariants obey same recursions as colored Jones



background         flat connections

QFT

We're looking for a topological QFT that...
• is labelled by 

Category of line ops has a finite # (~k) of inequivalent "Wilson lines"

• is not semisimple
Line ops must have nontrivial junctions 
       (e.g. there exist bulk local operators other than 1)

• has        global symmetry 

<latexit sha1_base64="6RsRlG6kbWleX8mEPnYT2Cluuro=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBRSmJiLosutBlBfvAJpTJdNoOnUzCzEQsob/ixoUibv0Rd/6NkzYLbT0wcDjnXu6ZE8ScKe0431ZhZXVtfaO4Wdra3tnds/fLLRUlktAmiXgkOwFWlDNBm5ppTjuxpDgMOG0H4+vMbz9SqVgk7vUkpn6Ih4INGMHaSD27fFP1qmOPCeSFWI+CAD307IpTc2ZAy8TNSQVyNHr2l9ePSBJSoQnHSnVdJ9Z+iqVmhNNpyUsUjTEZ4yHtGipwSJWfzrJP0bFR+mgQSfOERjP190aKQ6UmYWAms4Bq0cvE/7xuogeXfspEnGgqyPzQIOFIRygrAvWZpETziSGYSGayIjLCEhNt6iqZEtzFLy+T1mnNPa85d2eV+lVeRxEO4QhOwIULqMMtNKAJBJ7gGV7hzZpaL9a79TEfLVj5zgH8gfX5A2Ntk2E=</latexit>

G, k 2 Z

• is Chern-Simons like

[GHNPPK '20], [Brown-TD-Geer-Garoufalidis '20]
also: ADO invariants obey same recursions as colored Jones

<latexit sha1_base64="asBGAIIAgrftWqgV2rovNGDFXXo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegBz1GMA9I1jA76U3GzO4sM7OBsOQfvHhQxKv/482/cfI4aGJBQ1HVTXdXkAiujet+O7mV1bX1jfxmYWt7Z3evuH9Q1zJVDGtMCqmaAdUoeIw1w43AZqKQRoHARjC4mfiNISrNZfxgRgn6Ee3FPOSMGivVbx/bQ8ROseSW3SnIMvHmpARzVDvFr3ZXsjTC2DBBtW55bmL8jCrDmcBxoZ1qTCgb0B62LI1phNrPpteOyYlVuiSUylZsyFT9PZHRSOtRFNjOiJq+XvQm4n9eKzXhlZ/xOEkNxmy2KEwFMZJMXiddrpAZMbKEMsXtrYT1qaLM2IAKNgRv8eVlUj8rexdl9/68VLmex5GHIziGU/DgEipwB1WoAYMneIZXeHOk8+K8Ox+z1pwznzmEP3A+fwBah478</latexit>

G_
<latexit sha1_base64="vlczy/b4AYlJDeBmSbq5BrisnRo=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVnsQpcV7AOaGCbT23boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45YcKZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoreJUUmjRmMeyGxIFnAloaaY5dBMJJAo5dMJxI/c7E5CKxeJRTxPwIzIUbMAo0UYKbPvuyZsABF5E9CgMcSOwq07NmQOvErcgVVSgGdhfXj+maQRCU06U6rlOov2MSM0oh1nFSxUkhI7JEHqGChKB8rN58hk+M0ofD2JpntB4rv7eyEik1DQKzWQeUC17ufif10v14MbPmEhSDYIuDg1SjnWM8xpwn0mgmk8NIVQykxXTEZGEalNWxZTgLn95lbQvau5VzXm4rNZvizrK6ASdonPkomtUR/eoiVqIogl6Rq/ozcqsF+vd+liMlqxi5xj9gfX5A8yKkx0=</latexit>

G_
C

<latexit sha1_base64="ICDp7rNAl2tj9U31hFeCvRa93+U=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvNpF262Y27E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulOSA0ILqGFHAV0Ug00CQU8hKObqf/wBNpwJe9xnEKQ0IHkMWcUrdTpCaCRQdWv1ry6N4O7TPyC1EiBZr/61YsUyxKQyAQ1put7KQY51ciZgEmllxlIKRvRAXQtlTQBE+SzeyfuiVUiN1balkR3pv6eyGlizDgJbWdCcWgWvan4n9fNML4Kci7TDEGy+aI4Ey4qd/q8G3ENDMXYEso0t7e6bEg1ZWgjqtgQ/MWXl0n7rO5f1L2781rjuoijTI7IMTklPrkkDXJLmqRFGBHkmbySN+fReXHenY95a8kpZg7JHzifPzjukBc=</latexit> 



QFT Unique minimal answer:

1. Start with [Gaiotto-Witten '08]
<latexit sha1_base64="vJNi0Q5GVG/Wm8R+OrVXPua39qY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r9AvSUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3OV+94kqzWLZMtOEBgKPJIsYwSaXWv59MKjW3Lo7B1olXkFqUKA5qH71hzFJBZWGcKy177mJCTKsDCOczir9VNMEkwkeUd9SiQXVQTa/dYbOrDJEUaxsSYPm6u+JDAutpyK0nQKbsV72cvE/z09NdBNkTCapoZIsFkUpRyZG+eNoyBQlhk8twUQxeysiY6wwMTaeig3BW355lXQu6t5V3X28rDVuizjKcAKncA4eXEMDHqAJbSAwhmd4hTdHOC/Ou/OxaC05xcwx/IHz+QOklI36</latexit>

T [G]

has 3d             SUSY and                 global symmetry
<latexit sha1_base64="5DfQ9LsNT6xYJZYQwjvojnJfzW4=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ED3jERB4Ju5DZoRcmzD4y04shhP/w4kFjvPov3vwbB9iDgpV0UqnqTneXn0ih0ba/rdza+sbmVn67sLO7t39QPDxq6DhVHOo8lrFq+UyDFBHUUaCEVqKAhb6Epj+8m/nNESgt4ugRxwl4IetHIhCcoZE6VRdFCJpWO+4IoFss2WV7DrpKnIyUSIZat/jl9mKehhAhl0zrtmMn6E2YQsElTAtuqiFhfMj60DY0YmaXN5lfPaVnRunRIFamIqRz9ffEhIVaj0PfdIYMB3rZm4n/ee0UgxtvIqIkRYj4YlGQSooxnUVAe0IBRzk2hHElzK2UD5hiHE1QBROCs/zyKmlclJ2rsv1wWarcZnHkyQk5JefEIdekQu5JjdQJJ4o8k1fyZj1ZL9a79bFozVnZzDH5A+vzBwGAkjE=</latexit>

G⇥G_
S-duality interface for 4d N=4 SYM

<latexit sha1_base64="3QRSveoflLraufMrdvTJYn0vNSs=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZE1I1QdONKKtgHdIaSSTNtaCYzJBmhDP0NNy4UcevPuPNvzLSz0NYDgcM593JPTpAIro3jfKPSyura+kZ5s7K1vbO7V90/aOs4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnGN/mfueJKc1j+WgmCfMjMpQ85JQYK3leRMyIEoHvr8/71ZpTd2bAy8QtSA0KNPvVL28Q0zRi0lBBtO65TmL8jCjDqWDTipdqlhA6JkPWs1SSiGk/m2We4hOrDHAYK/ukwTP190ZGIq0nUWAn84x60cvF/7xeasIrP+MySQ2TdH4oTAU2Mc4LwAOuGDViYgmhitusmI6IItTYmiq2BHfxy8ukfVZ3L+rOw3mtcVPUUYYjOIZTcOESGnAHTWgBhQSe4RXeUIpe0Dv6mI+WULFzCH+APn8AEbyRDA==</latexit>

N = 4



QFT Unique minimal answer:

1. Start with [Gaiotto-Witten '08]
<latexit sha1_base64="vJNi0Q5GVG/Wm8R+OrVXPua39qY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r9AvSUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3OV+94kqzWLZMtOEBgKPJIsYwSaXWv59MKjW3Lo7B1olXkFqUKA5qH71hzFJBZWGcKy177mJCTKsDCOczir9VNMEkwkeUd9SiQXVQTa/dYbOrDJEUaxsSYPm6u+JDAutpyK0nQKbsV72cvE/z09NdBNkTCapoZIsFkUpRyZG+eNoyBQlhk8twUQxeysiY6wwMTaeig3BW355lXQu6t5V3X28rDVuizjKcAKncA4eXEMDHqAJbSAwhmd4hTdHOC/Ou/OxaC05xcwx/IHz+QOklI36</latexit>

T [G]

has 3d             SUSY and                 global symmetry
<latexit sha1_base64="5DfQ9LsNT6xYJZYQwjvojnJfzW4=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ED3jERB4Ju5DZoRcmzD4y04shhP/w4kFjvPov3vwbB9iDgpV0UqnqTneXn0ih0ba/rdza+sbmVn67sLO7t39QPDxq6DhVHOo8lrFq+UyDFBHUUaCEVqKAhb6Epj+8m/nNESgt4ugRxwl4IetHIhCcoZE6VRdFCJpWO+4IoFss2WV7DrpKnIyUSIZat/jl9mKehhAhl0zrtmMn6E2YQsElTAtuqiFhfMj60DY0YmaXN5lfPaVnRunRIFamIqRz9ffEhIVaj0PfdIYMB3rZm4n/ee0UgxtvIqIkRYj4YlGQSooxnUVAe0IBRzk2hHElzK2UD5hiHE1QBROCs/zyKmlclJ2rsv1wWarcZnHkyQk5JefEIdekQu5JjdQJJ4o8k1fyZj1ZL9a79bFozVnZzDH5A+vzBwGAkjE=</latexit>

G⇥G_
S-duality interface for 4d N=4 SYM

<latexit sha1_base64="3QRSveoflLraufMrdvTJYn0vNSs=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZE1I1QdONKKtgHdIaSSTNtaCYzJBmhDP0NNy4UcevPuPNvzLSz0NYDgcM593JPTpAIro3jfKPSyura+kZ5s7K1vbO7V90/aOs4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnGN/mfueJKc1j+WgmCfMjMpQ85JQYK3leRMyIEoHvr8/71ZpTd2bAy8QtSA0KNPvVL28Q0zRi0lBBtO65TmL8jCjDqWDTipdqlhA6JkPWs1SSiGk/m2We4hOrDHAYK/ukwTP190ZGIq0nUWAn84x60cvF/7xeasIrP+MySQ2TdH4oTAU2Mc4LwAOuGDViYgmhitusmI6IItTYmiq2BHfxy8ukfVZ3L+rOw3mtcVPUUYYjOIZTcOESGnAHTWgBhQSe4RXeUIpe0Dv6mI+WULFzCH+APn8AEbyRDA==</latexit>

N = 4

2. Gauge      at Chern-Simons level 
<latexit sha1_base64="UK26uDqACjw1oq6lq0quEimwC9o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60GML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxW3flGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPnZuM0A==</latexit>

G
<latexit sha1_base64="mFubqtbOCrHzefqN2PHnpYGRFco=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD1CuM9A==</latexit>

k
<latexit sha1_base64="pYW2Xlsmn3NPpxx0yPeWktaUYCg=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhdREREUQii7qskJfkIYwmU7bIZNJmJkIJRTc+CtuXCji1p9w5984abPQ1gMXDufcy733+DGjUlnWt1FYWFxaXimultbWNza3zO2dlowSgUkTRywSHR9JwignTUUVI51YEBT6jLT94Dbz2w9ESBrxhhrFxA3RgNM+xUhpyTP3uiFSQ4wYbHhp7TgYX103nJp7UvMCzyxbFWsCOE/snJRBjrpnfnV7EU5CwhVmSErHtmLlpkgoihkZl7qJJDHCARoQR1OOQiLddPLDGB5qpQf7kdDFFZyovydSFEo5Cn3dmV0sZ71M/M9zEtW/dFPK40QRjqeL+gmDKoJZILBHBcGKjTRBWFB9K8RDJBBWOraSDsGefXmetE4r9nnFuj8rV2/yOIpgHxyAI2CDC1AFd6AOmgCDR/AMXsGb8WS8GO/Gx7S1YOQzu+APjM8fPkuWnQ==</latexit>

TG,k := T [G]/Gk



QFT Unique minimal answer:

1. Start with [Gaiotto-Witten '08]
<latexit sha1_base64="vJNi0Q5GVG/Wm8R+OrVXPua39qY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r9AvSUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3OV+94kqzWLZMtOEBgKPJIsYwSaXWv59MKjW3Lo7B1olXkFqUKA5qH71hzFJBZWGcKy177mJCTKsDCOczir9VNMEkwkeUd9SiQXVQTa/dYbOrDJEUaxsSYPm6u+JDAutpyK0nQKbsV72cvE/z09NdBNkTCapoZIsFkUpRyZG+eNoyBQlhk8twUQxeysiY6wwMTaeig3BW355lXQu6t5V3X28rDVuizjKcAKncA4eXEMDHqAJbSAwhmd4hTdHOC/Ou/OxaC05xcwx/IHz+QOklI36</latexit>

T [G]

has 3d             SUSY and                 global symmetry
<latexit sha1_base64="5DfQ9LsNT6xYJZYQwjvojnJfzW4=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ED3jERB4Ju5DZoRcmzD4y04shhP/w4kFjvPov3vwbB9iDgpV0UqnqTneXn0ih0ba/rdza+sbmVn67sLO7t39QPDxq6DhVHOo8lrFq+UyDFBHUUaCEVqKAhb6Epj+8m/nNESgt4ugRxwl4IetHIhCcoZE6VRdFCJpWO+4IoFss2WV7DrpKnIyUSIZat/jl9mKehhAhl0zrtmMn6E2YQsElTAtuqiFhfMj60DY0YmaXN5lfPaVnRunRIFamIqRz9ffEhIVaj0PfdIYMB3rZm4n/ee0UgxtvIqIkRYj4YlGQSooxnUVAe0IBRzk2hHElzK2UD5hiHE1QBROCs/zyKmlclJ2rsv1wWarcZnHkyQk5JefEIdekQu5JjdQJJ4o8k1fyZj1ZL9a79bFozVnZzDH5A+vzBwGAkjE=</latexit>

G⇥G_
S-duality interface for 4d N=4 SYM

<latexit sha1_base64="3QRSveoflLraufMrdvTJYn0vNSs=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZE1I1QdONKKtgHdIaSSTNtaCYzJBmhDP0NNy4UcevPuPNvzLSz0NYDgcM593JPTpAIro3jfKPSyura+kZ5s7K1vbO7V90/aOs4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnGN/mfueJKc1j+WgmCfMjMpQ85JQYK3leRMyIEoHvr8/71ZpTd2bAy8QtSA0KNPvVL28Q0zRi0lBBtO65TmL8jCjDqWDTipdqlhA6JkPWs1SSiGk/m2We4hOrDHAYK/ukwTP190ZGIq0nUWAn84x60cvF/7xeasIrP+MySQ2TdH4oTAU2Mc4LwAOuGDViYgmhitusmI6IItTYmiq2BHfxy8ukfVZ3L+rOw3mtcVPUUYYjOIZTcOESGnAHTWgBhQSe4RXeUIpe0Dv6mI+WULFzCH+APn8AEbyRDA==</latexit>

N = 4

2. Gauge      at Chern-Simons level 
<latexit sha1_base64="UK26uDqACjw1oq6lq0quEimwC9o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60GML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxW3flGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPnZuM0A==</latexit>

G
<latexit sha1_base64="mFubqtbOCrHzefqN2PHnpYGRFco=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD1CuM9A==</latexit>

k

Subtle! In general, such CS gaugings only preserve             SUSY
[Gaiotto-Witten '08 (2)]:

<latexit sha1_base64="KOJfUjTsUUkMG0yGablk1Jc7Sdg=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykwRdSMU3biSCvYBnaFk0kwbmskMSUYoQ3/DjQtF3Poz7vwbM+0stPVA4HDOvdyTEySCa+M432hldW19Y7O0Vd7e2d3brxwctnWcKspaNBax6gZEM8ElaxluBOsmipEoEKwTjG9zv/PElOaxfDSThPkRGUoeckqMlTwvImZEicD31/V+perUnBnwMnELUoUCzX7lyxvENI2YNFQQrXuukxg/I8pwKti07KWaJYSOyZD1LJUkYtrPZpmn+NQqAxzGyj5p8Ez9vZGRSOtJFNjJPKNe9HLxP6+XmvDKz7hMUsMknR8KU4FNjPMC8IArRo2YWEKo4jYrpiOiCDW2prItwV388jJp12vuRc15OK82boo6SnAMJ3AGLlxCA+6gCS2gkMAzvMIbStELekcf89EVVOwcwR+gzx8OtJEK</latexit>

N = 2

preserved as long as
<latexit sha1_base64="9qvYgQqM9kTI6uXh9gY4HLF0mCo=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5IUUTdC0Y3LCn1BE8tkOmmHTiZh5kYsISs3/oobF4q49Rvc+TdOHwttPXDhcM693HuPH3OmwLa/jdzS8srqWn69sLG5tb1j7u41VZRIQhsk4pFs+1hRzgRtAANO27GkOPQ5bfnD67HfuqdSsUjUYRRTL8R9wQJGMGipax66QB8grcus5IbJXeXkciqQSCjIumbRLtsTWIvEmZEimqHWNb/cXkSSkAogHCvVcewYvBRLYITTrOAmisaYDHGfdjQVOKTKSydvZNaxVnpWEEldAqyJ+nsixaFSo9DXnSGGgZr3xuJ/XieB4MJLmYgToIJMFwUJtyCyxplYPSYpAT7SBBPJ9K0WGWCJCejkCjoEZ/7lRdKslJ2zsn17WqxezeLIowN0hErIQeeoim5QDTUQQY/oGb2iN+PJeDHejY9pa86YzeyjPzA+fwC825lN</latexit>

Tr(µ2) = const
<latexit sha1_base64="3QRSveoflLraufMrdvTJYn0vNSs=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZE1I1QdONKKtgHdIaSSTNtaCYzJBmhDP0NNy4UcevPuPNvzLSz0NYDgcM593JPTpAIro3jfKPSyura+kZ5s7K1vbO7V90/aOs4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnGN/mfueJKc1j+WgmCfMjMpQ85JQYK3leRMyIEoHvr8/71ZpTd2bAy8QtSA0KNPvVL28Q0zRi0lBBtO65TmL8jCjDqWDTipdqlhA6JkPWs1SSiGk/m2We4hOrDHAYK/ukwTP190ZGIq0nUWAn84x60cvF/7xeasIrP+MySQ2TdH4oTAU2Mc4LwAOuGDViYgmhitusmI6IItTYmiq2BHfxy8ukfVZ3L+rOw3mtcVPUUYYjOIZTcOESGnAHTWgBhQSe4RXeUIpe0Dv6mI+WULFzCH+APn8AEbyRDA==</latexit>

N = 4
<latexit sha1_base64="asBGAIIAgrftWqgV2rovNGDFXXo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegBz1GMA9I1jA76U3GzO4sM7OBsOQfvHhQxKv/482/cfI4aGJBQ1HVTXdXkAiujet+O7mV1bX1jfxmYWt7Z3evuH9Q1zJVDGtMCqmaAdUoeIw1w43AZqKQRoHARjC4mfiNISrNZfxgRgn6Ee3FPOSMGivVbx/bQ8ROseSW3SnIMvHmpARzVDvFr3ZXsjTC2DBBtW55bmL8jCrDmcBxoZ1qTCgb0B62LI1phNrPpteOyYlVuiSUylZsyFT9PZHRSOtRFNjOiJq+XvQm4n9eKzXhlZ/xOEkNxmy2KEwFMZJMXiddrpAZMbKEMsXtrYT1qaLM2IAKNgRv8eVlUj8rexdl9/68VLmex5GHIziGU/DgEipwB1WoAYMneIZXeHOk8+K8Ox+z1pwznzmEP3A+fwBah478</latexit>

G_global symmetry still acts

<latexit sha1_base64="pYW2Xlsmn3NPpxx0yPeWktaUYCg=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhdREREUQii7qskJfkIYwmU7bIZNJmJkIJRTc+CtuXCji1p9w5984abPQ1gMXDufcy733+DGjUlnWt1FYWFxaXimultbWNza3zO2dlowSgUkTRywSHR9JwignTUUVI51YEBT6jLT94Dbz2w9ESBrxhhrFxA3RgNM+xUhpyTP3uiFSQ4wYbHhp7TgYX103nJp7UvMCzyxbFWsCOE/snJRBjrpnfnV7EU5CwhVmSErHtmLlpkgoihkZl7qJJDHCARoQR1OOQiLddPLDGB5qpQf7kdDFFZyovydSFEo5Cn3dmV0sZ71M/M9zEtW/dFPK40QRjqeL+gmDKoJZILBHBcGKjTRBWFB9K8RDJBBWOraSDsGefXmetE4r9nnFuj8rV2/yOIpgHxyAI2CDC1AFd6AOmgCDR/AMXsGb8WS8GO/Gx7S1YOQzu+APjM8fPkuWnQ==</latexit>

TG,k := T [G]/Gk



QFT Unique minimal answer:

1. Start with [Gaiotto-Witten '08]
<latexit sha1_base64="vJNi0Q5GVG/Wm8R+OrVXPua39qY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r9AvSUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3OV+94kqzWLZMtOEBgKPJIsYwSaXWv59MKjW3Lo7B1olXkFqUKA5qH71hzFJBZWGcKy177mJCTKsDCOczir9VNMEkwkeUd9SiQXVQTa/dYbOrDJEUaxsSYPm6u+JDAutpyK0nQKbsV72cvE/z09NdBNkTCapoZIsFkUpRyZG+eNoyBQlhk8twUQxeysiY6wwMTaeig3BW355lXQu6t5V3X28rDVuizjKcAKncA4eXEMDHqAJbSAwhmd4hTdHOC/Ou/OxaC05xcwx/IHz+QOklI36</latexit>

T [G]

has 3d             SUSY and                 global symmetry
<latexit sha1_base64="5DfQ9LsNT6xYJZYQwjvojnJfzW4=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ED3jERB4Ju5DZoRcmzD4y04shhP/w4kFjvPov3vwbB9iDgpV0UqnqTneXn0ih0ba/rdza+sbmVn67sLO7t39QPDxq6DhVHOo8lrFq+UyDFBHUUaCEVqKAhb6Epj+8m/nNESgt4ugRxwl4IetHIhCcoZE6VRdFCJpWO+4IoFss2WV7DrpKnIyUSIZat/jl9mKehhAhl0zrtmMn6E2YQsElTAtuqiFhfMj60DY0YmaXN5lfPaVnRunRIFamIqRz9ffEhIVaj0PfdIYMB3rZm4n/ee0UgxtvIqIkRYj4YlGQSooxnUVAe0IBRzk2hHElzK2UD5hiHE1QBROCs/zyKmlclJ2rsv1wWarcZnHkyQk5JefEIdekQu5JjdQJJ4o8k1fyZj1ZL9a79bFozVnZzDH5A+vzBwGAkjE=</latexit>

G⇥G_
S-duality interface for 4d N=4 SYM

<latexit sha1_base64="3QRSveoflLraufMrdvTJYn0vNSs=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZE1I1QdONKKtgHdIaSSTNtaCYzJBmhDP0NNy4UcevPuPNvzLSz0NYDgcM593JPTpAIro3jfKPSyura+kZ5s7K1vbO7V90/aOs4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnGN/mfueJKc1j+WgmCfMjMpQ85JQYK3leRMyIEoHvr8/71ZpTd2bAy8QtSA0KNPvVL28Q0zRi0lBBtO65TmL8jCjDqWDTipdqlhA6JkPWs1SSiGk/m2We4hOrDHAYK/ukwTP190ZGIq0nUWAn84x60cvF/7xeasIrP+MySQ2TdH4oTAU2Mc4LwAOuGDViYgmhitusmI6IItTYmiq2BHfxy8ukfVZ3L+rOw3mtcVPUUYYjOIZTcOESGnAHTWgBhQSe4RXeUIpe0Dv6mI+WULFzCH+APn8AEbyRDA==</latexit>

N = 4

2. Gauge      at Chern-Simons level 
<latexit sha1_base64="UK26uDqACjw1oq6lq0quEimwC9o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60GML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxW3flGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPnZuM0A==</latexit>

G
<latexit sha1_base64="mFubqtbOCrHzefqN2PHnpYGRFco=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD1CuM9A==</latexit>

k

Subtle! In general, such CS gaugings only preserve             SUSY
[Gaiotto-Witten '08 (2)]:

<latexit sha1_base64="KOJfUjTsUUkMG0yGablk1Jc7Sdg=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykwRdSMU3biSCvYBnaFk0kwbmskMSUYoQ3/DjQtF3Poz7vwbM+0stPVA4HDOvdyTEySCa+M432hldW19Y7O0Vd7e2d3brxwctnWcKspaNBax6gZEM8ElaxluBOsmipEoEKwTjG9zv/PElOaxfDSThPkRGUoeckqMlTwvImZEicD31/V+perUnBnwMnELUoUCzX7lyxvENI2YNFQQrXuukxg/I8pwKti07KWaJYSOyZD1LJUkYtrPZpmn+NQqAxzGyj5p8Ez9vZGRSOtJFNjJPKNe9HLxP6+XmvDKz7hMUsMknR8KU4FNjPMC8IArRo2YWEKo4jYrpiOiCDW2prItwV388jJp12vuRc15OK82boo6SnAMJ3AGLlxCA+6gCS2gkMAzvMIbStELekcf89EVVOwcwR+gzx8OtJEK</latexit>

N = 2

preserved as long as
<latexit sha1_base64="9qvYgQqM9kTI6uXh9gY4HLF0mCo=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5IUUTdC0Y3LCn1BE8tkOmmHTiZh5kYsISs3/oobF4q49Rvc+TdOHwttPXDhcM693HuPH3OmwLa/jdzS8srqWn69sLG5tb1j7u41VZRIQhsk4pFs+1hRzgRtAANO27GkOPQ5bfnD67HfuqdSsUjUYRRTL8R9wQJGMGipax66QB8grcus5IbJXeXkciqQSCjIumbRLtsTWIvEmZEimqHWNb/cXkSSkAogHCvVcewYvBRLYITTrOAmisaYDHGfdjQVOKTKSydvZNaxVnpWEEldAqyJ+nsixaFSo9DXnSGGgZr3xuJ/XieB4MJLmYgToIJMFwUJtyCyxplYPSYpAT7SBBPJ9K0WGWCJCejkCjoEZ/7lRdKslJ2zsn17WqxezeLIowN0hErIQeeoim5QDTUQQY/oGb2iN+PJeDHejY9pa86YzeyjPzA+fwC825lN</latexit>

Tr(µ2) = const
<latexit sha1_base64="3QRSveoflLraufMrdvTJYn0vNSs=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZE1I1QdONKKtgHdIaSSTNtaCYzJBmhDP0NNy4UcevPuPNvzLSz0NYDgcM593JPTpAIro3jfKPSyura+kZ5s7K1vbO7V90/aOs4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnGN/mfueJKc1j+WgmCfMjMpQ85JQYK3leRMyIEoHvr8/71ZpTd2bAy8QtSA0KNPvVL28Q0zRi0lBBtO65TmL8jCjDqWDTipdqlhA6JkPWs1SSiGk/m2We4hOrDHAYK/ukwTP190ZGIq0nUWAn84x60cvF/7xeasIrP+MySQ2TdH4oTAU2Mc4LwAOuGDViYgmhitusmI6IItTYmiq2BHfxy8ukfVZ3L+rOw3mtcVPUUYYjOIZTcOESGnAHTWgBhQSe4RXeUIpe0Dv6mI+WULFzCH+APn8AEbyRDA==</latexit>

N = 4

3. Topologically twist

<latexit sha1_base64="asBGAIIAgrftWqgV2rovNGDFXXo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegBz1GMA9I1jA76U3GzO4sM7OBsOQfvHhQxKv/482/cfI4aGJBQ1HVTXdXkAiujet+O7mV1bX1jfxmYWt7Z3evuH9Q1zJVDGtMCqmaAdUoeIw1w43AZqKQRoHARjC4mfiNISrNZfxgRgn6Ee3FPOSMGivVbx/bQ8ROseSW3SnIMvHmpARzVDvFr3ZXsjTC2DBBtW55bmL8jCrDmcBxoZ1qTCgb0B62LI1phNrPpteOyYlVuiSUylZsyFT9PZHRSOtRFNjOiJq+XvQm4n9eKzXhlZ/xOEkNxmy2KEwFMZJMXiddrpAZMbKEMsXtrYT1qaLM2IAKNgRv8eVlUj8rexdl9/68VLmex5GHIziGU/DgEipwB1WoAYMneIZXeHOk8+K8Ox+z1pwznzmEP3A+fwBah478</latexit>

G_global symmetry still acts

two options

<latexit sha1_base64="pYW2Xlsmn3NPpxx0yPeWktaUYCg=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhdREREUQii7qskJfkIYwmU7bIZNJmJkIJRTc+CtuXCji1p9w5984abPQ1gMXDufcy733+DGjUlnWt1FYWFxaXimultbWNza3zO2dlowSgUkTRywSHR9JwignTUUVI51YEBT6jLT94Dbz2w9ESBrxhhrFxA3RgNM+xUhpyTP3uiFSQ4wYbHhp7TgYX103nJp7UvMCzyxbFWsCOE/snJRBjrpnfnV7EU5CwhVmSErHtmLlpkgoihkZl7qJJDHCARoQR1OOQiLddPLDGB5qpQf7kdDFFZyovydSFEo5Cn3dmV0sZ71M/M9zEtW/dFPK40QRjqeL+gmDKoJZILBHBcGKjTRBWFB9K8RDJBBWOraSDsGefXmetE4r9nnFuj8rV2/yOIpgHxyAI2CDC1AFd6AOmgCDR/AMXsGb8WS8GO/Gx7S1YOQzu+APjM8fPkuWnQ==</latexit>

TG,k := T [G]/Gk



QFT Unique minimal answer:

1. Start with [Gaiotto-Witten '08]
<latexit sha1_base64="vJNi0Q5GVG/Wm8R+OrVXPua39qY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r9AvSUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3OV+94kqzWLZMtOEBgKPJIsYwSaXWv59MKjW3Lo7B1olXkFqUKA5qH71hzFJBZWGcKy177mJCTKsDCOczir9VNMEkwkeUd9SiQXVQTa/dYbOrDJEUaxsSYPm6u+JDAutpyK0nQKbsV72cvE/z09NdBNkTCapoZIsFkUpRyZG+eNoyBQlhk8twUQxeysiY6wwMTaeig3BW355lXQu6t5V3X28rDVuizjKcAKncA4eXEMDHqAJbSAwhmd4hTdHOC/Ou/OxaC05xcwx/IHz+QOklI36</latexit>

T [G]

has 3d             SUSY and                 global symmetry
<latexit sha1_base64="5DfQ9LsNT6xYJZYQwjvojnJfzW4=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ED3jERB4Ju5DZoRcmzD4y04shhP/w4kFjvPov3vwbB9iDgpV0UqnqTneXn0ih0ba/rdza+sbmVn67sLO7t39QPDxq6DhVHOo8lrFq+UyDFBHUUaCEVqKAhb6Epj+8m/nNESgt4ugRxwl4IetHIhCcoZE6VRdFCJpWO+4IoFss2WV7DrpKnIyUSIZat/jl9mKehhAhl0zrtmMn6E2YQsElTAtuqiFhfMj60DY0YmaXN5lfPaVnRunRIFamIqRz9ffEhIVaj0PfdIYMB3rZm4n/ee0UgxtvIqIkRYj4YlGQSooxnUVAe0IBRzk2hHElzK2UD5hiHE1QBROCs/zyKmlclJ2rsv1wWarcZnHkyQk5JefEIdekQu5JjdQJJ4o8k1fyZj1ZL9a79bFozVnZzDH5A+vzBwGAkjE=</latexit>

G⇥G_
S-duality interface for 4d N=4 SYM

<latexit sha1_base64="3QRSveoflLraufMrdvTJYn0vNSs=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZE1I1QdONKKtgHdIaSSTNtaCYzJBmhDP0NNy4UcevPuPNvzLSz0NYDgcM593JPTpAIro3jfKPSyura+kZ5s7K1vbO7V90/aOs4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnGN/mfueJKc1j+WgmCfMjMpQ85JQYK3leRMyIEoHvr8/71ZpTd2bAy8QtSA0KNPvVL28Q0zRi0lBBtO65TmL8jCjDqWDTipdqlhA6JkPWs1SSiGk/m2We4hOrDHAYK/ukwTP190ZGIq0nUWAn84x60cvF/7xeasIrP+MySQ2TdH4oTAU2Mc4LwAOuGDViYgmhitusmI6IItTYmiq2BHfxy8ukfVZ3L+rOw3mtcVPUUYYjOIZTcOESGnAHTWgBhQSe4RXeUIpe0Dv6mI+WULFzCH+APn8AEbyRDA==</latexit>

N = 4

2. Gauge      at Chern-Simons level 
<latexit sha1_base64="UK26uDqACjw1oq6lq0quEimwC9o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60GML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxW3flGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPnZuM0A==</latexit>

G
<latexit sha1_base64="mFubqtbOCrHzefqN2PHnpYGRFco=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD1CuM9A==</latexit>

k

Subtle! In general, such CS gaugings only preserve             SUSY
[Gaiotto-Witten '08 (2)]:

<latexit sha1_base64="KOJfUjTsUUkMG0yGablk1Jc7Sdg=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykwRdSMU3biSCvYBnaFk0kwbmskMSUYoQ3/DjQtF3Poz7vwbM+0stPVA4HDOvdyTEySCa+M432hldW19Y7O0Vd7e2d3brxwctnWcKspaNBax6gZEM8ElaxluBOsmipEoEKwTjG9zv/PElOaxfDSThPkRGUoeckqMlTwvImZEicD31/V+perUnBnwMnELUoUCzX7lyxvENI2YNFQQrXuukxg/I8pwKti07KWaJYSOyZD1LJUkYtrPZpmn+NQqAxzGyj5p8Ez9vZGRSOtJFNjJPKNe9HLxP6+XmvDKz7hMUsMknR8KU4FNjPMC8IArRo2YWEKo4jYrpiOiCDW2prItwV388jJp12vuRc15OK82boo6SnAMJ3AGLlxCA+6gCS2gkMAzvMIbStELekcf89EVVOwcwR+gzx8OtJEK</latexit>

N = 2

preserved as long as
<latexit sha1_base64="9qvYgQqM9kTI6uXh9gY4HLF0mCo=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5IUUTdC0Y3LCn1BE8tkOmmHTiZh5kYsISs3/oobF4q49Rvc+TdOHwttPXDhcM693HuPH3OmwLa/jdzS8srqWn69sLG5tb1j7u41VZRIQhsk4pFs+1hRzgRtAANO27GkOPQ5bfnD67HfuqdSsUjUYRRTL8R9wQJGMGipax66QB8grcus5IbJXeXkciqQSCjIumbRLtsTWIvEmZEimqHWNb/cXkSSkAogHCvVcewYvBRLYITTrOAmisaYDHGfdjQVOKTKSydvZNaxVnpWEEldAqyJ+nsixaFSo9DXnSGGgZr3xuJ/XieB4MJLmYgToIJMFwUJtyCyxplYPSYpAT7SBBPJ9K0WGWCJCejkCjoEZ/7lRdKslJ2zsn17WqxezeLIowN0hErIQeeoim5QDTUQQY/oGb2iN+PJeDHejY9pa86YzeyjPzA+fwC825lN</latexit>

Tr(µ2) = const
<latexit sha1_base64="3QRSveoflLraufMrdvTJYn0vNSs=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZE1I1QdONKKtgHdIaSSTNtaCYzJBmhDP0NNy4UcevPuPNvzLSz0NYDgcM593JPTpAIro3jfKPSyura+kZ5s7K1vbO7V90/aOs4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnGN/mfueJKc1j+WgmCfMjMpQ85JQYK3leRMyIEoHvr8/71ZpTd2bAy8QtSA0KNPvVL28Q0zRi0lBBtO65TmL8jCjDqWDTipdqlhA6JkPWs1SSiGk/m2We4hOrDHAYK/ukwTP190ZGIq0nUWAn84x60cvF/7xeasIrP+MySQ2TdH4oTAU2Mc4LwAOuGDViYgmhitusmI6IItTYmiq2BHfxy8ukfVZ3L+rOw3mtcVPUUYYjOIZTcOESGnAHTWgBhQSe4RXeUIpe0Dv6mI+WULFzCH+APn8AEbyRDA==</latexit>

N = 4

3. Topologically twist

<latexit sha1_base64="asBGAIIAgrftWqgV2rovNGDFXXo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegBz1GMA9I1jA76U3GzO4sM7OBsOQfvHhQxKv/482/cfI4aGJBQ1HVTXdXkAiujet+O7mV1bX1jfxmYWt7Z3evuH9Q1zJVDGtMCqmaAdUoeIw1w43AZqKQRoHARjC4mfiNISrNZfxgRgn6Ee3FPOSMGivVbx/bQ8ROseSW3SnIMvHmpARzVDvFr3ZXsjTC2DBBtW55bmL8jCrDmcBxoZ1qTCgb0B62LI1phNrPpteOyYlVuiSUylZsyFT9PZHRSOtRFNjOiJq+XvQm4n9eKzXhlZ/xOEkNxmy2KEwFMZJMXiddrpAZMbKEMsXtrYT1qaLM2IAKNgRv8eVlUj8rexdl9/68VLmex5GHIziGU/DgEipwB1WoAYMneIZXeHOk8+K8Ox+z1pwznzmEP3A+fwBah478</latexit>

G_global symmetry still acts

two options

A:
B:

reduction of [Witten '88]'s Donaldson twist

[Blau-Thompson '96], [Rozansky-Witten '96]

deformed by...

flat       conn's
monopoles

<latexit sha1_base64="asBGAIIAgrftWqgV2rovNGDFXXo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegBz1GMA9I1jA76U3GzO4sM7OBsOQfvHhQxKv/482/cfI4aGJBQ1HVTXdXkAiujet+O7mV1bX1jfxmYWt7Z3evuH9Q1zJVDGtMCqmaAdUoeIw1w43AZqKQRoHARjC4mfiNISrNZfxgRgn6Ee3FPOSMGivVbx/bQ8ROseSW3SnIMvHmpARzVDvFr3ZXsjTC2DBBtW55bmL8jCrDmcBxoZ1qTCgb0B62LI1phNrPpteOyYlVuiSUylZsyFT9PZHRSOtRFNjOiJq+XvQm4n9eKzXhlZ/xOEkNxmy2KEwFMZJMXiddrpAZMbKEMsXtrYT1qaLM2IAKNgRv8eVlUj8rexdl9/68VLmex5GHIziGU/DgEipwB1WoAYMneIZXeHOk8+K8Ox+z1pwznzmEP3A+fwBah478</latexit>

G_

<latexit sha1_base64="vlczy/b4AYlJDeBmSbq5BrisnRo=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVnsQpcV7AOaGCbT23boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45YcKZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoreJUUmjRmMeyGxIFnAloaaY5dBMJJAo5dMJxI/c7E5CKxeJRTxPwIzIUbMAo0UYKbPvuyZsABF5E9CgMcSOwq07NmQOvErcgVVSgGdhfXj+maQRCU06U6rlOov2MSM0oh1nFSxUkhI7JEHqGChKB8rN58hk+M0ofD2JpntB4rv7eyEik1DQKzWQeUC17ufif10v14MbPmEhSDYIuDg1SjnWM8xpwn0mgmk8NIVQykxXTEZGEalNWxZTgLn95lbQvau5VzXm4rNZvizrK6ASdonPkomtUR/eoiVqIogl6Rq/ozcqsF+vd+liMlqxi5xj9gfX5A8yKkx0=</latexit>

G_
C

<latexit sha1_base64="pYW2Xlsmn3NPpxx0yPeWktaUYCg=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhdREREUQii7qskJfkIYwmU7bIZNJmJkIJRTc+CtuXCji1p9w5984abPQ1gMXDufcy733+DGjUlnWt1FYWFxaXimultbWNza3zO2dlowSgUkTRywSHR9JwignTUUVI51YEBT6jLT94Dbz2w9ESBrxhhrFxA3RgNM+xUhpyTP3uiFSQ4wYbHhp7TgYX103nJp7UvMCzyxbFWsCOE/snJRBjrpnfnV7EU5CwhVmSErHtmLlpkgoihkZl7qJJDHCARoQR1OOQiLddPLDGB5qpQf7kdDFFZyovydSFEo5Cn3dmV0sZ71M/M9zEtW/dFPK40QRjqeL+gmDKoJZILBHBcGKjTRBWFB9K8RDJBBWOraSDsGefXmetE4r9nnFuj8rV2/yOIpgHxyAI2CDC1AFd6AOmgCDR/AMXsGb8WS8GO/Gx7S1YOQzu+APjM8fPkuWnQ==</latexit>

TG,k := T [G]/Gk



QFT Unique minimal answer:

1. Start with [Gaiotto-Witten '08]
<latexit sha1_base64="vJNi0Q5GVG/Wm8R+OrVXPua39qY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r9AvSUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3OV+94kqzWLZMtOEBgKPJIsYwSaXWv59MKjW3Lo7B1olXkFqUKA5qH71hzFJBZWGcKy177mJCTKsDCOczir9VNMEkwkeUd9SiQXVQTa/dYbOrDJEUaxsSYPm6u+JDAutpyK0nQKbsV72cvE/z09NdBNkTCapoZIsFkUpRyZG+eNoyBQlhk8twUQxeysiY6wwMTaeig3BW355lXQu6t5V3X28rDVuizjKcAKncA4eXEMDHqAJbSAwhmd4hTdHOC/Ou/OxaC05xcwx/IHz+QOklI36</latexit>

T [G]

has 3d             SUSY and                 global symmetry
<latexit sha1_base64="5DfQ9LsNT6xYJZYQwjvojnJfzW4=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ED3jERB4Ju5DZoRcmzD4y04shhP/w4kFjvPov3vwbB9iDgpV0UqnqTneXn0ih0ba/rdza+sbmVn67sLO7t39QPDxq6DhVHOo8lrFq+UyDFBHUUaCEVqKAhb6Epj+8m/nNESgt4ugRxwl4IetHIhCcoZE6VRdFCJpWO+4IoFss2WV7DrpKnIyUSIZat/jl9mKehhAhl0zrtmMn6E2YQsElTAtuqiFhfMj60DY0YmaXN5lfPaVnRunRIFamIqRz9ffEhIVaj0PfdIYMB3rZm4n/ee0UgxtvIqIkRYj4YlGQSooxnUVAe0IBRzk2hHElzK2UD5hiHE1QBROCs/zyKmlclJ2rsv1wWarcZnHkyQk5JefEIdekQu5JjdQJJ4o8k1fyZj1ZL9a79bFozVnZzDH5A+vzBwGAkjE=</latexit>

G⇥G_
S-duality interface for 4d N=4 SYM

<latexit sha1_base64="3QRSveoflLraufMrdvTJYn0vNSs=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZE1I1QdONKKtgHdIaSSTNtaCYzJBmhDP0NNy4UcevPuPNvzLSz0NYDgcM593JPTpAIro3jfKPSyura+kZ5s7K1vbO7V90/aOs4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnGN/mfueJKc1j+WgmCfMjMpQ85JQYK3leRMyIEoHvr8/71ZpTd2bAy8QtSA0KNPvVL28Q0zRi0lBBtO65TmL8jCjDqWDTipdqlhA6JkPWs1SSiGk/m2We4hOrDHAYK/ukwTP190ZGIq0nUWAn84x60cvF/7xeasIrP+MySQ2TdH4oTAU2Mc4LwAOuGDViYgmhitusmI6IItTYmiq2BHfxy8ukfVZ3L+rOw3mtcVPUUYYjOIZTcOESGnAHTWgBhQSe4RXeUIpe0Dv6mI+WULFzCH+APn8AEbyRDA==</latexit>

N = 4

2. Gauge      at Chern-Simons level 
<latexit sha1_base64="UK26uDqACjw1oq6lq0quEimwC9o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60GML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxW3flGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPnZuM0A==</latexit>

G
<latexit sha1_base64="mFubqtbOCrHzefqN2PHnpYGRFco=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD1CuM9A==</latexit>

k

Subtle! In general, such CS gaugings only preserve             SUSY
[Gaiotto-Witten '08 (2)]:

<latexit sha1_base64="KOJfUjTsUUkMG0yGablk1Jc7Sdg=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykwRdSMU3biSCvYBnaFk0kwbmskMSUYoQ3/DjQtF3Poz7vwbM+0stPVA4HDOvdyTEySCa+M432hldW19Y7O0Vd7e2d3brxwctnWcKspaNBax6gZEM8ElaxluBOsmipEoEKwTjG9zv/PElOaxfDSThPkRGUoeckqMlTwvImZEicD31/V+perUnBnwMnELUoUCzX7lyxvENI2YNFQQrXuukxg/I8pwKti07KWaJYSOyZD1LJUkYtrPZpmn+NQqAxzGyj5p8Ez9vZGRSOtJFNjJPKNe9HLxP6+XmvDKz7hMUsMknR8KU4FNjPMC8IArRo2YWEKo4jYrpiOiCDW2prItwV388jJp12vuRc15OK82boo6SnAMJ3AGLlxCA+6gCS2gkMAzvMIbStELekcf89EVVOwcwR+gzx8OtJEK</latexit>

N = 2

preserved as long as
<latexit sha1_base64="9qvYgQqM9kTI6uXh9gY4HLF0mCo=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5IUUTdC0Y3LCn1BE8tkOmmHTiZh5kYsISs3/oobF4q49Rvc+TdOHwttPXDhcM693HuPH3OmwLa/jdzS8srqWn69sLG5tb1j7u41VZRIQhsk4pFs+1hRzgRtAANO27GkOPQ5bfnD67HfuqdSsUjUYRRTL8R9wQJGMGipax66QB8grcus5IbJXeXkciqQSCjIumbRLtsTWIvEmZEimqHWNb/cXkSSkAogHCvVcewYvBRLYITTrOAmisaYDHGfdjQVOKTKSydvZNaxVnpWEEldAqyJ+nsixaFSo9DXnSGGgZr3xuJ/XieB4MJLmYgToIJMFwUJtyCyxplYPSYpAT7SBBPJ9K0WGWCJCejkCjoEZ/7lRdKslJ2zsn17WqxezeLIowN0hErIQeeoim5QDTUQQY/oGb2iN+PJeDHejY9pa86YzeyjPzA+fwC825lN</latexit>

Tr(µ2) = const
<latexit sha1_base64="3QRSveoflLraufMrdvTJYn0vNSs=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZE1I1QdONKKtgHdIaSSTNtaCYzJBmhDP0NNy4UcevPuPNvzLSz0NYDgcM593JPTpAIro3jfKPSyura+kZ5s7K1vbO7V90/aOs4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnGN/mfueJKc1j+WgmCfMjMpQ85JQYK3leRMyIEoHvr8/71ZpTd2bAy8QtSA0KNPvVL28Q0zRi0lBBtO65TmL8jCjDqWDTipdqlhA6JkPWs1SSiGk/m2We4hOrDHAYK/ukwTP190ZGIq0nUWAn84x60cvF/7xeasIrP+MySQ2TdH4oTAU2Mc4LwAOuGDViYgmhitusmI6IItTYmiq2BHfxy8ukfVZ3L+rOw3mtcVPUUYYjOIZTcOESGnAHTWgBhQSe4RXeUIpe0Dv6mI+WULFzCH+APn8AEbyRDA==</latexit>

N = 4

3. Topologically twist

<latexit sha1_base64="asBGAIIAgrftWqgV2rovNGDFXXo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegBz1GMA9I1jA76U3GzO4sM7OBsOQfvHhQxKv/482/cfI4aGJBQ1HVTXdXkAiujet+O7mV1bX1jfxmYWt7Z3evuH9Q1zJVDGtMCqmaAdUoeIw1w43AZqKQRoHARjC4mfiNISrNZfxgRgn6Ee3FPOSMGivVbx/bQ8ROseSW3SnIMvHmpARzVDvFr3ZXsjTC2DBBtW55bmL8jCrDmcBxoZ1qTCgb0B62LI1phNrPpteOyYlVuiSUylZsyFT9PZHRSOtRFNjOiJq+XvQm4n9eKzXhlZ/xOEkNxmy2KEwFMZJMXiddrpAZMbKEMsXtrYT1qaLM2IAKNgRv8eVlUj8rexdl9/68VLmex5GHIziGU/DgEipwB1WoAYMneIZXeHOk8+K8Ox+z1pwznzmEP3A+fwBah478</latexit>

G_global symmetry still acts

two options

A:
B:

reduction of [Witten '88]'s Donaldson twist

[Blau-Thompson '96], [Rozansky-Witten '96]

deformed by...

flat       conn's
monopoles

<latexit sha1_base64="asBGAIIAgrftWqgV2rovNGDFXXo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegBz1GMA9I1jA76U3GzO4sM7OBsOQfvHhQxKv/482/cfI4aGJBQ1HVTXdXkAiujet+O7mV1bX1jfxmYWt7Z3evuH9Q1zJVDGtMCqmaAdUoeIw1w43AZqKQRoHARjC4mfiNISrNZfxgRgn6Ee3FPOSMGivVbx/bQ8ROseSW3SnIMvHmpARzVDvFr3ZXsjTC2DBBtW55bmL8jCrDmcBxoZ1qTCgb0B62LI1phNrPpteOyYlVuiSUylZsyFT9PZHRSOtRFNjOiJq+XvQm4n9eKzXhlZ/xOEkNxmy2KEwFMZJMXiddrpAZMbKEMsXtrYT1qaLM2IAKNgRv8eVlUj8rexdl9/68VLmex5GHIziGU/DgEipwB1WoAYMneIZXeHOk8+K8Ox+z1pwznzmEP3A+fwBah478</latexit>

G_

<latexit sha1_base64="vlczy/b4AYlJDeBmSbq5BrisnRo=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVnsQpcV7AOaGCbT23boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45YcKZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoreJUUmjRmMeyGxIFnAloaaY5dBMJJAo5dMJxI/c7E5CKxeJRTxPwIzIUbMAo0UYKbPvuyZsABF5E9CgMcSOwq07NmQOvErcgVVSgGdhfXj+maQRCU06U6rlOov2MSM0oh1nFSxUkhI7JEHqGChKB8rN58hk+M0ofD2JpntB4rv7eyEik1DQKzWQeUC17ufif10v14MbPmEhSDYIuDg1SjnWM8xpwn0mgmk8NIVQykxXTEZGEalNWxZTgLn95lbQvau5VzXm4rNZvizrK6ASdonPkomtUR/eoiVqIogl6Rq/ozcqsF+vd+liMlqxi5xj9gfX5A8yKkx0=</latexit>

G_
C

<latexit sha1_base64="ICDp7rNAl2tj9U31hFeCvRa93+U=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvNpF262Y27E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulOSA0ILqGFHAV0Ug00CQU8hKObqf/wBNpwJe9xnEKQ0IHkMWcUrdTpCaCRQdWv1ry6N4O7TPyC1EiBZr/61YsUyxKQyAQ1put7KQY51ciZgEmllxlIKRvRAXQtlTQBE+SzeyfuiVUiN1balkR3pv6eyGlizDgJbWdCcWgWvan4n9fNML4Kci7TDEGy+aI4Ey4qd/q8G3ENDMXYEso0t7e6bEg1ZWgjqtgQ/MWXl0n7rO5f1L2781rjuoijTI7IMTklPrkkDXJLmqRFGBHkmbySN+fReXHenY95a8kpZg7JHzifPzjukBc=</latexit> 
[Kapustin-Saulina '09]

<latexit sha1_base64="pYW2Xlsmn3NPpxx0yPeWktaUYCg=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhdREREUQii7qskJfkIYwmU7bIZNJmJkIJRTc+CtuXCji1p9w5984abPQ1gMXDufcy733+DGjUlnWt1FYWFxaXimultbWNza3zO2dlowSgUkTRywSHR9JwignTUUVI51YEBT6jLT94Dbz2w9ESBrxhhrFxA3RgNM+xUhpyTP3uiFSQ4wYbHhp7TgYX103nJp7UvMCzyxbFWsCOE/snJRBjrpnfnV7EU5CwhVmSErHtmLlpkgoihkZl7qJJDHCARoQR1OOQiLddPLDGB5qpQf7kdDFFZyovydSFEo5Cn3dmV0sZ71M/M9zEtW/dFPK40QRjqeL+gmDKoJZILBHBcGKjTRBWFB9K8RDJBBWOraSDsGefXmetE4r9nnFuj8rV2/yOIpgHxyAI2CDC1AFd6AOmgCDR/AMXsGb8WS8GO/Gx7S1YOQzu+APjM8fPkuWnQ==</latexit>

TG,k := T [G]/Gk

<latexit sha1_base64="oPG1yqrMn4RnHg2gmHgXjpGT4A8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJKIqMuqC11W6AvaGCbTSTt08mBmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxYs6ksqxvY2l5ZXVtvbRR3tza3tk19yptGSWC0BaJeCS6HpaUs5C2FFOcdmNBceBx2vHGN7nfeaRCsihsqklMnQAPQ+YzgpWWXLPSD7AaEcxR001vT8bZw5VrVq2aNQVaJHZBqlCg4Zpf/UFEkoCGinAsZc+2YuWkWChGOM3K/UTSGJMxHtKepiEOqHTSafYMHWllgPxI6BcqNFV/b6Q4kHISeHoyTyrnvVz8z+slyr90UhbGiaIhmR3yE45UhPIi0IAJShSfaIKJYDorIiMsMFG6rrIuwZ7/8iJpn9bs85p1f1atXxd1lOAADuEYbLiAOtxBA1pA4Ame4RXejMx4Md6Nj9noklHs7MMfGJ8/LymT4g==</latexit>

T A
G,k

<latexit sha1_base64="f0G9v4ZktVwp2f3Ta0bMYXZhRoQ=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJKIqMtSF7qs0Be0MUymk3bo5MHMRCwhv+LGhSJu/RF3/o2TNgttPTBwOOde7pnjxZxJZVnfxsrq2vrGZmmrvL2zu7dvHlQ6MkoEoW0S8Uj0PCwpZyFtK6Y47cWC4sDjtOtNbnK/+0iFZFHYUtOYOgEehcxnBCstuWZlEGA1Jpijlpvenk2yh4ZrVq2aNQNaJnZBqlCg6Zpfg2FEkoCGinAsZd+2YuWkWChGOM3Kg0TSGJMJHtG+piEOqHTSWfYMnWhliPxI6BcqNFN/b6Q4kHIaeHoyTyoXvVz8z+snyr92UhbGiaIhmR/yE45UhPIi0JAJShSfaoKJYDorImMsMFG6rrIuwV788jLpnNfsy5p1f1GtN4o6SnAEx3AKNlxBHe6gCW0g8ATP8ApvRma8GO/Gx3x0xSh2DuEPjM8fMK2T4w==</latexit>

T B
G,k



QFT

For G = SU(n), there are some other perspectives

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="khuxKQrA214GqbH06Iw3/y0q68k=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVoNzURURGEqhuXFZu2kMYwmU7boZNJmJkIJXTnxl9x40IRt/6CO//GSZqFVg9c7uGce5m5x48oEdI0v7TC3PzC4lJxubSyura+oW9utUQYc4RtFNKQd3woMCUM25JIijsRxzDwKW77o6vUb99jLkjImnIcYTeAA0b6BEGpJE/fPTvv+mRQaTq3doVV3YOseaNUrN5deHrZrJkZjL/EykkZ5Gh4+me3F6I4wEwiCoVwLDOSbgK5JIjiSakbCxxBNIID7CjKYICFm2R3TIx9pfSMfshVMWlk6s+NBAZCjANfTQZQDsWsl4r/eU4s+6duQlgUS8zQ9KF+TA0ZGmkoRo9wjCQdKwIRJ+qvBhpCDpFU0ZVUCNbsyX9J67BmHdfMm6Ny/TKPowh2wB6oAAucgDq4Bg1gAwQewBN4Aa/ao/asvWnv09GClu9sg1/QPr4BibaXMg==</latexit>

:=
�
T [SU(n)]/SU(n)k

�A



n-1

QFT

For G = SU(n), there are some other perspectives

Quiver gauge theory

2 1n

k
<latexit sha1_base64="Z6SZePQJrIGsqaHaFD69k9BSZ5Q=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5IUUZdFNy4r2Ac0oUwmN+3QySTMTIQSght/xY0LRdz6Fe78GydtFtp6YJjDOffemXv8hFGpbPvbqKysrq1vVDdrW9s7u3vm/kFXxqkg0CExi0XfxxIY5dBRVDHoJwJw5DPo+ZObwu89gJA05vdqmoAX4RGnISVYaWloHrkpD0D4AhPI3LFMirtJeZ4PzbrdsGewlolTkjoq0R6aX24QkzQCrgjDUg4cO1FehoWihEFec1MJevwEj2CgKccRSC+brZBbp1oJrDAW+nBlzdTfHRmOpJxGvq6MsBrLRa8Q//MGqQqvvIzyJFXAyfyhMGWWiq0iDyugAohiU00wEVT/1SJjrONQOrWaDsFZXHmZdJsN56Jh353XW9dlHFV0jE7QGXLQJWqhW9RGHUTQI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPJu+X6g==</latexit>| {z }

Nak. quiver variety

<latexit sha1_base64="vJNi0Q5GVG/Wm8R+OrVXPua39qY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r9AvSUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3OV+94kqzWLZMtOEBgKPJIsYwSaXWv59MKjW3Lo7B1olXkFqUKA5qH71hzFJBZWGcKy177mJCTKsDCOczir9VNMEkwkeUd9SiQXVQTa/dYbOrDJEUaxsSYPm6u+JDAutpyK0nQKbsV72cvE/z09NdBNkTCapoZIsFkUpRyZG+eNoyBQlhk8twUQxeysiY6wwMTaeig3BW355lXQu6t5V3X28rDVuizjKcAKncA4eXEMDHqAJbSAwhmd4hTdHOC/Ou/OxaC05xcwx/IHz+QOklI36</latexit>

T [G]
<latexit sha1_base64="gtcmCltYANSbKapCp+qjLBY0FCc=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfcPloFrz6t4ceJX4BalBgeag+tUfxjSVTFkqiDE930tskBFtORVsVumnhiWETsiI9RxVRDITZPNbZ/jMKUMcxdqVsniu/p7IiDRmKkPXKYkdm2UvF//zeqmNboKMqyS1TNHFoigV2MY4fxwPuWbUiqkjhGrubsV0TDSh1sVTcSH4yy+vkvZF3b+qew+XtcZtEUcZTuAUzsGHa2jAPTShBRTG8Ayv8IYkekHv6GPRWkLFzDH8Afr8ASFVjkw=</latexit>⇠

3d
<latexit sha1_base64="3QRSveoflLraufMrdvTJYn0vNSs=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZE1I1QdONKKtgHdIaSSTNtaCYzJBmhDP0NNy4UcevPuPNvzLSz0NYDgcM593JPTpAIro3jfKPSyura+kZ5s7K1vbO7V90/aOs4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnGN/mfueJKc1j+WgmCfMjMpQ85JQYK3leRMyIEoHvr8/71ZpTd2bAy8QtSA0KNPvVL28Q0zRi0lBBtO65TmL8jCjDqWDTipdqlhA6JkPWs1SSiGk/m2We4hOrDHAYK/ukwTP190ZGIq0nUWAn84x60cvF/7xeasIrP+MySQ2TdH4oTAU2Mc4LwAOuGDViYgmhitusmI6IItTYmiq2BHfxy8ukfVZ3L+rOw3mtcVPUUYYjOIZTcOESGnAHTWgBhQSe4RXeUIpe0Dv6mI+WULFzCH+APn8AEbyRDA==</latexit>

N = 4

<latexit sha1_base64="xw9Z9yNoh1pfxqIt5EgWIxOTsrc="></latexit>

V =

n�1Y

i=1

Hom(Ci,Ci+1
)

<latexit sha1_base64="znO3QFUj3cJQuh1ucXKcEqgQcoU=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhFoZdEbUJBC1iYRHBPCCJYXZ2NhkyM7vMzAph2dLGX7GxUMTWT7Dzb5w8Ck08cOFwzr3ce48XMaq043xbmYXFpeWV7GpubX1jc8ve3qmrMJaY1HDIQtn0kCKMClLTVDPSjCRB3GOk4Q2uRn7jgUhFQ3GnhxHpcNQTNKAYaSN17f12BXGOYAm2Ixn63YSW3PQ+EcduWrkp0KOunXeKzhhwnrhTkgdTVLv2V9sPccyJ0JghpVquE+lOgqSmmJE0144ViRAeoB5pGSoQJ6qTjB9J4aFRfBiE0pTQcKz+nkgQV2rIPdPJke6rWW8k/ue1Yh1cdBIqolgTgSeLgphBHcJRKtCnkmDNhoYgLKm5FeI+kghrk13OhODOvjxP6idF96zo3J7my5fTOLJgDxyAAnDBOSiDa1AFNYDBI3gGr+DNerJerHfrY9KasaYzu+APrM8fbC6YUA==</latexit>

� =
n�1Y

i=1

GL(i)

<latexit sha1_base64="2ANUuXGvzcOwqXUGf4OKSibaVYg=">AAAB9XicbVBNS8NAEJ34WetX1aOX1SKIhzYRUY9FD3qs0C9o0rLZbtqlu0nY3Sgl9H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0rb9bS0tr6yurec28ptb2zu7hb39hooSSWidRDySLR8ryllI65ppTluxpFj4nDb94e3Ebz5SqVgU1vQopp7A/ZAFjGBtpE6tc9You0dl9w4LgbuFol2yp0CLxMlIETJUu4UvtxeRRNBQE46Vajt2rL0US80Ip+O8mygaYzLEfdo2NMSCKi+dXj1GJ0bpoSCSpkKNpurviRQLpUbCN50C64Ga9ybif1470cG1l7IwTjQNyWxRkHCkIzSJAPWYpETzkSGYSGZuRWSAJSbaBJU3ITjzLy+SxnnJuSzZDxfFyk0WRw4O4RhOwYErqMA9VKEOBCQ8wyu8WU/Wi/Vufcxal6xs5gD+wPr8Aa+HkVc=</latexit>

T ⇤V//� <latexit sha1_base64="8IyCvGJJVPVfg/qKK2GgMc/FV+c=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QLiWbZtvQbBKSrFiW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3H6k2TIoHO1E0TPBQsJgRbJ3U7mGltHzqlyt+1Z8DrZIgJxXI0eiXv3oDSdKECks4NqYb+MqGGdaWEU6npV5qqMJkjIe066jACTVhNj93is6cMkCx1K6ERXP190SGE2MmSeQ6E2xHZtmbif953dTG12HGhEotFWSxKE45shLNfkcDpimxfOIIJpq5WxEZYY2JdQmVXAjB8surpHVRDWpV//6yUr/J4yjCCZzCOQRwBXW4gwY0gcAYnuEV3jzlvXjv3seiteDlM8fwB97nD5UIj7s=</latexit>⇡ nilp. cone

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="khuxKQrA214GqbH06Iw3/y0q68k=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVoNzURURGEqhuXFZu2kMYwmU7boZNJmJkIJXTnxl9x40IRt/6CO//GSZqFVg9c7uGce5m5x48oEdI0v7TC3PzC4lJxubSyura+oW9utUQYc4RtFNKQd3woMCUM25JIijsRxzDwKW77o6vUb99jLkjImnIcYTeAA0b6BEGpJE/fPTvv+mRQaTq3doVV3YOseaNUrN5deHrZrJkZjL/EykkZ5Gh4+me3F6I4wEwiCoVwLDOSbgK5JIjiSakbCxxBNIID7CjKYICFm2R3TIx9pfSMfshVMWlk6s+NBAZCjANfTQZQDsWsl4r/eU4s+6duQlgUS8zQ9KF+TA0ZGmkoRo9wjCQdKwIRJ+qvBhpCDpFU0ZVUCNbsyX9J67BmHdfMm6Ny/TKPowh2wB6oAAucgDq4Bg1gAwQewBN4Aa/ao/asvWnv09GClu9sg1/QPr4BibaXMg==</latexit>

:=
�
T [SU(n)]/SU(n)k

�A

<latexit sha1_base64="wq1io5Fs6o53w2r3k+C1ScUNYCo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiRV0W3bis0Be0IUymk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91g8pD73SmVisWipWcJ9SI8EixkBGsj+bY9iLAeE8xRy8/E1WTu21Wn5iyA1olbkCoUaPr212AYkzSiQhOOleq7TqK9DEvNCKfzyiBVNMFkgke0b6jAEVVetkg+RxdGGaIwluYJjRbq740MR0rNosBM5jnVqpeL/3n9VId3XsZEkmoqyPJQmHKkY5TXgIZMUqL5zBBMJDNZERljiYk2ZVVMCe7ql9dJ57rm3tScp3q1cV/UUYYzOIdLcOEWGvAITWgDgSk8wyu8WZn1Yr1bH8vRklXsnMIfWJ8/I0+TVg==</latexit>

Tn,k <latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=



n-1

QFT

For G = SU(n), there are some other perspectives

Quiver gauge theory

2 1n

k
<latexit sha1_base64="Z6SZePQJrIGsqaHaFD69k9BSZ5Q=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5IUUZdFNy4r2Ac0oUwmN+3QySTMTIQSght/xY0LRdz6Fe78GydtFtp6YJjDOffemXv8hFGpbPvbqKysrq1vVDdrW9s7u3vm/kFXxqkg0CExi0XfxxIY5dBRVDHoJwJw5DPo+ZObwu89gJA05vdqmoAX4RGnISVYaWloHrkpD0D4AhPI3LFMirtJeZ4PzbrdsGewlolTkjoq0R6aX24QkzQCrgjDUg4cO1FehoWihEFec1MJevwEj2CgKccRSC+brZBbp1oJrDAW+nBlzdTfHRmOpJxGvq6MsBrLRa8Q//MGqQqvvIzyJFXAyfyhMGWWiq0iDyugAohiU00wEVT/1SJjrONQOrWaDsFZXHmZdJsN56Jh353XW9dlHFV0jE7QGXLQJWqhW9RGHUTQI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPJu+X6g==</latexit>| {z }

Nak. quiver variety

<latexit sha1_base64="vJNi0Q5GVG/Wm8R+OrVXPua39qY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r9AvSUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3OV+94kqzWLZMtOEBgKPJIsYwSaXWv59MKjW3Lo7B1olXkFqUKA5qH71hzFJBZWGcKy177mJCTKsDCOczir9VNMEkwkeUd9SiQXVQTa/dYbOrDJEUaxsSYPm6u+JDAutpyK0nQKbsV72cvE/z09NdBNkTCapoZIsFkUpRyZG+eNoyBQlhk8twUQxeysiY6wwMTaeig3BW355lXQu6t5V3X28rDVuizjKcAKncA4eXEMDHqAJbSAwhmd4hTdHOC/Ou/OxaC05xcwx/IHz+QOklI36</latexit>

T [G]
<latexit sha1_base64="gtcmCltYANSbKapCp+qjLBY0FCc=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfcPloFrz6t4ceJX4BalBgeag+tUfxjSVTFkqiDE930tskBFtORVsVumnhiWETsiI9RxVRDITZPNbZ/jMKUMcxdqVsniu/p7IiDRmKkPXKYkdm2UvF//zeqmNboKMqyS1TNHFoigV2MY4fxwPuWbUiqkjhGrubsV0TDSh1sVTcSH4yy+vkvZF3b+qew+XtcZtEUcZTuAUzsGHa2jAPTShBRTG8Ayv8IYkekHv6GPRWkLFzDH8Afr8ASFVjkw=</latexit>⇠

3d
<latexit sha1_base64="3QRSveoflLraufMrdvTJYn0vNSs=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZE1I1QdONKKtgHdIaSSTNtaCYzJBmhDP0NNy4UcevPuPNvzLSz0NYDgcM593JPTpAIro3jfKPSyura+kZ5s7K1vbO7V90/aOs4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnGN/mfueJKc1j+WgmCfMjMpQ85JQYK3leRMyIEoHvr8/71ZpTd2bAy8QtSA0KNPvVL28Q0zRi0lBBtO65TmL8jCjDqWDTipdqlhA6JkPWs1SSiGk/m2We4hOrDHAYK/ukwTP190ZGIq0nUWAn84x60cvF/7xeasIrP+MySQ2TdH4oTAU2Mc4LwAOuGDViYgmhitusmI6IItTYmiq2BHfxy8ukfVZ3L+rOw3mtcVPUUYYjOIZTcOESGnAHTWgBhQSe4RXeUIpe0Dv6mI+WULFzCH+APn8AEbyRDA==</latexit>

N = 4

<latexit sha1_base64="xw9Z9yNoh1pfxqIt5EgWIxOTsrc="></latexit>

V =

n�1Y

i=1

Hom(Ci,Ci+1
)

<latexit sha1_base64="znO3QFUj3cJQuh1ucXKcEqgQcoU=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhFoZdEbUJBC1iYRHBPCCJYXZ2NhkyM7vMzAph2dLGX7GxUMTWT7Dzb5w8Ck08cOFwzr3ce48XMaq043xbmYXFpeWV7GpubX1jc8ve3qmrMJaY1HDIQtn0kCKMClLTVDPSjCRB3GOk4Q2uRn7jgUhFQ3GnhxHpcNQTNKAYaSN17f12BXGOYAm2Ixn63YSW3PQ+EcduWrkp0KOunXeKzhhwnrhTkgdTVLv2V9sPccyJ0JghpVquE+lOgqSmmJE0144ViRAeoB5pGSoQJ6qTjB9J4aFRfBiE0pTQcKz+nkgQV2rIPdPJke6rWW8k/ue1Yh1cdBIqolgTgSeLgphBHcJRKtCnkmDNhoYgLKm5FeI+kghrk13OhODOvjxP6idF96zo3J7my5fTOLJgDxyAAnDBOSiDa1AFNYDBI3gGr+DNerJerHfrY9KasaYzu+APrM8fbC6YUA==</latexit>

� =
n�1Y

i=1

GL(i)

<latexit sha1_base64="2ANUuXGvzcOwqXUGf4OKSibaVYg=">AAAB9XicbVBNS8NAEJ34WetX1aOX1SKIhzYRUY9FD3qs0C9o0rLZbtqlu0nY3Sgl9H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0rb9bS0tr6yurec28ptb2zu7hb39hooSSWidRDySLR8ryllI65ppTluxpFj4nDb94e3Ebz5SqVgU1vQopp7A/ZAFjGBtpE6tc9You0dl9w4LgbuFol2yp0CLxMlIETJUu4UvtxeRRNBQE46Vajt2rL0US80Ip+O8mygaYzLEfdo2NMSCKi+dXj1GJ0bpoSCSpkKNpurviRQLpUbCN50C64Ga9ybif1470cG1l7IwTjQNyWxRkHCkIzSJAPWYpETzkSGYSGZuRWSAJSbaBJU3ITjzLy+SxnnJuSzZDxfFyk0WRw4O4RhOwYErqMA9VKEOBCQ8wyu8WU/Wi/Vufcxal6xs5gD+wPr8Aa+HkVc=</latexit>

T ⇤V//� <latexit sha1_base64="8IyCvGJJVPVfg/qKK2GgMc/FV+c=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QLiWbZtvQbBKSrFiW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3H6k2TIoHO1E0TPBQsJgRbJ3U7mGltHzqlyt+1Z8DrZIgJxXI0eiXv3oDSdKECks4NqYb+MqGGdaWEU6npV5qqMJkjIe066jACTVhNj93is6cMkCx1K6ERXP190SGE2MmSeQ6E2xHZtmbif953dTG12HGhEotFWSxKE45shLNfkcDpimxfOIIJpq5WxEZYY2JdQmVXAjB8surpHVRDWpV//6yUr/J4yjCCZzCOQRwBXW4gwY0gcAYnuEV3jzlvXjv3seiteDlM8fwB97nD5UIj7s=</latexit>⇡ nilp. cone

triple of complexified Kahler paramsflat conn.

Wilson lines

<latexit sha1_base64="ZmQQSRo3BralqQ5ADW/PA0ZGk+M=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuSlJrzbLYjcsKfUETy2R62w6dPJiZFEron7hxoYhb/8Sdf+OkjaCiBwYO59zLPXP8mDOpLOvDWFvf2NzaLuwUd/f2Dw7No+OOjBJBoU0jHomeTyRwFkJbMcWhFwsggc+h608bmd+dgZAsCltqHoMXkHHIRowSpaWBabYGbkDUxPdx496dAQzMklWuVWtXlw62ytYSmlQcu2I72M6VEsrRHJjv7jCiSQChopxI2betWHkpEYpRDouim0iICZ2SMfQ1DUkA0kuXyRf4XCtDPIqEfqHCS/X7RkoCKeeBryezlPK3l4l/ef1EjRwvZWGcKAjp6tAo4VhFOKsBD5kAqvhcE0IF01kxnRBBqNJlFXUJXz/F/5NOpWzXytZdtVS/yesooFN0hi6Qja5RHd2iJmojimboAT2hZyM1Ho0X43U1umbkOyfoB4y3Ty2Bk2A=</latexit>

T_
C

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="khuxKQrA214GqbH06Iw3/y0q68k=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVoNzURURGEqhuXFZu2kMYwmU7boZNJmJkIJXTnxl9x40IRt/6CO//GSZqFVg9c7uGce5m5x48oEdI0v7TC3PzC4lJxubSyura+oW9utUQYc4RtFNKQd3woMCUM25JIijsRxzDwKW77o6vUb99jLkjImnIcYTeAA0b6BEGpJE/fPTvv+mRQaTq3doVV3YOseaNUrN5deHrZrJkZjL/EykkZ5Gh4+me3F6I4wEwiCoVwLDOSbgK5JIjiSakbCxxBNIID7CjKYICFm2R3TIx9pfSMfshVMWlk6s+NBAZCjANfTQZQDsWsl4r/eU4s+6duQlgUS8zQ9KF+TA0ZGmkoRo9wjCQdKwIRJ+qvBhpCDpFU0ZVUCNbsyX9J67BmHdfMm6Ny/TKPowh2wB6oAAucgDq4Bg1gAwQewBN4Aa/ao/asvWnv09GClu9sg1/QPr4BibaXMg==</latexit>

:=
�
T [SU(n)]/SU(n)k

�A

<latexit sha1_base64="wq1io5Fs6o53w2r3k+C1ScUNYCo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiRV0W3bis0Be0IUymk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91g8pD73SmVisWipWcJ9SI8EixkBGsj+bY9iLAeE8xRy8/E1WTu21Wn5iyA1olbkCoUaPr212AYkzSiQhOOleq7TqK9DEvNCKfzyiBVNMFkgke0b6jAEVVetkg+RxdGGaIwluYJjRbq740MR0rNosBM5jnVqpeL/3n9VId3XsZEkmoqyPJQmHKkY5TXgIZMUqL5zBBMJDNZERljiYk2ZVVMCe7ql9dJ57rm3tScp3q1cV/UUYYzOIdLcOEWGvAITWgDgSk8wyu8WZn1Yr1bH8vRklXsnMIfWJ8/I0+TVg==</latexit>

Tn,k <latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=



n-1

QFT

For G = SU(n), there are some other perspectives

Quiver gauge theory

2 1n

k
<latexit sha1_base64="Z6SZePQJrIGsqaHaFD69k9BSZ5Q=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5IUUZdFNy4r2Ac0oUwmN+3QySTMTIQSght/xY0LRdz6Fe78GydtFtp6YJjDOffemXv8hFGpbPvbqKysrq1vVDdrW9s7u3vm/kFXxqkg0CExi0XfxxIY5dBRVDHoJwJw5DPo+ZObwu89gJA05vdqmoAX4RGnISVYaWloHrkpD0D4AhPI3LFMirtJeZ4PzbrdsGewlolTkjoq0R6aX24QkzQCrgjDUg4cO1FehoWihEFec1MJevwEj2CgKccRSC+brZBbp1oJrDAW+nBlzdTfHRmOpJxGvq6MsBrLRa8Q//MGqQqvvIzyJFXAyfyhMGWWiq0iDyugAohiU00wEVT/1SJjrONQOrWaDsFZXHmZdJsN56Jh353XW9dlHFV0jE7QGXLQJWqhW9RGHUTQI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPJu+X6g==</latexit>| {z }

Nak. quiver variety

<latexit sha1_base64="vJNi0Q5GVG/Wm8R+OrVXPua39qY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r9AvSUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3OV+94kqzWLZMtOEBgKPJIsYwSaXWv59MKjW3Lo7B1olXkFqUKA5qH71hzFJBZWGcKy177mJCTKsDCOczir9VNMEkwkeUd9SiQXVQTa/dYbOrDJEUaxsSYPm6u+JDAutpyK0nQKbsV72cvE/z09NdBNkTCapoZIsFkUpRyZG+eNoyBQlhk8twUQxeysiY6wwMTaeig3BW355lXQu6t5V3X28rDVuizjKcAKncA4eXEMDHqAJbSAwhmd4hTdHOC/Ou/OxaC05xcwx/IHz+QOklI36</latexit>

T [G]
<latexit sha1_base64="gtcmCltYANSbKapCp+qjLBY0FCc=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfcPloFrz6t4ceJX4BalBgeag+tUfxjSVTFkqiDE930tskBFtORVsVumnhiWETsiI9RxVRDITZPNbZ/jMKUMcxdqVsniu/p7IiDRmKkPXKYkdm2UvF//zeqmNboKMqyS1TNHFoigV2MY4fxwPuWbUiqkjhGrubsV0TDSh1sVTcSH4yy+vkvZF3b+qew+XtcZtEUcZTuAUzsGHa2jAPTShBRTG8Ayv8IYkekHv6GPRWkLFzDH8Afr8ASFVjkw=</latexit>⇠

3d
<latexit sha1_base64="3QRSveoflLraufMrdvTJYn0vNSs=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZE1I1QdONKKtgHdIaSSTNtaCYzJBmhDP0NNy4UcevPuPNvzLSz0NYDgcM593JPTpAIro3jfKPSyura+kZ5s7K1vbO7V90/aOs4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnGN/mfueJKc1j+WgmCfMjMpQ85JQYK3leRMyIEoHvr8/71ZpTd2bAy8QtSA0KNPvVL28Q0zRi0lBBtO65TmL8jCjDqWDTipdqlhA6JkPWs1SSiGk/m2We4hOrDHAYK/ukwTP190ZGIq0nUWAn84x60cvF/7xeasIrP+MySQ2TdH4oTAU2Mc4LwAOuGDViYgmhitusmI6IItTYmiq2BHfxy8ukfVZ3L+rOw3mtcVPUUYYjOIZTcOESGnAHTWgBhQSe4RXeUIpe0Dv6mI+WULFzCH+APn8AEbyRDA==</latexit>

N = 4

<latexit sha1_base64="xw9Z9yNoh1pfxqIt5EgWIxOTsrc="></latexit>

V =

n�1Y

i=1

Hom(Ci,Ci+1
)

<latexit sha1_base64="znO3QFUj3cJQuh1ucXKcEqgQcoU=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhFoZdEbUJBC1iYRHBPCCJYXZ2NhkyM7vMzAph2dLGX7GxUMTWT7Dzb5w8Ck08cOFwzr3ce48XMaq043xbmYXFpeWV7GpubX1jc8ve3qmrMJaY1HDIQtn0kCKMClLTVDPSjCRB3GOk4Q2uRn7jgUhFQ3GnhxHpcNQTNKAYaSN17f12BXGOYAm2Ixn63YSW3PQ+EcduWrkp0KOunXeKzhhwnrhTkgdTVLv2V9sPccyJ0JghpVquE+lOgqSmmJE0144ViRAeoB5pGSoQJ6qTjB9J4aFRfBiE0pTQcKz+nkgQV2rIPdPJke6rWW8k/ue1Yh1cdBIqolgTgSeLgphBHcJRKtCnkmDNhoYgLKm5FeI+kghrk13OhODOvjxP6idF96zo3J7my5fTOLJgDxyAAnDBOSiDa1AFNYDBI3gGr+DNerJerHfrY9KasaYzu+APrM8fbC6YUA==</latexit>

� =
n�1Y

i=1

GL(i)

<latexit sha1_base64="2ANUuXGvzcOwqXUGf4OKSibaVYg=">AAAB9XicbVBNS8NAEJ34WetX1aOX1SKIhzYRUY9FD3qs0C9o0rLZbtqlu0nY3Sgl9H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0rb9bS0tr6yurec28ptb2zu7hb39hooSSWidRDySLR8ryllI65ppTluxpFj4nDb94e3Ebz5SqVgU1vQopp7A/ZAFjGBtpE6tc9You0dl9w4LgbuFol2yp0CLxMlIETJUu4UvtxeRRNBQE46Vajt2rL0US80Ip+O8mygaYzLEfdo2NMSCKi+dXj1GJ0bpoSCSpkKNpurviRQLpUbCN50C64Ga9ybif1470cG1l7IwTjQNyWxRkHCkIzSJAPWYpETzkSGYSGZuRWSAJSbaBJU3ITjzLy+SxnnJuSzZDxfFyk0WRw4O4RhOwYErqMA9VKEOBCQ8wyu8WU/Wi/Vufcxal6xs5gD+wPr8Aa+HkVc=</latexit>

T ⇤V//� <latexit sha1_base64="8IyCvGJJVPVfg/qKK2GgMc/FV+c=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QLiWbZtvQbBKSrFiW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3H6k2TIoHO1E0TPBQsJgRbJ3U7mGltHzqlyt+1Z8DrZIgJxXI0eiXv3oDSdKECks4NqYb+MqGGdaWEU6npV5qqMJkjIe066jACTVhNj93is6cMkCx1K6ERXP190SGE2MmSeQ6E2xHZtmbif953dTG12HGhEotFWSxKE45shLNfkcDpimxfOIIJpq5WxEZYY2JdQmVXAjB8surpHVRDWpV//6yUr/J4yjCCZzCOQRwBXW4gwY0gcAYnuEV3jzlvXjv3seiteDlM8fwB97nD5UIj7s=</latexit>⇡ nilp. cone

triple of complexified Kahler paramsflat conn.

Wilson lines

<latexit sha1_base64="ZmQQSRo3BralqQ5ADW/PA0ZGk+M=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuSlJrzbLYjcsKfUETy2R62w6dPJiZFEron7hxoYhb/8Sdf+OkjaCiBwYO59zLPXP8mDOpLOvDWFvf2NzaLuwUd/f2Dw7No+OOjBJBoU0jHomeTyRwFkJbMcWhFwsggc+h608bmd+dgZAsCltqHoMXkHHIRowSpaWBabYGbkDUxPdx496dAQzMklWuVWtXlw62ytYSmlQcu2I72M6VEsrRHJjv7jCiSQChopxI2betWHkpEYpRDouim0iICZ2SMfQ1DUkA0kuXyRf4XCtDPIqEfqHCS/X7RkoCKeeBryezlPK3l4l/ef1EjRwvZWGcKAjp6tAo4VhFOKsBD5kAqvhcE0IF01kxnRBBqNJlFXUJXz/F/5NOpWzXytZdtVS/yesooFN0hi6Qja5RHd2iJmojimboAT2hZyM1Ho0X43U1umbkOyfoB4y3Ty2Bk2A=</latexit>

T_
C

• A-twist (nontrivially) has a Lagrangian BV action

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="khuxKQrA214GqbH06Iw3/y0q68k=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVoNzURURGEqhuXFZu2kMYwmU7boZNJmJkIJXTnxl9x40IRt/6CO//GSZqFVg9c7uGce5m5x48oEdI0v7TC3PzC4lJxubSyura+oW9utUQYc4RtFNKQd3woMCUM25JIijsRxzDwKW77o6vUb99jLkjImnIcYTeAA0b6BEGpJE/fPTvv+mRQaTq3doVV3YOseaNUrN5deHrZrJkZjL/EykkZ5Gh4+me3F6I4wEwiCoVwLDOSbgK5JIjiSakbCxxBNIID7CjKYICFm2R3TIx9pfSMfshVMWlk6s+NBAZCjANfTQZQDsWsl4r/eU4s+6duQlgUS8zQ9KF+TA0ZGmkoRo9wjCQdKwIRJ+qvBhpCDpFU0ZVUCNbsyX9J67BmHdfMm6Ny/TKPowh2wB6oAAucgDq4Bg1gAwQewBN4Aa/ao/asvWnv09GClu9sg1/QPr4BibaXMg==</latexit>

:=
�
T [SU(n)]/SU(n)k

�A

<latexit sha1_base64="wq1io5Fs6o53w2r3k+C1ScUNYCo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiRV0W3bis0Be0IUymk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91g8pD73SmVisWipWcJ9SI8EixkBGsj+bY9iLAeE8xRy8/E1WTu21Wn5iyA1olbkCoUaPr212AYkzSiQhOOleq7TqK9DEvNCKfzyiBVNMFkgke0b6jAEVVetkg+RxdGGaIwluYJjRbq740MR0rNosBM5jnVqpeL/3n9VId3XsZEkmoqyPJQmHKkY5TXgIZMUqL5zBBMJDNZERljiYk2ZVVMCe7ql9dJ57rm3tScp3q1cV/UUYYzOIdLcOEWGvAITWgDgSk8wyu8WZn1Yr1bH8vRklXsnMIfWJ8/I0+TVg==</latexit>

Tn,k <latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=



n-1

QFT

For G = SU(n), there are some other perspectives

Quiver gauge theory

2 1n

k
<latexit sha1_base64="Z6SZePQJrIGsqaHaFD69k9BSZ5Q=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5IUUZdFNy4r2Ac0oUwmN+3QySTMTIQSght/xY0LRdz6Fe78GydtFtp6YJjDOffemXv8hFGpbPvbqKysrq1vVDdrW9s7u3vm/kFXxqkg0CExi0XfxxIY5dBRVDHoJwJw5DPo+ZObwu89gJA05vdqmoAX4RGnISVYaWloHrkpD0D4AhPI3LFMirtJeZ4PzbrdsGewlolTkjoq0R6aX24QkzQCrgjDUg4cO1FehoWihEFec1MJevwEj2CgKccRSC+brZBbp1oJrDAW+nBlzdTfHRmOpJxGvq6MsBrLRa8Q//MGqQqvvIzyJFXAyfyhMGWWiq0iDyugAohiU00wEVT/1SJjrONQOrWaDsFZXHmZdJsN56Jh353XW9dlHFV0jE7QGXLQJWqhW9RGHUTQI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPJu+X6g==</latexit>| {z }

Nak. quiver variety

<latexit sha1_base64="vJNi0Q5GVG/Wm8R+OrVXPua39qY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r9AvSUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3OV+94kqzWLZMtOEBgKPJIsYwSaXWv59MKjW3Lo7B1olXkFqUKA5qH71hzFJBZWGcKy177mJCTKsDCOczir9VNMEkwkeUd9SiQXVQTa/dYbOrDJEUaxsSYPm6u+JDAutpyK0nQKbsV72cvE/z09NdBNkTCapoZIsFkUpRyZG+eNoyBQlhk8twUQxeysiY6wwMTaeig3BW355lXQu6t5V3X28rDVuizjKcAKncA4eXEMDHqAJbSAwhmd4hTdHOC/Ou/OxaC05xcwx/IHz+QOklI36</latexit>

T [G]
<latexit sha1_base64="gtcmCltYANSbKapCp+qjLBY0FCc=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfcPloFrz6t4ceJX4BalBgeag+tUfxjSVTFkqiDE930tskBFtORVsVumnhiWETsiI9RxVRDITZPNbZ/jMKUMcxdqVsniu/p7IiDRmKkPXKYkdm2UvF//zeqmNboKMqyS1TNHFoigV2MY4fxwPuWbUiqkjhGrubsV0TDSh1sVTcSH4yy+vkvZF3b+qew+XtcZtEUcZTuAUzsGHa2jAPTShBRTG8Ayv8IYkekHv6GPRWkLFzDH8Afr8ASFVjkw=</latexit>⇠

3d
<latexit sha1_base64="3QRSveoflLraufMrdvTJYn0vNSs=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZE1I1QdONKKtgHdIaSSTNtaCYzJBmhDP0NNy4UcevPuPNvzLSz0NYDgcM593JPTpAIro3jfKPSyura+kZ5s7K1vbO7V90/aOs4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnGN/mfueJKc1j+WgmCfMjMpQ85JQYK3leRMyIEoHvr8/71ZpTd2bAy8QtSA0KNPvVL28Q0zRi0lBBtO65TmL8jCjDqWDTipdqlhA6JkPWs1SSiGk/m2We4hOrDHAYK/ukwTP190ZGIq0nUWAn84x60cvF/7xeasIrP+MySQ2TdH4oTAU2Mc4LwAOuGDViYgmhitusmI6IItTYmiq2BHfxy8ukfVZ3L+rOw3mtcVPUUYYjOIZTcOESGnAHTWgBhQSe4RXeUIpe0Dv6mI+WULFzCH+APn8AEbyRDA==</latexit>

N = 4

<latexit sha1_base64="xw9Z9yNoh1pfxqIt5EgWIxOTsrc="></latexit>

V =

n�1Y

i=1

Hom(Ci,Ci+1
)

<latexit sha1_base64="znO3QFUj3cJQuh1ucXKcEqgQcoU=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhFoZdEbUJBC1iYRHBPCCJYXZ2NhkyM7vMzAph2dLGX7GxUMTWT7Dzb5w8Ck08cOFwzr3ce48XMaq043xbmYXFpeWV7GpubX1jc8ve3qmrMJaY1HDIQtn0kCKMClLTVDPSjCRB3GOk4Q2uRn7jgUhFQ3GnhxHpcNQTNKAYaSN17f12BXGOYAm2Ixn63YSW3PQ+EcduWrkp0KOunXeKzhhwnrhTkgdTVLv2V9sPccyJ0JghpVquE+lOgqSmmJE0144ViRAeoB5pGSoQJ6qTjB9J4aFRfBiE0pTQcKz+nkgQV2rIPdPJke6rWW8k/ue1Yh1cdBIqolgTgSeLgphBHcJRKtCnkmDNhoYgLKm5FeI+kghrk13OhODOvjxP6idF96zo3J7my5fTOLJgDxyAAnDBOSiDa1AFNYDBI3gGr+DNerJerHfrY9KasaYzu+APrM8fbC6YUA==</latexit>

� =
n�1Y

i=1

GL(i)

<latexit sha1_base64="2ANUuXGvzcOwqXUGf4OKSibaVYg=">AAAB9XicbVBNS8NAEJ34WetX1aOX1SKIhzYRUY9FD3qs0C9o0rLZbtqlu0nY3Sgl9H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0rb9bS0tr6yurec28ptb2zu7hb39hooSSWidRDySLR8ryllI65ppTluxpFj4nDb94e3Ebz5SqVgU1vQopp7A/ZAFjGBtpE6tc9You0dl9w4LgbuFol2yp0CLxMlIETJUu4UvtxeRRNBQE46Vajt2rL0US80Ip+O8mygaYzLEfdo2NMSCKi+dXj1GJ0bpoSCSpkKNpurviRQLpUbCN50C64Ga9ybif1470cG1l7IwTjQNyWxRkHCkIzSJAPWYpETzkSGYSGZuRWSAJSbaBJU3ITjzLy+SxnnJuSzZDxfFyk0WRw4O4RhOwYErqMA9VKEOBCQ8wyu8WU/Wi/Vufcxal6xs5gD+wPr8Aa+HkVc=</latexit>

T ⇤V//� <latexit sha1_base64="8IyCvGJJVPVfg/qKK2GgMc/FV+c=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QLiWbZtvQbBKSrFiW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3H6k2TIoHO1E0TPBQsJgRbJ3U7mGltHzqlyt+1Z8DrZIgJxXI0eiXv3oDSdKECks4NqYb+MqGGdaWEU6npV5qqMJkjIe066jACTVhNj93is6cMkCx1K6ERXP190SGE2MmSeQ6E2xHZtmbif953dTG12HGhEotFWSxKE45shLNfkcDpimxfOIIJpq5WxEZYY2JdQmVXAjB8surpHVRDWpV//6yUr/J4yjCCZzCOQRwBXW4gwY0gcAYnuEV3jzlvXjv3seiteDlM8fwB97nD5UIj7s=</latexit>⇡ nilp. cone

triple of complexified Kahler paramsflat conn.

Wilson lines

<latexit sha1_base64="ZmQQSRo3BralqQ5ADW/PA0ZGk+M=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuSlJrzbLYjcsKfUETy2R62w6dPJiZFEron7hxoYhb/8Sdf+OkjaCiBwYO59zLPXP8mDOpLOvDWFvf2NzaLuwUd/f2Dw7No+OOjBJBoU0jHomeTyRwFkJbMcWhFwsggc+h608bmd+dgZAsCltqHoMXkHHIRowSpaWBabYGbkDUxPdx496dAQzMklWuVWtXlw62ytYSmlQcu2I72M6VEsrRHJjv7jCiSQChopxI2betWHkpEYpRDouim0iICZ2SMfQ1DUkA0kuXyRf4XCtDPIqEfqHCS/X7RkoCKeeBryezlPK3l4l/ef1EjRwvZWGcKAjp6tAo4VhFOKsBD5kAqvhcE0IF01kxnRBBqNJlFXUJXz/F/5NOpWzXytZdtVS/yesooFN0hi6Qja5RHd2iJmojimboAT2hZyM1Ho0X43U1umbkOyfoB4y3Ty2Bk2A=</latexit>

T_
C

• A-twist (nontrivially) has a Lagrangian BV action
• expect Coulomb branch            space of 

<latexit sha1_base64="fIKYt4fuh75XRf1a/+J5lQlxbd4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh05/3C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6t6t5fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AE0fo2/</latexit>

Xk [GHNPPK '20]<latexit sha1_base64="gtcmCltYANSbKapCp+qjLBY0FCc=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfcPloFrz6t4ceJX4BalBgeag+tUfxjSVTFkqiDE930tskBFtORVsVumnhiWETsiI9RxVRDITZPNbZ/jMKUMcxdqVsniu/p7IiDRmKkPXKYkdm2UvF//zeqmNboKMqyS1TNHFoigV2MY4fxwPuWbUiqkjhGrubsV0TDSh1sVTcSH4yy+vkvZF3b+qew+XtcZtEUcZTuAUzsGHa2jAPTShBRTG8Ayv8IYkekHv6GPRWkLFzDH8Afr8ASFVjkw=</latexit>⇠
<latexit sha1_base64="I6yDKGh43rvKpulwuz4SAJB3vo0=">AAACDXicbVC7TsNAEDzzDOFloKQ5EZBCE9kIAWVEKCiDRB5SbKzz5Zyccn7obo2IrPwADb9CQwFCtPR0/A2XxAUkjLTSaGZXuzt+IrgCy/o2FhaXlldWC2vF9Y3NrW1zZ7ep4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+ojf3WPZOKx9EtDBPmhqQX8YBTAlryzEMnJNCnROCaZ2NH8RBf3fkOsAfIanF/VG57g2PPLFkVawI8T+yclFCOumd+Od2YpiGLgAqiVMe2EnAzIoFTwUZFJ1UsIXRAeqyjaURCptxs8s0IH2mli4NY6ooAT9TfExkJlRqGvu4c365mvbH4n9dJIbhwMx4lKbCIThcFqcAQ43E0uMsloyCGmhAqub4V0z6RhIIOsKhDsGdfnifNk4p9VrFuTkvVyzyOAtpHB6iMbHSOquga1VEDUfSIntErejOejBfj3fiYti4Y+cwe+gPj8wfi5ZrQ</latexit>

C1 ⇠ DbCoh(Xk)

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="khuxKQrA214GqbH06Iw3/y0q68k=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVoNzURURGEqhuXFZu2kMYwmU7boZNJmJkIJXTnxl9x40IRt/6CO//GSZqFVg9c7uGce5m5x48oEdI0v7TC3PzC4lJxubSyura+oW9utUQYc4RtFNKQd3woMCUM25JIijsRxzDwKW77o6vUb99jLkjImnIcYTeAA0b6BEGpJE/fPTvv+mRQaTq3doVV3YOseaNUrN5deHrZrJkZjL/EykkZ5Gh4+me3F6I4wEwiCoVwLDOSbgK5JIjiSakbCxxBNIID7CjKYICFm2R3TIx9pfSMfshVMWlk6s+NBAZCjANfTQZQDsWsl4r/eU4s+6duQlgUS8zQ9KF+TA0ZGmkoRo9wjCQdKwIRJ+qvBhpCDpFU0ZVUCNbsyX9J67BmHdfMm6Ny/TKPowh2wB6oAAucgDq4Bg1gAwQewBN4Aa/ao/asvWnv09GClu9sg1/QPr4BibaXMg==</latexit>

:=
�
T [SU(n)]/SU(n)k

�A

<latexit sha1_base64="wq1io5Fs6o53w2r3k+C1ScUNYCo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiRV0W3bis0Be0IUymk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91g8pD73SmVisWipWcJ9SI8EixkBGsj+bY9iLAeE8xRy8/E1WTu21Wn5iyA1olbkCoUaPr212AYkzSiQhOOleq7TqK9DEvNCKfzyiBVNMFkgke0b6jAEVVetkg+RxdGGaIwluYJjRbq740MR0rNosBM5jnVqpeL/3n9VId3XsZEkmoqyPJQmHKkY5TXgIZMUqL5zBBMJDNZERljiYk2ZVVMCe7ql9dJ57rm3tScp3q1cV/UUYYzOIdLcOEWGvAITWgDgSk8wyu8WZn1Yr1bH8vRklXsnMIfWJ8/I0+TVg==</latexit>

Tn,k <latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=



n-1

QFT

2 1n

k

Simple verifications, using "twisted index" of [Benini-Zaffaroni '15,'16]
[Closset-Kim '16]

(after deforming holomorphic-topological twist to A-twist)

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="khuxKQrA214GqbH06Iw3/y0q68k=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVoNzURURGEqhuXFZu2kMYwmU7boZNJmJkIJXTnxl9x40IRt/6CO//GSZqFVg9c7uGce5m5x48oEdI0v7TC3PzC4lJxubSyura+oW9utUQYc4RtFNKQd3woMCUM25JIijsRxzDwKW77o6vUb99jLkjImnIcYTeAA0b6BEGpJE/fPTvv+mRQaTq3doVV3YOseaNUrN5deHrZrJkZjL/EykkZ5Gh4+me3F6I4wEwiCoVwLDOSbgK5JIjiSakbCxxBNIID7CjKYICFm2R3TIx9pfSMfshVMWlk6s+NBAZCjANfTQZQDsWsl4r/eU4s+6duQlgUS8zQ9KF+TA0ZGmkoRo9wjCQdKwIRJ+qvBhpCDpFU0ZVUCNbsyX9J67BmHdfMm6Ny/TKPowh2wB6oAAucgDq4Bg1gAwQewBN4Aa/ao/asvWnv09GClu9sg1/QPr4BibaXMg==</latexit>

:=
�
T [SU(n)]/SU(n)k

�A

<latexit sha1_base64="wq1io5Fs6o53w2r3k+C1ScUNYCo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiRV0W3bis0Be0IUymk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91g8pD73SmVisWipWcJ9SI8EixkBGsj+bY9iLAeE8xRy8/E1WTu21Wn5iyA1olbkCoUaPr212AYkzSiQhOOleq7TqK9DEvNCKfzyiBVNMFkgke0b6jAEVVetkg+RxdGGaIwluYJjRbq740MR0rNosBM5jnVqpeL/3n9VId3XsZEkmoqyPJQmHKkY5TXgIZMUqL5zBBMJDNZERljiYk2ZVVMCe7ql9dJ57rm3tScp3q1cV/UUYYzOIdLcOEWGvAITWgDgSk8wyu8WZn1Yr1bH8vRklXsnMIfWJ8/I0+TVg==</latexit>

Tn,k <latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=



QFT

• expectation values of Wilson loops
<latexit sha1_base64="NCjFSRTTiKnV3nOtwpxOGTY+IOU=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSLUTUlE1GWxG8FNBfuANoTJdNIOnUzCzEQptZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6ZEyScKe0439bK6tr6xmZhq7i9s7u3b5cOWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoORvXMbz9QqVgs7vU4oV6EB4KFjGBtJN8u3fpOpRdhPSSYo7rvnvp22ak6M6Bl4uakDDkavv3V68ckjajQhGOluq6TaG+CpWaE02mxlyqaYDLCA9o1VOCIKm8yiz5FJ0bpozCW5gmNZurvjQmOlBpHgZnMQqpFLxP/87qpDq+8CRNJqqkg80NhypGOUdYD6jNJieZjQzCRzGRFZIglJtq0VTQluItfXiats6p7UXXuzsu167yOAhzBMVTAhUuowQ00oAkEHuEZXuHNerJerHfrYz66YuU7h/AH1ucPOWySrg==</latexit>

K0(C1)<latexit sha1_base64="ICDp7rNAl2tj9U31hFeCvRa93+U=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvNpF262Y27E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulOSA0ILqGFHAV0Ug00CQU8hKObqf/wBNpwJe9xnEKQ0IHkMWcUrdTpCaCRQdWv1ry6N4O7TPyC1EiBZr/61YsUyxKQyAQ1put7KQY51ciZgEmllxlIKRvRAXQtlTQBE+SzeyfuiVUiN1balkR3pv6eyGlizDgJbWdCcWgWvan4n9fNML4Kci7TDEGy+aI4Ey4qd/q8G3ENDMXYEso0t7e6bEg1ZWgjqtgQ/MWXl0n7rO5f1L2781rjuoijTI7IMTklPrkkDXJLmqRFGBHkmbySN+fReXHenY95a8kpZg7JHzifPzjukBc=</latexit> 

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="khuxKQrA214GqbH06Iw3/y0q68k=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVoNzURURGEqhuXFZu2kMYwmU7boZNJmJkIJXTnxl9x40IRt/6CO//GSZqFVg9c7uGce5m5x48oEdI0v7TC3PzC4lJxubSyura+oW9utUQYc4RtFNKQd3woMCUM25JIijsRxzDwKW77o6vUb99jLkjImnIcYTeAA0b6BEGpJE/fPTvv+mRQaTq3doVV3YOseaNUrN5deHrZrJkZjL/EykkZ5Gh4+me3F6I4wEwiCoVwLDOSbgK5JIjiSakbCxxBNIID7CjKYICFm2R3TIx9pfSMfshVMWlk6s+NBAZCjANfTQZQDsWsl4r/eU4s+6duQlgUS8zQ9KF+TA0ZGmkoRo9wjCQdKwIRJ+qvBhpCDpFU0ZVUCNbsyX9J67BmHdfMm6Ny/TKPowh2wB6oAAucgDq4Bg1gAwQewBN4Aa/ao/asvWnv09GClu9sg1/QPr4BibaXMg==</latexit>

:=
�
T [SU(n)]/SU(n)k

�A

n-1 2 1n

k

Simple verifications, using "twisted index" of [Benini-Zaffaroni '15,'16]
[Closset-Kim '16]

(after deforming holomorphic-topological twist to A-twist)

<latexit sha1_base64="wq1io5Fs6o53w2r3k+C1ScUNYCo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiRV0W3bis0Be0IUymk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91g8pD73SmVisWipWcJ9SI8EixkBGsj+bY9iLAeE8xRy8/E1WTu21Wn5iyA1olbkCoUaPr212AYkzSiQhOOleq7TqK9DEvNCKfzyiBVNMFkgke0b6jAEVVetkg+RxdGGaIwluYJjRbq740MR0rNosBM5jnVqpeL/3n9VId3XsZEkmoqyPJQmHKkY5TXgIZMUqL5zBBMJDNZERljiYk2ZVVMCe7ql9dJ57rm3tScp3q1cV/UUYYzOIdLcOEWGvAITWgDgSk8wyu8WZn1Yr1bH8vRklXsnMIfWJ8/I0+TVg==</latexit>

Tn,k <latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=



QFT

• partition functions 
<latexit sha1_base64="FSKiJMMQLBez2APnK912LWjDBb0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQNyURUZdFNy4rtQ9sYphMJ+nQmSTMTIQSunPjr7hxoYhbf8Gdf+OkzUKrBy4czrmXe+/xE0alsqwvo7SwuLS8Ul6trK1vbG6Z2zsdGacCkzaOWSx6PpKE0Yi0FVWM9BJBEPcZ6fqjy9zv3hMhaRzdqHFCXI7CiAYUI6Ulz9x3OFJDjBi8rTktGnLkhY6inEjYurOPPLNq1a0p4F9iF6QKCjQ989MZxDjlJFKYISn7tpUoN0NCUczIpOKkkiQIj1BI+ppGSG9ys+kfE3iolQEMYqErUnCq/pzIEJdyzH3dmV8t571c/M/rpyo4dzMaJakiEZ4tClIGVQzzUOCACoIVG2uCsKD6VoiHSCCsdHQVHYI9//Jf0jmu26d16/qk2rgo4iiDPXAAasAGZ6ABrkATtAEGD+AJvIBX49F4Nt6M91lryShmdsEvGB/fhcSYcA==</latexit>

Z(⌃g ⇥ S1)
<latexit sha1_base64="TYzk7KOpMFcAfX/9wx3rGWZrJ9g=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoNyURUZdFN11WtA9oQphMJ+nQmSTOTIQS+g1u/BU3LhRx68qdf+OkzUJbD1w4nHMv997jJ4xKZVnfRmlldW19o7xZ2dre2d0z9w+6Mk4FJh0cs1j0fSQJoxHpKKoY6SeCIO4z0vPH17nfeyBC0ji6U5OEuByFEQ0oRkpLnll3JOXkHjp4RB2fhgOHIzXCiMFWzbmlIUdeWM8N1zOrVsOaAS4TuyBVUKDtmV/OMMYpJ5HCDEk5sK1EuRkSimJGphUnlSRBeIxCMtA0QpxIN5u9NIUnWhnCIBa6IgVn6u+JDHEpJ9zXnfnBctHLxf+8QaqCSzejUZIqEuH5oiBlUMUwzwcOqSBYsYkmCAuqb4V4hATCSqdY0SHYiy8vk+5pwz5vWDdn1eZVEUcZHIFjUAM2uABN0AJt0AEYPIJn8ArejCfjxXg3PuatJaOYOQR/YHz+AGdmnUs=</latexit>

' �
⇥
H(⌃g)

⇤

<latexit sha1_base64="0TiClmSh36JqGzeAIVmcPhIvUKE="></latexit>

'
(
2k g = 1

2gk3g�3 g > 1

<latexit sha1_base64="A7h97Fw9BKlET/MP1foixPkwhrM=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBahXkpSRL0IRQ96rGjaQhvKZrtpl242YXcjlNAf4cWDIl79Pd78N27bHLT1wcDjvRlm5gUJZ0o7zrdVWFldW98obpa2tnd29+z9g6aKU0moR2Iey3aAFeVMUE8zzWk7kRRHAaetYHQz9VtPVCoWi0c9Tqgf4YFgISNYG6l1e/XgVWqnPbvsVJ0Z0DJxc1KGHI2e/dXtxySNqNCEY6U6rpNoP8NSM8LppNRNFU0wGeEB7RgqcESVn83OnaATo/RRGEtTQqOZ+nsiw5FS4ygwnRHWQ7XoTcX/vE6qw0s/YyJJNRVkvihMOdIxmv6O+kxSovnYEEwkM7ciMsQSE20SKpkQ3MWXl0mzVnXPq879Wbl+ncdRhCM4hgq4cAF1uIMGeEBgBM/wCm9WYr1Y79bHvLVg5TOH8AfW5w+iho50</latexit>

G = SU(2)

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="khuxKQrA214GqbH06Iw3/y0q68k=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVoNzURURGEqhuXFZu2kMYwmU7boZNJmJkIJXTnxl9x40IRt/6CO//GSZqFVg9c7uGce5m5x48oEdI0v7TC3PzC4lJxubSyura+oW9utUQYc4RtFNKQd3woMCUM25JIijsRxzDwKW77o6vUb99jLkjImnIcYTeAA0b6BEGpJE/fPTvv+mRQaTq3doVV3YOseaNUrN5deHrZrJkZjL/EykkZ5Gh4+me3F6I4wEwiCoVwLDOSbgK5JIjiSakbCxxBNIID7CjKYICFm2R3TIx9pfSMfshVMWlk6s+NBAZCjANfTQZQDsWsl4r/eU4s+6duQlgUS8zQ9KF+TA0ZGmkoRo9wjCQdKwIRJ+qvBhpCDpFU0ZVUCNbsyX9J67BmHdfMm6Ny/TKPowh2wB6oAAucgDq4Bg1gAwQewBN4Aa/ao/asvWnv09GClu9sg1/QPr4BibaXMg==</latexit>

:=
�
T [SU(n)]/SU(n)k

�A

• expectation values of Wilson loops
<latexit sha1_base64="NCjFSRTTiKnV3nOtwpxOGTY+IOU=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSLUTUlE1GWxG8FNBfuANoTJdNIOnUzCzEQptZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6ZEyScKe0439bK6tr6xmZhq7i9s7u3b5cOWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoORvXMbz9QqVgs7vU4oV6EB4KFjGBtJN8u3fpOpRdhPSSYo7rvnvp22ak6M6Bl4uakDDkavv3V68ckjajQhGOluq6TaG+CpWaE02mxlyqaYDLCA9o1VOCIKm8yiz5FJ0bpozCW5gmNZurvjQmOlBpHgZnMQqpFLxP/87qpDq+8CRNJqqkg80NhypGOUdYD6jNJieZjQzCRzGRFZIglJtq0VTQluItfXiats6p7UXXuzsu167yOAhzBMVTAhUuowQ00oAkEHuEZXuHNerJerHfrYz66YuU7h/AH1ucPOWySrg==</latexit>

K0(C1)<latexit sha1_base64="ICDp7rNAl2tj9U31hFeCvRa93+U=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvNpF262Y27E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulOSA0ILqGFHAV0Ug00CQU8hKObqf/wBNpwJe9xnEKQ0IHkMWcUrdTpCaCRQdWv1ry6N4O7TPyC1EiBZr/61YsUyxKQyAQ1put7KQY51ciZgEmllxlIKRvRAXQtlTQBE+SzeyfuiVUiN1balkR3pv6eyGlizDgJbWdCcWgWvan4n9fNML4Kci7TDEGy+aI4Ey4qd/q8G3ENDMXYEso0t7e6bEg1ZWgjqtgQ/MWXl0n7rO5f1L2781rjuoijTI7IMTklPrkkDXJLmqRFGBHkmbySN+fReXHenY95a8kpZg7JHzifPzjukBc=</latexit> 

n-1 2 1n

k

Simple verifications, using "twisted index" of [Benini-Zaffaroni '15,'16]
[Closset-Kim '16]

(after deforming holomorphic-topological twist to A-twist)

<latexit sha1_base64="wq1io5Fs6o53w2r3k+C1ScUNYCo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiRV0W3bis0Be0IUymk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91g8pD73SmVisWipWcJ9SI8EixkBGsj+bY9iLAeE8xRy8/E1WTu21Wn5iyA1olbkCoUaPr212AYkzSiQhOOleq7TqK9DEvNCKfzyiBVNMFkgke0b6jAEVVetkg+RxdGGaIwluYJjRbq740MR0rNosBM5jnVqpeL/3n9VId3XsZEkmoqyPJQmHKkY5TXgIZMUqL5zBBMJDNZERljiYk2ZVVMCe7ql9dJ57rm3tScp3q1cV/UUYYzOIdLcOEWGvAITWgDgSk8wyu8WZn1Yr1bH8vRklXsnMIfWJ8/I0+TVg==</latexit>

Tn,k <latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=



QFT

extra structure: as characters
<latexit sha1_base64="jzrk0EI+znn1B46hl3Sja2eVPtQ="></latexit>

�
⇥
H(⌃g)

⇤
<latexit sha1_base64="aon0cqFJPlgt+my0WNY1M6hcX70=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuhplO7WNX7EKXFewD2loy6W0bmnmQZApl6J+4caGIW//EnX9jpq2gogcCh3Pu5Z4cL+JMKtv+MNbWNza3tjM72d29/YND8+i4KcNYUGjQkIei7REJnAXQUExxaEcCiO9xaHmTWuq3piAkC4M7NYug55NRwIaMEqWlvmle97s+UWPPw7X77hSgb+ZsK19x3csKti3XcYuFckoKJbdQwY5lL5BDK9T75nt3ENLYh0BRTqTsOHakegkRilEO82w3lhAROiEj6GgaEB9kL1kkn+NzrQzwMBT6BQov1O8bCfGlnPmenkxTyt9eKv7ldWI1LPcSFkSxgoAuDw1jjlWI0xrwgAmgis80IVQwnRXTMRGEKl1WVpfw9VP8P2nmLado2beFXPVqVUcGnaIzdIEcVEJVdIPqqIEomqIH9ISejcR4NF6M1+XomrHaOUE/YLx9Akbmk3M=</latexit>

G_
C

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="khuxKQrA214GqbH06Iw3/y0q68k=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVoNzURURGEqhuXFZu2kMYwmU7boZNJmJkIJXTnxl9x40IRt/6CO//GSZqFVg9c7uGce5m5x48oEdI0v7TC3PzC4lJxubSyura+oW9utUQYc4RtFNKQd3woMCUM25JIijsRxzDwKW77o6vUb99jLkjImnIcYTeAA0b6BEGpJE/fPTvv+mRQaTq3doVV3YOseaNUrN5deHrZrJkZjL/EykkZ5Gh4+me3F6I4wEwiCoVwLDOSbgK5JIjiSakbCxxBNIID7CjKYICFm2R3TIx9pfSMfshVMWlk6s+NBAZCjANfTQZQDsWsl4r/eU4s+6duQlgUS8zQ9KF+TA0ZGmkoRo9wjCQdKwIRJ+qvBhpCDpFU0ZVUCNbsyX9J67BmHdfMm6Ny/TKPowh2wB6oAAucgDq4Bg1gAwQewBN4Aa/ao/asvWnv09GClu9sg1/QPr4BibaXMg==</latexit>

:=
�
T [SU(n)]/SU(n)k

�A

• partition functions 
<latexit sha1_base64="FSKiJMMQLBez2APnK912LWjDBb0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQNyURUZdFNy4rtQ9sYphMJ+nQmSTMTIQSunPjr7hxoYhbf8Gdf+OkzUKrBy4czrmXe+/xE0alsqwvo7SwuLS8Ul6trK1vbG6Z2zsdGacCkzaOWSx6PpKE0Yi0FVWM9BJBEPcZ6fqjy9zv3hMhaRzdqHFCXI7CiAYUI6Ulz9x3OFJDjBi8rTktGnLkhY6inEjYurOPPLNq1a0p4F9iF6QKCjQ989MZxDjlJFKYISn7tpUoN0NCUczIpOKkkiQIj1BI+ppGSG9ys+kfE3iolQEMYqErUnCq/pzIEJdyzH3dmV8t571c/M/rpyo4dzMaJakiEZ4tClIGVQzzUOCACoIVG2uCsKD6VoiHSCCsdHQVHYI9//Jf0jmu26d16/qk2rgo4iiDPXAAasAGZ6ABrkATtAEGD+AJvIBX49F4Nt6M91lryShmdsEvGB/fhcSYcA==</latexit>

Z(⌃g ⇥ S1)
<latexit sha1_base64="TYzk7KOpMFcAfX/9wx3rGWZrJ9g=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoNyURUZdFN11WtA9oQphMJ+nQmSTOTIQS+g1u/BU3LhRx68qdf+OkzUJbD1w4nHMv997jJ4xKZVnfRmlldW19o7xZ2dre2d0z9w+6Mk4FJh0cs1j0fSQJoxHpKKoY6SeCIO4z0vPH17nfeyBC0ji6U5OEuByFEQ0oRkpLnll3JOXkHjp4RB2fhgOHIzXCiMFWzbmlIUdeWM8N1zOrVsOaAS4TuyBVUKDtmV/OMMYpJ5HCDEk5sK1EuRkSimJGphUnlSRBeIxCMtA0QpxIN5u9NIUnWhnCIBa6IgVn6u+JDHEpJ9zXnfnBctHLxf+8QaqCSzejUZIqEuH5oiBlUMUwzwcOqSBYsYkmCAuqb4V4hATCSqdY0SHYiy8vk+5pwz5vWDdn1eZVEUcZHIFjUAM2uABN0AJt0AEYPIJn8ArejCfjxXg3PuatJaOYOQR/YHz+AGdmnUs=</latexit>

' �
⇥
H(⌃g)

⇤

<latexit sha1_base64="0TiClmSh36JqGzeAIVmcPhIvUKE="></latexit>

'
(
2k g = 1

2gk3g�3 g > 1

<latexit sha1_base64="A7h97Fw9BKlET/MP1foixPkwhrM=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBahXkpSRL0IRQ96rGjaQhvKZrtpl242YXcjlNAf4cWDIl79Pd78N27bHLT1wcDjvRlm5gUJZ0o7zrdVWFldW98obpa2tnd29+z9g6aKU0moR2Iey3aAFeVMUE8zzWk7kRRHAaetYHQz9VtPVCoWi0c9Tqgf4YFgISNYG6l1e/XgVWqnPbvsVJ0Z0DJxc1KGHI2e/dXtxySNqNCEY6U6rpNoP8NSM8LppNRNFU0wGeEB7RgqcESVn83OnaATo/RRGEtTQqOZ+nsiw5FS4ygwnRHWQ7XoTcX/vE6qw0s/YyJJNRVkvihMOdIxmv6O+kxSovnYEEwkM7ciMsQSE20SKpkQ3MWXl0mzVnXPq879Wbl+ncdRhCM4hgq4cAF1uIMGeEBgBM/wCm9WYr1Y79bHvLVg5TOH8AfW5w+iho50</latexit>

G = SU(2)

• expectation values of Wilson loops
<latexit sha1_base64="NCjFSRTTiKnV3nOtwpxOGTY+IOU=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSLUTUlE1GWxG8FNBfuANoTJdNIOnUzCzEQptZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6ZEyScKe0439bK6tr6xmZhq7i9s7u3b5cOWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoORvXMbz9QqVgs7vU4oV6EB4KFjGBtJN8u3fpOpRdhPSSYo7rvnvp22ak6M6Bl4uakDDkavv3V68ckjajQhGOluq6TaG+CpWaE02mxlyqaYDLCA9o1VOCIKm8yiz5FJ0bpozCW5gmNZurvjQmOlBpHgZnMQqpFLxP/87qpDq+8CRNJqqkg80NhypGOUdYD6jNJieZjQzCRzGRFZIglJtq0VTQluItfXiats6p7UXXuzsu167yOAhzBMVTAhUuowQ00oAkEHuEZXuHNerJerHfrYz66YuU7h/AH1ucPOWySrg==</latexit>

K0(C1)<latexit sha1_base64="ICDp7rNAl2tj9U31hFeCvRa93+U=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvNpF262Y27E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulOSA0ILqGFHAV0Ug00CQU8hKObqf/wBNpwJe9xnEKQ0IHkMWcUrdTpCaCRQdWv1ry6N4O7TPyC1EiBZr/61YsUyxKQyAQ1put7KQY51ciZgEmllxlIKRvRAXQtlTQBE+SzeyfuiVUiN1balkR3pv6eyGlizDgJbWdCcWgWvan4n9fNML4Kci7TDEGy+aI4Ey4qd/q8G3ENDMXYEso0t7e6bEg1ZWgjqtgQ/MWXl0n7rO5f1L2781rjuoijTI7IMTklPrkkDXJLmqRFGBHkmbySN+fReXHenY95a8kpZg7JHzifPzjukBc=</latexit> 

n-1 2 1n

k

Simple verifications, using "twisted index" of [Benini-Zaffaroni '15,'16]
[Closset-Kim '16]

(after deforming holomorphic-topological twist to A-twist)

<latexit sha1_base64="wq1io5Fs6o53w2r3k+C1ScUNYCo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiRV0W3bis0Be0IUymk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91g8pD73SmVisWipWcJ9SI8EixkBGsj+bY9iLAeE8xRy8/E1WTu21Wn5iyA1olbkCoUaPr212AYkzSiQhOOleq7TqK9DEvNCKfzyiBVNMFkgke0b6jAEVVetkg+RxdGGaIwluYJjRbq740MR0rNosBM5jnVqpeL/3n9VId3XsZEkmoqyPJQmHKkY5TXgIZMUqL5zBBMJDNZERljiYk2ZVVMCe7ql9dJ57rm3tScp3q1cV/UUYYzOIdLcOEWGvAITWgDgSk8wyu8WZn1Yr1bH8vRklXsnMIfWJ8/I0+TVg==</latexit>

Tn,k <latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=



QFT

More interesting: spaces, algebras, categories

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="khuxKQrA214GqbH06Iw3/y0q68k=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVoNzURURGEqhuXFZu2kMYwmU7boZNJmJkIJXTnxl9x40IRt/6CO//GSZqFVg9c7uGce5m5x48oEdI0v7TC3PzC4lJxubSyura+oW9utUQYc4RtFNKQd3woMCUM25JIijsRxzDwKW77o6vUb99jLkjImnIcYTeAA0b6BEGpJE/fPTvv+mRQaTq3doVV3YOseaNUrN5deHrZrJkZjL/EykkZ5Gh4+me3F6I4wEwiCoVwLDOSbgK5JIjiSakbCxxBNIID7CjKYICFm2R3TIx9pfSMfshVMWlk6s+NBAZCjANfTQZQDsWsl4r/eU4s+6duQlgUS8zQ9KF+TA0ZGmkoRo9wjCQdKwIRJ+qvBhpCDpFU0ZVUCNbsyX9J67BmHdfMm6Ny/TKPowh2wB6oAAucgDq4Bg1gAwQewBN4Aa/ao/asvWnv09GClu9sg1/QPr4BibaXMg==</latexit>

:=
�
T [SU(n)]/SU(n)k

�A

n-1 2 1n

k

<latexit sha1_base64="wq1io5Fs6o53w2r3k+C1ScUNYCo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiRV0W3bis0Be0IUymk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91g8pD73SmVisWipWcJ9SI8EixkBGsj+bY9iLAeE8xRy8/E1WTu21Wn5iyA1olbkCoUaPr212AYkzSiQhOOleq7TqK9DEvNCKfzyiBVNMFkgke0b6jAEVVetkg+RxdGGaIwluYJjRbq740MR0rNosBM5jnVqpeL/3n9VId3XsZEkmoqyPJQmHKkY5TXgIZMUqL5zBBMJDNZERljiYk2ZVVMCe7ql9dJ57rm3tScp3q1cV/UUYYzOIdLcOEWGvAITWgDgSk8wyu8WZn1Yr1bH8vRklXsnMIfWJ8/I0+TVg==</latexit>

Tn,k <latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=

<latexit sha1_base64="xw9Z9yNoh1pfxqIt5EgWIxOTsrc="></latexit>

V =

n�1Y

i=1

Hom(Ci,Ci+1
)

<latexit sha1_base64="znO3QFUj3cJQuh1ucXKcEqgQcoU=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhFoZdEbUJBC1iYRHBPCCJYXZ2NhkyM7vMzAph2dLGX7GxUMTWT7Dzb5w8Ck08cOFwzr3ce48XMaq043xbmYXFpeWV7GpubX1jc8ve3qmrMJaY1HDIQtn0kCKMClLTVDPSjCRB3GOk4Q2uRn7jgUhFQ3GnhxHpcNQTNKAYaSN17f12BXGOYAm2Ixn63YSW3PQ+EcduWrkp0KOunXeKzhhwnrhTkgdTVLv2V9sPccyJ0JghpVquE+lOgqSmmJE0144ViRAeoB5pGSoQJ6qTjB9J4aFRfBiE0pTQcKz+nkgQV2rIPdPJke6rWW8k/ue1Yh1cdBIqolgTgSeLgphBHcJRKtCnkmDNhoYgLKm5FeI+kghrk13OhODOvjxP6idF96zo3J7my5fTOLJgDxyAAnDBOSiDa1AFNYDBI3gGr+DNerJerHfrY9KasaYzu+APrM8fbC6YUA==</latexit>

� =
n�1Y

i=1

GL(i)

via (generalizations of) modern methods

...[Bullimore-Ferrari-(Kim) '18][Gaiotto '16]

[Braverman-Finkelberg-Nakajima '15,'16,'18]
[Bullimore-TD-Gaiotto-Hilburn-Kim '16]

[Webster '19]
[TD-Garner-Geracie-Hilburn '19]

[Hilburn-Yoo], [Raskin]
[Rozansky-Witten '96] [Kapustin-Rozansky-Saulina '08]



QFT

More interesting: spaces, algebras, categories

<latexit sha1_base64="b2roM2Pd79RtLtZAimYXNUGmo6o=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AI9VISEfVY7EEPHirYD2hD2Gw37dJNNuxOxBIC/hUvHhTx6u/w5r9x2+agrQ8GHu/NMDPPjzlTYNvfRmFpeWV1rbhe2tjc2t4xd/daSiSS0CYRXMiOjxXlLKJNYMBpJ5YUhz6nbX9Un/jtByoVE9E9jGPqhngQsYARDFryzIMe0EdI62KYeenttTfKKjGceGbZrtpTWIvEyUkZ5Wh45levL0gS0ggIx0p1HTsGN8USGOE0K/USRWNMRnhAu5pGOKTKTafnZ9axVvpWIKSuCKyp+nsixaFS49DXnSGGoZr3JuJ/XjeB4NJNWRQnQCMyWxQk3AJhTbKw+kxSAnysCSaS6VstMsQSE9CJlXQIzvzLi6R1WnXOq/bdWbl2lcdRRIfoCFWQgy5QDd2gBmoiglL0jF7Rm/FkvBjvxsestWDkM/voD4zPHy5klZ4=</latexit>

CohLGk(pt)
<latexit sha1_base64="kYmOYUe8oDGZm6OCBz6f/tA8lqE="></latexit>

CohLGk(
\T ⇤L(V/�))

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="khuxKQrA214GqbH06Iw3/y0q68k=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVoNzURURGEqhuXFZu2kMYwmU7boZNJmJkIJXTnxl9x40IRt/6CO//GSZqFVg9c7uGce5m5x48oEdI0v7TC3PzC4lJxubSyura+oW9utUQYc4RtFNKQd3woMCUM25JIijsRxzDwKW77o6vUb99jLkjImnIcYTeAA0b6BEGpJE/fPTvv+mRQaTq3doVV3YOseaNUrN5deHrZrJkZjL/EykkZ5Gh4+me3F6I4wEwiCoVwLDOSbgK5JIjiSakbCxxBNIID7CjKYICFm2R3TIx9pfSMfshVMWlk6s+NBAZCjANfTQZQDsWsl4r/eU4s+6duQlgUS8zQ9KF+TA0ZGmkoRo9wjCQdKwIRJ+qvBhpCDpFU0ZVUCNbsyX9J67BmHdfMm6Ny/TKPowh2wB6oAAucgDq4Bg1gAwQewBN4Aa/ao/asvWnv09GClu9sg1/QPr4BibaXMg==</latexit>

:=
�
T [SU(n)]/SU(n)k

�A

n-1 2 1n

k

<latexit sha1_base64="wq1io5Fs6o53w2r3k+C1ScUNYCo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiRV0W3bis0Be0IUymk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91g8pD73SmVisWipWcJ9SI8EixkBGsj+bY9iLAeE8xRy8/E1WTu21Wn5iyA1olbkCoUaPr212AYkzSiQhOOleq7TqK9DEvNCKfzyiBVNMFkgke0b6jAEVVetkg+RxdGGaIwluYJjRbq740MR0rNosBM5jnVqpeL/3n9VId3XsZEkmoqyPJQmHKkY5TXgIZMUqL5zBBMJDNZERljiYk2ZVVMCe7ql9dJ57rm3tScp3q1cV/UUYYzOIdLcOEWGvAITWgDgSk8wyu8WZn1Yr1bH8vRklXsnMIfWJ8/I0+TVg==</latexit>

Tn,k <latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=

<latexit sha1_base64="xw9Z9yNoh1pfxqIt5EgWIxOTsrc="></latexit>

V =

n�1Y

i=1

Hom(Ci,Ci+1
)

<latexit sha1_base64="znO3QFUj3cJQuh1ucXKcEqgQcoU=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhFoZdEbUJBC1iYRHBPCCJYXZ2NhkyM7vMzAph2dLGX7GxUMTWT7Dzb5w8Ck08cOFwzr3ce48XMaq043xbmYXFpeWV7GpubX1jc8ve3qmrMJaY1HDIQtn0kCKMClLTVDPSjCRB3GOk4Q2uRn7jgUhFQ3GnhxHpcNQTNKAYaSN17f12BXGOYAm2Ixn63YSW3PQ+EcduWrkp0KOunXeKzhhwnrhTkgdTVLv2V9sPccyJ0JghpVquE+lOgqSmmJE0144ViRAeoB5pGSoQJ6qTjB9J4aFRfBiE0pTQcKz+nkgQV2rIPdPJke6rWW8k/ue1Yh1cdBIqolgTgSeLgphBHcJRKtCnkmDNhoYgLKm5FeI+kghrk13OhODOvjxP6idF96zo3J7my5fTOLJgDxyAAnDBOSiDa1AFNYDBI3gGr+DNerJerHfrY9KasaYzu+APrM8fbC6YUA==</latexit>

� =
n�1Y

i=1

GL(i)

via (generalizations of) modern methods

...[Bullimore-Ferrari-(Kim) '18][Gaiotto '16]

[Braverman-Finkelberg-Nakajima '15,'16,'18]
[Bullimore-TD-Gaiotto-Hilburn-Kim '16]

[Webster '19]
[TD-Garner-Geracie-Hilburn '19]

[Hilburn-Yoo], [Raskin]
[Rozansky-Witten '96] [Kapustin-Rozansky-Saulina '08]

<latexit sha1_base64="RgSx1vrrScZOfhy3SMFQ71wxViU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIHqQkIuqx2IvHivYD2lA22027dLMJuxOxhvwSLx4U8epP8ea/cdvmoK0PBh7vzTAzz48F1+A431ZhZXVtfaO4Wdra3tkt23v7LR0lirImjUSkOj7RTHDJmsBBsE6sGAl9wdr+uD712w9MaR7Je5jEzAvJUPKAUwJG6tvlHrBHSOt3WT+Vp+Osb1ecqjMDXiZuTiooR6Nvf/UGEU1CJoEKonXXdWLwUqKAU8GyUi/RLCZ0TIasa6gkIdNeOjs8w8dGGeAgUqYk4Jn6eyIlodaT0DedIYGRXvSm4n9eN4Hgyku5jBNgks4XBYnAEOFpCnjAFaMgJoYQqri5FdMRUYSCyapkQnAXX14mrbOqe1F1bs8rtes8jiI6REfoBLnoEtXQDWqgJqIoQc/oFb1ZT9aL9W59zFsLVj5zgP7A+vwBAwyTUQ==</latexit>

CSn,k
<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="ChPedOSSekqUoEFV6cAb00N+1TE=">AAAB+nicdVDLTgIxFO3gC/E16NJNIzHBzaQDyGNhQmShCxcYRUiAkE4p0NDpTNqOhiCf4saFxrj1S9z5N5aHiRo9SZOTc+7NPT1eyJnSCH1YsaXlldW1+HpiY3Nre8dO7t6oIJKE1kjAA9nwsKKcCVrTTHPaCCXFvsdp3RtWpn79lkrFAnGtRyFt+7gvWI8RrI3UsZNnJ1cXHZFu+VgPPA9Wjjp2CjkoXypksxA5binnuq4h2WOUKWag66AZUmCBasd+b3UDEvlUaMKxUk0Xhbo9xlIzwukk0YoUDTEZ4j5tGiqwT1V7PIs+gYdG6cJeIM0TGs7U7xtj7Cs18j0zOU2ofntT8S+vGelesT1mIow0FWR+qBdxqAM47QF2maRE85EhmEhmskIywBITbdpKmBK+fgr/JzcZx8076DKXKp8u6oiDfXAA0sAFBVAG56AKaoCAO/AAnsCzdW89Wi/W63w0Zi129sAPWG+fv0WTCQ==</latexit>

G = SLn(C)
<latexit sha1_base64="l08zPEdFX1Q/wj1epy3TIVp+EYM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMtiNy4r2Ae2Q8mkd9rQTGZIMkIp/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4nvntJ1Sax/LBTBL0IzqUPOSMGis99iJqRowKUu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifGnVBnOBM5KvVRjQtmYDrFrqaQRan86TzwjZ1YZkDBW9klD5urvjSmNtJ5EgZ3MEuplLxP/87qpCW/8KZdJalCyxUdhKoiJSXY+GXCFzIiJJZQpbrMSNqKKMmNLKtkSvOWTV0nroupdVd37y0rtNq+jCCdwCufgwTXU4A4a0AQGEp7hFd4c7bw4787HYrTg5DvH8AfO5w8ESpB8</latexit>

C
(trivial flat conn'n)

quantization (D-mod)

<latexit sha1_base64="+VyXF7zqMux6+LHBdmlDc8lcWp8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZekAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoauq3HlFpHst7M07Qj+hA8pAzaqx0d/0Q9MoVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwgs/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOqu7taaV2mcdRhAM4hGPw4BxqcAN1aACDATzBC7w6wnl23pz3eWvByWf24Recj28G3Y2h</latexit>

Db



QFT

More interesting: spaces, algebras, categories

<latexit sha1_base64="b2roM2Pd79RtLtZAimYXNUGmo6o=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AI9VISEfVY7EEPHirYD2hD2Gw37dJNNuxOxBIC/hUvHhTx6u/w5r9x2+agrQ8GHu/NMDPPjzlTYNvfRmFpeWV1rbhe2tjc2t4xd/daSiSS0CYRXMiOjxXlLKJNYMBpJ5YUhz6nbX9Un/jtByoVE9E9jGPqhngQsYARDFryzIMe0EdI62KYeenttTfKKjGceGbZrtpTWIvEyUkZ5Wh45levL0gS0ggIx0p1HTsGN8USGOE0K/USRWNMRnhAu5pGOKTKTafnZ9axVvpWIKSuCKyp+nsixaFS49DXnSGGoZr3JuJ/XjeB4NJNWRQnQCMyWxQk3AJhTbKw+kxSAnysCSaS6VstMsQSE9CJlXQIzvzLi6R1WnXOq/bdWbl2lcdRRIfoCFWQgy5QDd2gBmoiglL0jF7Rm/FkvBjvxsestWDkM/voD4zPHy5klZ4=</latexit>

CohLGk(pt)
<latexit sha1_base64="kYmOYUe8oDGZm6OCBz6f/tA8lqE="></latexit>

CohLGk(
\T ⇤L(V/�))

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="khuxKQrA214GqbH06Iw3/y0q68k=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVoNzURURGEqhuXFZu2kMYwmU7boZNJmJkIJXTnxl9x40IRt/6CO//GSZqFVg9c7uGce5m5x48oEdI0v7TC3PzC4lJxubSyura+oW9utUQYc4RtFNKQd3woMCUM25JIijsRxzDwKW77o6vUb99jLkjImnIcYTeAA0b6BEGpJE/fPTvv+mRQaTq3doVV3YOseaNUrN5deHrZrJkZjL/EykkZ5Gh4+me3F6I4wEwiCoVwLDOSbgK5JIjiSakbCxxBNIID7CjKYICFm2R3TIx9pfSMfshVMWlk6s+NBAZCjANfTQZQDsWsl4r/eU4s+6duQlgUS8zQ9KF+TA0ZGmkoRo9wjCQdKwIRJ+qvBhpCDpFU0ZVUCNbsyX9J67BmHdfMm6Ny/TKPowh2wB6oAAucgDq4Bg1gAwQewBN4Aa/ao/asvWnv09GClu9sg1/QPr4BibaXMg==</latexit>

:=
�
T [SU(n)]/SU(n)k

�A

n-1 2 1n

k

<latexit sha1_base64="wq1io5Fs6o53w2r3k+C1ScUNYCo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiRV0W3bis0Be0IUymk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91g8pD73SmVisWipWcJ9SI8EixkBGsj+bY9iLAeE8xRy8/E1WTu21Wn5iyA1olbkCoUaPr212AYkzSiQhOOleq7TqK9DEvNCKfzyiBVNMFkgke0b6jAEVVetkg+RxdGGaIwluYJjRbq740MR0rNosBM5jnVqpeL/3n9VId3XsZEkmoqyPJQmHKkY5TXgIZMUqL5zBBMJDNZERljiYk2ZVVMCe7ql9dJ57rm3tScp3q1cV/UUYYzOIdLcOEWGvAITWgDgSk8wyu8WZn1Yr1bH8vRklXsnMIfWJ8/I0+TVg==</latexit>

Tn,k <latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=

<latexit sha1_base64="xw9Z9yNoh1pfxqIt5EgWIxOTsrc="></latexit>

V =

n�1Y

i=1

Hom(Ci,Ci+1
)

<latexit sha1_base64="znO3QFUj3cJQuh1ucXKcEqgQcoU=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhFoZdEbUJBC1iYRHBPCCJYXZ2NhkyM7vMzAph2dLGX7GxUMTWT7Dzb5w8Ck08cOFwzr3ce48XMaq043xbmYXFpeWV7GpubX1jc8ve3qmrMJaY1HDIQtn0kCKMClLTVDPSjCRB3GOk4Q2uRn7jgUhFQ3GnhxHpcNQTNKAYaSN17f12BXGOYAm2Ixn63YSW3PQ+EcduWrkp0KOunXeKzhhwnrhTkgdTVLv2V9sPccyJ0JghpVquE+lOgqSmmJE0144ViRAeoB5pGSoQJ6qTjB9J4aFRfBiE0pTQcKz+nkgQV2rIPdPJke6rWW8k/ue1Yh1cdBIqolgTgSeLgphBHcJRKtCnkmDNhoYgLKm5FeI+kghrk13OhODOvjxP6idF96zo3J7my5fTOLJgDxyAAnDBOSiDa1AFNYDBI3gGr+DNerJerHfrY9KasaYzu+APrM8fbC6YUA==</latexit>

� =
n�1Y

i=1

GL(i)

via (generalizations of) modern methods

...[Bullimore-Ferrari-(Kim) '18][Gaiotto '16]

[Braverman-Finkelberg-Nakajima '15,'16,'18]
[Bullimore-TD-Gaiotto-Hilburn-Kim '16]

[Webster '19]
[TD-Garner-Geracie-Hilburn '19]

[Hilburn-Yoo], [Raskin]
[Rozansky-Witten '96] [Kapustin-Rozansky-Saulina '08]

<latexit sha1_base64="RgSx1vrrScZOfhy3SMFQ71wxViU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIHqQkIuqx2IvHivYD2lA22027dLMJuxOxhvwSLx4U8epP8ea/cdvmoK0PBh7vzTAzz48F1+A431ZhZXVtfaO4Wdra3tkt23v7LR0lirImjUSkOj7RTHDJmsBBsE6sGAl9wdr+uD712w9MaR7Je5jEzAvJUPKAUwJG6tvlHrBHSOt3WT+Vp+Osb1ecqjMDXiZuTiooR6Nvf/UGEU1CJoEKonXXdWLwUqKAU8GyUi/RLCZ0TIasa6gkIdNeOjs8w8dGGeAgUqYk4Jn6eyIlodaT0DedIYGRXvSm4n9eN4Hgyku5jBNgks4XBYnAEOFpCnjAFaMgJoYQqri5FdMRUYSCyapkQnAXX14mrbOqe1F1bs8rtes8jiI6REfoBLnoEtXQDWqgJqIoQc/oFb1ZT9aL9W59zFsLVj5zgP7A+vwBAwyTUQ==</latexit>

CSn,k
<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="l08zPEdFX1Q/wj1epy3TIVp+EYM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMtiNy4r2Ae2Q8mkd9rQTGZIMkIp/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4nvntJ1Sax/LBTBL0IzqUPOSMGis99iJqRowKUu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifGnVBnOBM5KvVRjQtmYDrFrqaQRan86TzwjZ1YZkDBW9klD5urvjSmNtJ5EgZ3MEuplLxP/87qpCW/8KZdJalCyxUdhKoiJSXY+GXCFzIiJJZQpbrMSNqKKMmNLKtkSvOWTV0nroupdVd37y0rtNq+jCCdwCufgwTXU4A4a0AQGEp7hFd4c7bw4787HYrTg5DvH8AfO5w8ESpB8</latexit>

C
(trivial flat conn'n)

quantization (D-mod)

<latexit sha1_base64="+VyXF7zqMux6+LHBdmlDc8lcWp8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZekAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoauq3HlFpHst7M07Qj+hA8pAzaqx0d/0Q9MoVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwgs/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOqu7taaV2mcdRhAM4hGPw4BxqcAN1aACDATzBC7w6wnl23pz3eWvByWf24Recj28G3Y2h</latexit>

Db

<latexit sha1_base64="rWHYLHC3mTcZLaWrLVHZmbHQ3p0=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNyURUZdFN11WtA9oQrmZTtqhk0mYmYil9FfcuFDErT/izr9x0mahrQcGDufcyz1zgoQzpR3n2yqsrW9sbhW3Szu7e/sH9mG5reJUEtoiMY9lNwBFORO0pZnmtJtIClHAaScY32Z+55FKxWLxoCcJ9SMYChYyAtpIfbvsRaBHBDhuVL17NozgrG9XnJozB14lbk4qKEezb395g5ikER WacFCq5zqJ9qcgNSOczkpeqmgCZAxD2jNUQESVP51nn+FTowxwGEvzhMZz9ffGFCKlJlFgJrOkatnLxP+8XqrDa3/KRJJqKsjiUJhyrGOcFYEHTFKi+cQQIJKZrJiMQALRpq6SKcFd/vIqaZ/X3Muac3dRqd/kdRTRMTpBVeSiK1RHDdRELUTQE3pGr+jNmlkv1rv1sRgtWPnOEfoD6/MHyX6ToA==</latexit>

H(⌃)

<latexit sha1_base64="ChPedOSSekqUoEFV6cAb00N+1TE=">AAAB+nicdVDLTgIxFO3gC/E16NJNIzHBzaQDyGNhQmShCxcYRUiAkE4p0NDpTNqOhiCf4saFxrj1S9z5N5aHiRo9SZOTc+7NPT1eyJnSCH1YsaXlldW1+HpiY3Nre8dO7t6oIJKE1kjAA9nwsKKcCVrTTHPaCCXFvsdp3RtWpn79lkrFAnGtRyFt+7gvWI8RrI3UsZNnJ1cXHZFu+VgPPA9Wjjp2CjkoXypksxA5binnuq4h2WOUKWag66AZUmCBasd+b3UDEvlUaMKxUk0Xhbo9xlIzwukk0YoUDTEZ4j5tGiqwT1V7PIs+gYdG6cJeIM0TGs7U7xtj7Cs18j0zOU2ofntT8S+vGelesT1mIow0FWR+qBdxqAM47QF2maRE85EhmEhmskIywBITbdpKmBK+fgr/JzcZx8076DKXKp8u6oiDfXAA0sAFBVAG56AKaoCAO/AAnsCzdW89Wi/W63w0Zi129sAPWG+fv0WTCQ==</latexit>

G = SLn(C)

<latexit sha1_base64="df1VcBYYqBis2rfWlDHfQ1cTq0U="></latexit>

H
0,•
@̄

(BunG(⌃),Lk ⌦ ET [G])
<latexit sha1_base64="FVDOgmaJRJCaHpdKz2j4dkzrKNo="></latexit>

H
0,•
@̄

(BunG(⌃),Lk)



QFT

More interesting: spaces, algebras, categories

<latexit sha1_base64="b2roM2Pd79RtLtZAimYXNUGmo6o=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AI9VISEfVY7EEPHirYD2hD2Gw37dJNNuxOxBIC/hUvHhTx6u/w5r9x2+agrQ8GHu/NMDPPjzlTYNvfRmFpeWV1rbhe2tjc2t4xd/daSiSS0CYRXMiOjxXlLKJNYMBpJ5YUhz6nbX9Un/jtByoVE9E9jGPqhngQsYARDFryzIMe0EdI62KYeenttTfKKjGceGbZrtpTWIvEyUkZ5Wh45levL0gS0ggIx0p1HTsGN8USGOE0K/USRWNMRnhAu5pGOKTKTafnZ9axVvpWIKSuCKyp+nsixaFS49DXnSGGoZr3JuJ/XjeB4NJNWRQnQCMyWxQk3AJhTbKw+kxSAnysCSaS6VstMsQSE9CJlXQIzvzLi6R1WnXOq/bdWbl2lcdRRIfoCFWQgy5QDd2gBmoiglL0jF7Rm/FkvBjvxsestWDkM/voD4zPHy5klZ4=</latexit>

CohLGk(pt)
<latexit sha1_base64="kYmOYUe8oDGZm6OCBz6f/tA8lqE="></latexit>

CohLGk(
\T ⇤L(V/�))

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="khuxKQrA214GqbH06Iw3/y0q68k=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVoNzURURGEqhuXFZu2kMYwmU7boZNJmJkIJXTnxl9x40IRt/6CO//GSZqFVg9c7uGce5m5x48oEdI0v7TC3PzC4lJxubSyura+oW9utUQYc4RtFNKQd3woMCUM25JIijsRxzDwKW77o6vUb99jLkjImnIcYTeAA0b6BEGpJE/fPTvv+mRQaTq3doVV3YOseaNUrN5deHrZrJkZjL/EykkZ5Gh4+me3F6I4wEwiCoVwLDOSbgK5JIjiSakbCxxBNIID7CjKYICFm2R3TIx9pfSMfshVMWlk6s+NBAZCjANfTQZQDsWsl4r/eU4s+6duQlgUS8zQ9KF+TA0ZGmkoRo9wjCQdKwIRJ+qvBhpCDpFU0ZVUCNbsyX9J67BmHdfMm6Ny/TKPowh2wB6oAAucgDq4Bg1gAwQewBN4Aa/ao/asvWnv09GClu9sg1/QPr4BibaXMg==</latexit>

:=
�
T [SU(n)]/SU(n)k

�A

n-1 2 1n

k

<latexit sha1_base64="wq1io5Fs6o53w2r3k+C1ScUNYCo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiRV0W3bis0Be0IUymk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91g8pD73SmVisWipWcJ9SI8EixkBGsj+bY9iLAeE8xRy8/E1WTu21Wn5iyA1olbkCoUaPr212AYkzSiQhOOleq7TqK9DEvNCKfzyiBVNMFkgke0b6jAEVVetkg+RxdGGaIwluYJjRbq740MR0rNosBM5jnVqpeL/3n9VId3XsZEkmoqyPJQmHKkY5TXgIZMUqL5zBBMJDNZERljiYk2ZVVMCe7ql9dJ57rm3tScp3q1cV/UUYYzOIdLcOEWGvAITWgDgSk8wyu8WZn1Yr1bH8vRklXsnMIfWJ8/I0+TVg==</latexit>

Tn,k <latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=

<latexit sha1_base64="xw9Z9yNoh1pfxqIt5EgWIxOTsrc="></latexit>

V =

n�1Y

i=1

Hom(Ci,Ci+1
)

<latexit sha1_base64="znO3QFUj3cJQuh1ucXKcEqgQcoU=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhFoZdEbUJBC1iYRHBPCCJYXZ2NhkyM7vMzAph2dLGX7GxUMTWT7Dzb5w8Ck08cOFwzr3ce48XMaq043xbmYXFpeWV7GpubX1jc8ve3qmrMJaY1HDIQtn0kCKMClLTVDPSjCRB3GOk4Q2uRn7jgUhFQ3GnhxHpcNQTNKAYaSN17f12BXGOYAm2Ixn63YSW3PQ+EcduWrkp0KOunXeKzhhwnrhTkgdTVLv2V9sPccyJ0JghpVquE+lOgqSmmJE0144ViRAeoB5pGSoQJ6qTjB9J4aFRfBiE0pTQcKz+nkgQV2rIPdPJke6rWW8k/ue1Yh1cdBIqolgTgSeLgphBHcJRKtCnkmDNhoYgLKm5FeI+kghrk13OhODOvjxP6idF96zo3J7my5fTOLJgDxyAAnDBOSiDa1AFNYDBI3gGr+DNerJerHfrY9KasaYzu+APrM8fbC6YUA==</latexit>

� =
n�1Y

i=1

GL(i)

via (generalizations of) modern methods

<latexit sha1_base64="RgSx1vrrScZOfhy3SMFQ71wxViU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIHqQkIuqx2IvHivYD2lA22027dLMJuxOxhvwSLx4U8epP8ea/cdvmoK0PBh7vzTAzz48F1+A431ZhZXVtfaO4Wdra3tkt23v7LR0lirImjUSkOj7RTHDJmsBBsE6sGAl9wdr+uD712w9MaR7Je5jEzAvJUPKAUwJG6tvlHrBHSOt3WT+Vp+Osb1ecqjMDXiZuTiooR6Nvf/UGEU1CJoEKonXXdWLwUqKAU8GyUi/RLCZ0TIasa6gkIdNeOjs8w8dGGeAgUqYk4Jn6eyIlodaT0DedIYGRXvSm4n9eN4Hgyku5jBNgks4XBYnAEOFpCnjAFaMgJoYQqri5FdMRUYSCyapkQnAXX14mrbOqe1F1bs8rtes8jiI6REfoBLnoEtXQDWqgJqIoQc/oFb1ZT9aL9W59zFsLVj5zgP7A+vwBAwyTUQ==</latexit>

CSn,k
<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="rWHYLHC3mTcZLaWrLVHZmbHQ3p0=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNyURUZdFN11WtA9oQrmZTtqhk0mYmYil9FfcuFDErT/izr9x0mahrQcGDufcyz1zgoQzpR3n2yqsrW9sbhW3Szu7e/sH9mG5reJUEtoiMY9lNwBFORO0pZnmtJtIClHAaScY32Z+55FKxWLxoCcJ9SMYChYyAtpIfbvsRaBHBDhuVL17NozgrG9XnJozB14lbk4qKEezb395g5ikER WacFCq5zqJ9qcgNSOczkpeqmgCZAxD2jNUQESVP51nn+FTowxwGEvzhMZz9ffGFCKlJlFgJrOkatnLxP+8XqrDa3/KRJJqKsjiUJhyrGOcFYEHTFKi+cQQIJKZrJiMQALRpq6SKcFd/vIqaZ/X3Muac3dRqd/kdRTRMTpBVeSiK1RHDdRELUTQE3pGr+jNmlkv1rv1sRgtWPnOEfoD6/MHyX6ToA==</latexit>

H(⌃)

<latexit sha1_base64="NELCTRvliiXmctiT2jCFOlTRFLQ=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBIT3JAZYtQl0Q1LjPJIYCSd0oGGTmfSdkyQ8CVuXGiMWz/FnX9jB2ah4EmanJxzb+7p8WPOlHacbyu3tr6xuZXfLuzs7u0X7YPDlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98U3qtx+pVCwS93oSUy/EQ8ECRrA2Ut8u9kKsRwRzVC/fPVTP+nbJqThzoFXiZqQEGRp9+6s3iEgSUq EJx0p1XSfW3hRLzQins0IvUTTGZIyHtGuowCFV3nQefIZOjTJAQSTNExrN1d8bUxwqNQl9M5nGVMteKv7ndRMdXHlTJuJEU0EWh4KEIx2htAU0YJISzSeGYCKZyYrICEtMtOmqYEpwl7+8SlrVintRcW7PS7XrrI48HMMJlMGFS6hBHRrQBAIJPMMrvFlP1ov1bn0sRnNWtnMEf2B9/gAkD5IY</latexit>

H(S2)

<latexit sha1_base64="ChPedOSSekqUoEFV6cAb00N+1TE=">AAAB+nicdVDLTgIxFO3gC/E16NJNIzHBzaQDyGNhQmShCxcYRUiAkE4p0NDpTNqOhiCf4saFxrj1S9z5N5aHiRo9SZOTc+7NPT1eyJnSCH1YsaXlldW1+HpiY3Nre8dO7t6oIJKE1kjAA9nwsKKcCVrTTHPaCCXFvsdp3RtWpn79lkrFAnGtRyFt+7gvWI8RrI3UsZNnJ1cXHZFu+VgPPA9Wjjp2CjkoXypksxA5binnuq4h2WOUKWag66AZUmCBasd+b3UDEvlUaMKxUk0Xhbo9xlIzwukk0YoUDTEZ4j5tGiqwT1V7PIs+gYdG6cJeIM0TGs7U7xtj7Cs18j0zOU2ofntT8S+vGelesT1mIow0FWR+qBdxqAM47QF2maRE85EhmEhmskIywBITbdpKmBK+fgr/JzcZx8076DKXKp8u6oiDfXAA0sAFBVAG56AKaoCAO/AAnsCzdW89Wi/W63w0Zi129sAPWG+fv0WTCQ==</latexit>

G = SLn(C)
<latexit sha1_base64="l08zPEdFX1Q/wj1epy3TIVp+EYM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMtiNy4r2Ae2Q8mkd9rQTGZIMkIp/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4nvntJ1Sax/LBTBL0IzqUPOSMGis99iJqRowKUu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifGnVBnOBM5KvVRjQtmYDrFrqaQRan86TzwjZ1YZkDBW9klD5urvjSmNtJ5EgZ3MEuplLxP/87qpCW/8KZdJalCyxUdhKoiJSXY+GXCFzIiJJZQpbrMSNqKKMmNLKtkSvOWTV0nroupdVd37y0rtNq+jCCdwCufgwTXU4A4a0AQGEp7hFd4c7bw4787HYrTg5DvH8AfO5w8ESpB8</latexit>

C

<latexit sha1_base64="/6AL5HDjCOJk72RlxOVCur2HOFo=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBIT3JAZYtQl0Q1LTHglMJJO6UBDpzNpOyZI+BI3LjTGrZ/izr+xA7NQ8CRNTs65N/f0+DFnSjvOt5Xb2Nza3snvFvb2Dw6L9tFxW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5C71O49UKhaJpp7G1AvxSLCAEayNNLCL/RDrMcEc1cvNh+rFwC45FWcBtE7cjJQgQ2Ngf/WHEUlCKj ThWKme68Tam2GpGeF0XugnisaYTPCI9gwVOKTKmy2Cz9G5UYYoiKR5QqOF+ntjhkOlpqFvJtOYatVLxf+8XqKDG2/GRJxoKsjyUJBwpCOUtoCGTFKi+dQQTCQzWREZY4mJNl0VTAnu6pfXSbtaca8qzv1lqXab1ZGHUziDMrhwDTWoQwNaQCCBZ3iFN+vJerHerY/laM7Kdk7gD6zPHyWWkhk=</latexit>

H(T 2)

<latexit sha1_base64="iv2CjLghpKdEWUsCXY/Qv9Bn1pg=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMtiNy4r2Ie0Q8mkmTY0yQxJRihDv8KNC0Xc+jnu/Bsz01lo64HA4Zx7ybkniDnTxnW/ndLa+sbmVnm7srO7t39QPTzq6ChRhLZJxCPVC7CmnEnaNsxw2osVxSLgtBtMm5nffaJKs0g+mFlMfYHHkoWMYGOlx4HAZhIEqDms1ty6mwOtEq8gNSjQGla/BqOIJIJKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pRILqv00DzxHZ1YZoTBS9kmDcvX3RoqF1jMR2MksoF72MvE/r5+Y8MZPmYwTQyVZfBQmHJkIZdejEVOUGD6zBBPFbFZEJlhhYmxHFVuCt3zyKulc1L2runt/WWvcFnWU4QRO4Rw8uIYG3EEL2kBAwDO8wpujnBfn3flYjJacYucY/sD5/AE39JAG</latexit>

C
<latexit sha1_base64="TGur5YItUV21myytK42K1fHO950=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBGqi5oUUZelXeiyQl+QxDKZTtuhk0mYmQgldOfGX3HjQhG3/oI7/8ZJm4W2Hhg4c8693HuPHzEqlWV9G0vLK6tr67mN/ObW9s6uubffkmEsMGnikIWi4yNJGOWkqahipBMJggKfkbY/qqV++4EISUPeUOOIeAEacNqnGCktdc0jN0Bq6Puw5vp04DTuz5yyV7w5r56mf69rFqySNQVcJHZGCiBDvWt+ub0QxwHhCjMkpWNbkfISJBTFjEzybixJhPAIDYijKUcBkV4yvWMCT7TSg/1Q6McVnKq/OxIUSDkOfF2Zbi3nvVT8z3Ni1b/2EsqjWBGOZ4P6MYMqhGkosEcFwYqNNUFYUL0rxEMkEFY6urwOwZ4/eZG0yiX7smTdXRQq1SyOHDgEx6AIbHAFKuAW1EETYPAInsEreDOejBfj3fiYlS4ZWc8B+APj8wdRX5es</latexit>

C
⇥
T ⇤[2](G/B)

⇤

<latexit sha1_base64="l11yaipltYhBquMJmLxoWc3xkeM=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSJUkJKIqMtiNy4r2Ae0sUym03boZBJmJmIJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cP+JMacf5tlZW19Y3Ngtbxe2d3b19+6DUUmEsCW2SkIey42NFORO0qZnmtBNJigOf07Y/qWd++5FKxUJxr6cR9QI8EmzICNZG6tulXoD12PdR/SEZVMTZ5DTt22Wn6syAlombkzLkaPTtr94gJHFAhSYcK9V1nUh7CZaaEU7TYi9WNMJkgke0a6jAAVVeMsueohOjDNAwlOYJjWbq740EB0pNA99MZknVopeJ/3ndWA+vvYSJKNZUkPmhYcyRDlFWBBowSYnmU0MwkcxkRWSMJSba1FU0JbiLX14mrfOqe1l17i7KtZu8jgIcwTFUwIUrqMEtNKAJBJ7gGV7hzUqtF+vd+piPrlj5ziH8gfX5A8q5k6E=</latexit>

Cd(n,k)

<latexit sha1_base64="CYDJZxBBVMe7XXNmy0kzY/nyz7w=">AAACAXicbVBNS8NAEJ3Ur1q/ql4EL4tFqCAlEVGPRS8eK9gPaGLZbDbt0s0m7G6EEurFv+LFgyJe/Rfe/Ddu2xy0+mDg8d4MM/P8hDOlbfvLKiwsLi2vFFdLa+sbm1vl7Z2WilNJaJPEPJYdHyvKmaBNzTSnnURSHPmctv3h1cRv31OpWCxu9SihXoT7goWMYG2kXnkvqIrj4ZGrWIRcHUpMkCPQ8M5YFbtmT4H+EicnFcjR6JU/3SAmaUSFJhwr1XXsRHsZlpoRTsclN1U0wWSI+7RrqMARVV42/WCMDo0SoDCWpoRGU/XnRIYjpUaRbzojrAdq3puI/3ndVIcXXsZEkmoqyGxRmHKkYzSJAwVMUqL5yBBMJDO3IjLAJgZtQiuZEJz5l/+S1knNOavZN6eV+mUeRxH24QCq4MA51OEaGtAEAg/wBC/waj1az9ab9T5rLVj5zC78gvXxDXp7laE=</latexit>

d(n, k) ⇠ 1
nk

n

<latexit sha1_base64="TG+je2Gk5t5ndORkCTFNV2XaOY0="></latexit>

⇡ Cd(n,k) ⌦H
•,•
@̄

�
T

⇤[2](G/B)
�

<latexit sha1_base64="df1VcBYYqBis2rfWlDHfQ1cTq0U="></latexit>

H
0,•
@̄

(BunG(⌃),Lk ⌦ ET [G])
<latexit sha1_base64="FVDOgmaJRJCaHpdKz2j4dkzrKNo="></latexit>

H
0,•
@̄

(BunG(⌃),Lk)



QFT

4d sandwiches & brane webs
[Gaiotto-Witten '08]

[Aharony-Hanany-Kol '97][Hanany-Witten '96]
[Gaiotto-Rapcak '17]

<latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>' <latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>'S-duality

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="khuxKQrA214GqbH06Iw3/y0q68k=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVoNzURURGEqhuXFZu2kMYwmU7boZNJmJkIJXTnxl9x40IRt/6CO//GSZqFVg9c7uGce5m5x48oEdI0v7TC3PzC4lJxubSyura+oW9utUQYc4RtFNKQd3woMCUM25JIijsRxzDwKW77o6vUb99jLkjImnIcYTeAA0b6BEGpJE/fPTvv+mRQaTq3doVV3YOseaNUrN5deHrZrJkZjL/EykkZ5Gh4+me3F6I4wEwiCoVwLDOSbgK5JIjiSakbCxxBNIID7CjKYICFm2R3TIx9pfSMfshVMWlk6s+NBAZCjANfTQZQDsWsl4r/eU4s+6duQlgUS8zQ9KF+TA0ZGmkoRo9wjCQdKwIRJ+qvBhpCDpFU0ZVUCNbsyX9J67BmHdfMm6Ny/TKPowh2wB6oAAucgDq4Bg1gAwQewBN4Aa/ao/asvWnv09GClu9sg1/QPr4BibaXMg==</latexit>

:=
�
T [SU(n)]/SU(n)k

�A

<latexit sha1_base64="wq1io5Fs6o53w2r3k+C1ScUNYCo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiRV0W3bis0Be0IUymk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91g8pD73SmVisWipWcJ9SI8EixkBGsj+bY9iLAeE8xRy8/E1WTu21Wn5iyA1olbkCoUaPr212AYkzSiQhOOleq7TqK9DEvNCKfzyiBVNMFkgke0b6jAEVVetkg+RxdGGaIwluYJjRbq740MR0rNosBM5jnVqpeL/3n9VId3XsZEkmoqyPJQmHKkY5TXgIZMUqL5zBBMJDNZERljiYk2ZVVMCe7ql9dJ57rm3tScp3q1cV/UUYYzOIdLcOEWGvAITWgDgSk8wyu8WZn1Yr1bH8vRklXsnMIfWJ8/I0+TVg==</latexit>

Tn,k



QFT

4d sandwiches & brane webs
[Gaiotto-Witten '08]

[Aharony-Hanany-Kol '97][Hanany-Witten '96]
[Gaiotto-Rapcak '17]

<latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>' <latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>'S-duality<latexit sha1_base64="tA/nOjBtoAWuXthWfJaPjCNr+kw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnrGJMZb1IvHBMwCyRB6Oj1Jm56F7h4hhHyBFw+KePWTvPk3dhZBRR8UPN6roqqenwiuNMYfVmZldW19I7uZ29re2d3L7x80VZxKyho0FrFs+0QxwSPW0FwL1k4kI6EvWMsfXc/81j2TisfRrR4nzAvJIOIBp0QbqX7ZyxewXbooYVxG2Mau6xRdQ9xyqXJWRI6N5yjAErVe/r3bj2kaskhTQZTqODjR3oRIzalg01w3VSwhdEQGrGNoREKmvMn80Ck6MUofBbE0FWk0V79PTEio1Dj0TWdI9FD99mbiX14n1UHFm/AoSTWL6GJRkAqkYzT7GvW5ZFSLsSGESm5uRXRIJKHaZJMzIXx9iv4nTdd2yjauFwvVq2UcWTiCYzgFB86hCjdQgwZQYPAAT/Bs3VmP1ov1umjNWMuZQ/gB6+0T8QyNCg==</latexit>

A

<latexit sha1_base64="K7sl8uO4+7fZ85Q+RnitK53OY+8=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJjW+tCKLpxWcHWQjuUTJppYzPJkGSEMvQf3LhQxK3/486/MX0IKnrgwuGce7n3njDhTBuEPpzc0vLK6lp+vbCxubW9U9zda2mZKkKbRHKp2iHWlDNBm4YZTtuJojgOOb0NR5dT//aeKs2kuDHjhAYxHggWMYKNlVrdhmbnqFcsIbdyVkGoCpGLfN8r+5b41UrtpAw9F81QAgs0esX3bl+SNKbCEI617ngoMUGGlWGE00mhm2qaYDLCA9qxVOCY6iCbXTuBR1bpw0gqW8LAmfp9IsOx1uM4tJ0xNkP925uKf3md1ES1IGMiSQ0VZL4oSjk0Ek5fh32mKDF8bAkmitlbIRlihYmxARVsCF+fwv9Jy3e9qouuy6X6xSKOPDgAh+AYeOAU1MEVaIAmIOAOPIAn8OxI59F5cV7nrTlnMbMPfsB5+wREFI7w</latexit>

 = 0
<latexit sha1_base64="JqD7OgjGXnIExc11Vf0c+nIhfRU=">AAAB+XicdVBNS8NAEN3Ur1q/oh69LBbBU9jEtupBEL14rGBVaGrZbCd2cbMJu5tCCf0nXjwo4tV/4s1/47ZWUNEHA4/3ZpiZF2WCa0PIu1OamZ2bXygvVpaWV1bX3PWNS53mikGLpSJV1xHVILiEluFGwHWmgCaRgKvo7nTsXw1AaZ7KCzPMoJPQW8ljzqixUtd1w6bmN+EA4CjkMjbDrlslXv2wTkgDE48EgV8LLAka9YO9GvY9MkEVTdHsum9hL2V5AtIwQbVu+yQznYIqw5mAUSXMNWSU3dFbaFsqaQK6U0wuH+Edq/RwnCpb0uCJ+n2ioInWwySynQk1ff3bG4t/ee3cxAedgsssNyDZ56I4F9ikeBwD7nEFzIihJZQpbm/FrE8VZcaGVbEhfH2K/yeXgec3PHJeqx6fTOMooy20jXaRj/bRMTpDTdRCDA3QPXpET07hPDjPzstna8mZzmyiH3BePwDfdJPV</latexit>

 _ = 1

• 4d A (resp. B) twist induces boundary A (resp. B) twist
[Kapustin-Witten '06]

(A) (B)

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="khuxKQrA214GqbH06Iw3/y0q68k=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVoNzURURGEqhuXFZu2kMYwmU7boZNJmJkIJXTnxl9x40IRt/6CO//GSZqFVg9c7uGce5m5x48oEdI0v7TC3PzC4lJxubSyura+oW9utUQYc4RtFNKQd3woMCUM25JIijsRxzDwKW77o6vUb99jLkjImnIcYTeAA0b6BEGpJE/fPTvv+mRQaTq3doVV3YOseaNUrN5deHrZrJkZjL/EykkZ5Gh4+me3F6I4wEwiCoVwLDOSbgK5JIjiSakbCxxBNIID7CjKYICFm2R3TIx9pfSMfshVMWlk6s+NBAZCjANfTQZQDsWsl4r/eU4s+6duQlgUS8zQ9KF+TA0ZGmkoRo9wjCQdKwIRJ+qvBhpCDpFU0ZVUCNbsyX9J67BmHdfMm6Ny/TKPowh2wB6oAAucgDq4Bg1gAwQewBN4Aa/ao/asvWnv09GClu9sg1/QPr4BibaXMg==</latexit>

:=
�
T [SU(n)]/SU(n)k

�A

<latexit sha1_base64="wq1io5Fs6o53w2r3k+C1ScUNYCo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiRV0W3bis0Be0IUymk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91g8pD73SmVisWipWcJ9SI8EixkBGsj+bY9iLAeE8xRy8/E1WTu21Wn5iyA1olbkCoUaPr212AYkzSiQhOOleq7TqK9DEvNCKfzyiBVNMFkgke0b6jAEVVetkg+RxdGGaIwluYJjRbq740MR0rNosBM5jnVqpeL/3n9VId3XsZEkmoqyPJQmHKkY5TXgIZMUqL5zBBMJDNZERljiYk2ZVVMCe7ql9dJ57rm3tScp3q1cV/UUYYzOIdLcOEWGvAITWgDgSk8wyu8WZn1Yr1bH8vRklXsnMIfWJ8/I0+TVg==</latexit>

Tn,k



Wilson lines flat                  connection
<latexit sha1_base64="vhZozPbtaerVKcMmsPUy6om1JTU=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0Wom5LEWuuu2IUuXFSwD2hDmUwn7dDJJMxMCiX0T9y4UMStf+LOv3HSRlDRAwOHc+7lnjlexKhUlvVh5FZW19Y38puFre2d3T1z/6Atw1hg0sIhC0XXQ5IwyklLUcVINxIEBR4jHW/SSP3OlAhJQ36vZhFxAzTi1KcYKS0NTLN5fTvgpX6A1NjzYON0YBat8mW1Uqs40CpbC2jinFXPHRvamVIEGZoD870/DHEcEK4wQ1L2bCtSboKEopiReaEfSxIhPEEj0tOUo4BIN1kkn8MTrQyhHwr9uIIL9ftGggIpZ4GnJ9OE8reXin95vVj5NTehPIoV4Xh5yI8ZVCFMa4BDKghWbKYJwoLqrBCPkUBY6bIKuoSvn8L/Sdsp29WydVcp1q+yOvLgCByDErDBBaiDG9AELYDBFDyAJ/BsJMaj8WK8LkdzRrZzCH7AePsEIp2Ssg==</latexit>

PGLn(C)

QFT

4d sandwiches & brane webs
[Gaiotto-Witten '08]

[Aharony-Hanany-Kol '97][Hanany-Witten '96]
[Gaiotto-Rapcak '17]

<latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>' <latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>'S-duality<latexit sha1_base64="tA/nOjBtoAWuXthWfJaPjCNr+kw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnrGJMZb1IvHBMwCyRB6Oj1Jm56F7h4hhHyBFw+KePWTvPk3dhZBRR8UPN6roqqenwiuNMYfVmZldW19I7uZ29re2d3L7x80VZxKyho0FrFs+0QxwSPW0FwL1k4kI6EvWMsfXc/81j2TisfRrR4nzAvJIOIBp0QbqX7ZyxewXbooYVxG2Mau6xRdQ9xyqXJWRI6N5yjAErVe/r3bj2kaskhTQZTqODjR3oRIzalg01w3VSwhdEQGrGNoREKmvMn80Ck6MUofBbE0FWk0V79PTEio1Dj0TWdI9FD99mbiX14n1UHFm/AoSTWL6GJRkAqkYzT7GvW5ZFSLsSGESm5uRXRIJKHaZJMzIXx9iv4nTdd2yjauFwvVq2UcWTiCYzgFB86hCjdQgwZQYPAAT/Bs3VmP1ov1umjNWMuZQ/gB6+0T8QyNCg==</latexit>

A

<latexit sha1_base64="K7sl8uO4+7fZ85Q+RnitK53OY+8=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJjW+tCKLpxWcHWQjuUTJppYzPJkGSEMvQf3LhQxK3/486/MX0IKnrgwuGce7n3njDhTBuEPpzc0vLK6lp+vbCxubW9U9zda2mZKkKbRHKp2iHWlDNBm4YZTtuJojgOOb0NR5dT//aeKs2kuDHjhAYxHggWMYKNlVrdhmbnqFcsIbdyVkGoCpGLfN8r+5b41UrtpAw9F81QAgs0esX3bl+SNKbCEI617ngoMUGGlWGE00mhm2qaYDLCA9qxVOCY6iCbXTuBR1bpw0gqW8LAmfp9IsOx1uM4tJ0xNkP925uKf3md1ES1IGMiSQ0VZL4oSjk0Ek5fh32mKDF8bAkmitlbIRlihYmxARVsCF+fwv9Jy3e9qouuy6X6xSKOPDgAh+AYeOAU1MEVaIAmIOAOPIAn8OxI59F5cV7nrTlnMbMPfsB5+wREFI7w</latexit>

 = 0
<latexit sha1_base64="JqD7OgjGXnIExc11Vf0c+nIhfRU=">AAAB+XicdVBNS8NAEN3Ur1q/oh69LBbBU9jEtupBEL14rGBVaGrZbCd2cbMJu5tCCf0nXjwo4tV/4s1/47ZWUNEHA4/3ZpiZF2WCa0PIu1OamZ2bXygvVpaWV1bX3PWNS53mikGLpSJV1xHVILiEluFGwHWmgCaRgKvo7nTsXw1AaZ7KCzPMoJPQW8ljzqixUtd1w6bmN+EA4CjkMjbDrlslXv2wTkgDE48EgV8LLAka9YO9GvY9MkEVTdHsum9hL2V5AtIwQbVu+yQznYIqw5mAUSXMNWSU3dFbaFsqaQK6U0wuH+Edq/RwnCpb0uCJ+n2ioInWwySynQk1ff3bG4t/ee3cxAedgsssNyDZ56I4F9ikeBwD7nEFzIihJZQpbm/FrE8VZcaGVbEhfH2K/yeXgec3PHJeqx6fTOMooy20jXaRj/bRMTpDTdRCDA3QPXpET07hPDjPzstna8mZzmyiH3BePwDfdJPV</latexit>

 _ = 1

• 4d A (resp. B) twist induces boundary A (resp. B) twist
[Kapustin-Witten '06]

(A) (B)

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="khuxKQrA214GqbH06Iw3/y0q68k=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVoNzURURGEqhuXFZu2kMYwmU7boZNJmJkIJXTnxl9x40IRt/6CO//GSZqFVg9c7uGce5m5x48oEdI0v7TC3PzC4lJxubSyura+oW9utUQYc4RtFNKQd3woMCUM25JIijsRxzDwKW77o6vUb99jLkjImnIcYTeAA0b6BEGpJE/fPTvv+mRQaTq3doVV3YOseaNUrN5deHrZrJkZjL/EykkZ5Gh4+me3F6I4wEwiCoVwLDOSbgK5JIjiSakbCxxBNIID7CjKYICFm2R3TIx9pfSMfshVMWlk6s+NBAZCjANfTQZQDsWsl4r/eU4s+6duQlgUS8zQ9KF+TA0ZGmkoRo9wjCQdKwIRJ+qvBhpCDpFU0ZVUCNbsyX9J67BmHdfMm6Ny/TKPowh2wB6oAAucgDq4Bg1gAwQewBN4Aa/ao/asvWnv09GClu9sg1/QPr4BibaXMg==</latexit>

:=
�
T [SU(n)]/SU(n)k

�A

<latexit sha1_base64="wq1io5Fs6o53w2r3k+C1ScUNYCo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiRV0W3bis0Be0IUymk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91g8pD73SmVisWipWcJ9SI8EixkBGsj+bY9iLAeE8xRy8/E1WTu21Wn5iyA1olbkCoUaPr212AYkzSiQhOOleq7TqK9DEvNCKfzyiBVNMFkgke0b6jAEVVetkg+RxdGGaIwluYJjRbq740MR0rNosBM5jnVqpeL/3n9VId3XsZEkmoqyPJQmHKkY5TXgIZMUqL5zBBMJDNZERljiYk2ZVVMCe7ql9dJ57rm3tScp3q1cV/UUYYzOIdLcOEWGvAITWgDgSk8wyu8WZn1Yr1bH8vRklXsnMIfWJ8/I0+TVg==</latexit>

Tn,k



QFT

4d sandwiches & brane webs
[Gaiotto-Witten '08]

[Aharony-Hanany-Kol '97][Hanany-Witten '96]
[Gaiotto-Rapcak '17]

<latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>' <latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>'S-duality

Wilson lines

<latexit sha1_base64="tA/nOjBtoAWuXthWfJaPjCNr+kw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnrGJMZb1IvHBMwCyRB6Oj1Jm56F7h4hhHyBFw+KePWTvPk3dhZBRR8UPN6roqqenwiuNMYfVmZldW19I7uZ29re2d3L7x80VZxKyho0FrFs+0QxwSPW0FwL1k4kI6EvWMsfXc/81j2TisfRrR4nzAvJIOIBp0QbqX7ZyxewXbooYVxG2Mau6xRdQ9xyqXJWRI6N5yjAErVe/r3bj2kaskhTQZTqODjR3oRIzalg01w3VSwhdEQGrGNoREKmvMn80Ck6MUofBbE0FWk0V79PTEio1Dj0TWdI9FD99mbiX14n1UHFm/AoSTWL6GJRkAqkYzT7GvW5ZFSLsSGESm5uRXRIJKHaZJMzIXx9iv4nTdd2yjauFwvVq2UcWTiCYzgFB86hCjdQgwZQYPAAT/Bs3VmP1ov1umjNWMuZQ/gB6+0T8QyNCg==</latexit>

A

<latexit sha1_base64="K7sl8uO4+7fZ85Q+RnitK53OY+8=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJjW+tCKLpxWcHWQjuUTJppYzPJkGSEMvQf3LhQxK3/486/MX0IKnrgwuGce7n3njDhTBuEPpzc0vLK6lp+vbCxubW9U9zda2mZKkKbRHKp2iHWlDNBm4YZTtuJojgOOb0NR5dT//aeKs2kuDHjhAYxHggWMYKNlVrdhmbnqFcsIbdyVkGoCpGLfN8r+5b41UrtpAw9F81QAgs0esX3bl+SNKbCEI617ngoMUGGlWGE00mhm2qaYDLCA9qxVOCY6iCbXTuBR1bpw0gqW8LAmfp9IsOx1uM4tJ0xNkP925uKf3md1ES1IGMiSQ0VZL4oSjk0Ek5fh32mKDF8bAkmitlbIRlihYmxARVsCF+fwv9Jy3e9qouuy6X6xSKOPDgAh+AYeOAU1MEVaIAmIOAOPIAn8OxI59F5cV7nrTlnMbMPfsB5+wREFI7w</latexit>

 = 0
<latexit sha1_base64="JqD7OgjGXnIExc11Vf0c+nIhfRU=">AAAB+XicdVBNS8NAEN3Ur1q/oh69LBbBU9jEtupBEL14rGBVaGrZbCd2cbMJu5tCCf0nXjwo4tV/4s1/47ZWUNEHA4/3ZpiZF2WCa0PIu1OamZ2bXygvVpaWV1bX3PWNS53mikGLpSJV1xHVILiEluFGwHWmgCaRgKvo7nTsXw1AaZ7KCzPMoJPQW8ljzqixUtd1w6bmN+EA4CjkMjbDrlslXv2wTkgDE48EgV8LLAka9YO9GvY9MkEVTdHsum9hL2V5AtIwQbVu+yQznYIqw5mAUSXMNWSU3dFbaFsqaQK6U0wuH+Edq/RwnCpb0uCJ+n2ioInWwySynQk1ff3bG4t/ee3cxAedgsssNyDZ56I4F9ikeBwD7nEFzIihJZQpbm/FrE8VZcaGVbEhfH2K/yeXgec3PHJeqx6fTOMooy20jXaRj/bRMTpDTdRCDA3QPXpET07hPDjPzstna8mZzmyiH3BePwDfdJPV</latexit>

 _ = 1

• 4d A (resp. B) twist induces boundary A (resp. B) twist
[Kapustin-Witten '06]

(A) (B)

• expect S-dual (B) setup to reproduce RW theory of [GHNPPK '20]
generic

<latexit sha1_base64="I9Kskv3QM9wbt4lCtHbnUBzaqCU=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptL/abhg2rNq3tz4FXiF6QGBZqD6ld/GNNUMmWpIMb0fC+xQUa05VSwWaWfGpYQOiEj1nNUEclMkM1vneEzpwxxFGtXyuK5+nsiI9KYqQxdpyR2bJa9XPzP66U2ugkyrpLUMkUXi6JUYBvj/HE85JpRK6aOEKq5uxXTMdGEWhdPxYXgL7+8StoXdf+q7j1c1hq3RRxlOIFTOAcfrqEB99CEFlAYwzO8whuS6AW9o49FawkVM8fwB+jzB/UWji8=</latexit>

 :  B-twisted sigma-model to
<latexit sha1_base64="ojkAQGRQVLkJBjZpny7VN+zuTSs=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KomIeix6qMcK9gPaUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVqDg2upNLtgBmQIoYGCpTQTjSwKJDQCka3U7/1CNoIFT/gOAE/YoNYhIIztFKni/CEWU1PerVeqexW3BnoMvFyUiY56r3SV7eveBpBjFwyYzqem6CfMY2CS5gUu6mBhPERG0DH0phFYPxsdvKEnlqlT0OlbcVIZ+rviYxFxoyjwHZGDIdm0ZuK/3mdFMNrPxNxkiLEfL4oTCVFRaf/077QwFGOLWFcC3sr5UOmGUebUtGG4C2+vEya5xXvsuLeX5SrN3kcBXJMTsgZ8cgVqZI7UicNwokiz+SVvDnovDjvzse8dcXJZ47IHzifP4CfkWU=</latexit>

GrG

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="khuxKQrA214GqbH06Iw3/y0q68k=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVoNzURURGEqhuXFZu2kMYwmU7boZNJmJkIJXTnxl9x40IRt/6CO//GSZqFVg9c7uGce5m5x48oEdI0v7TC3PzC4lJxubSyura+oW9utUQYc4RtFNKQd3woMCUM25JIijsRxzDwKW77o6vUb99jLkjImnIcYTeAA0b6BEGpJE/fPTvv+mRQaTq3doVV3YOseaNUrN5deHrZrJkZjL/EykkZ5Gh4+me3F6I4wEwiCoVwLDOSbgK5JIjiSakbCxxBNIID7CjKYICFm2R3TIx9pfSMfshVMWlk6s+NBAZCjANfTQZQDsWsl4r/eU4s+6duQlgUS8zQ9KF+TA0ZGmkoRo9wjCQdKwIRJ+qvBhpCDpFU0ZVUCNbsyX9J67BmHdfMm6Ny/TKPowh2wB6oAAucgDq4Bg1gAwQewBN4Aa/ao/asvWnv09GClu9sg1/QPr4BibaXMg==</latexit>

:=
�
T [SU(n)]/SU(n)k

�A

<latexit sha1_base64="wq1io5Fs6o53w2r3k+C1ScUNYCo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiRV0W3bis0Be0IUymk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91g8pD73SmVisWipWcJ9SI8EixkBGsj+bY9iLAeE8xRy8/E1WTu21Wn5iyA1olbkCoUaPr212AYkzSiQhOOleq7TqK9DEvNCKfzyiBVNMFkgke0b6jAEVVetkg+RxdGGaIwluYJjRbq740MR0rNosBM5jnVqpeL/3n9VId3XsZEkmoqyPJQmHKkY5TXgIZMUqL5zBBMJDNZERljiYk2ZVVMCe7ql9dJ57rm3tScp3q1cV/UUYYzOIdLcOEWGvAITWgDgSk8wyu8WZn1Yr1bH8vRklXsnMIfWJ8/I0+TVg==</latexit>

Tn,k

<latexit sha1_base64="zuL4mLrd7j5RrCL+RzWRmoqewDg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuiHoMevEYMS9I1jA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJI1M47RD+lA8j5n1FjpofZ41i2W3LI7A1kmXkZKkKHaLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/7KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaN87J3WXbvL0qVmyyOPBzBMZyCB1dQgTuoQh0YDOAZXuHNEc6L8+58zFtzTjZzCH/gfP4Ayk6NeQ==</latexit>

T ⇤

flat                  connection
<latexit sha1_base64="vhZozPbtaerVKcMmsPUy6om1JTU=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0Wom5LEWuuu2IUuXFSwD2hDmUwn7dDJJMxMCiX0T9y4UMStf+LOv3HSRlDRAwOHc+7lnjlexKhUlvVh5FZW19Y38puFre2d3T1z/6Atw1hg0sIhC0XXQ5IwyklLUcVINxIEBR4jHW/SSP3OlAhJQ36vZhFxAzTi1KcYKS0NTLN5fTvgpX6A1NjzYON0YBat8mW1Uqs40CpbC2jinFXPHRvamVIEGZoD870/DHEcEK4wQ1L2bCtSboKEopiReaEfSxIhPEEj0tOUo4BIN1kkn8MTrQyhHwr9uIIL9ftGggIpZ4GnJ9OE8reXin95vVj5NTehPIoV4Xh5yI8ZVCFMa4BDKghWbKYJwoLqrBCPkUBY6bIKuoSvn8L/Sdsp29WydVcp1q+yOvLgCByDErDBBaiDG9AELYDBFDyAJ/BsJMaj8WK8LkdzRrZzCH7AePsEIp2Ssg==</latexit>

PGLn(C)



QFT

4d sandwiches & brane webs
[Gaiotto-Witten '08]

[Aharony-Hanany-Kol '97][Hanany-Witten '96]
[Gaiotto-Rapcak '17]

<latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>' <latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>'S-duality

Wilson lines

<latexit sha1_base64="tA/nOjBtoAWuXthWfJaPjCNr+kw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnrGJMZb1IvHBMwCyRB6Oj1Jm56F7h4hhHyBFw+KePWTvPk3dhZBRR8UPN6roqqenwiuNMYfVmZldW19I7uZ29re2d3L7x80VZxKyho0FrFs+0QxwSPW0FwL1k4kI6EvWMsfXc/81j2TisfRrR4nzAvJIOIBp0QbqX7ZyxewXbooYVxG2Mau6xRdQ9xyqXJWRI6N5yjAErVe/r3bj2kaskhTQZTqODjR3oRIzalg01w3VSwhdEQGrGNoREKmvMn80Ck6MUofBbE0FWk0V79PTEio1Dj0TWdI9FD99mbiX14n1UHFm/AoSTWL6GJRkAqkYzT7GvW5ZFSLsSGESm5uRXRIJKHaZJMzIXx9iv4nTdd2yjauFwvVq2UcWTiCYzgFB86hCjdQgwZQYPAAT/Bs3VmP1ov1umjNWMuZQ/gB6+0T8QyNCg==</latexit>

A

<latexit sha1_base64="K7sl8uO4+7fZ85Q+RnitK53OY+8=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJjW+tCKLpxWcHWQjuUTJppYzPJkGSEMvQf3LhQxK3/486/MX0IKnrgwuGce7n3njDhTBuEPpzc0vLK6lp+vbCxubW9U9zda2mZKkKbRHKp2iHWlDNBm4YZTtuJojgOOb0NR5dT//aeKs2kuDHjhAYxHggWMYKNlVrdhmbnqFcsIbdyVkGoCpGLfN8r+5b41UrtpAw9F81QAgs0esX3bl+SNKbCEI617ngoMUGGlWGE00mhm2qaYDLCA9qxVOCY6iCbXTuBR1bpw0gqW8LAmfp9IsOx1uM4tJ0xNkP925uKf3md1ES1IGMiSQ0VZL4oSjk0Ek5fh32mKDF8bAkmitlbIRlihYmxARVsCF+fwv9Jy3e9qouuy6X6xSKOPDgAh+AYeOAU1MEVaIAmIOAOPIAn8OxI59F5cV7nrTlnMbMPfsB5+wREFI7w</latexit>

 = 0
<latexit sha1_base64="JqD7OgjGXnIExc11Vf0c+nIhfRU=">AAAB+XicdVBNS8NAEN3Ur1q/oh69LBbBU9jEtupBEL14rGBVaGrZbCd2cbMJu5tCCf0nXjwo4tV/4s1/47ZWUNEHA4/3ZpiZF2WCa0PIu1OamZ2bXygvVpaWV1bX3PWNS53mikGLpSJV1xHVILiEluFGwHWmgCaRgKvo7nTsXw1AaZ7KCzPMoJPQW8ljzqixUtd1w6bmN+EA4CjkMjbDrlslXv2wTkgDE48EgV8LLAka9YO9GvY9MkEVTdHsum9hL2V5AtIwQbVu+yQznYIqw5mAUSXMNWSU3dFbaFsqaQK6U0wuH+Edq/RwnCpb0uCJ+n2ioInWwySynQk1ff3bG4t/ee3cxAedgsssNyDZ56I4F9ikeBwD7nEFzIihJZQpbm/FrE8VZcaGVbEhfH2K/yeXgec3PHJeqx6fTOMooy20jXaRj/bRMTpDTdRCDA3QPXpET07hPDjPzstna8mZzmyiH3BePwDfdJPV</latexit>

 _ = 1

• 4d A (resp. B) twist induces boundary A (resp. B) twist
[Kapustin-Witten '06]

(A) (B)

• expect S-dual (B) setup to reproduce RW theory of [GHNPPK '20]

<latexit sha1_base64="0VV+ip3cPb0vAP6wr4q5W9yph34=">AAACCHicbVC5TsNAEB2HK4TLQEnBigiJKrIDAsoIKCjDkUOKnWi92SSrrA/trpEiKyUNv0JDAUK0fAIdf8M6cQEJTxrp6b0ZzczzIs6ksqxvI7ewuLS8kl8trK1vbG6Z2zt1GcaC0BoJeSiaHpaUs4DWFFOcNiNBse9x2vCGl6nfeKBCsjC4V6OIuj7uB6zHCFZa6pj7jo/VwPPQbfvYUcynEl21yxm7a9sds2iVrAnQPLEzUoQM1Y755XRDEvs0UIRjKVu2FSk3wUIxwum44MSSRpgMcZ+2NA2wXuQmk0fG6FArXdQLha5AoYn6eyLBvpQj39Od6dly1kvF/7xWrHrnbsKCKFY0INNFvZgjFaI0FdRlghLFR5pgIpi+FZEBFpgonV1Bh2DPvjxP6uWSfVqybk6KlYssjjzswQEcgQ1nUIFrqEINCDzCM7zCm/FkvBjvxse0NWdkM7vwB8bnD/KcmKU=</latexit>

R3 ⇥D2 ⇥ S1originates in 6d theory on                         , generic 
<latexit sha1_base64="I9Kskv3QM9wbt4lCtHbnUBzaqCU=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptL/abhg2rNq3tz4FXiF6QGBZqD6ld/GNNUMmWpIMb0fC+xQUa05VSwWaWfGpYQOiEj1nNUEclMkM1vneEzpwxxFGtXyuK5+nsiI9KYqQxdpyR2bJa9XPzP66U2ugkyrpLUMkUXi6JUYBvj/HE85JpRK6aOEKq5uxXTMdGEWhdPxYXgL7+8StoXdf+q7j1c1hq3RRxlOIFTOAcfrqEB99CEFlAYwzO8whuS6AW9o49FawkVM8fwB+jzB/UWji8=</latexit>

 
hopefully: categorification

cf. [Witten '11], [Gukov-Pei-Putrov-Vafa '17]

generic
<latexit sha1_base64="I9Kskv3QM9wbt4lCtHbnUBzaqCU=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptL/abhg2rNq3tz4FXiF6QGBZqD6ld/GNNUMmWpIMb0fC+xQUa05VSwWaWfGpYQOiEj1nNUEclMkM1vneEzpwxxFGtXyuK5+nsiI9KYqQxdpyR2bJa9XPzP66U2ugkyrpLUMkUXi6JUYBvj/HE85JpRK6aOEKq5uxXTMdGEWhdPxYXgL7+8StoXdf+q7j1c1hq3RRxlOIFTOAcfrqEB99CEFlAYwzO8whuS6AW9o49FawkVM8fwB+jzB/UWji8=</latexit>

 :  B-twisted sigma-model to
<latexit sha1_base64="ojkAQGRQVLkJBjZpny7VN+zuTSs=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KomIeix6qMcK9gPaUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVqDg2upNLtgBmQIoYGCpTQTjSwKJDQCka3U7/1CNoIFT/gOAE/YoNYhIIztFKni/CEWU1PerVeqexW3BnoMvFyUiY56r3SV7eveBpBjFwyYzqem6CfMY2CS5gUu6mBhPERG0DH0phFYPxsdvKEnlqlT0OlbcVIZ+rviYxFxoyjwHZGDIdm0ZuK/3mdFMNrPxNxkiLEfL4oTCVFRaf/077QwFGOLWFcC3sr5UOmGUebUtGG4C2+vEya5xXvsuLeX5SrN3kcBXJMTsgZ8cgVqZI7UicNwokiz+SVvDnovDjvzse8dcXJZ47IHzifP4CfkWU=</latexit>

GrG

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="khuxKQrA214GqbH06Iw3/y0q68k=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVoNzURURGEqhuXFZu2kMYwmU7boZNJmJkIJXTnxl9x40IRt/6CO//GSZqFVg9c7uGce5m5x48oEdI0v7TC3PzC4lJxubSyura+oW9utUQYc4RtFNKQd3woMCUM25JIijsRxzDwKW77o6vUb99jLkjImnIcYTeAA0b6BEGpJE/fPTvv+mRQaTq3doVV3YOseaNUrN5deHrZrJkZjL/EykkZ5Gh4+me3F6I4wEwiCoVwLDOSbgK5JIjiSakbCxxBNIID7CjKYICFm2R3TIx9pfSMfshVMWlk6s+NBAZCjANfTQZQDsWsl4r/eU4s+6duQlgUS8zQ9KF+TA0ZGmkoRo9wjCQdKwIRJ+qvBhpCDpFU0ZVUCNbsyX9J67BmHdfMm6Ny/TKPowh2wB6oAAucgDq4Bg1gAwQewBN4Aa/ao/asvWnv09GClu9sg1/QPr4BibaXMg==</latexit>

:=
�
T [SU(n)]/SU(n)k

�A

<latexit sha1_base64="wq1io5Fs6o53w2r3k+C1ScUNYCo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiRV0W3bis0Be0IUymk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91g8pD73SmVisWipWcJ9SI8EixkBGsj+bY9iLAeE8xRy8/E1WTu21Wn5iyA1olbkCoUaPr212AYkzSiQhOOleq7TqK9DEvNCKfzyiBVNMFkgke0b6jAEVVetkg+RxdGGaIwluYJjRbq740MR0rNosBM5jnVqpeL/3n9VId3XsZEkmoqyPJQmHKkY5TXgIZMUqL5zBBMJDNZERljiYk2ZVVMCe7ql9dJ57rm3tScp3q1cV/UUYYzOIdLcOEWGvAITWgDgSk8wyu8WZn1Yr1bH8vRklXsnMIfWJ8/I0+TVg==</latexit>

Tn,k

<latexit sha1_base64="zuL4mLrd7j5RrCL+RzWRmoqewDg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuiHoMevEYMS9I1jA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJI1M47RD+lA8j5n1FjpofZ41i2W3LI7A1kmXkZKkKHaLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/7KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaN87J3WXbvL0qVmyyOPBzBMZyCB1dQgTuoQh0YDOAZXuHNEc6L8+58zFtzTjZzCH/gfP4Ayk6NeQ==</latexit>

T ⇤

flat                  connection
<latexit sha1_base64="vhZozPbtaerVKcMmsPUy6om1JTU=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0Wom5LEWuuu2IUuXFSwD2hDmUwn7dDJJMxMCiX0T9y4UMStf+LOv3HSRlDRAwOHc+7lnjlexKhUlvVh5FZW19Y38puFre2d3T1z/6Atw1hg0sIhC0XXQ5IwyklLUcVINxIEBR4jHW/SSP3OlAhJQ36vZhFxAzTi1KcYKS0NTLN5fTvgpX6A1NjzYON0YBat8mW1Uqs40CpbC2jinFXPHRvamVIEGZoD870/DHEcEK4wQ1L2bCtSboKEopiReaEfSxIhPEEj0tOUo4BIN1kkn8MTrQyhHwr9uIIL9ftGggIpZ4GnJ9OE8reXin95vVj5NTehPIoV4Xh5yI8ZVCFMa4BDKghWbKYJwoLqrBCPkUBY6bIKuoSvn8L/Sdsp29WydVcp1q+yOvLgCByDErDBBaiDG9AELYDBFDyAJ/BsJMaj8WK8LkdzRrZzCH7AePsEIp2Ssg==</latexit>

PGLn(C)



VOA's, two ways

     realization of 
<latexit sha1_base64="AsrYErXuUOb2VOIt4gW/K+ytmTM=">AAACAHicdVDLSgNBEJz1bXxFPXjwMhgET8tsEvNABNGLJ1EwJpBdwuxkYobMPpjpFcOyF3/FiwdFvPoZ3vwbJzGCihY0FFXddHf5sRQaCHm3pqZnZufmFxZzS8srq2v59Y0rHSWK8QaLZKRaPtVcipA3QIDkrVhxGviSN/3Bychv3nClRRRewjDmXkCvQ9ETjIKROvktF/gtpKVu5h64AYU+oxKfHRY7+QKxSaVeLZUwsZ162XEcQ0r7pFgrYscmYxTQBOed/JvbjVgS8BCYpFq3HRKDl1IFgkme5dxE85iyAb3mbUNDGnDtpeMHMrxrlC7uRcpUCHisfp9IaaD1MPBN5+hG/dsbiX957QR6NS8VYZwAD9nnol4iMUR4lAbuCsUZyKEhlClhbsWsTxVlYDLLmRC+PsX/k6ui7VRsclEuHB1P4lhA22gH7SEHVdEROkXnqIEYytA9ekRP1p31YD1bL5+tU9ZkZhP9gPX6AULwljE=</latexit>

3d N = 2
<latexit sha1_base64="HJOMxqb4Az10VsOZGZD59bUNcmQ=">AAAB+HicdVBNSwMxEM3W7/rRVY9egkXwIEu2rdreRC8eFa0V2qVk07QNzWaXZFasS3+JFw+KePWnePPfmNYKKvpg4PHeDDPzwkQKA4S8O7mZ2bn5hcWl/PLK6lrBXd+4MnGqGa+zWMb6OqSGS6F4HQRIfp1oTqNQ8kY4OBn7jRuujYjVJQwTHkS0p0RXMApWaruFFvBbyE4uRu1M7Q1GbbdIPHJQOyyXMfH8WsX3fUvK+6RULWHfIxMU0RRnbfet1YlZGnEFTFJjmj5JIMioBsEkH+VbqeEJZQPa401LFY24CbLJ4SO8Y5UO7sbalgI8Ub9PZDQyZhiFtjOi0De/vbH4l9dMoVsNMqGSFLhin4u6qcQQ43EKuCM0ZyCHllCmhb0Vsz7VlIHNKm9D+PoU/0+uSp5/4JHzSvHoeBrHItpC22gX+egQHaFTdIbqiKEU3aNH9OTcOQ/Os/Py2ZpzpjOb6Aec1w9hb5OS</latexit>

CSn,k

a pair of holomorphic boundary conditions supporting
:

<latexit sha1_base64="N/4rbPQCDlUXCcnxovnJfhuRynM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7uGT3aH75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6qXq3q3l9W6jd5HEU4gVM4Bw+uoA530IAmMBjDM7zCm5M4L86787FoLTj5zDH8gfP5A55Gj8E=</latexit>

9 VOA's
<latexit sha1_base64="VSCyf6i25/jKu1375dXGrjRw3nk=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL8EiVISSiKjHohePFewHtDFstpt26WYTdjdCCfHiX/HiQRGv/gtv/hs3bQ5afTDweG+GmXl+zKhUtv1llBYWl5ZXyquVtfWNzS1ze6cto0Rg0sIRi0TXR5IwyklLUcVINxYEhT4jHX98lfudeyIkjfitmsTEDdGQ04BipLTkmXvtu3R8zLNaP0RqFAg0TiXLPH7kmVW7bk9h/SVOQapQoOmZn/1BhJOQcIUZkrLn2LFyUyQUxYxklX4iSYzwGA1JT1OOQiLddPpBZh1qZWAFkdDFlTVVf06kKJRyEvq6M79Tznu5+J/XS1Rw4aaUx4kiHM8WBQmzVGTlcVgDKghWbKIJwoLqWy08QgJhpUOr6BCc+Zf/kvZJ3Tmr2zen1cZlEUcZ9uEAauDAOTTgGprQAgwP8AQv8Go8Gs/Gm/E+ay0Zxcwu/ILx8Q2DnJbv</latexit>

V k+n(sln)
<latexit sha1_base64="NpJokWGFpr7kqSrYIEM2E8FA2tw=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL8EiVISSiKjHohePFewHtDFstpt2yWYTdjdCCfHiX/HiQRGv/gtv/hs3bQ9afTDweG+GmXl+wqhUtv1llBYWl5ZXyquVtfWNzS1ze6ct41Rg0sIxi0XXR5IwyklLUcVINxEERT4jHT+8KvzOPRGSxvxWjRPiRmjIaUAxUlryzL32XRYe87zWj5AaBQKFmWS5Fx55ZtWu2xNYf4kzI1WYoemZn/1BjNOIcIUZkrLn2IlyMyQUxYzklX4qSYJwiIakpylHEZFuNvkgtw61MrCCWOjiypqoPycyFEk5jnzdWdwp571C/M/rpSq4cDPKk1QRjqeLgpRZKraKOKwBFQQrNtYEYUH1rRYeIYGw0qFVdAjO/Mt/Sfuk7pzV7ZvTauNyFkcZ9uEAauDAOTTgGprQAgwP8AQv8Go8Gs/Gm/E+bS0Zs5ld+AXj4xt/DZbs</latexit>

V k+n(slk)

<latexit sha1_base64="inAe4IwxebVPhms1MHDKbpDZ1tc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIqMuiUFxWsA9oYplMJ+3QySTM3IglZuGvuHGhiFt/w51/4/Sx0NYDFw7n3Mu99wSJ4Boc59taWFxaXlktrBXXNza3tu2d3YaOU0VZncYiVq2AaCa4ZHXgIFgrUYxEgWDNYHA18pv3TGkey1sYJsyPSE/ykFMCRurY+x6wB8iq1fwu82LgEdNYDvKOXXLKzhh4nrhTUkJT1Dr2l9eNaRoxCVQQrduuk4CfEQWcCpYXvVSzhNAB6bG2oZKYRX42vj/HR0bp4jBWpiTgsfp7IiOR1sMoMJ0Rgb6e9Ubif147hfDCz7hMUmCSThaFqcAQ41EYuMsVoyCGhhCquLkV0z5RhIKJrGhCcGdfnieNk7J7VnZuTkuVy2kcBXSADtExctE5qqBrVEN1RNEjekav6M16sl6sd+tj0rpgTWf20B9Ynz+Gx5Zt</latexit>

FF⌦nk

<latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit>,! <latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit> ,!

mutual commutants (cosets) <latexit sha1_base64="/6M45Q8ldYTqSDRLQd+LsdxuhAU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjLqtF0W3bisYB/QDiWTybShmWRMMkIZ+hNuXCji1t9x59+YPgQVPXDhcM693HtPmHKmDUIfTmFldW19o7hZ2tre2d0r7x+0tcwUoS0iuVTdEGvKmaAtwwyn3VRRnIScdsLx1czv3FOlmRS3ZpLSIMFDwWJGsLFSt88pjrSRg3IFucj3qvVziNxz5FeRZ0kNeb5fh56L5qiAJZqD8ns/kiRLqDCEY617HkpNkGNlGOF0WupnmqaYjPGQ9iwVOKE6yOf3TuGJVSIYS2VLGDhXv0/kONF6koS2M8FmpH97M/Evr5eZuB7kTKSZoYIsFsUZh0bC2fMwYooSwyeWYKKYvRWSEVaYGBtRyYbw9Sn8n7TPXK/qopuLSuNyGUcRHIFjcAo8UAMNcA2aoAUI4OABPIFn5855dF6c10VrwVnOHIIfcN4+AZVdkFc=</latexit> level-rank duality [Nakanishi-Tsuchiya '92]



VOA's, two ways

     realization of 
<latexit sha1_base64="AsrYErXuUOb2VOIt4gW/K+ytmTM=">AAACAHicdVDLSgNBEJz1bXxFPXjwMhgET8tsEvNABNGLJ1EwJpBdwuxkYobMPpjpFcOyF3/FiwdFvPoZ3vwbJzGCihY0FFXddHf5sRQaCHm3pqZnZufmFxZzS8srq2v59Y0rHSWK8QaLZKRaPtVcipA3QIDkrVhxGviSN/3Bychv3nClRRRewjDmXkCvQ9ETjIKROvktF/gtpKVu5h64AYU+oxKfHRY7+QKxSaVeLZUwsZ162XEcQ0r7pFgrYscmYxTQBOed/JvbjVgS8BCYpFq3HRKDl1IFgkme5dxE85iyAb3mbUNDGnDtpeMHMrxrlC7uRcpUCHisfp9IaaD1MPBN5+hG/dsbiX957QR6NS8VYZwAD9nnol4iMUR4lAbuCsUZyKEhlClhbsWsTxVlYDLLmRC+PsX/k6ui7VRsclEuHB1P4lhA22gH7SEHVdEROkXnqIEYytA9ekRP1p31YD1bL5+tU9ZkZhP9gPX6AULwljE=</latexit>

3d N = 2
<latexit sha1_base64="HJOMxqb4Az10VsOZGZD59bUNcmQ=">AAAB+HicdVBNSwMxEM3W7/rRVY9egkXwIEu2rdreRC8eFa0V2qVk07QNzWaXZFasS3+JFw+KePWnePPfmNYKKvpg4PHeDDPzwkQKA4S8O7mZ2bn5hcWl/PLK6lrBXd+4MnGqGa+zWMb6OqSGS6F4HQRIfp1oTqNQ8kY4OBn7jRuujYjVJQwTHkS0p0RXMApWaruFFvBbyE4uRu1M7Q1GbbdIPHJQOyyXMfH8WsX3fUvK+6RULWHfIxMU0RRnbfet1YlZGnEFTFJjmj5JIMioBsEkH+VbqeEJZQPa401LFY24CbLJ4SO8Y5UO7sbalgI8Ub9PZDQyZhiFtjOi0De/vbH4l9dMoVsNMqGSFLhin4u6qcQQ43EKuCM0ZyCHllCmhb0Vsz7VlIHNKm9D+PoU/0+uSp5/4JHzSvHoeBrHItpC22gX+egQHaFTdIbqiKEU3aNH9OTcOQ/Os/Py2ZpzpjOb6Aec1w9hb5OS</latexit>

CSn,k

a pair of holomorphic boundary conditions supporting
:

<latexit sha1_base64="N/4rbPQCDlUXCcnxovnJfhuRynM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7uGT3aH75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6qXq3q3l9W6jd5HEU4gVM4Bw+uoA530IAmMBjDM7zCm5M4L86787FoLTj5zDH8gfP5A55Gj8E=</latexit>

9 VOA's
<latexit sha1_base64="VSCyf6i25/jKu1375dXGrjRw3nk=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL8EiVISSiKjHohePFewHtDFstpt26WYTdjdCCfHiX/HiQRGv/gtv/hs3bQ5afTDweG+GmXl+zKhUtv1llBYWl5ZXyquVtfWNzS1ze6cto0Rg0sIRi0TXR5IwyklLUcVINxYEhT4jHX98lfudeyIkjfitmsTEDdGQ04BipLTkmXvtu3R8zLNaP0RqFAg0TiXLPH7kmVW7bk9h/SVOQapQoOmZn/1BhJOQcIUZkrLn2LFyUyQUxYxklX4iSYzwGA1JT1OOQiLddPpBZh1qZWAFkdDFlTVVf06kKJRyEvq6M79Tznu5+J/XS1Rw4aaUx4kiHM8WBQmzVGTlcVgDKghWbKIJwoLqWy08QgJhpUOr6BCc+Zf/kvZJ3Tmr2zen1cZlEUcZ9uEAauDAOTTgGprQAgwP8AQv8Go8Gs/Gm/E+ay0Zxcwu/ILx8Q2DnJbv</latexit>

V k+n(sln)
<latexit sha1_base64="NpJokWGFpr7kqSrYIEM2E8FA2tw=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL8EiVISSiKjHohePFewHtDFstpt2yWYTdjdCCfHiX/HiQRGv/gtv/hs3bQ9afTDweG+GmXl+wqhUtv1llBYWl5ZXyquVtfWNzS1ze6ct41Rg0sIxi0XXR5IwyklLUcVINxEERT4jHT+8KvzOPRGSxvxWjRPiRmjIaUAxUlryzL32XRYe87zWj5AaBQKFmWS5Fx55ZtWu2xNYf4kzI1WYoemZn/1BjNOIcIUZkrLn2IlyMyQUxYzklX4qSYJwiIakpylHEZFuNvkgtw61MrCCWOjiypqoPycyFEk5jnzdWdwp571C/M/rpSq4cDPKk1QRjqeLgpRZKraKOKwBFQQrNtYEYUH1rRYeIYGw0qFVdAjO/Mt/Sfuk7pzV7ZvTauNyFkcZ9uEAauDAOTTgGprQAgwP8AQv8Go8Gs/Gm/E+bS0Zs5ld+AXj4xt/DZbs</latexit>

V k+n(slk)

<latexit sha1_base64="inAe4IwxebVPhms1MHDKbpDZ1tc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIqMuiUFxWsA9oYplMJ+3QySTM3IglZuGvuHGhiFt/w51/4/Sx0NYDFw7n3Mu99wSJ4Boc59taWFxaXlktrBXXNza3tu2d3YaOU0VZncYiVq2AaCa4ZHXgIFgrUYxEgWDNYHA18pv3TGkey1sYJsyPSE/ykFMCRurY+x6wB8iq1fwu82LgEdNYDvKOXXLKzhh4nrhTUkJT1Dr2l9eNaRoxCVQQrduuk4CfEQWcCpYXvVSzhNAB6bG2oZKYRX42vj/HR0bp4jBWpiTgsfp7IiOR1sMoMJ0Rgb6e9Ubif147hfDCz7hMUmCSThaFqcAQ41EYuMsVoyCGhhCquLkV0z5RhIKJrGhCcGdfnieNk7J7VnZuTkuVy2kcBXSADtExctE5qqBrVEN1RNEjekav6M16sl6sd+tj0rpgTWf20B9Ynz+Gx5Zt</latexit>

FF⌦nk

<latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit>,! <latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit> ,!

mutual commutants (cosets) <latexit sha1_base64="/6M45Q8ldYTqSDRLQd+LsdxuhAU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjLqtF0W3bisYB/QDiWTybShmWRMMkIZ+hNuXCji1t9x59+YPgQVPXDhcM693HtPmHKmDUIfTmFldW19o7hZ2tre2d0r7x+0tcwUoS0iuVTdEGvKmaAtwwyn3VRRnIScdsLx1czv3FOlmRS3ZpLSIMFDwWJGsLFSt88pjrSRg3IFucj3qvVziNxz5FeRZ0kNeb5fh56L5qiAJZqD8ns/kiRLqDCEY617HkpNkGNlGOF0WupnmqaYjPGQ9iwVOKE6yOf3TuGJVSIYS2VLGDhXv0/kONF6koS2M8FmpH97M/Evr5eZuB7kTKSZoYIsFsUZh0bC2fMwYooSwyeWYKKYvRWSEVaYGBtRyYbw9Sn8n7TPXK/qopuLSuNyGUcRHIFjcAo8UAMNcA2aoAUI4OABPIFn5855dF6c10VrwVnOHIIfcN4+AZVdkFc=</latexit> level-rank duality [Nakanishi-Tsuchiya '92]
<latexit sha1_base64="QUrKkpbIkxHdW0umP5oPxo07OvU=">AAAB+3icdVDLSgMxFM3UV62vWpdugkVwIUOmrX3sqm5cVuhDaMeSSdM2NJMZkoxYhv6KGxeKuPVH3Pk3ZtoKKnogcDjnXu7J8ULOlEbow0qtrK6tb6Q3M1vbO7t72f1cWwWRJLRFAh7IGw8rypmgLc00pzehpNj3OO14k8vE79xRqVggmnoaUtfHI8GGjGBtpH421/OxHhPMYbMfi9PJ7Pa8n80jG5VrlWIRItuplRzHMaR4hgrVAnRsNEceLNHoZ997g4BEPhWacKxU10GhdmMsNSOczjK9SNEQkwke0a6hAvtUufE8+wweG2UAh4E0T2g4V79vxNhXaup7ZjJJqn57ifiX1430sOrGTISRpoIsDg0jDnUAkyLggElKNJ8agolkJiskYywx0aaujCnh66fwf9Iu2E7ZRtelfP1iWUcaHIIjcAIcUAF1cAUaoAUIuAcP4Ak8WzPr0XqxXhejKWu5cwB+wHr7BMlrlEo=</latexit>

T A
n,k : same phenomenon arises!



VOA's, two ways

     realization of 
<latexit sha1_base64="AsrYErXuUOb2VOIt4gW/K+ytmTM=">AAACAHicdVDLSgNBEJz1bXxFPXjwMhgET8tsEvNABNGLJ1EwJpBdwuxkYobMPpjpFcOyF3/FiwdFvPoZ3vwbJzGCihY0FFXddHf5sRQaCHm3pqZnZufmFxZzS8srq2v59Y0rHSWK8QaLZKRaPtVcipA3QIDkrVhxGviSN/3Bychv3nClRRRewjDmXkCvQ9ETjIKROvktF/gtpKVu5h64AYU+oxKfHRY7+QKxSaVeLZUwsZ162XEcQ0r7pFgrYscmYxTQBOed/JvbjVgS8BCYpFq3HRKDl1IFgkme5dxE85iyAb3mbUNDGnDtpeMHMrxrlC7uRcpUCHisfp9IaaD1MPBN5+hG/dsbiX957QR6NS8VYZwAD9nnol4iMUR4lAbuCsUZyKEhlClhbsWsTxVlYDLLmRC+PsX/k6ui7VRsclEuHB1P4lhA22gH7SEHVdEROkXnqIEYytA9ekRP1p31YD1bL5+tU9ZkZhP9gPX6AULwljE=</latexit>

3d N = 2
<latexit sha1_base64="HJOMxqb4Az10VsOZGZD59bUNcmQ=">AAAB+HicdVBNSwMxEM3W7/rRVY9egkXwIEu2rdreRC8eFa0V2qVk07QNzWaXZFasS3+JFw+KePWnePPfmNYKKvpg4PHeDDPzwkQKA4S8O7mZ2bn5hcWl/PLK6lrBXd+4MnGqGa+zWMb6OqSGS6F4HQRIfp1oTqNQ8kY4OBn7jRuujYjVJQwTHkS0p0RXMApWaruFFvBbyE4uRu1M7Q1GbbdIPHJQOyyXMfH8WsX3fUvK+6RULWHfIxMU0RRnbfet1YlZGnEFTFJjmj5JIMioBsEkH+VbqeEJZQPa401LFY24CbLJ4SO8Y5UO7sbalgI8Ub9PZDQyZhiFtjOi0De/vbH4l9dMoVsNMqGSFLhin4u6qcQQ43EKuCM0ZyCHllCmhb0Vsz7VlIHNKm9D+PoU/0+uSp5/4JHzSvHoeBrHItpC22gX+egQHaFTdIbqiKEU3aNH9OTcOQ/Os/Py2ZpzpjOb6Aec1w9hb5OS</latexit>

CSn,k

a pair of holomorphic boundary conditions supporting
:

<latexit sha1_base64="N/4rbPQCDlUXCcnxovnJfhuRynM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7uGT3aH75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6qXq3q3l9W6jd5HEU4gVM4Bw+uoA530IAmMBjDM7zCm5M4L86787FoLTj5zDH8gfP5A55Gj8E=</latexit>

9 VOA's
<latexit sha1_base64="VSCyf6i25/jKu1375dXGrjRw3nk=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL8EiVISSiKjHohePFewHtDFstpt26WYTdjdCCfHiX/HiQRGv/gtv/hs3bQ5afTDweG+GmXl+zKhUtv1llBYWl5ZXyquVtfWNzS1ze6cto0Rg0sIRi0TXR5IwyklLUcVINxYEhT4jHX98lfudeyIkjfitmsTEDdGQ04BipLTkmXvtu3R8zLNaP0RqFAg0TiXLPH7kmVW7bk9h/SVOQapQoOmZn/1BhJOQcIUZkrLn2LFyUyQUxYxklX4iSYzwGA1JT1OOQiLddPpBZh1qZWAFkdDFlTVVf06kKJRyEvq6M79Tznu5+J/XS1Rw4aaUx4kiHM8WBQmzVGTlcVgDKghWbKIJwoLqWy08QgJhpUOr6BCc+Zf/kvZJ3Tmr2zen1cZlEUcZ9uEAauDAOTTgGprQAgwP8AQv8Go8Gs/Gm/E+ay0Zxcwu/ILx8Q2DnJbv</latexit>

V k+n(sln)
<latexit sha1_base64="NpJokWGFpr7kqSrYIEM2E8FA2tw=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL8EiVISSiKjHohePFewHtDFstpt2yWYTdjdCCfHiX/HiQRGv/gtv/hs3bQ9afTDweG+GmXl+wqhUtv1llBYWl5ZXyquVtfWNzS1ze6ct41Rg0sIxi0XXR5IwyklLUcVINxEERT4jHT+8KvzOPRGSxvxWjRPiRmjIaUAxUlryzL32XRYe87zWj5AaBQKFmWS5Fx55ZtWu2xNYf4kzI1WYoemZn/1BjNOIcIUZkrLn2IlyMyQUxYzklX4qSYJwiIakpylHEZFuNvkgtw61MrCCWOjiypqoPycyFEk5jnzdWdwp571C/M/rpSq4cDPKk1QRjqeLgpRZKraKOKwBFQQrNtYEYUH1rRYeIYGw0qFVdAjO/Mt/Sfuk7pzV7ZvTauNyFkcZ9uEAauDAOTTgGprQAgwP8AQv8Go8Gs/Gm/E+bS0Zs5ld+AXj4xt/DZbs</latexit>

V k+n(slk)

<latexit sha1_base64="inAe4IwxebVPhms1MHDKbpDZ1tc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIqMuiUFxWsA9oYplMJ+3QySTM3IglZuGvuHGhiFt/w51/4/Sx0NYDFw7n3Mu99wSJ4Boc59taWFxaXlktrBXXNza3tu2d3YaOU0VZncYiVq2AaCa4ZHXgIFgrUYxEgWDNYHA18pv3TGkey1sYJsyPSE/ykFMCRurY+x6wB8iq1fwu82LgEdNYDvKOXXLKzhh4nrhTUkJT1Dr2l9eNaRoxCVQQrduuk4CfEQWcCpYXvVSzhNAB6bG2oZKYRX42vj/HR0bp4jBWpiTgsfp7IiOR1sMoMJ0Rgb6e9Ubif147hfDCz7hMUmCSThaFqcAQ41EYuMsVoyCGhhCquLkV0z5RhIKJrGhCcGdfnieNk7J7VnZuTkuVy2kcBXSADtExctE5qqBrVEN1RNEjekav6M16sl6sd+tj0rpgTWf20B9Ynz+Gx5Zt</latexit>

FF⌦nk

<latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit>,! <latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit> ,!

mutual commutants (cosets) <latexit sha1_base64="/6M45Q8ldYTqSDRLQd+LsdxuhAU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjLqtF0W3bisYB/QDiWTybShmWRMMkIZ+hNuXCji1t9x59+YPgQVPXDhcM693HtPmHKmDUIfTmFldW19o7hZ2tre2d0r7x+0tcwUoS0iuVTdEGvKmaAtwwyn3VRRnIScdsLx1czv3FOlmRS3ZpLSIMFDwWJGsLFSt88pjrSRg3IFucj3qvVziNxz5FeRZ0kNeb5fh56L5qiAJZqD8ns/kiRLqDCEY617HkpNkGNlGOF0WupnmqaYjPGQ9iwVOKE6yOf3TuGJVSIYS2VLGDhXv0/kONF6koS2M8FmpH97M/Evr5eZuB7kTKSZoYIsFsUZh0bC2fMwYooSwyeWYKKYvRWSEVaYGBtRyYbw9Sn8n7TPXK/qopuLSuNyGUcRHIFjcAo8UAMNcA2aoAUI4OABPIFn5855dF6c10VrwVnOHIIfcN4+AZVdkFc=</latexit> level-rank duality [Nakanishi-Tsuchiya '92]
<latexit sha1_base64="QUrKkpbIkxHdW0umP5oPxo07OvU=">AAAB+3icdVDLSgMxFM3UV62vWpdugkVwIUOmrX3sqm5cVuhDaMeSSdM2NJMZkoxYhv6KGxeKuPVH3Pk3ZtoKKnogcDjnXu7J8ULOlEbow0qtrK6tb6Q3M1vbO7t72f1cWwWRJLRFAh7IGw8rypmgLc00pzehpNj3OO14k8vE79xRqVggmnoaUtfHI8GGjGBtpH421/OxHhPMYbMfi9PJ7Pa8n80jG5VrlWIRItuplRzHMaR4hgrVAnRsNEceLNHoZ997g4BEPhWacKxU10GhdmMsNSOczjK9SNEQkwke0a6hAvtUufE8+wweG2UAh4E0T2g4V79vxNhXaup7ZjJJqn57ifiX1430sOrGTISRpoIsDg0jDnUAkyLggElKNJ8agolkJiskYywx0aaujCnh66fwf9Iu2E7ZRtelfP1iWUcaHIIjcAIcUAF1cAUaoAUIuAcP4Ak8WzPr0XqxXhejKWu5cwB+wHr7BMlrlEo=</latexit>

T A
n,k : same phenomenon arises!

<latexit sha1_base64="IS3JcZ22jWFJLWQXZwPDkL5rDx4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkIioi6LblxWsA9oQ5hMJ+3QySTMTAol9E/cuFDErX/izr9x0mahrQcGDufcyz1zwpQzpV3326qsrW9sblW3azu7e/sH9uFRWyWZJLRFEp7IbogV5UzQlmaa024qKY5DTjvh+L7wOxMqFUvEk56m1I/xULCIEayNFNh2P8Z6RDBH7SAXF+NZYNddx50DrRKvJHUo0Qzsr/4gIVlMhSYcK9Xz3FT7OZaaEU5ntX6maIrJGA9pz1CBY6r8fJ58hs6MMkBRIs0TGs3V3xs5jpWaxqGZLHKqZa8Q//N6mY5u/ZyJNNNUkMWhKONIJ6ioAQ2YpETzqSGYSGayIjLCEhNtyqqZErzlL6+S9qXjXTvu41W9cVfWUYUTOIVz8OAGGvAATWgBgQk8wyu8Wbn1Yr1bH4vRilXuHMMfWJ8/JmOTWA==</latexit>Vn,k
<latexit sha1_base64="dQXjhrhhnXj32bxHXHtGNbsw8r0=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUlE1GVREJcV+oI2hMl00g6ZTMLMRCghSzf+ihsXirj1E9z5N07SLLT1wMCZc+7l3nu8mFGpLOvbWFpeWV1br2xUN7e2d3bNvf2ujBKBSQdHLBJ9D0nCKCcdRRUj/VgQFHqM9LzgJvd7D0RIGvG2msbECdGYU59ipLTkmkfDEKkJRiy9bWduUC++vkBBKlnm8lPXrFkNqwBcJHZJaqBEyzW/hqMIJyHhCjMk5cC2YuWkSCiKGcmqw0SSGOEAjclAU45CIp20OCSDJ1oZQT8S+nEFC/V3R4pCKaehpyvzPeW8l4v/eYNE+VdOSnmcKMLxbJCfMKgimKcCR1QQrNhUE4QF1btCPEECYaWzq+oQ7PmTF0n3rGFfNKz781rzuoyjAg7BMagDG1yCJrgDLdABGDyCZ/AK3own48V4Nz5mpUtG2XMA/sD4/AE0dJoX</latexit>

FT k(sln)

<latexit sha1_base64="inAe4IwxebVPhms1MHDKbpDZ1tc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIqMuiUFxWsA9oYplMJ+3QySTM3IglZuGvuHGhiFt/w51/4/Sx0NYDFw7n3Mu99wSJ4Boc59taWFxaXlktrBXXNza3tu2d3YaOU0VZncYiVq2AaCa4ZHXgIFgrUYxEgWDNYHA18pv3TGkey1sYJsyPSE/ykFMCRurY+x6wB8iq1fwu82LgEdNYDvKOXXLKzhh4nrhTUkJT1Dr2l9eNaRoxCVQQrduuk4CfEQWcCpYXvVSzhNAB6bG2oZKYRX42vj/HR0bp4jBWpiTgsfp7IiOR1sMoMJ0Rgb6e9Ubif147hfDCz7hMUmCSThaFqcAQ41EYuMsVoyCGhhCquLkV0z5RhIKJrGhCcGdfnieNk7J7VnZuTkuVy2kcBXSADtExctE5qqBrVEN1RNEjekav6M16sl6sd+tj0rpgTWf20B9Ynz+Gx5Zt</latexit>

FF⌦nk

<latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit>,! <latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit> ,!
[Feigin-Tipunin '10]

Conjecture:



VOA's, two ways

     realization of 
<latexit sha1_base64="AsrYErXuUOb2VOIt4gW/K+ytmTM=">AAACAHicdVDLSgNBEJz1bXxFPXjwMhgET8tsEvNABNGLJ1EwJpBdwuxkYobMPpjpFcOyF3/FiwdFvPoZ3vwbJzGCihY0FFXddHf5sRQaCHm3pqZnZufmFxZzS8srq2v59Y0rHSWK8QaLZKRaPtVcipA3QIDkrVhxGviSN/3Bychv3nClRRRewjDmXkCvQ9ETjIKROvktF/gtpKVu5h64AYU+oxKfHRY7+QKxSaVeLZUwsZ162XEcQ0r7pFgrYscmYxTQBOed/JvbjVgS8BCYpFq3HRKDl1IFgkme5dxE85iyAb3mbUNDGnDtpeMHMrxrlC7uRcpUCHisfp9IaaD1MPBN5+hG/dsbiX957QR6NS8VYZwAD9nnol4iMUR4lAbuCsUZyKEhlClhbsWsTxVlYDLLmRC+PsX/k6ui7VRsclEuHB1P4lhA22gH7SEHVdEROkXnqIEYytA9ekRP1p31YD1bL5+tU9ZkZhP9gPX6AULwljE=</latexit>

3d N = 2
<latexit sha1_base64="HJOMxqb4Az10VsOZGZD59bUNcmQ=">AAAB+HicdVBNSwMxEM3W7/rRVY9egkXwIEu2rdreRC8eFa0V2qVk07QNzWaXZFasS3+JFw+KePWnePPfmNYKKvpg4PHeDDPzwkQKA4S8O7mZ2bn5hcWl/PLK6lrBXd+4MnGqGa+zWMb6OqSGS6F4HQRIfp1oTqNQ8kY4OBn7jRuujYjVJQwTHkS0p0RXMApWaruFFvBbyE4uRu1M7Q1GbbdIPHJQOyyXMfH8WsX3fUvK+6RULWHfIxMU0RRnbfet1YlZGnEFTFJjmj5JIMioBsEkH+VbqeEJZQPa401LFY24CbLJ4SO8Y5UO7sbalgI8Ub9PZDQyZhiFtjOi0De/vbH4l9dMoVsNMqGSFLhin4u6qcQQ43EKuCM0ZyCHllCmhb0Vsz7VlIHNKm9D+PoU/0+uSp5/4JHzSvHoeBrHItpC22gX+egQHaFTdIbqiKEU3aNH9OTcOQ/Os/Py2ZpzpjOb6Aec1w9hb5OS</latexit>

CSn,k

a pair of holomorphic boundary conditions supporting
:

<latexit sha1_base64="N/4rbPQCDlUXCcnxovnJfhuRynM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7uGT3aH75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6qXq3q3l9W6jd5HEU4gVM4Bw+uoA530IAmMBjDM7zCm5M4L86787FoLTj5zDH8gfP5A55Gj8E=</latexit>

9 VOA's
<latexit sha1_base64="VSCyf6i25/jKu1375dXGrjRw3nk=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL8EiVISSiKjHohePFewHtDFstpt26WYTdjdCCfHiX/HiQRGv/gtv/hs3bQ5afTDweG+GmXl+zKhUtv1llBYWl5ZXyquVtfWNzS1ze6cto0Rg0sIRi0TXR5IwyklLUcVINxYEhT4jHX98lfudeyIkjfitmsTEDdGQ04BipLTkmXvtu3R8zLNaP0RqFAg0TiXLPH7kmVW7bk9h/SVOQapQoOmZn/1BhJOQcIUZkrLn2LFyUyQUxYxklX4iSYzwGA1JT1OOQiLddPpBZh1qZWAFkdDFlTVVf06kKJRyEvq6M79Tznu5+J/XS1Rw4aaUx4kiHM8WBQmzVGTlcVgDKghWbKIJwoLqWy08QgJhpUOr6BCc+Zf/kvZJ3Tmr2zen1cZlEUcZ9uEAauDAOTTgGprQAgwP8AQv8Go8Gs/Gm/E+ay0Zxcwu/ILx8Q2DnJbv</latexit>

V k+n(sln)
<latexit sha1_base64="NpJokWGFpr7kqSrYIEM2E8FA2tw=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL8EiVISSiKjHohePFewHtDFstpt2yWYTdjdCCfHiX/HiQRGv/gtv/hs3bQ9afTDweG+GmXl+wqhUtv1llBYWl5ZXyquVtfWNzS1ze6ct41Rg0sIxi0XXR5IwyklLUcVINxEERT4jHT+8KvzOPRGSxvxWjRPiRmjIaUAxUlryzL32XRYe87zWj5AaBQKFmWS5Fx55ZtWu2xNYf4kzI1WYoemZn/1BjNOIcIUZkrLn2IlyMyQUxYzklX4qSYJwiIakpylHEZFuNvkgtw61MrCCWOjiypqoPycyFEk5jnzdWdwp571C/M/rpSq4cDPKk1QRjqeLgpRZKraKOKwBFQQrNtYEYUH1rRYeIYGw0qFVdAjO/Mt/Sfuk7pzV7ZvTauNyFkcZ9uEAauDAOTTgGprQAgwP8AQv8Go8Gs/Gm/E+bS0Zs5ld+AXj4xt/DZbs</latexit>

V k+n(slk)

<latexit sha1_base64="inAe4IwxebVPhms1MHDKbpDZ1tc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIqMuiUFxWsA9oYplMJ+3QySTM3IglZuGvuHGhiFt/w51/4/Sx0NYDFw7n3Mu99wSJ4Boc59taWFxaXlktrBXXNza3tu2d3YaOU0VZncYiVq2AaCa4ZHXgIFgrUYxEgWDNYHA18pv3TGkey1sYJsyPSE/ykFMCRurY+x6wB8iq1fwu82LgEdNYDvKOXXLKzhh4nrhTUkJT1Dr2l9eNaRoxCVQQrduuk4CfEQWcCpYXvVSzhNAB6bG2oZKYRX42vj/HR0bp4jBWpiTgsfp7IiOR1sMoMJ0Rgb6e9Ubif147hfDCz7hMUmCSThaFqcAQ41EYuMsVoyCGhhCquLkV0z5RhIKJrGhCcGdfnieNk7J7VnZuTkuVy2kcBXSADtExctE5qqBrVEN1RNEjekav6M16sl6sd+tj0rpgTWf20B9Ynz+Gx5Zt</latexit>

FF⌦nk

<latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit>,! <latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit> ,!

mutual commutants (cosets) <latexit sha1_base64="/6M45Q8ldYTqSDRLQd+LsdxuhAU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjLqtF0W3bisYB/QDiWTybShmWRMMkIZ+hNuXCji1t9x59+YPgQVPXDhcM693HtPmHKmDUIfTmFldW19o7hZ2tre2d0r7x+0tcwUoS0iuVTdEGvKmaAtwwyn3VRRnIScdsLx1czv3FOlmRS3ZpLSIMFDwWJGsLFSt88pjrSRg3IFucj3qvVziNxz5FeRZ0kNeb5fh56L5qiAJZqD8ns/kiRLqDCEY617HkpNkGNlGOF0WupnmqaYjPGQ9iwVOKE6yOf3TuGJVSIYS2VLGDhXv0/kONF6koS2M8FmpH97M/Evr5eZuB7kTKSZoYIsFsUZh0bC2fMwYooSwyeWYKKYvRWSEVaYGBtRyYbw9Sn8n7TPXK/qopuLSuNyGUcRHIFjcAo8UAMNcA2aoAUI4OABPIFn5855dF6c10VrwVnOHIIfcN4+AZVdkFc=</latexit> level-rank duality [Nakanishi-Tsuchiya '92]
<latexit sha1_base64="QUrKkpbIkxHdW0umP5oPxo07OvU=">AAAB+3icdVDLSgMxFM3UV62vWpdugkVwIUOmrX3sqm5cVuhDaMeSSdM2NJMZkoxYhv6KGxeKuPVH3Pk3ZtoKKnogcDjnXu7J8ULOlEbow0qtrK6tb6Q3M1vbO7t72f1cWwWRJLRFAh7IGw8rypmgLc00pzehpNj3OO14k8vE79xRqVggmnoaUtfHI8GGjGBtpH421/OxHhPMYbMfi9PJ7Pa8n80jG5VrlWIRItuplRzHMaR4hgrVAnRsNEceLNHoZ997g4BEPhWacKxU10GhdmMsNSOczjK9SNEQkwke0a6hAvtUufE8+wweG2UAh4E0T2g4V79vxNhXaup7ZjJJqn57ifiX1430sOrGTISRpoIsDg0jDnUAkyLggElKNJ8agolkJiskYywx0aaujCnh66fwf9Iu2E7ZRtelfP1iWUcaHIIjcAIcUAF1cAUaoAUIuAcP4Ak8WzPr0XqxXhejKWu5cwB+wHr7BMlrlEo=</latexit>

T A
n,k : same phenomenon arises!

<latexit sha1_base64="IS3JcZ22jWFJLWQXZwPDkL5rDx4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkIioi6LblxWsA9oQ5hMJ+3QySTMTAol9E/cuFDErX/izr9x0mahrQcGDufcyz1zwpQzpV3326qsrW9sblW3azu7e/sH9uFRWyWZJLRFEp7IbogV5UzQlmaa024qKY5DTjvh+L7wOxMqFUvEk56m1I/xULCIEayNFNh2P8Z6RDBH7SAXF+NZYNddx50DrRKvJHUo0Qzsr/4gIVlMhSYcK9Xz3FT7OZaaEU5ntX6maIrJGA9pz1CBY6r8fJ58hs6MMkBRIs0TGs3V3xs5jpWaxqGZLHKqZa8Q//N6mY5u/ZyJNNNUkMWhKONIJ6ioAQ2YpETzqSGYSGayIjLCEhNtyqqZErzlL6+S9qXjXTvu41W9cVfWUYUTOIVz8OAGGvAATWgBgQk8wyu8Wbn1Yr1bH4vRilXuHMMfWJ8/JmOTWA==</latexit>Vn,k
<latexit sha1_base64="dQXjhrhhnXj32bxHXHtGNbsw8r0=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUlE1GVREJcV+oI2hMl00g6ZTMLMRCghSzf+ihsXirj1E9z5N07SLLT1wMCZc+7l3nu8mFGpLOvbWFpeWV1br2xUN7e2d3bNvf2ujBKBSQdHLBJ9D0nCKCcdRRUj/VgQFHqM9LzgJvd7D0RIGvG2msbECdGYU59ipLTkmkfDEKkJRiy9bWduUC++vkBBKlnm8lPXrFkNqwBcJHZJaqBEyzW/hqMIJyHhCjMk5cC2YuWkSCiKGcmqw0SSGOEAjclAU45CIp20OCSDJ1oZQT8S+nEFC/V3R4pCKaehpyvzPeW8l4v/eYNE+VdOSnmcKMLxbJCfMKgimKcCR1QQrNhUE4QF1btCPEECYaWzq+oQ7PmTF0n3rGFfNKz781rzuoyjAg7BMagDG1yCJrgDLdABGDyCZ/AK3own48V4Nz5mpUtG2XMA/sD4/AE0dJoX</latexit>

FT k(sln)

<latexit sha1_base64="inAe4IwxebVPhms1MHDKbpDZ1tc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIqMuiUFxWsA9oYplMJ+3QySTM3IglZuGvuHGhiFt/w51/4/Sx0NYDFw7n3Mu99wSJ4Boc59taWFxaXlktrBXXNza3tu2d3YaOU0VZncYiVq2AaCa4ZHXgIFgrUYxEgWDNYHA18pv3TGkey1sYJsyPSE/ykFMCRurY+x6wB8iq1fwu82LgEdNYDvKOXXLKzhh4nrhTUkJT1Dr2l9eNaRoxCVQQrduuk4CfEQWcCpYXvVSzhNAB6bG2oZKYRX42vj/HR0bp4jBWpiTgsfp7IiOR1sMoMJ0Rgb6e9Ubif147hfDCz7hMUmCSThaFqcAQ41EYuMsVoyCGhhCquLkV0z5RhIKJrGhCcGdfnieNk7J7VnZuTkuVy2kcBXSADtExctE5qqBrVEN1RNEjekav6M16sl6sd+tj0rpgTWf20B9Ynz+Gx5Zt</latexit>

FF⌦nk

<latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit>,! <latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit> ,!
[Feigin-Tipunin '10]

<latexit sha1_base64="dQXjhrhhnXj32bxHXHtGNbsw8r0=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUlE1GVREJcV+oI2hMl00g6ZTMLMRCghSzf+ihsXirj1E9z5N07SLLT1wMCZc+7l3nu8mFGpLOvbWFpeWV1br2xUN7e2d3bNvf2ujBKBSQdHLBJ9D0nCKCcdRRUj/VgQFHqM9LzgJvd7D0RIGvG2msbECdGYU59ipLTkmkfDEKkJRiy9bWduUC++vkBBKlnm8lPXrFkNqwBcJHZJaqBEyzW/hqMIJyHhCjMk5cC2YuWkSCiKGcmqw0SSGOEAjclAU45CIp20OCSDJ1oZQT8S+nEFC/V3R4pCKaehpyvzPeW8l4v/eYNE+VdOSnmcKMLxbJCfMKgimKcCR1QQrNhUE4QF1btCPEECYaWzq+oQ7PmTF0n3rGFfNKz781rzuoyjAg7BMagDG1yCJrgDLdABGDyCZ/AK3own48V4Nz5mpUtG2XMA/sD4/AE0dJoX</latexit>

FT k(sln)
<latexit sha1_base64="2bsp1S1JsZWKVizGKYNpw63lF6o=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURUY9FLx4r2A9IQ9lsNu3S3WzYnYgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuhsQwwRPWAg6CdVPNiAwF64Sj26nfeWTacJU8wDhlgSSDhMecErCS3wP2BPmZVNGkX625dXcGvEy8gtRQgWa/+tWLFM0kS4AKYozvuSkEOdHAqWCTSi8zLCV0RAbMtzQhkpkgn508wSdWiXCstK0E8Ez9PZETacxYhrZTEhiaRW8q/uf5GcTXQc6TNAOW0PmiOBMYFJ7+jyOuGQUxtoRQze2tmA6JJhRsShUbgrf48jJpn9e9y7p7f1Fr3BRxlNEROkanyENXqIHuUBO1EEUKPaNX9OaA8+K8Ox/z1pJTzByiP3A+fwCVSZFz</latexit>

-mod
<latexit sha1_base64="q4maABHCbHKRbgFU1IIwyetIptc=">AAACD3icbVA9SwNBEN3z2/gVtbRZDIoWhjsRtRRtLBVMIuTCsbeZ0yW7e5fdOTEc+Qc2/hUbC0Vsbe38N25iCr8eDDzem2FmXpxJYdH3P7yx8YnJqemZ2dLc/MLiUnl5pW7T3HCo8VSm5jJmFqTQUEOBEi4zA0zFEhpx52TgN27AWJHqC+xl0FLsSotEcIZOisqboRUKujSPuluhYnidGNYprIx0fztEuMViR6XtflSu+FV/CPqXBCNSISOcReX3sJ3yXIFGLpm1zcDPsFUwg4JL6JfC3ELGeIddQdNRzRTYVjH8p083nNKmSWpcaaRD9ftEwZS1PRW7zsHJ9rc3EP/zmjkmh61C6CxH0PxrUZJLiikdhEPbwgBH2XOEcSPcrZRfM8M4ughLLoTg98t/SX23GuxX/fO9ytHxKI4ZskbWyRYJyAE5IqfkjNQIJ3fkgTyRZ+/ee/RevNev1jFvNLNKfsB7+wTdSZ0x</latexit>

' uq(sln)-mod
<latexit sha1_base64="XuABWrt+lvVFjAFHwzeqIXfP1lM=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVERN0IxW5cVrAPaEKYTCft0JlJnJkIJWTjr7hxoYhbP8Odf+OkzUJbD1w4nHMv994TJowq7Tjf1tLyyuraemWjurm1vbNr7+13VJxKTNo4ZrHshUgRRgVpa6oZ6SWSIB4y0g3HzcLvPhKpaCzu9SQhPkdDQSOKkTZSYB96inLyAD2O9AgjBptBNrx288CuOXVnCrhI3JLUQIlWYH95gxinnAiNGVKq7zqJ9jMkNcWM5FUvVSRBeIyGpG+oQJwoP5s+kMMTowxgFEtTQsOp+nsiQ1ypCQ9NZ3GnmvcK8T+vn+roys+oSFJNBJ4tilIGdQyLNOCASoI1mxiCsKTmVohHSCKsTWZVE4I7//Ii6ZzV3Yu6c3dea9yUcVTAETgGp8AFl6ABbkELtAEGOXgGr+DNerJerHfrY9a6ZJUzB+APrM8f6a6V9g==</latexit>

' Cg=1reminder:
[Feigin-Gainutdinov-Semikhatov-Tipunin '05, '06] [Nagatomo-Tsuchiya '09]

[Creutzig-Yang-McRae '20]  ...

want

Conjecture:



VOA's, two ways
<latexit sha1_base64="QUrKkpbIkxHdW0umP5oPxo07OvU=">AAAB+3icdVDLSgMxFM3UV62vWpdugkVwIUOmrX3sqm5cVuhDaMeSSdM2NJMZkoxYhv6KGxeKuPVH3Pk3ZtoKKnogcDjnXu7J8ULOlEbow0qtrK6tb6Q3M1vbO7t72f1cWwWRJLRFAh7IGw8rypmgLc00pzehpNj3OO14k8vE79xRqVggmnoaUtfHI8GGjGBtpH421/OxHhPMYbMfi9PJ7Pa8n80jG5VrlWIRItuplRzHMaR4hgrVAnRsNEceLNHoZ997g4BEPhWacKxU10GhdmMsNSOczjK9SNEQkwke0a6hAvtUufE8+wweG2UAh4E0T2g4V79vxNhXaup7ZjJJqn57ifiX1430sOrGTISRpoIsDg0jDnUAkyLggElKNJ8agolkJiskYywx0aaujCnh66fwf9Iu2E7ZRtelfP1iWUcaHIIjcAIcUAF1cAUaoAUIuAcP4Ak8WzPr0XqxXhejKWu5cwB+wHr7BMlrlEo=</latexit>

T A
n,k :

<latexit sha1_base64="IS3JcZ22jWFJLWQXZwPDkL5rDx4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkIioi6LblxWsA9oQ5hMJ+3QySTMTAol9E/cuFDErX/izr9x0mahrQcGDufcyz1zwpQzpV3326qsrW9sblW3azu7e/sH9uFRWyWZJLRFEp7IbogV5UzQlmaa024qKY5DTjvh+L7wOxMqFUvEk56m1I/xULCIEayNFNh2P8Z6RDBH7SAXF+NZYNddx50DrRKvJHUo0Qzsr/4gIVlMhSYcK9Xz3FT7OZaaEU5ntX6maIrJGA9pz1CBY6r8fJ58hs6MMkBRIs0TGs3V3xs5jpWaxqGZLHKqZa8Q//N6mY5u/ZyJNNNUkMWhKONIJ6ioAQ2YpETzqSGYSGayIjLCEhNtyqqZErzlL6+S9qXjXTvu41W9cVfWUYUTOIVz8OAGGvAATWgBgQk8wyu8Wbn1Yr1bH4vRilXuHMMfWJ8/JmOTWA==</latexit>Vn,k
<latexit sha1_base64="dQXjhrhhnXj32bxHXHtGNbsw8r0=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUlE1GVREJcV+oI2hMl00g6ZTMLMRCghSzf+ihsXirj1E9z5N07SLLT1wMCZc+7l3nu8mFGpLOvbWFpeWV1br2xUN7e2d3bNvf2ujBKBSQdHLBJ9D0nCKCcdRRUj/VgQFHqM9LzgJvd7D0RIGvG2msbECdGYU59ipLTkmkfDEKkJRiy9bWduUC++vkBBKlnm8lPXrFkNqwBcJHZJaqBEyzW/hqMIJyHhCjMk5cC2YuWkSCiKGcmqw0SSGOEAjclAU45CIp20OCSDJ1oZQT8S+nEFC/V3R4pCKaehpyvzPeW8l4v/eYNE+VdOSnmcKMLxbJCfMKgimKcCR1QQrNhUE4QF1btCPEECYaWzq+oQ7PmTF0n3rGFfNKz781rzuoyjAg7BMagDG1yCJrgDLdABGDyCZ/AK3own48V4Nz5mpUtG2XMA/sD4/AE0dJoX</latexit>

FT k(sln)

<latexit sha1_base64="inAe4IwxebVPhms1MHDKbpDZ1tc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIqMuiUFxWsA9oYplMJ+3QySTM3IglZuGvuHGhiFt/w51/4/Sx0NYDFw7n3Mu99wSJ4Boc59taWFxaXlktrBXXNza3tu2d3YaOU0VZncYiVq2AaCa4ZHXgIFgrUYxEgWDNYHA18pv3TGkey1sYJsyPSE/ykFMCRurY+x6wB8iq1fwu82LgEdNYDvKOXXLKzhh4nrhTUkJT1Dr2l9eNaRoxCVQQrduuk4CfEQWcCpYXvVSzhNAB6bG2oZKYRX42vj/HR0bp4jBWpiTgsfp7IiOR1sMoMJ0Rgb6e9Ubif147hfDCz7hMUmCSThaFqcAQ41EYuMsVoyCGhhCquLkV0z5RhIKJrGhCcGdfnieNk7J7VnZuTkuVy2kcBXSADtExctE5qqBrVEN1RNEjekav6M16sl6sd+tj0rpgTWf20B9Ynz+Gx5Zt</latexit>

FF⌦nk

<latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit>,! <latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit> ,!

•          is derived directly from         quiver (+BV action)
<latexit sha1_base64="IS3JcZ22jWFJLWQXZwPDkL5rDx4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkIioi6LblxWsA9oQ5hMJ+3QySTMTAol9E/cuFDErX/izr9x0mahrQcGDufcyz1zwpQzpV3326qsrW9sblW3azu7e/sH9uFRWyWZJLRFEp7IbogV5UzQlmaa024qKY5DTjvh+L7wOxMqFUvEk56m1I/xULCIEayNFNh2P8Z6RDBH7SAXF+NZYNddx50DrRKvJHUo0Qzsr/4gIVlMhSYcK9Xz3FT7OZaaEU5ntX6maIrJGA9pz1CBY6r8fJ58hs6MMkBRIs0TGs3V3xs5jpWaxqGZLHKqZa8Q//N6mY5u/ZyJNNNUkMWhKONIJ6ioAQ2YpETzqSGYSGayIjLCEhNtyqqZErzlL6+S9qXjXTvu41W9cVfWUYUTOIVz8OAGGvAATWgBgQk8wyu8Wbn1Yr1bH4vRilXuHMMfWJ8/JmOTWA==</latexit>Vn,k

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

[Costello-Gaiotto '18] [TD-Costello-Gaiotto '20]



VOA's, two ways
<latexit sha1_base64="QUrKkpbIkxHdW0umP5oPxo07OvU=">AAAB+3icdVDLSgMxFM3UV62vWpdugkVwIUOmrX3sqm5cVuhDaMeSSdM2NJMZkoxYhv6KGxeKuPVH3Pk3ZtoKKnogcDjnXu7J8ULOlEbow0qtrK6tb6Q3M1vbO7t72f1cWwWRJLRFAh7IGw8rypmgLc00pzehpNj3OO14k8vE79xRqVggmnoaUtfHI8GGjGBtpH421/OxHhPMYbMfi9PJ7Pa8n80jG5VrlWIRItuplRzHMaR4hgrVAnRsNEceLNHoZ997g4BEPhWacKxU10GhdmMsNSOczjK9SNEQkwke0a6hAvtUufE8+wweG2UAh4E0T2g4V79vxNhXaup7ZjJJqn57ifiX1430sOrGTISRpoIsDg0jDnUAkyLggElKNJ8agolkJiskYywx0aaujCnh66fwf9Iu2E7ZRtelfP1iWUcaHIIjcAIcUAF1cAUaoAUIuAcP4Ak8WzPr0XqxXhejKWu5cwB+wHr7BMlrlEo=</latexit>

T A
n,k :

<latexit sha1_base64="IS3JcZ22jWFJLWQXZwPDkL5rDx4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkIioi6LblxWsA9oQ5hMJ+3QySTMTAol9E/cuFDErX/izr9x0mahrQcGDufcyz1zwpQzpV3326qsrW9sblW3azu7e/sH9uFRWyWZJLRFEp7IbogV5UzQlmaa024qKY5DTjvh+L7wOxMqFUvEk56m1I/xULCIEayNFNh2P8Z6RDBH7SAXF+NZYNddx50DrRKvJHUo0Qzsr/4gIVlMhSYcK9Xz3FT7OZaaEU5ntX6maIrJGA9pz1CBY6r8fJ58hs6MMkBRIs0TGs3V3xs5jpWaxqGZLHKqZa8Q//N6mY5u/ZyJNNNUkMWhKONIJ6ioAQ2YpETzqSGYSGayIjLCEhNtyqqZErzlL6+S9qXjXTvu41W9cVfWUYUTOIVz8OAGGvAATWgBgQk8wyu8Wbn1Yr1bH4vRilXuHMMfWJ8/JmOTWA==</latexit>Vn,k
<latexit sha1_base64="dQXjhrhhnXj32bxHXHtGNbsw8r0=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUlE1GVREJcV+oI2hMl00g6ZTMLMRCghSzf+ihsXirj1E9z5N07SLLT1wMCZc+7l3nu8mFGpLOvbWFpeWV1br2xUN7e2d3bNvf2ujBKBSQdHLBJ9D0nCKCcdRRUj/VgQFHqM9LzgJvd7D0RIGvG2msbECdGYU59ipLTkmkfDEKkJRiy9bWduUC++vkBBKlnm8lPXrFkNqwBcJHZJaqBEyzW/hqMIJyHhCjMk5cC2YuWkSCiKGcmqw0SSGOEAjclAU45CIp20OCSDJ1oZQT8S+nEFC/V3R4pCKaehpyvzPeW8l4v/eYNE+VdOSnmcKMLxbJCfMKgimKcCR1QQrNhUE4QF1btCPEECYaWzq+oQ7PmTF0n3rGFfNKz781rzuoyjAg7BMagDG1yCJrgDLdABGDyCZ/AK3own48V4Nz5mpUtG2XMA/sD4/AE0dJoX</latexit>

FT k(sln)

<latexit sha1_base64="inAe4IwxebVPhms1MHDKbpDZ1tc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIqMuiUFxWsA9oYplMJ+3QySTM3IglZuGvuHGhiFt/w51/4/Sx0NYDFw7n3Mu99wSJ4Boc59taWFxaXlktrBXXNza3tu2d3YaOU0VZncYiVq2AaCa4ZHXgIFgrUYxEgWDNYHA18pv3TGkey1sYJsyPSE/ykFMCRurY+x6wB8iq1fwu82LgEdNYDvKOXXLKzhh4nrhTUkJT1Dr2l9eNaRoxCVQQrduuk4CfEQWcCpYXvVSzhNAB6bG2oZKYRX42vj/HR0bp4jBWpiTgsfp7IiOR1sMoMJ0Rgb6e9Ubif147hfDCz7hMUmCSThaFqcAQ41EYuMsVoyCGhhCquLkV0z5RhIKJrGhCcGdfnieNk7J7VnZuTkuVy2kcBXSADtExctE5qqBrVEN1RNEjekav6M16sl6sd+tj0rpgTWf20B9Ynz+Gx5Zt</latexit>

FF⌦nk

<latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit>,! <latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit> ,!

•          is derived directly from         quiver (+BV action)
<latexit sha1_base64="IS3JcZ22jWFJLWQXZwPDkL5rDx4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkIioi6LblxWsA9oQ5hMJ+3QySTMTAol9E/cuFDErX/izr9x0mahrQcGDufcyz1zwpQzpV3326qsrW9sblW3azu7e/sH9uFRWyWZJLRFEp7IbogV5UzQlmaa024qKY5DTjvh+L7wOxMqFUvEk56m1I/xULCIEayNFNh2P8Z6RDBH7SAXF+NZYNddx50DrRKvJHUo0Qzsr/4gIVlMhSYcK9Xz3FT7OZaaEU5ntX6maIrJGA9pz1CBY6r8fJ58hs6MMkBRIs0TGs3V3xs5jpWaxqGZLHKqZa8Q//N6mY5u/ZyJNNNUkMWhKONIJ6ioAQ2YpETzqSGYSGayIjLCEhNtyqqZErzlL6+S9qXjXTvu41W9cVfWUYUTOIVz8OAGGvAATWgBgQk8wyu8Wbn1Yr1bH4vRilXuHMMfWJ8/JmOTWA==</latexit>Vn,k

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

[Costello-Gaiotto '18] [TD-Costello-Gaiotto '20]

<latexit sha1_base64="IS3JcZ22jWFJLWQXZwPDkL5rDx4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkIioi6LblxWsA9oQ5hMJ+3QySTMTAol9E/cuFDErX/izr9x0mahrQcGDufcyz1zwpQzpV3326qsrW9sblW3azu7e/sH9uFRWyWZJLRFEp7IbogV5UzQlmaa024qKY5DTjvh+L7wOxMqFUvEk56m1I/xULCIEayNFNh2P8Z6RDBH7SAXF+NZYNddx50DrRKvJHUo0Qzsr/4gIVlMhSYcK9Xz3FT7OZaaEU5ntX6maIrJGA9pz1CBY6r8fJ58hs6MMkBRIs0TGs3V3xs5jpWaxqGZLHKqZa8Q//N6mY5u/ZyJNNNUkMWhKONIJ6ioAQ2YpETzqSGYSGayIjLCEhNtyqqZErzlL6+S9qXjXTvu41W9cVfWUYUTOIVz8OAGGvAATWgBgQk8wyu8Wbn1Yr1bH4vRilXuHMMfWJ8/JmOTWA==</latexit>Vn,k

<latexit sha1_base64="4UC3XVP2LRnpLymRdVUB1nFNcs4="></latexit>⇣
A[sln]⌦ FF⌦n(k�1)

⌘.
V k(sln)

<latexit sha1_base64="0NFzwpnR+onKaVNbB3uaXI3ultc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEVASh6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0OqDgcd7M8zMCxLBtXHdL6ewtLyyulZcL21sbm3vlHf3mjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7i+veuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2aXTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14YWfcZmkBiWbLwpTQUxMpm+TPlfIjBhbQpni9lbChlRRZmw4JRuCt/jyX9I8qXpnVffutFK7zuMowgEcwjF4cA41uIU6NIBBCE/wAq/OyHl23pz3eWvByWf24Recj28LiI0K</latexit>:=

limit of "Langlands kernel" VOA [Creutzig-Gaiotto '17]

<latexit sha1_base64="822x6dB6MYZO5fI/YBoGDrE3ZxU="></latexit>

' (�� ⌦ FF)[V ]
��

BRST

gl1 ⇥ · · ·⇥ gln�1
<latexit sha1_base64="sjN9zYC4s1YO+0JIXfrVgXNSEZM=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KomIuqy6cVnBPiANYTKdtEMnkzAzEUqov+LGhSJu/RB3/o2TNgttPTBwOOde7pkTppwp7Tjf1srq2vrGZmWrur2zu7dvHxx2VJJJQtsk4YnshVhRzgRta6Y57aWS4jjktBuObwu/+0ilYol40JOU+jEeChYxgrWRArt27fVjrEeRxONc8UBMfRTYdafhzICWiVuSOpRoBfZXf5CQLKZCE46V8lwn1X6OpWaE02m1nymaYjLGQ+oZKnBMlZ/Pwk/RiVEGKEqkeUKjmfp7I8exUpM4NJNFULXoFeJ/npfp6MrPmUgzTQWZH4oyjnSCiibQgElKNJ8YgolkJisiIywx0aavqinBXfzyMumcNdyLhnN/Xm/elHVU4AiO4RRcuIQm3EEL2kBgAs/wCm/Wk/VivVsf89EVq9ypwR9Ynz+/CZTV</latexit>

A[sln]

<latexit sha1_base64="JM2h1Cw4YWasho/ZTEEyi3mpcnM="></latexit>

A[sl2] ' psu(2|2)1



VOA's, two ways
<latexit sha1_base64="QUrKkpbIkxHdW0umP5oPxo07OvU=">AAAB+3icdVDLSgMxFM3UV62vWpdugkVwIUOmrX3sqm5cVuhDaMeSSdM2NJMZkoxYhv6KGxeKuPVH3Pk3ZtoKKnogcDjnXu7J8ULOlEbow0qtrK6tb6Q3M1vbO7t72f1cWwWRJLRFAh7IGw8rypmgLc00pzehpNj3OO14k8vE79xRqVggmnoaUtfHI8GGjGBtpH421/OxHhPMYbMfi9PJ7Pa8n80jG5VrlWIRItuplRzHMaR4hgrVAnRsNEceLNHoZ997g4BEPhWacKxU10GhdmMsNSOczjK9SNEQkwke0a6hAvtUufE8+wweG2UAh4E0T2g4V79vxNhXaup7ZjJJqn57ifiX1430sOrGTISRpoIsDg0jDnUAkyLggElKNJ8agolkJiskYywx0aaujCnh66fwf9Iu2E7ZRtelfP1iWUcaHIIjcAIcUAF1cAUaoAUIuAcP4Ak8WzPr0XqxXhejKWu5cwB+wHr7BMlrlEo=</latexit>

T A
n,k :

<latexit sha1_base64="IS3JcZ22jWFJLWQXZwPDkL5rDx4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkIioi6LblxWsA9oQ5hMJ+3QySTMTAol9E/cuFDErX/izr9x0mahrQcGDufcyz1zwpQzpV3326qsrW9sblW3azu7e/sH9uFRWyWZJLRFEp7IbogV5UzQlmaa024qKY5DTjvh+L7wOxMqFUvEk56m1I/xULCIEayNFNh2P8Z6RDBH7SAXF+NZYNddx50DrRKvJHUo0Qzsr/4gIVlMhSYcK9Xz3FT7OZaaEU5ntX6maIrJGA9pz1CBY6r8fJ58hs6MMkBRIs0TGs3V3xs5jpWaxqGZLHKqZa8Q//N6mY5u/ZyJNNNUkMWhKONIJ6ioAQ2YpETzqSGYSGayIjLCEhNtyqqZErzlL6+S9qXjXTvu41W9cVfWUYUTOIVz8OAGGvAATWgBgQk8wyu8Wbn1Yr1bH4vRilXuHMMfWJ8/JmOTWA==</latexit>Vn,k
<latexit sha1_base64="dQXjhrhhnXj32bxHXHtGNbsw8r0=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUlE1GVREJcV+oI2hMl00g6ZTMLMRCghSzf+ihsXirj1E9z5N07SLLT1wMCZc+7l3nu8mFGpLOvbWFpeWV1br2xUN7e2d3bNvf2ujBKBSQdHLBJ9D0nCKCcdRRUj/VgQFHqM9LzgJvd7D0RIGvG2msbECdGYU59ipLTkmkfDEKkJRiy9bWduUC++vkBBKlnm8lPXrFkNqwBcJHZJaqBEyzW/hqMIJyHhCjMk5cC2YuWkSCiKGcmqw0SSGOEAjclAU45CIp20OCSDJ1oZQT8S+nEFC/V3R4pCKaehpyvzPeW8l4v/eYNE+VdOSnmcKMLxbJCfMKgimKcCR1QQrNhUE4QF1btCPEECYaWzq+oQ7PmTF0n3rGFfNKz781rzuoyjAg7BMagDG1yCJrgDLdABGDyCZ/AK3own48V4Nz5mpUtG2XMA/sD4/AE0dJoX</latexit>

FT k(sln)
<latexit sha1_base64="inAe4IwxebVPhms1MHDKbpDZ1tc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIqMuiUFxWsA9oYplMJ+3QySTM3IglZuGvuHGhiFt/w51/4/Sx0NYDFw7n3Mu99wSJ4Boc59taWFxaXlktrBXXNza3tu2d3YaOU0VZncYiVq2AaCa4ZHXgIFgrUYxEgWDNYHA18pv3TGkey1sYJsyPSE/ykFMCRurY+x6wB8iq1fwu82LgEdNYDvKOXXLKzhh4nrhTUkJT1Dr2l9eNaRoxCVQQrduuk4CfEQWcCpYXvVSzhNAB6bG2oZKYRX42vj/HR0bp4jBWpiTgsfp7IiOR1sMoMJ0Rgb6e9Ubif147hfDCz7hMUmCSThaFqcAQ41EYuMsVoyCGhhCquLkV0z5RhIKJrGhCcGdfnieNk7J7VnZuTkuVy2kcBXSADtExctE5qqBrVEN1RNEjekav6M16sl6sd+tj0rpgTWf20B9Ynz+Gx5Zt</latexit>

FF⌦nk<latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit>

,! <latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit>

,!

•          is derived directly from         quiver (+BV action)
<latexit sha1_base64="IS3JcZ22jWFJLWQXZwPDkL5rDx4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkIioi6LblxWsA9oQ5hMJ+3QySTMTAol9E/cuFDErX/izr9x0mahrQcGDufcyz1zwpQzpV3326qsrW9sblW3azu7e/sH9uFRWyWZJLRFEp7IbogV5UzQlmaa024qKY5DTjvh+L7wOxMqFUvEk56m1I/xULCIEayNFNh2P8Z6RDBH7SAXF+NZYNddx50DrRKvJHUo0Qzsr/4gIVlMhSYcK9Xz3FT7OZaaEU5ntX6maIrJGA9pz1CBY6r8fJ58hs6MMkBRIs0TGs3V3xs5jpWaxqGZLHKqZa8Q//N6mY5u/ZyJNNNUkMWhKONIJ6ioAQ2YpETzqSGYSGayIjLCEhNtyqqZErzlL6+S9qXjXTvu41W9cVfWUYUTOIVz8OAGGvAATWgBgQk8wyu8Wbn1Yr1bH4vRilXuHMMfWJ8/JmOTWA==</latexit>Vn,k

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="IS3JcZ22jWFJLWQXZwPDkL5rDx4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkIioi6LblxWsA9oQ5hMJ+3QySTMTAol9E/cuFDErX/izr9x0mahrQcGDufcyz1zwpQzpV3326qsrW9sblW3azu7e/sH9uFRWyWZJLRFEp7IbogV5UzQlmaa024qKY5DTjvh+L7wOxMqFUvEk56m1I/xULCIEayNFNh2P8Z6RDBH7SAXF+NZYNddx50DrRKvJHUo0Qzsr/4gIVlMhSYcK9Xz3FT7OZaaEU5ntX6maIrJGA9pz1CBY6r8fJ58hs6MMkBRIs0TGs3V3xs5jpWaxqGZLHKqZa8Q//N6mY5u/ZyJNNNUkMWhKONIJ6ioAQ2YpETzqSGYSGayIjLCEhNtyqqZErzlL6+S9qXjXTvu41W9cVfWUYUTOIVz8OAGGvAATWgBgQk8wyu8Wbn1Yr1bH4vRilXuHMMfWJ8/JmOTWA==</latexit>Vn,k

<latexit sha1_base64="4UC3XVP2LRnpLymRdVUB1nFNcs4="></latexit>⇣
A[sln]⌦ FF⌦n(k�1)

⌘.
V k(sln)

<latexit sha1_base64="0NFzwpnR+onKaVNbB3uaXI3ultc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEVASh6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0OqDgcd7M8zMCxLBtXHdL6ewtLyyulZcL21sbm3vlHf3mjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7i+veuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2aXTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14YWfcZmkBiWbLwpTQUxMpm+TPlfIjBhbQpni9lbChlRRZmw4JRuCt/jyX9I8qXpnVffutFK7zuMowgEcwjF4cA41uIU6NIBBCE/wAq/OyHl23pz3eWvByWf24Recj28LiI0K</latexit>:=

•                  is derived more readily from S-dual 4d sandwich
<latexit sha1_base64="dQXjhrhhnXj32bxHXHtGNbsw8r0=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUlE1GVREJcV+oI2hMl00g6ZTMLMRCghSzf+ihsXirj1E9z5N07SLLT1wMCZc+7l3nu8mFGpLOvbWFpeWV1br2xUN7e2d3bNvf2ujBKBSQdHLBJ9D0nCKCcdRRUj/VgQFHqM9LzgJvd7D0RIGvG2msbECdGYU59ipLTkmkfDEKkJRiy9bWduUC++vkBBKlnm8lPXrFkNqwBcJHZJaqBEyzW/hqMIJyHhCjMk5cC2YuWkSCiKGcmqw0SSGOEAjclAU45CIp20OCSDJ1oZQT8S+nEFC/V3R4pCKaehpyvzPeW8l4v/eYNE+VdOSnmcKMLxbJCfMKgimKcCR1QQrNhUE4QF1btCPEECYaWzq+oQ7PmTF0n3rGFfNKz781rzuoyjAg7BMagDG1yCJrgDLdABGDyCZ/AK3own48V4Nz5mpUtG2XMA/sD4/AE0dJoX</latexit>

FT k(sln)

collision of corner VOA's

<latexit sha1_base64="e3IJIAq4gie0CGp+HKua7zKfFZo=">AAAB8HicdVDJSgNBEO1xjXGLevTSGARPQ08wi7egF48RzCKZMfR0apImPQvdPYEQ8hVePCji1c/x5t/YSUZQ0QcFj/eqqKrnJ4IrTciHtbK6tr6xmdvKb+/s7u0XDg5bKk4lgyaLRSw7PlUgeARNzbWATiKBhr6Atj+6mvvtMUjF4+hWTxLwQjqIeMAZ1Ua6cxuK37tjgF6hSOyyU6teEExssoAhJVKplR3sZEoRZWj0Cu9uP2ZpCJFmgirVdUiivSmVmjMBs7ybKkgoG9EBdA2NaAjKmy4OnuFTo/RxEEtTkcYL9fvElIZKTULfdIZUD9Vvby7+5XVTHdS8KY+SVEPElouCVGAd4/n3uM8lMC0mhlAmubkVsyGVlGmTUd6E8PUp/p+0SrZTscnNebF+mcWRQ8foBJ0hB1VRHV2jBmoihkL0gJ7QsyWtR+vFel22rljZzBH6AevtEwP5kI8=</latexit>

 _
<latexit sha1_base64="Tgz3eyZQrFmQnd6WZkqFSJ+mRN4=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgaLUDchfdjHrujGZQX7gCaWyXTSDp1MwsxEKKEbf8WNC0Xc+hnu/BunaQUVPXDhcM693HuPFzEqlW1/GJmV1bX1jexmbmt7Z3fP3D/oyDAWmLRxyELR85AkjHLSVlQx0osEQYHHSNebXM797h0Rkob8Rk0j4gZoxKlPMVJaGphH3VunNaYFJ0Bq7As0SSSbDfjZwMzbVqNSK9fL0LZKpVq9kpJqqX7egEXLTpEHS7QG5rszDHEcEK4wQ1L2i3ak3AQJRTEjs5wTSxIhPEEj0teUo4BIN0kfmMFTrQyhHwpdXMFU/T6RoEDKaeDpzvmd8rc3F//y+rHy625CeRQrwvFikR8zqEI4TwMOqSBYsakmCAuqb4V4jATCSmeW0yF8fQr/J52SVaxa9nUl37xYxpEFx+AEFEAR1EATXIEWaAMMZuABPIFn4954NF6M10VrxljOHIIfMN4+ARm9lsM=</latexit>

W�(sln)
<latexit sha1_base64="ZH2OK+rslV00GX1XlsND/7f+wfE="></latexit>

V  
_
(sln)

[Creutzig-Gaiotto'17][Gaiotto-Rapcak '17]
cf. [Frenkel-Gaiotto '18] [Feigin-Gukov '18]



VOA's, two ways
<latexit sha1_base64="QUrKkpbIkxHdW0umP5oPxo07OvU=">AAAB+3icdVDLSgMxFM3UV62vWpdugkVwIUOmrX3sqm5cVuhDaMeSSdM2NJMZkoxYhv6KGxeKuPVH3Pk3ZtoKKnogcDjnXu7J8ULOlEbow0qtrK6tb6Q3M1vbO7t72f1cWwWRJLRFAh7IGw8rypmgLc00pzehpNj3OO14k8vE79xRqVggmnoaUtfHI8GGjGBtpH421/OxHhPMYbMfi9PJ7Pa8n80jG5VrlWIRItuplRzHMaR4hgrVAnRsNEceLNHoZ997g4BEPhWacKxU10GhdmMsNSOczjK9SNEQkwke0a6hAvtUufE8+wweG2UAh4E0T2g4V79vxNhXaup7ZjJJqn57ifiX1430sOrGTISRpoIsDg0jDnUAkyLggElKNJ8agolkJiskYywx0aaujCnh66fwf9Iu2E7ZRtelfP1iWUcaHIIjcAIcUAF1cAUaoAUIuAcP4Ak8WzPr0XqxXhejKWu5cwB+wHr7BMlrlEo=</latexit>

T A
n,k :

<latexit sha1_base64="IS3JcZ22jWFJLWQXZwPDkL5rDx4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkIioi6LblxWsA9oQ5hMJ+3QySTMTAol9E/cuFDErX/izr9x0mahrQcGDufcyz1zwpQzpV3326qsrW9sblW3azu7e/sH9uFRWyWZJLRFEp7IbogV5UzQlmaa024qKY5DTjvh+L7wOxMqFUvEk56m1I/xULCIEayNFNh2P8Z6RDBH7SAXF+NZYNddx50DrRKvJHUo0Qzsr/4gIVlMhSYcK9Xz3FT7OZaaEU5ntX6maIrJGA9pz1CBY6r8fJ58hs6MMkBRIs0TGs3V3xs5jpWaxqGZLHKqZa8Q//N6mY5u/ZyJNNNUkMWhKONIJ6ioAQ2YpETzqSGYSGayIjLCEhNtyqqZErzlL6+S9qXjXTvu41W9cVfWUYUTOIVz8OAGGvAATWgBgQk8wyu8Wbn1Yr1bH4vRilXuHMMfWJ8/JmOTWA==</latexit>Vn,k
<latexit sha1_base64="dQXjhrhhnXj32bxHXHtGNbsw8r0=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUlE1GVREJcV+oI2hMl00g6ZTMLMRCghSzf+ihsXirj1E9z5N07SLLT1wMCZc+7l3nu8mFGpLOvbWFpeWV1br2xUN7e2d3bNvf2ujBKBSQdHLBJ9D0nCKCcdRRUj/VgQFHqM9LzgJvd7D0RIGvG2msbECdGYU59ipLTkmkfDEKkJRiy9bWduUC++vkBBKlnm8lPXrFkNqwBcJHZJaqBEyzW/hqMIJyHhCjMk5cC2YuWkSCiKGcmqw0SSGOEAjclAU45CIp20OCSDJ1oZQT8S+nEFC/V3R4pCKaehpyvzPeW8l4v/eYNE+VdOSnmcKMLxbJCfMKgimKcCR1QQrNhUE4QF1btCPEECYaWzq+oQ7PmTF0n3rGFfNKz781rzuoyjAg7BMagDG1yCJrgDLdABGDyCZ/AK3own48V4Nz5mpUtG2XMA/sD4/AE0dJoX</latexit>

FT k(sln)
<latexit sha1_base64="inAe4IwxebVPhms1MHDKbpDZ1tc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIqMuiUFxWsA9oYplMJ+3QySTM3IglZuGvuHGhiFt/w51/4/Sx0NYDFw7n3Mu99wSJ4Boc59taWFxaXlktrBXXNza3tu2d3YaOU0VZncYiVq2AaCa4ZHXgIFgrUYxEgWDNYHA18pv3TGkey1sYJsyPSE/ykFMCRurY+x6wB8iq1fwu82LgEdNYDvKOXXLKzhh4nrhTUkJT1Dr2l9eNaRoxCVQQrduuk4CfEQWcCpYXvVSzhNAB6bG2oZKYRX42vj/HR0bp4jBWpiTgsfp7IiOR1sMoMJ0Rgb6e9Ubif147hfDCz7hMUmCSThaFqcAQ41EYuMsVoyCGhhCquLkV0z5RhIKJrGhCcGdfnieNk7J7VnZuTkuVy2kcBXSADtExctE5qqBrVEN1RNEjekav6M16sl6sd+tj0rpgTWf20B9Ynz+Gx5Zt</latexit>

FF⌦nk<latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit>

,! <latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit>

,!

•          is derived directly from         quiver (+BV action)
<latexit sha1_base64="IS3JcZ22jWFJLWQXZwPDkL5rDx4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkIioi6LblxWsA9oQ5hMJ+3QySTMTAol9E/cuFDErX/izr9x0mahrQcGDufcyz1zwpQzpV3326qsrW9sblW3azu7e/sH9uFRWyWZJLRFEp7IbogV5UzQlmaa024qKY5DTjvh+L7wOxMqFUvEk56m1I/xULCIEayNFNh2P8Z6RDBH7SAXF+NZYNddx50DrRKvJHUo0Qzsr/4gIVlMhSYcK9Xz3FT7OZaaEU5ntX6maIrJGA9pz1CBY6r8fJ58hs6MMkBRIs0TGs3V3xs5jpWaxqGZLHKqZa8Q//N6mY5u/ZyJNNNUkMWhKONIJ6ioAQ2YpETzqSGYSGayIjLCEhNtyqqZErzlL6+S9qXjXTvu41W9cVfWUYUTOIVz8OAGGvAATWgBgQk8wyu8Wbn1Yr1bH4vRilXuHMMfWJ8/JmOTWA==</latexit>Vn,k

<latexit sha1_base64="UNiHYVopOIzPLA+itDqVQYzo+hQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERF1W3bis0Be0MUym03boZBJmJmIJ+RU3LhRx64+482+ctF1o64GBwzn3cs+cIOZMacf5tgorq2vrG8XN0tb2zu6evV9uqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsY3+Z++5FKxSLR0JOYeiEeCjZgBGsj+Xa5F2I9Ipijhp+K03H2cO3bFafqTIGWiTsnFZij7ttfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0mj1Dx0bpo0EkzRMaTdXfGykOlZqEgZnMk6pFLxf/87qJHlx5KRNxoqkgs0ODhCMdobwI1GeSEs0nhmAimcmKyAhLTLSpq2RKcBe/vExaZ1X3ourcn1dqN/M6inAIR3ACLlxCDe6gDk0g8ATP8ApvVma9WO/Wx2y0YM13DuAPrM8fawiUCQ==</latexit>

T A
n,k

<latexit sha1_base64="IS3JcZ22jWFJLWQXZwPDkL5rDx4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkIioi6LblxWsA9oQ5hMJ+3QySTMTAol9E/cuFDErX/izr9x0mahrQcGDufcyz1zwpQzpV3326qsrW9sblW3azu7e/sH9uFRWyWZJLRFEp7IbogV5UzQlmaa024qKY5DTjvh+L7wOxMqFUvEk56m1I/xULCIEayNFNh2P8Z6RDBH7SAXF+NZYNddx50DrRKvJHUo0Qzsr/4gIVlMhSYcK9Xz3FT7OZaaEU5ntX6maIrJGA9pz1CBY6r8fJ58hs6MMkBRIs0TGs3V3xs5jpWaxqGZLHKqZa8Q//N6mY5u/ZyJNNNUkMWhKONIJ6ioAQ2YpETzqSGYSGayIjLCEhNtyqqZErzlL6+S9qXjXTvu41W9cVfWUYUTOIVz8OAGGvAATWgBgQk8wyu8Wbn1Yr1bH4vRilXuHMMfWJ8/JmOTWA==</latexit>Vn,k

<latexit sha1_base64="4UC3XVP2LRnpLymRdVUB1nFNcs4="></latexit>⇣
A[sln]⌦ FF⌦n(k�1)

⌘.
V k(sln)

<latexit sha1_base64="0NFzwpnR+onKaVNbB3uaXI3ultc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEVASh6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0OqDgcd7M8zMCxLBtXHdL6ewtLyyulZcL21sbm3vlHf3mjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7i+veuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2aXTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14YWfcZmkBiWbLwpTQUxMpm+TPlfIjBhbQpni9lbChlRRZmw4JRuCt/jyX9I8qXpnVffutFK7zuMowgEcwjF4cA41uIU6NIBBCE/wAq/OyHl23pz3eWvByWf24Recj28LiI0K</latexit>:=

•                  is derived more readily from S-dual 4d sandwich
<latexit sha1_base64="dQXjhrhhnXj32bxHXHtGNbsw8r0=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUlE1GVREJcV+oI2hMl00g6ZTMLMRCghSzf+ihsXirj1E9z5N07SLLT1wMCZc+7l3nu8mFGpLOvbWFpeWV1br2xUN7e2d3bNvf2ujBKBSQdHLBJ9D0nCKCcdRRUj/VgQFHqM9LzgJvd7D0RIGvG2msbECdGYU59ipLTkmkfDEKkJRiy9bWduUC++vkBBKlnm8lPXrFkNqwBcJHZJaqBEyzW/hqMIJyHhCjMk5cC2YuWkSCiKGcmqw0SSGOEAjclAU45CIp20OCSDJ1oZQT8S+nEFC/V3R4pCKaehpyvzPeW8l4v/eYNE+VdOSnmcKMLxbJCfMKgimKcCR1QQrNhUE4QF1btCPEECYaWzq+oQ7PmTF0n3rGFfNKz781rzuoyjAg7BMagDG1yCJrgDLdABGDyCZ/AK3own48V4Nz5mpUtG2XMA/sD4/AE0dJoX</latexit>

FT k(sln)

collision of corner VOA's [Creutzig-Gaiotto'17][Gaiotto-Rapcak '17]
cf. [Frenkel-Gaiotto '18]

<latexit sha1_base64="e3IJIAq4gie0CGp+HKua7zKfFZo=">AAAB8HicdVDJSgNBEO1xjXGLevTSGARPQ08wi7egF48RzCKZMfR0apImPQvdPYEQ8hVePCji1c/x5t/YSUZQ0QcFj/eqqKrnJ4IrTciHtbK6tr6xmdvKb+/s7u0XDg5bKk4lgyaLRSw7PlUgeARNzbWATiKBhr6Atj+6mvvtMUjF4+hWTxLwQjqIeMAZ1Ua6cxuK37tjgF6hSOyyU6teEExssoAhJVKplR3sZEoRZWj0Cu9uP2ZpCJFmgirVdUiivSmVmjMBs7ybKkgoG9EBdA2NaAjKmy4OnuFTo/RxEEtTkcYL9fvElIZKTULfdIZUD9Vvby7+5XVTHdS8KY+SVEPElouCVGAd4/n3uM8lMC0mhlAmubkVsyGVlGmTUd6E8PUp/p+0SrZTscnNebF+mcWRQ8foBJ0hB1VRHV2jBmoihkL0gJ7QsyWtR+vFel22rljZzBH6AevtEwP5kI8=</latexit>

 _
<latexit sha1_base64="Tgz3eyZQrFmQnd6WZkqFSJ+mRN4=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgaLUDchfdjHrujGZQX7gCaWyXTSDp1MwsxEKKEbf8WNC0Xc+hnu/BunaQUVPXDhcM693HuPFzEqlW1/GJmV1bX1jexmbmt7Z3fP3D/oyDAWmLRxyELR85AkjHLSVlQx0osEQYHHSNebXM797h0Rkob8Rk0j4gZoxKlPMVJaGphH3VunNaYFJ0Bq7As0SSSbDfjZwMzbVqNSK9fL0LZKpVq9kpJqqX7egEXLTpEHS7QG5rszDHEcEK4wQ1L2i3ak3AQJRTEjs5wTSxIhPEEj0teUo4BIN0kfmMFTrQyhHwpdXMFU/T6RoEDKaeDpzvmd8rc3F//y+rHy625CeRQrwvFikR8zqEI4TwMOqSBYsakmCAuqb4V4jATCSmeW0yF8fQr/J52SVaxa9nUl37xYxpEFx+AEFEAR1EATXIEWaAMMZuABPIFn4954NF6M10VrxljOHIIfMN4+ARm9lsM=</latexit>

W�(sln)
<latexit sha1_base64="ZH2OK+rslV00GX1XlsND/7f+wfE="></latexit>

V  
_
(sln)

<latexit sha1_base64="5iVWEM04+7sabkKplWSl0KIqVhg=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0URhJKIqBuh6MZlBfuAJpbJ9KYdOnkwMymUkD9w46+4caGIW7fu/BunbRa19cCFM+fcy9x7vJgzqSzrxygsLa+srhXXSxubW9s75u5eQ0aJoFCnEY9EyyMSOAuhrpji0IoFkMDj0PQGt2O/OQQhWRQ+qFEMbkB6IfMZJUpLHfPY8QWhqZ2lTq3PstOZp2SPzhAgw9d40DHLVsWaAC8SOydllKPWMb+dbkSTAEJFOZGybVuxclMiFKMcspKTSIgJHZAetDUNSQDSTSf3ZPhIK13sR0JXqPBEnZ1ISSDlKPB0Z0BUX857Y/E/r50o/8pNWRgnCkI6/chPOFYRHoeDu0wAVXykCaGC6V0x7ROdiNIRlnQI9vzJi6RxVrEvKtb9ebl6k8dRRAfoEJ0gG12iKrpDNVRHFD2hF/SG3o1n49X4MD6nrQUjn9lHf2B8/QK3xZxw</latexit>

1

�
+

1

 _ = k

[Sugimoto '20]
<latexit sha1_base64="ICDp7rNAl2tj9U31hFeCvRa93+U=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvNpF262Y27E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulOSA0ILqGFHAV0Ug00CQU8hKObqf/wBNpwJe9xnEKQ0IHkMWcUrdTpCaCRQdWv1ry6N4O7TPyC1EiBZr/61YsUyxKQyAQ1put7KQY51ciZgEmllxlIKRvRAXQtlTQBE+SzeyfuiVUiN1balkR3pv6eyGlizDgJbWdCcWgWvan4n9fNML4Kci7TDEGy+aI4Ey4qd/q8G3ENDMXYEso0t7e6bEg1ZWgjqtgQ/MWXl0n7rO5f1L2781rjuoijTI7IMTklPrkkDXJLmqRFGBHkmbySN+fReXHenY95a8kpZg7JHzifPzjukBc=</latexit> <latexit sha1_base64="dQXjhrhhnXj32bxHXHtGNbsw8r0=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUlE1GVREJcV+oI2hMl00g6ZTMLMRCghSzf+ihsXirj1E9z5N07SLLT1wMCZc+7l3nu8mFGpLOvbWFpeWV1br2xUN7e2d3bNvf2ujBKBSQdHLBJ9D0nCKCcdRRUj/VgQFHqM9LzgJvd7D0RIGvG2msbECdGYU59ipLTkmkfDEKkJRiy9bWduUC++vkBBKlnm8lPXrFkNqwBcJHZJaqBEyzW/hqMIJyHhCjMk5cC2YuWkSCiKGcmqw0SSGOEAjclAU45CIp20OCSDJ1oZQT8S+nEFC/V3R4pCKaehpyvzPeW8l4v/eYNE+VdOSnmcKMLxbJCfMKgimKcCR1QQrNhUE4QF1btCPEECYaWzq+oQ7PmTF0n3rGFfNKz781rzuoyjAg7BMagDG1yCJrgDLdABGDyCZ/AK3own48V4Nz5mpUtG2XMA/sD4/AE0dJoX</latexit>

FT k(sln)

<latexit sha1_base64="E4bGKGw+flvLIc3NjmIq0IAinLo=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE1GPRi8cK9gOaWDbbSbt0swm7k2Ip/StePCji1T/izX/jts1BWx8MPN6bYWZemAqu0XW/rcLa+sbmVnG7tLO7t39gH5abOskUgwZLRKLaIdUguIQGchTQThXQOBTQCoe3M781AqV5Ih9wnEIQ077kEWcUjdS1y35d80d/BOBj4nMZ4bhrV9yqO4ezSrycVEiOetf+8nsJy2KQyATVuuO5KQYTqpAzAdOSn2lIKRvSPnQMlTQGHUzmt0+dU6P0nChRpiQ6c/X3xITGWo/j0HTGFAd62ZuJ/3mdDKPrYMJlmiFItlgUZcLBxJkF4fS4AoZibAhliptbHTagijI0cZVMCN7yy6ukeV71Lqvu/UWldpPHUSTH5IScEY9ckRq5I3XSIIw8kWfySt6sqfVivVsfi9aClc8ckT+wPn8AYpGUqw==</latexit>

 _ ! 1
<latexit sha1_base64="PN+o9s8rRXkPFpDCRYS77yMXIUM="></latexit>

extension
⇥
W�(sln)⌦ V  

_
(sln)

⇤

[Feigin-Gukov '18]



VOA's, two ways
<latexit sha1_base64="QUrKkpbIkxHdW0umP5oPxo07OvU=">AAAB+3icdVDLSgMxFM3UV62vWpdugkVwIUOmrX3sqm5cVuhDaMeSSdM2NJMZkoxYhv6KGxeKuPVH3Pk3ZtoKKnogcDjnXu7J8ULOlEbow0qtrK6tb6Q3M1vbO7t72f1cWwWRJLRFAh7IGw8rypmgLc00pzehpNj3OO14k8vE79xRqVggmnoaUtfHI8GGjGBtpH421/OxHhPMYbMfi9PJ7Pa8n80jG5VrlWIRItuplRzHMaR4hgrVAnRsNEceLNHoZ997g4BEPhWacKxU10GhdmMsNSOczjK9SNEQkwke0a6hAvtUufE8+wweG2UAh4E0T2g4V79vxNhXaup7ZjJJqn57ifiX1430sOrGTISRpoIsDg0jDnUAkyLggElKNJ8agolkJiskYywx0aaujCnh66fwf9Iu2E7ZRtelfP1iWUcaHIIjcAIcUAF1cAUaoAUIuAcP4Ak8WzPr0XqxXhejKWu5cwB+wHr7BMlrlEo=</latexit>

T A
n,k :

<latexit sha1_base64="IS3JcZ22jWFJLWQXZwPDkL5rDx4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkIioi6LblxWsA9oQ5hMJ+3QySTMTAol9E/cuFDErX/izr9x0mahrQcGDufcyz1zwpQzpV3326qsrW9sblW3azu7e/sH9uFRWyWZJLRFEp7IbogV5UzQlmaa024qKY5DTjvh+L7wOxMqFUvEk56m1I/xULCIEayNFNh2P8Z6RDBH7SAXF+NZYNddx50DrRKvJHUo0Qzsr/4gIVlMhSYcK9Xz3FT7OZaaEU5ntX6maIrJGA9pz1CBY6r8fJ58hs6MMkBRIs0TGs3V3xs5jpWaxqGZLHKqZa8Q//N6mY5u/ZyJNNNUkMWhKONIJ6ioAQ2YpETzqSGYSGayIjLCEhNtyqqZErzlL6+S9qXjXTvu41W9cVfWUYUTOIVz8OAGGvAATWgBgQk8wyu8Wbn1Yr1bH4vRilXuHMMfWJ8/JmOTWA==</latexit>Vn,k
<latexit sha1_base64="dQXjhrhhnXj32bxHXHtGNbsw8r0=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUlE1GVREJcV+oI2hMl00g6ZTMLMRCghSzf+ihsXirj1E9z5N07SLLT1wMCZc+7l3nu8mFGpLOvbWFpeWV1br2xUN7e2d3bNvf2ujBKBSQdHLBJ9D0nCKCcdRRUj/VgQFHqM9LzgJvd7D0RIGvG2msbECdGYU59ipLTkmkfDEKkJRiy9bWduUC++vkBBKlnm8lPXrFkNqwBcJHZJaqBEyzW/hqMIJyHhCjMk5cC2YuWkSCiKGcmqw0SSGOEAjclAU45CIp20OCSDJ1oZQT8S+nEFC/V3R4pCKaehpyvzPeW8l4v/eYNE+VdOSnmcKMLxbJCfMKgimKcCR1QQrNhUE4QF1btCPEECYaWzq+oQ7PmTF0n3rGFfNKz781rzuoyjAg7BMagDG1yCJrgDLdABGDyCZ/AK3own48V4Nz5mpUtG2XMA/sD4/AE0dJoX</latexit>

FT k(sln)
<latexit sha1_base64="inAe4IwxebVPhms1MHDKbpDZ1tc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIqMuiUFxWsA9oYplMJ+3QySTM3IglZuGvuHGhiFt/w51/4/Sx0NYDFw7n3Mu99wSJ4Boc59taWFxaXlktrBXXNza3tu2d3YaOU0VZncYiVq2AaCa4ZHXgIFgrUYxEgWDNYHA18pv3TGkey1sYJsyPSE/ykFMCRurY+x6wB8iq1fwu82LgEdNYDvKOXXLKzhh4nrhTUkJT1Dr2l9eNaRoxCVQQrduuk4CfEQWcCpYXvVSzhNAB6bG2oZKYRX42vj/HR0bp4jBWpiTgsfp7IiOR1sMoMJ0Rgb6e9Ubif147hfDCz7hMUmCSThaFqcAQ41EYuMsVoyCGhhCquLkV0z5RhIKJrGhCcGdfnieNk7J7VnZuTkuVy2kcBXSADtExctE5qqBrVEN1RNEjekav6M16sl6sd+tj0rpgTWf20B9Ynz+Gx5Zt</latexit>

FF⌦nk<latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit>

,! <latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit>

,!

<latexit sha1_base64="e3IJIAq4gie0CGp+HKua7zKfFZo=">AAAB8HicdVDJSgNBEO1xjXGLevTSGARPQ08wi7egF48RzCKZMfR0apImPQvdPYEQ8hVePCji1c/x5t/YSUZQ0QcFj/eqqKrnJ4IrTciHtbK6tr6xmdvKb+/s7u0XDg5bKk4lgyaLRSw7PlUgeARNzbWATiKBhr6Atj+6mvvtMUjF4+hWTxLwQjqIeMAZ1Ua6cxuK37tjgF6hSOyyU6teEExssoAhJVKplR3sZEoRZWj0Cu9uP2ZpCJFmgirVdUiivSmVmjMBs7ybKkgoG9EBdA2NaAjKmy4OnuFTo/RxEEtTkcYL9fvElIZKTULfdIZUD9Vvby7+5XVTHdS8KY+SVEPElouCVGAd4/n3uM8lMC0mhlAmubkVsyGVlGmTUd6E8PUp/p+0SrZTscnNebF+mcWRQ8foBJ0hB1VRHV2jBmoihkL0gJ7QsyWtR+vFel22rljZzBH6AevtEwP5kI8=</latexit>

 _
<latexit sha1_base64="Tgz3eyZQrFmQnd6WZkqFSJ+mRN4=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgaLUDchfdjHrujGZQX7gCaWyXTSDp1MwsxEKKEbf8WNC0Xc+hnu/BunaQUVPXDhcM693HuPFzEqlW1/GJmV1bX1jexmbmt7Z3fP3D/oyDAWmLRxyELR85AkjHLSVlQx0osEQYHHSNebXM797h0Rkob8Rk0j4gZoxKlPMVJaGphH3VunNaYFJ0Bq7As0SSSbDfjZwMzbVqNSK9fL0LZKpVq9kpJqqX7egEXLTpEHS7QG5rszDHEcEK4wQ1L2i3ak3AQJRTEjs5wTSxIhPEEj0teUo4BIN0kfmMFTrQyhHwpdXMFU/T6RoEDKaeDpzvmd8rc3F//y+rHy625CeRQrwvFikR8zqEI4TwMOqSBYsakmCAuqb4V4jATCSmeW0yF8fQr/J52SVaxa9nUl37xYxpEFx+AEFEAR1EATXIEWaAMMZuABPIFn4954NF6M10VrxljOHIIfMN4+ARm9lsM=</latexit>

W�(sln)
<latexit sha1_base64="ZH2OK+rslV00GX1XlsND/7f+wfE="></latexit>

V  
_
(sln)

mutual commutants (conj.) => equivalent module cat's



VOA's, two ways
<latexit sha1_base64="QUrKkpbIkxHdW0umP5oPxo07OvU=">AAAB+3icdVDLSgMxFM3UV62vWpdugkVwIUOmrX3sqm5cVuhDaMeSSdM2NJMZkoxYhv6KGxeKuPVH3Pk3ZtoKKnogcDjnXu7J8ULOlEbow0qtrK6tb6Q3M1vbO7t72f1cWwWRJLRFAh7IGw8rypmgLc00pzehpNj3OO14k8vE79xRqVggmnoaUtfHI8GGjGBtpH421/OxHhPMYbMfi9PJ7Pa8n80jG5VrlWIRItuplRzHMaR4hgrVAnRsNEceLNHoZ997g4BEPhWacKxU10GhdmMsNSOczjK9SNEQkwke0a6hAvtUufE8+wweG2UAh4E0T2g4V79vxNhXaup7ZjJJqn57ifiX1430sOrGTISRpoIsDg0jDnUAkyLggElKNJ8agolkJiskYywx0aaujCnh66fwf9Iu2E7ZRtelfP1iWUcaHIIjcAIcUAF1cAUaoAUIuAcP4Ak8WzPr0XqxXhejKWu5cwB+wHr7BMlrlEo=</latexit>

T A
n,k :

<latexit sha1_base64="IS3JcZ22jWFJLWQXZwPDkL5rDx4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkIioi6LblxWsA9oQ5hMJ+3QySTMTAol9E/cuFDErX/izr9x0mahrQcGDufcyz1zwpQzpV3326qsrW9sblW3azu7e/sH9uFRWyWZJLRFEp7IbogV5UzQlmaa024qKY5DTjvh+L7wOxMqFUvEk56m1I/xULCIEayNFNh2P8Z6RDBH7SAXF+NZYNddx50DrRKvJHUo0Qzsr/4gIVlMhSYcK9Xz3FT7OZaaEU5ntX6maIrJGA9pz1CBY6r8fJ58hs6MMkBRIs0TGs3V3xs5jpWaxqGZLHKqZa8Q//N6mY5u/ZyJNNNUkMWhKONIJ6ioAQ2YpETzqSGYSGayIjLCEhNtyqqZErzlL6+S9qXjXTvu41W9cVfWUYUTOIVz8OAGGvAATWgBgQk8wyu8Wbn1Yr1bH4vRilXuHMMfWJ8/JmOTWA==</latexit>Vn,k
<latexit sha1_base64="dQXjhrhhnXj32bxHXHtGNbsw8r0=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUlE1GVREJcV+oI2hMl00g6ZTMLMRCghSzf+ihsXirj1E9z5N07SLLT1wMCZc+7l3nu8mFGpLOvbWFpeWV1br2xUN7e2d3bNvf2ujBKBSQdHLBJ9D0nCKCcdRRUj/VgQFHqM9LzgJvd7D0RIGvG2msbECdGYU59ipLTkmkfDEKkJRiy9bWduUC++vkBBKlnm8lPXrFkNqwBcJHZJaqBEyzW/hqMIJyHhCjMk5cC2YuWkSCiKGcmqw0SSGOEAjclAU45CIp20OCSDJ1oZQT8S+nEFC/V3R4pCKaehpyvzPeW8l4v/eYNE+VdOSnmcKMLxbJCfMKgimKcCR1QQrNhUE4QF1btCPEECYaWzq+oQ7PmTF0n3rGFfNKz781rzuoyjAg7BMagDG1yCJrgDLdABGDyCZ/AK3own48V4Nz5mpUtG2XMA/sD4/AE0dJoX</latexit>

FT k(sln)
<latexit sha1_base64="inAe4IwxebVPhms1MHDKbpDZ1tc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIqMuiUFxWsA9oYplMJ+3QySTM3IglZuGvuHGhiFt/w51/4/Sx0NYDFw7n3Mu99wSJ4Boc59taWFxaXlktrBXXNza3tu2d3YaOU0VZncYiVq2AaCa4ZHXgIFgrUYxEgWDNYHA18pv3TGkey1sYJsyPSE/ykFMCRurY+x6wB8iq1fwu82LgEdNYDvKOXXLKzhh4nrhTUkJT1Dr2l9eNaRoxCVQQrduuk4CfEQWcCpYXvVSzhNAB6bG2oZKYRX42vj/HR0bp4jBWpiTgsfp7IiOR1sMoMJ0Rgb6e9Ubif147hfDCz7hMUmCSThaFqcAQ41EYuMsVoyCGhhCquLkV0z5RhIKJrGhCcGdfnieNk7J7VnZuTkuVy2kcBXSADtExctE5qqBrVEN1RNEjekav6M16sl6sd+tj0rpgTWf20B9Ynz+Gx5Zt</latexit>

FF⌦nk<latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit>

,! <latexit sha1_base64="sh1H7yBFIRU7+Ug1mUE59vXNrQE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbN0sxt2J0oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZemApuwPO+nZXVtfWNzdJWeXtnd6/i7h+0jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB0M/XbD0wbruQ9jFMWJGQoecQpASv13UovVmqk+TAGorV67LtVr+bNgJeJX5AqKtDou1+9gaJZwiRQQYzp+l4KQU40cCrYpNzLDEsJHZEh61oqScJMkM8On+ATqwxwpLQtCXim/p7ISWLMOAltZ0IgNoveVPzP62YQXQU5l2kGTNL5oigTGBSepoAHXDMKYmwJoZrbWzGNiSYUbFZlG4K/+PIyaZ3V/Iuad3derV8XcZTQETpGp8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fdWGTnA==</latexit>

,!

<latexit sha1_base64="e3IJIAq4gie0CGp+HKua7zKfFZo=">AAAB8HicdVDJSgNBEO1xjXGLevTSGARPQ08wi7egF48RzCKZMfR0apImPQvdPYEQ8hVePCji1c/x5t/YSUZQ0QcFj/eqqKrnJ4IrTciHtbK6tr6xmdvKb+/s7u0XDg5bKk4lgyaLRSw7PlUgeARNzbWATiKBhr6Atj+6mvvtMUjF4+hWTxLwQjqIeMAZ1Ua6cxuK37tjgF6hSOyyU6teEExssoAhJVKplR3sZEoRZWj0Cu9uP2ZpCJFmgirVdUiivSmVmjMBs7ybKkgoG9EBdA2NaAjKmy4OnuFTo/RxEEtTkcYL9fvElIZKTULfdIZUD9Vvby7+5XVTHdS8KY+SVEPElouCVGAd4/n3uM8lMC0mhlAmubkVsyGVlGmTUd6E8PUp/p+0SrZTscnNebF+mcWRQ8foBJ0hB1VRHV2jBmoihkL0gJ7QsyWtR+vFel22rljZzBH6AevtEwP5kI8=</latexit>

 _
<latexit sha1_base64="Tgz3eyZQrFmQnd6WZkqFSJ+mRN4=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgaLUDchfdjHrujGZQX7gCaWyXTSDp1MwsxEKKEbf8WNC0Xc+hnu/BunaQUVPXDhcM693HuPFzEqlW1/GJmV1bX1jexmbmt7Z3fP3D/oyDAWmLRxyELR85AkjHLSVlQx0osEQYHHSNebXM797h0Rkob8Rk0j4gZoxKlPMVJaGphH3VunNaYFJ0Bq7As0SSSbDfjZwMzbVqNSK9fL0LZKpVq9kpJqqX7egEXLTpEHS7QG5rszDHEcEK4wQ1L2i3ak3AQJRTEjs5wTSxIhPEEj0teUo4BIN0kfmMFTrQyhHwpdXMFU/T6RoEDKaeDpzvmd8rc3F//y+rHy625CeRQrwvFikR8zqEI4TwMOqSBYsakmCAuqb4V4jATCSmeW0yF8fQr/J52SVaxa9nUl37xYxpEFx+AEFEAR1EATXIEWaAMMZuABPIFn4954NF6M10VrxljOHIIfMN4+ARm9lsM=</latexit>

W�(sln)
<latexit sha1_base64="ZH2OK+rslV00GX1XlsND/7f+wfE="></latexit>

V  
_
(sln)

mutual commutants (conj.) => equivalent module cat's

Lots left to do
• S & T matrices (from QFT), general 3-manifold invariants
• derived TQFT cf. Kontsevich, Lurie,...

[Schweigert-Woike '19], [Kapustin-Rozansky-Saulina '08],...

Thank you!


