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m Various early results in perturbation theory (Zimmermann, Lowenstein, Liischer, Mack)
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OPE is convergent for arbitrary (spacelike) separations!

Similar formulas for OPE coefficients with more insertions

Factorisation: Cf\lmAs(xl, Sy Xs) =g CEy-Ak(Xl’ o ,xk)CgAkaAs(xk, ..., Xs) holds
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Additional properties of the OPE

m Coupling constant derivative (for g¢* interaction):
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C B 4
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m UV- and IR-finite integral (subtraction of problematic terms due to factorisation
condition), BPHZ-like renormalisation conditions

m Permits the construction of OPE coefficients order by order in perturbation theory in
g, starting from the (known) free-theory coefficients

m After suitable operator redefinitions, formulas stay valid in the massless case, but
integral has IR/volume cutoff L (renormalisation scale)
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m Strategy: first obtain suitable bounds in flow equation framework for general massless
theories, then specialise to gauge theories, restore BRST invariance and obtain proper
Ward identities in the physical limit A — 0, Ag — oo

m OPE coefficients must be defined at non-exceptional momenta or fixed IR cutoff
(difference amounts to finite redefinition of composite operators)

m No external antifields in physical theory (Aiu, B, ci, i) - can keep them, but
formulas become more complicated

m Ward identity: "3 (0[O, (x1)---(§04,) (%) - - - Oa,(xs)|0) , = 0 with nilpotent
quantum BRST differential § = § + O (h)

m Correlation functions are well-defined on cohomology classes: if all operators are

invariant gO4, = 0, then for arbitrary Op it follows that
(0]O0a, (x1) - - Oa(x5)[0) , = (0[O, (x1) - - - (Oa, + GO0B) (xk) - - - Oa,(x5)[0)
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m In the OPE of g-invariant operators only g-invariant operators appear on the
right-hand side (would follow automatically for convergent expansion)
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Recursive constructions

m Coupling constant derivative: 8gCEI-~AS(X) =
/ZE: 1<[OF]<4 IF [ - CI?AI---AS(%X) + 2o¢: [0<[08] Cgl---As(x)CEC(%XS) +
2k=122C: [0]<[0a,] CEa, (Vs Xk )CR oy Ay s (X)| Ay

m Quantum BRST differential:
05 Q" = /ZE: 15[05134115{26: ocl<io CEaly,0)Qc® —

2-C: [06]<[O]<[Oa]+1 QACCEBC(Y7O)] d*y

m Interaction operator Oz = Y ¢ 1<[0z]<4 ZEOE with O = 04L|g—0 + O (g) + O (h)
and §Oz = dO’ for some O’
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