
The Inheritance of Energy Conditions

Heliudson Bernardo 

based on 2208.09341 in collaboration with S. Brahma and M.Faruk,

and also on 2107.06900, 2108.08365 with K. Dasgupta and R. Tatar

1

BIRS workshop 

“Quantum Information Theory in Quantum Field Theory and Cosmology”

June 05 2023



Outline

2

• Comments on no-go theorems in supergravity

• Energy conditions

• Conclusion I

• Revisiting no-go theorems

• Conclusion II



Supergravity no-go theorems rely on typical assumptions [1]:

• Second derivative theory (E.H. action);

• Scalars + p-forms (no ghosts);

• 𝑉 ≤ 0;

• Time-independent compact internal space;

• Maximally symmetric external manifold;

• Finite lower-dimensional Newton constant 𝐺𝑑.

⇒ 𝑅𝑑 ≤ 0

Extended after inclusion of Dp-branes and Op-planes [2]
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[1] J.M. Maldacena, C. Nunez 2001; G.W. Gibbons 2003; 

[2] K. Dasgupta, R. Gwyn, E. McDonough, M. Mia, R. Tatar 2014



For the metric                                               , Einstein’s equation yields
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which implies

After integrating over the internal manifold, we find a non-positive 

Ricci scalar for the d-dimensional metric 𝜂.



• How to generalize these results? Can we drop some of these 

assumptions?

• From the higher-dimensional point of view, is there a way to rule out 

a compactification ansatz without calculating the lower-dimensional 

theory?
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The no-go theorem assumptions are sufficient for the validity of the 

strong energy conditions in d dimensions, [3]

𝑆𝐸𝐶𝐷 ⇒ 𝑆𝐸𝐶𝑑

For a four-dimensional FLRW compactification, 𝑤 ≥ −
1

3
and no 

accelerated solutions. 
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[3] G.W. Gibbons, 1985; J. G. Russo and P.K. Townsend 2018.



Relaxing the assumptions allows us to avoid the no-go theorem.

Time-dependent internal manifolds: 

• 𝑆𝐸𝐶𝑑 can be violated, but so is 𝑁𝐸𝐶𝑑 [4] 

• 𝑁𝐸𝐶4 as a condition for controlled perturbative expansion of FLRW 

cosmologies in type IIB [5]
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[4] J. G. Russo and P.K. Townsend 2019;

[5] H.B., S. Brahma, K. Dasgupta, M.M. Faruk, R. Tatar 2021. 



Energy conditions: tools for determining the global structure of a 

spacetime [6]
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Strong (SEC)

Null (NEC)

Weak (WEC)

Dominant 

(DEC)

[6] S.W. Hawking and R. Penrose, 1970.



What are the requirements for a D-dimensional energy condition to 

imply its lower, d-dimensional, version?
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D-dimensional metric ansatz
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• 𝑔𝛼𝛽 is an arbitrary d-dimensional metric.

• ෨ℎ𝑚𝑛 is the metric of a compact space.

• Constant internal volume: 𝜕𝛼 ℎ = 0
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Strong energy condition (SEC)
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⇒

For the lower-dimensional theory:



Null energy condition (NEC)
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For the lower-dimensional theory:



Weak energy condition (WEC)
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For the lower-dimensional theory:

where



Dominant energy condition (DEC)
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For this case, we need to show that 

are causal vectors. But,



Conclusion I
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Are the higher-dimensional energy conditions satisfied?
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For scalar fields, we have [7]

• 𝑉 ≥ 0 : the DEC is satisfied but SEC might be violated.

• 𝑉 ≤ 0 : the SEC is respected but DEC might be violated.

For 𝑝 = 1, all the energy conditions discussed are satisfied [7].

Remember: DEC implies WEC, and SEC implies NEC. 

[7] H. Maeda and C. Martinez, 2020.



• For p-forms with 𝑝 > 1,  
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and it can be shown that

So, the SEC is satisfied for p < 𝐷 − 2. The same is true for DEC. [8] 

[7] H. Bernardo, S. Brahma, M. Faruk, 2022.



• For p-branes,  
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and

where

So, the validity of the spacetime energy conditions follows from the 

validity of the worldvolume EC’s.    



• Op-planes can have negative tension. So, the would be worldvolume 

theory might have tachyons.

• However, they are not dynamical objects, but rather manifestation of 

the background orientifold structure.   

• As a consistency condition, we should include in the action
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The p-brane and Op-plane configuration must satisfy the charge (tadpole) 

cancellation condition,
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where we used .



But since we are dealing with extremal objects, we can use the condition 

above to write
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• For supersymmetric parallel configurations, the branes and 

orientifold planes have the same orientation and                          , 

such that the sum of tensions vanishes and all energy conditions are 

satisfied.

This is such that



Conclusion II
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• Generically, for any background metric, the field content of 

supergravity satisfy the SEC, NEC, WEC and DEC in for any 

spacetime dimension 𝐷 > 2;

• Dp-branes also satisfy the energy conditions;

• Individually, Op-planes can violate the EC’s. But the equations of 

motion imply physical configurations that do not do so;

• For parallel (susy) configurations, all the EC’s discussed are satisfied. 



Thank you for your attention!
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Recently, an attempt on finding dS backgrounds in type IIB supported 

by all sorts of corrections was carried out by studying the metric uplift to 

M-theory.35
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The type IIB metric ansatz is 

where 𝑚, 𝑛 ∈ 𝑀4 and 𝛼, 𝛽 ∈ 𝑀2. We also impose 𝐹1𝐹2
2 = 1

35 K. Dasgupta, M. Emelin, M.M. Faruk, R. Tatar 2019; S. Brahma, K. Dasgupta, R. Tatar 2020/2021; H.B., S. Brahma, K. Dasgupta, M.M. Faruk, 

R. Tatar 2021. 
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where 

This background can be uplifted to M-theory with metric

and 𝑧 = 𝑥3 + 𝑖 𝑥11 is the coordinate of the torus.

It turns out that we need time-dependent fluxes to support this M-theory 

background
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However, there are no-go theorems preventing such a background to be 

solution to the supergravity plus fluxes and sources36

We need to consider curvature corrections contributions to Einstein’s 

equations:

What should we include in the energy-momentum tensor of the corrections? 

The main idea is to study all possible imageable terms!

36 J.M. Maldacena, C. Nunez 2001; G.W. Gibbons 2003; K. Dasgupta, R. Gwyn, E. McDonough, M. Mia, R. Tatar 2014
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There could be an infinite number of curvature corrections. 

Schematically, we write a term like

and then sum over 𝑙𝑖 , 𝑛𝑖 .
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Since 
𝑔𝑠

𝐻 𝑦
∝ 𝑡, we can rewrite time-dependence of all fields as 𝑔𝑠

dependence. 

We wish to solve Einstein’s equation order by order in 𝑔𝑠. So, although we 

don’t know the coefficients of the corrections, we can check whether our 

ansatz allow for a match of 𝑔𝑠 scalings.

The ansatz for the fluxes is then expressed as
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The energy-momentum tensor of the perturbative corrections scales as 

𝑔𝑠
𝜃𝑘𝑙 , where  

Note that there are relative minus signs in the 𝑛3 term (which is the number 

of derivatives w.r.t to the 11th direction) and in front of 𝑙36, 𝑙37, 𝑙38(which are 

powers of fluxes with the structure 𝐺𝑀𝑁𝑎𝑏).
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If we take time-independent fluxes, 𝑘 = 0, then there are negative 

definite terms in the 𝑔𝑠 scaling:

This means that, to a given order in 𝑔𝑠, there are an infinite number of 

higher-order terms that contributes to that order.

Hence, there is no 𝑔𝑠 hierarchy and so no-perturbative solutions! The only 

possible solutions are non-perturbative ones, and they only exist if the 

infinite number of corrections can be resumed.
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However, turning on time-dependent fluxes makes the hierarchy possible 

again, and there is not obstructions against a perturbative solution.
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