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Supergravity no-go theorems rely on typical assumptions:

* Second derivative theory (E.H. action);
* Scalars + p-forms (no ghosts);

c V <0;

* Time-independent internal space;

* Gy is finite.

Extended after inclusion of Dp-branes and Op-planes

[1] J.M. Maldacena, C. Nunez 2001; G.W. Gibbons 2003;
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These assumptions are sufficient for the validity of the strong energy
conditions in d dimensions,

SECp, = SECy,

. . 1 .
In four-dimensions w > — 3 and no accelerated solutions.

[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:
* SEC,4 can be violated, but sois NECy,

* NEC, as a condition for controlled perturbative expansion of FLRW
cosmologies in type |IB

[4] J. G. Russo and P.K. Townsend 2019;

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



What are the requirements for a D-dimensional energy condition to
satisfy the lower, d-dimensional, conditions?




Energy conditions: tools for determining the global structure of a

spacetime
RunuMuN >0, gyyuMu? <0 Strong (SEC)
Runt™MIN >0, ganl™MiN =0 Null (NEC)
GJWNUM’UJN - 0, :(j]\/INuMUN <0 Weak (WEC)

GunuMuy >0, gyvuMu¥ <0, g GG ufu < (0 Dominant (DEC)
MN MN o Q

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




D-dimensional metric ansatz

d§2 — gAdeafA/ldCCN

= Q%(y)Jap(2)dz*da” + hypn(z, y)dy™ dy"

* Jap is a d-dimensional metric.
. ﬁmn is the metric of a compact space.
* Constant internal volume: d,vVh = 0




The components of the Ricci tensor are
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Strong energy condition (SEC)

R]\/[NUA/ U > O gAJN’U,A/[’U,N i

For the lower-dimensional theory:
e
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Rap(9)uu” + 5 VahPIV ghpqu P + u? VG =

= Ro5(§)u*u” >0, Qaguauﬁ <0




Runt™MIN >0, g™ =0

For the lower-dimensional theory:

1 . ,,
Rap(g)1%1° > +Zhmp(zavahmn)h"qaﬂvﬁhpq) > ()




Weak energy condition (WEC)

éMN’U;A/['U/N 2 O, q]\[NU/]w <0

For the lower-dimensional theory:

GB 5>T()a5+T(ﬁ)a5
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Dominant energy condition (DEC)

—~M =N p

]\/I’U,N e O, g]\[NG pG QU ’ILQ S O

@MNUMUN >0, guynu

For this case, we need to show that

h Y
U, = ngﬁ)uﬁ, W, = Tp(ﬁ)uﬁ

are causal vectors. But,

Tp(g)T(Q)pBuo‘uﬁ = A2(y)§pa5guo‘u/3 = A’(y)u® <0




Conclusions

e A constant internal volume is a sufficient condition for NEC and SEC inheritance;

e The tensor T,,3 = Tcg%) + Tcig) has to satisty WEC for we to have WEC inheritance. The

simplest possibility is for 7™ and T to satisfy WEC independently. In this case, we
get WEC for the moduli fields h,,, and also a condition on the curvature of the internal
manifold;

e Since T is necessarily causal, the only extra condition on top of WEC for the lower-
dimensional DEC to descend from the higher-dimensional one is that 7" should satisfy

DEC.




Thank you for your attention!




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.3>

The type IIB metric ansatz is

ds® = A2 ()12 (—n’.e‘,‘3 + n'.:f:‘f + d."f:é + d.:r::‘i) + [—[3(3;) (Fl (ﬁ).ffuﬁ(i"})*‘ﬁ?}”d?}ﬁ + F2(f,)_r;.,,,,,td;.-;’”’dy”)

where (m,n) € M, and (a, B) € M,. We also impose F;F{ =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.




This background can be uplifted to M-theory with metric

ds* = g, 33y datde” + g, P H(y) (f”l () gap(y)dy®dy” + 1"2(ﬁ):f;m-ud:u"'”“dy""“) + g3/%|dz|?

where g7 o At°H*(y) and z = x5 + i x14 is the coordinate of the torus.

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




However, there are no-go theorems preventing such a background to
be solution to the supergravity plus fluxes and sources3®

We need to consider curvature corrections contributions to Einstein’s
equations:
1 ('.]EIHHi{ZH,] (TUI‘I"(‘:(:HU]]H
Ryn — §!IMNR =Tyn =+ Tyn

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 2021; 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

Q™) = g g R HOL HOG ) (Runnpa)” (Rabab)” (Rpgas)™ (Raat)”
X (chﬁmn)tn (Rcrﬁcrﬁ]iﬁ (Ri;ﬁ'ﬂj)h (R'ijmn)m (ijb){g (Ricxjﬂ)hn (Rllmnp)hl
X (Romon )™ (Roiog)™™® (Roaos)™ (Roa0s)™® (Roagm)™® (Roabm)"™” (Roijm)"®
X (Rumnpa)™ (Rimaas)™ (Rmaas)™ Rimaij)™ (Romna)'? (Romoa)?* (Roaga)*
X (Rﬂabcr)bﬁ (Rﬂ’i:ﬁﬂ)h? (Gfﬂ-ﬂm)hs (Gmnpfx)ﬂ% (Gwmpﬂ)&m (Gmna.ﬁ )E:'“ (Gmmm)m
X (Gmaga) ™ (Goijm) ™ (Goija)™ (Gmnab) * (Gabap)™ (Gmaas) ™

and then sum over (I, n;).

S| = M; / d"zv/—gn (R'I'I + G A*GL+C3 NG AGy + M;ﬁ Cs ﬁYB)




Ys

H(y)
dependence.

Sinc

The ansatz for the fluxes is then expressed as
2k /3
Js
GMNPQ (fsaf)' Zgﬂf?NPQ (H)

We wish to solve Einstein’s equation order by order in g;. So, although we
don’t know the coefficients of the corrections, we can check whether our
ansatz allow for a match of g, scalings.




The energy-momentum tensor of the perturbative corrections scales
as g7% wh
9", where

Ok

(k + 2) (/28 + /29 + /31)
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+- §(2k+1)(/3o+l32+/33)+§(k_1)(/36+/37+I38)

Note that there are relative minus signs in the n; term (which is the
number of derivatives w.r.t to the 11t direction) and in front of

l2¢, l37, [3g(which are powers of fluxes with the structure Gy ngp)-




If we take time-independent fluxes, k = 0, then there are negative
definite terms in the g. scaling:

b

01 = positive — §(”3 + l36 + l37 + l38)

L]

This means that, to a given order in g, there are an infinite number of
higher-order terms that contributes to that order.

Hence, there is no g, 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.




However, turning on time-dependent fluxes makes the hierarchy possible
again, and there is not obstructions against a perturbative solution.




