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

* Second dervative theory (E.H. action);

e Scalars + p-forms (no ghosts);

IV < 0;

* Time-independent compact imternal space;
 Maximally symmetric external manifold;

* Finite lower-dimensional Newton constant G 4.

— RdSO

Extended after inclusion of Dp-branes and Op-planes |2]

[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 dsj, = O*(y) (d:cﬁ - ﬁmndy”dym) , Finstemn’s equation yields

1

Ry (1) =y (V2 log 2 + (D = 2)(V10g )*) = Ty = 55— P T
which implies
1 2yD—2 2 d
O"“=R O“(=TF + ——T

After mtegrating over the mternal manifold, we find a non-positive
Ricci scalar for the d-dimensional metric 7.



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

* Irom the higher-dimensional point of view, 1s there a way to rule out
a compactification ansatz without calculating the lower-dimensional
theory?



The no-go theorem assumptions are sufficient for the validity of the
strong energy conditions m « dimensions, |3]

SECD = SECd

. . . . 1
For a four-dimensional FLRW compactfication, 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; can be violated, but so1s NEC, (4]

* NEC, as a condition tor controlled perturbative expansion of FLRW
cosmologies 1 type 1IB [5]

[4] J. G. Russo and P.K. Townsend 2019;
(6] H.B., S. Brahma, K. Dasgupta, M.M. Faruk, R. Tatar 2021.



EFnergy conditions: tools for determining the global structure of a
spacetime [6]

Rynu™u™ >0, gyyuu? <0 Strong (SIEC)
Run™iN >0, gyun™iN =0 Null (NEC)
GunuMu >0, gyvuMu <0 Weak (WEC)

GuynuMuly > 0, EMN'U,MMN <0, gunG pG QU P, <0 Dommant
(DEC)

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



What are the requirements for a /)-dimensional energy condition to
imply 1ts lower, d-dimensional, version?



D-dimensional metric ansatz

ds? = gy nvdzMdx™
= Q%(y)Jap(x)dz*dz’ + humn(z, y)dy™dy"

*  Jap 1s an arbitrary d-dimensional metric.

* h,,, 1s the metric of a compact space.
e Constant internal volume: d,vVh = 0



The components of the Ricci tensor are

Rop = Rap(9) — %Vahqu,Bth - %hpqvavﬁhpq + %g”ﬂvmgﬁgvmgap—
— igg‘o VmgsaV" gop — %hpqvpvqgaﬁ )

Ry, = Rpq(h) — %g“ﬂvﬁvphpq - ihnsvphpqvphm + %hﬂ’"vphq,.vphpn—
- %V:ﬂgppvqg#p - %g“prngpp :

Rpp = hynjs Vi V"™ — g,V ) Vpg"? + %hpsvphmvngpﬁ - ihpsvﬁhnsgﬁpvngﬂ#_
— 1hmsV""’rhs""”‘U’pgp,gr :

4
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Strong energy condition (SEC)

RunuMuN >0, gyyuMu® <0

For the lower-dimensional theory:
) O—(d-2)
d

1 -~ ~
Rop(§)u*uf + Zvahnghmuauﬁ + u viQ? >0

Rop(§)u*uP >0, Gapu®u” <0



Null energy condiion (NEC)

Runt™iN >0, gyn™i¥ =0

For the lower-dimensional theory:

1 . .
Ros(9)1°1° > +thp(zavahm)hnq(zﬁvﬁhpq) >0



Weak energy conditon (WEC)

GunuMuN >0, gynu™u? <0

For the lower-dimensional theory:

G'ag'u, uP > T( JucuP + T(Eg)u“uﬁ :

where

1o oo 1 -
TV = 1 Vah?Vshuq + 2505V PNV ohpg

1 2d—1) 5 _ _
T\% = (§Q2R(h)— ( y )2 ‘UZVZQM) o = My)Jas



Dominant energy condition (DEC)

Gunu"u™ >0, gyyuu" <0, gMNéMPaNQUPUQ <0

For this case, we need to show that

h Q
U, := T(ﬁ)uﬁ, W, = Tf_gﬁ)uﬁ

are causal vectors. But,

TEDTOP uuf = A2(y)gpadfun’ = A(y)u? <0



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

e The tensor T,g = Té? + T{gg) has to satisfy WEC for we to have WEC inheritance. The

simplest possibility is for T 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;

o 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.
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Are the higher-dimensional energy conditions satished?

2
/dD:L‘\/ lR — —3“(56”05 — % Z Bﬁp¢|Fp|2] + Z / Ap A TD—p + Slocal sources
p p

QHZD

For scalar fields, we have [|7]

e IV = 0:the DEC 1s satistied but SEC might be violated.
e |V < 0:the SEC 1s respected but DEC might be violated.

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

Remember: DEC implies WEC, and SEC implies NEC.

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



* For p-forms with p > 1,

® _ A 1 Miq---M. 1 M+---M
TA,I;N — € ¢ (EF 1 IE\/IFMl'"MpN — 2(p n 1)!9MNF 1 pﬂFMl---MpH)
and 1t can be shown that
2
0
(p) 1 ) M N _ (u ) 1 I I---Ip _
(TMN D3 gMN)“ o 2(p+1)!D—2[2(p+1)(D P B ok

4 Qth...Ip-l-lFIlmIp_l_l} .

So, the SEC 1s satished for p < D — 2. The same 1s true for DEC. [8]

[7] H. Bernardo, S. Brahma, M. Faruk, 2022.
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* For p-branes, S = Tp/di'-’“r1&20'“‘9-*5 \/— det(h + F), Fuap:= Fyp + Bap

and
TN — 2 [P @ - X(©) e VG (67) " 0uX Moy ™

_ \/L__g / e 6P (@ — X(€))V—h T 0, XM, XN

V=0

Jh (g_l)ab, Gab = hap + Fap

where 7% = —T,¢*?

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 1 the action

S = —ZTépdea:fdP+1§ 5P (z — X;(€)) €% \/=h, +Zu6p/z4p+1 A*J)

20



The p-brane and Op-plane configuration must satisty the charge (tadpole)
cancellation condition,

a a e
Z“p / *pr1 = 0
a JCp_p—1

Let us write the tadpole cancellation condition explicitly for a system having Np, Dp-branes,
Nop, Opi-planes, No, Op_-planes, ND_p Dp-(anti)branes, No_p Op_ -(anti)planes and No_p_

+
Op_-(anti)planes. Then we have

Z#g = KUDp [NDp — ND_p — 2P (N0p+ + NO_p_ — N5 — Nop_)] =0

Op,

where we used HMops = F2P°upy .
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But simnce we are dealing with extremal objects, we can use the condition
above to write

ST =Th, {NDP + Ngz = 277% (Nop, — N + Ng;, = Nop_ﬂ

— 2T'Dp [NDp — 2"D_5(JVO}’)+ B NOp_)]

This 1s such that Y T3>0 < Npp > 2">(Nop, — Nop_)

* For supersymmetric parallel configurations, the branes and
orientifold planes have the same orientation and Npp = 2P"°No,,,
such that the sum of tensions vanishes and all energy conditions are
satishied.
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Conclusion 11

* Generically, tor any background metric, the field content ot
supergravity satisty the SEC, NEC, WEC and DEC 1n for any
spacetime dimension D > 2;

* Dp-branes also satisty the energy conditions;

e Individually, Op-planes can violate the EC’s. But the equations of
motion imply physical configurations that do not do so;

e For parallel (susy) configurations, all the EC’s discussed are satished.



Thank you tor your attention!




Recently, an attempt on finding dS backgrounds 1n type IIB supported
by all sorts of corrections was carried out by studying the metric uphft to
M-theory.?

The type IIB metric ansatz 1s

ds® = A2 ()12 (—(Hz + n'.:r:‘f + d."f:é + d.:r::‘i) + [—[3(3;) (Fl (ﬁ).ffnﬁ(i"})d?}”d?}ﬁ + F:z(*'f).f}f.-n.ndil'}m'ffif}”)

where (m,n) € M, and (a, ) € M,. We also impose F;Ff =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, 8/ :i?;;“,,ri:f:”rﬂ:r:” + g. 2/ SH2(y) (I*’l (t)gas(y)dy™dy” + !"2(f,)y.,”.,,.,dj:f"'“d;tf'”“) + _f;:f 3dz|?

where g; < At*H*(y) and z = x5 + i x17 1s 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 sources?

We need to consider curvature corrections contributions to Eimnsteimn’s
equations:

1 . .
classical corrections
Run — §!IMNR =Ty~ =~ +Tyn

What should we include 1n the energyv-momentum tensor of the corrections?
The main 1dea 1s to study all possible 1mageable terms!

36 J.M. Maldacena, C. Nunez 2001; G.W. Gibbons 2003; K. Dasgupta, R. Gwyn, E. McDonough, M. Mia, R. Tatar 2014




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)tﬁ (chﬁcxﬁ]iﬁ (Ri;?'ij)h (Rijmn)m (ijb){g (Ricxjﬂ)hn (Rllmnp)hl
X (Romon )™ (Roiog)™™® (Roaos)™ (Roa0s)™® (Roagm)™® (Roabm)"™” (Roijm)"®
X (Rumnpa)™ (Rimaas)™ (Rmaas)™ Rimaij)™ (Romna)'? (Romoa)?* (Roaga)*
X (Bﬂabcr)bﬁ (Rﬂ’i:ﬁﬂ)h? (Gfﬂ-ﬂm)hs (Gmnpfx)ﬂﬂg (Gwmpﬂ)&m (Gmna.ﬁ )h] (Gmmm)h?
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)




Since g(_y) « t, we can rewrite time-dependence of all fields as g,

dependence.

The ansatz for the fluxes 1s then expressed as
2k /3
s
GMNPQ (f*-;af)' ZQIWNPQ (H)

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




The energy-momentum tensor of the perturbative corrections scales as

6
g <, where

Okl (K +2) (kg + lbg + 31)

WM

3Z/+ (Zn,2n3+134+/35>+

I=0

1 2
+ 5(2k+1)(/3o+/32+/33)+§(k_1)(/36+/37+/38)

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

of derivatives w.r.t to the 11" direction) and in front of 3¢, I35, [3g(which are
powers of fluxes with the structure Gypngp)-




If we take time-independent fluxes, k = 0, then there are negative
definite terms 1n the g¢ scaling:

b

01 = positive — §(n3 + 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 1s no g hierarchy and so no-perturbative solutions! The only
possible solutions are non-perturbative ones, and they only exist 1f the
infinite number of corrections can be resumed.




However, turning on time-dependent fluxes makes the hierarchy possible
again, and there 1s not obstructions against a perturbative solution.




	Slide 1: The Inheritance of Energy Conditions
	Slide 2: Outline
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12: Strong energy condition (SEC)
	Slide 13: Null energy condition (NEC)
	Slide 14: Weak energy condition (WEC)
	Slide 15: Dominant energy condition (DEC)
	Slide 16: Conclusion I
	Slide 17: Are the higher-dimensional energy conditions satisfied?
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23: Conclusion II
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32

