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Maldacena-Nunez no-go

In a warped compactification of D-dimensional gravity, de Sitter
spacetime is obstructed by a Strong Energy Condition Maldacena,

Nunez '00

- . d
R 2AT_0 T = TH TL
D—d I ‘ , . D-2 o

SEC: at tree-level in g5 and o, w/out localised sources,
non-perturbative effects etc..

T>0 = Ry<0

SEC is a necessary condition for dS
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classical de Sitter?

SEC from p + 1-dim localised sources, still classical corner
Tioc ~ To0(X) <0 if T, <0 = Op-planes

Very intensive research conjectured 3 open problems Andriot '19,

references therein

1. No classical de Sitter solution with parallel sources

2. Classical de Sitter solutions with interstecting sources are
pert. unstable

3.No small g; and large V within string-theory origin
(quantised fluxes, bounded NOP,...)

Refined dS conjecture: No (metastable) de Sitter in the
asymptotics of moduli space
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SUSY-breaking at string scale

Let’'s move to the non-supersymmetric corner

10d tachyon-free non-susy strings: SO(16) x SO(16), Sugimoto
Usp(32), Sagnotti 0'B
Msysy ~ Ms

. S0(16)xSO(16) _ »410 2 Usp(32),0'B 3¢
SEC: \/eﬂr D) Al-loop = Ms ez, Vdisk = Toge2

There are no de Sitter solutions Basile, Lanza '20

. still very interesting Mink, AdS solutions: " Dudas-Mourad” ,
Ad53 X 57, Ad57 X 53 Dudas, Mourad '00 Mourad, Sagnotti '17
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SUSY-breaking at compactification scale

Our work: Strings with SSB Msysy ~ Mgy : Scherk-Schwarz
toroidal orbifolds

SEC from 1-loop (negative) " Casimir energy”

in M-theory: dS; x H’ with flux, Casimir energy and negative

curvature De Luca, Silverstein, Torroba '21

This talk:

1. 3 dS solutions with simple ingredients (flux, Casimir,

curvature)? Yes
2. any pert. stable dS solutions? No: universal tachyon

3. dS with control on g5, V expansions? No,
gs ~ N,V a>0
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Scherk-Schwarz orbifolds

[IB on a Torus T/2(Rss) — orbifold g = (—1)F 54

F: spacetime fermion number

Sik * (XL, XR) = (XL +TRss/2, Xp+TRss/2) = Nk — Mise+5
Gravitini acquire mass Msygy ~ %’—; ~ My, SUSY

In the large Rss limit, no-tachyons and twisted states are very
massive due to non-trivial windings: integrated out from EFT

1-loop effective potential of runaway type:

d*7 Rss>1
Ves(Rss) ~ —/ ~—=TuBjg ~ (n2 — n%) xconst x
F 275

A massless dof

10—n
Rss

fermions massed up n? = 0, bosons still massless ng =64



Can we stabilise Rss within a de Sitter solution using fluxes?
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Compactification ansatz

Unwarped product compactifications, w/out localised sources
m 10—d—m
Ml,d—l X Y™ x Tss
| —
internal space

Y™: m-dimensional curved Euclidean manifold
NSNS Hs, H7 and RR Fq fluxes
¢ = cI>O = Log(gs)

Useful to decompose fluxes as
Z H§P3) Fq _ Z qu
p3=0

with p3, sq legs on Y™ and remaining 3 — s3, (g — s5q) legs on T2
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10d dS No-gos

Strategy:

dilaton eom + traces Einstein eqgs — Rg < 0 — dS No-gos
We find: # dS solutions in d> 6
in d < 5 dS solutions could exist, must minimally have

Negative Casimir, Ry >0, Hgo), F,gs")\q<5725q

~
SECifn2>n?

Hgo): Hs flux component with 3 legs on the SS-torus (will spoil
control!!)

(sq) = #flux legs onY



Bianchi identity and parametric control

W /out localised sources and for non-trivial background fluxes,
Bianchi identities require tadpole-free fluxes

qu =0=H3z A Fq_2
can be satisfied by distributing appropriately the flux legs in the

internal space

If SO, flux numbers are unbounded Dewolfe, Giryavets, Kachru, Taylor'05:
Can we have
gs~n% Ve a >0

for a (A)dS solution?



We now go in the EFT to discuss stability and control on
putative dS solutions

10



The EFT

In lower d-dimensional Einstein frame o' = {¢4,w, x} universal
moduli

eﬁ(qﬁd—(qﬁd)

2 2 2 2 2 2
dsip = )dSMl,d—l Te deym(R) +e wdsTs'é(RSS)

w, x: string-frame volume moduli e = R e = R

=® — 2w — Ty lower-dim dilaton
d D) 2X
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The EFT

In lower d-dimensional Einstein frame o' = {¢4,w, x} universal
moduli

4
d5120 = em((bd_(%»dsﬁ/’l,dq + e2XdS$/m(R) + e2wds$'s'£(Rss)
w, x: string-frame volume moduli e = R e = R
¢d =P — Fw — Fx lower-dim dilaton

Scalar potential V from dim. reduction

1 , . .
Sq = 2 / ddX\/—igd<Rd — KijOup'0"¢ — V(‘Pl)>
d

V = Vflux + chrv + Vss
——— =~

tree-level 1-loop

Assumption: g; < 1 and R, Rss > 1 higher order corrections 1

neclicihle



EFT analysis: stability

de Sitter: VV/|qit =0, V]gir > 0

For consistent truncations, stability can be addressed in the EFT
by inspecting Hessian/Mass-matrix I\/Iij = Kkv, Oj Vcrit

I negative Eigen(M';) = instability
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EFT analysis: stability

de Sitter: VV/|qit =0, V]gir > 0

For consistent truncations, stability can be addressed in the EFT
by inspecting Hessian/Mass-matrix M'; = K’* ¥, 9; V| it

I negative Eigen(M';) = instability
we find for d > 4 (Kj; is positive def)
éﬁd Verit = —2d Vcrit universal tachyon

Hence, by Sylvester’s criterion:

Any de Sitter solution (V| > 0) in d > 4 is pert. unstable.

min(Eig,‘en(M"j))| . <_d
V crit =

ny = (d—2) S -0(1)

E 12



EFT analysis: dS under (parametric) control?

Miq-1 % YT(R) x TIO-m9(Ry)
Notice that:
1. Crucially Vg ~ g—izo is only suppressed in gs and R%s but not

O |
|nﬁ

2. for any solution, terms in the potential must be comparable
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EFT analysis: dS under (parametric) control?

Miq-1 % YT(R) x TIO-m9(Ry)
Notice that:
1. Crucially Vg ~ g—izo is only suppressed in gs and R%s but not

O |
|nﬁ

2. for any solution, terms in the potential must be comparable

Let us define § = % internal anisotropy
2
Vs ~ VH§p3) C Viux = &~ NH;,ps Rss 6P ) (P3 > O)

if § < 1and p3 # 0, then could be g¢ < 1 at Rs > 1

but for dS H{®) term i.e p3 = 0 should be leading! => No
control on putative dS sol (gs ~ ny, R2)
13



AdS solution

An example of AdS solution under control: In I1A
AdS; x 52 x SL

with F2(2) ~ vols2, Héz) ~ volg2 A volgt
We solved all the 10d eoms, including Bl

Flux numbers [c, Fo ~ n2, [z, 61 H3 ~ n3 are unbounded

Solution is perfectly under control (§ < 1):

5 5 1 2 1
7

5 _6 5 1 2
7 7 7 7 7
gs~nyn,”, R~ngnj, Rs~ngn,

14



Conclusions

1. type Il Scherk-Schwarz orbifolds come with a one-loop

negative runaway potential that breaks the SEC

2. We looked for dS in product compactifications where the
runaway could be stabilised with fluxes

3. We individuated dS no-gos as well as minimally required

ingredients for dS solutions

4. for dS, we found a tachyon in the set of universal moduli

— instability of consistent truncations

5. dS solutions cannot be under control. In contrast, we
provide an AdS solution to the 10d eoms that shows
parametric control.

... Thank you!

ii5)



