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qUite generally: d83+4 — GQWdS?l + dSCZi [Gibbons ’84, de Wit, Smit, Hari Dass ‘87}
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—4W p4 —4W ¢ c e
e *W Ry — Ae M goo 0 strong energy condition
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00 derivative ® used in GR singularity theorems

[Hawking, Penrose 70...}

® most matter fields satisfy it
e Integrate over internal space: = A <0

® In string theory, various

possible loopholes:

® Romans mass: but it doesn’t help ~ [Maldacena, Nusiez ‘ool
® O-planes

® Stringy corrections to EH action

® U-duality transition functions?
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® But: acceleration becomes possible if internal metric depends on time

[Russo, Townsend ’18; Marconnet, Tsimpis ’22; Andriot, Tsimpis, Wrase ’24...1

® Even laxer: different warping factors for time and space...

® Recent idea: start from Einstein Static Universe (ESU)

[Heckman, Lawrie, Lin, (Sakstein,) Zoccarato ’18,’19}

® It can be supersymmetric
® Its perturbations can lead to accelerated expansion

® Realized from NS5 backreaction?



This talk: a classification of supersymmetric ESU

Plan:  °® Why ESU?

® How to impose supersymmetry

® (Preliminary) results
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® Recall original ESU: 'g R (p+ 3p) e.g. with matter and A:
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® No known argument against ESU with extra dimensions...
® Unstable: if we do realize it, a perturbation might
lead to a more realistic cosmology A ¢ V=17 pomt

asymptotically dS

-

aslvatic

[Heckman, Lawrie, Lin, (Sakstein,) Zoccarato ’18,’19}
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near-horizon limit of an NSg3: e’ =VNe ”, H = 2Nvolgs

linear-dilaton background
S3 originally surrounds NSss

® so perhaps let’s wrap NS¢’s on a cycle inside a CY... [Heckman, Lawrie, Lin, Zoccarato '18,19]

Reme X My C R*x Kihler
base for F-theory

similar to Maldacena—Nunez
" Reme X 52 xR x M
back-reaction should produce ' °

linear dilaton

[unlike with D-branes, no AdS emergesl

e overall expectation: Ry x S° with linear dilaton / F-theory mix



° 5% — 8%/ 7, large K o> duality to M-theory on Rjpe X S?

[Heckman, Lawrie, Lin, Zoccarato ’18,’19}
e maybe then only “A/ = 1/2”? namely, susy in exotic (2, 8) signature

perhaps also beneficial for perturbing to realistic cosmology.

® However, in this work we investigated supersymmetry in Lorentzian signature.
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e (Minkg, AdSy) x Mjg—_q4: various geometrical methods

e G-structures / spinorial geometry

® oeneralized (complex) geometry / pure spinors

® exceptional geometry

e For example, d = 4, one internal spinor 7 :

Jmn = inj-’Ymnn—i-

T —iJ

N+ & Ny = Qg = T+ Ymnph+
t — () SU(3) structure
N+ & N3 A M
SO(6) forms (J, () determine metric g,
— 1 27 1 2 [Hitchin o2,
e More generally, pure forms ¢ =0, @ n'  +—  (Gmn,n3,07) Gualtieri *04]

[Grafa, Minasian,

supersymmetry <>  pure spinor equations for O, Petsind, AT "od}
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® For more general spacetimes: results directly in 10d, without any factorization

o U = ¢; ® €2: not pure; does not determine metric

e U does determine null V12 = ELQFMEl,deM K = %(Vl 4+ V2)
> ~ o — 1Lyl _ 12
pick new forms | V¢ - V¢ = 1; (U, V,) — metric g K = 2(V V)

[Hackett-Jones, Smith ’o4;
- Koerber, Martucci ’o7;
L Kg = 3 LK H — dK Figueroa-O’Farrill, Hackett-Jones,
Moutsopoulos 07}

supersymmetry <—>

(AT u1] (¢— e Vo, +dy(e V- V3) + 01U — F) =0

pairing

(‘71 €' @Us,d(e” Vi ¥) — 00 — F> = | cauatons

Vs Ogq = %e¢dT(e_2¢Va)
(o, B) = (a A A(@))top

e K is in fact symmetry of entire solution
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o If K timelike, they can be replaced by [Legramandi, Martucci, AT 1o}

e2?d(e 29Q) = (K A H) F 16e®(1ar ¥, M F)g

~

d+x K = —4e¢(\If, (10 — deg) F') with a calibration interpretation [sort of}

e For Mink, x Mjs they are redundant

U = F2e v A Re®+ + 2e**Re(w A Dr) £ 2e34 v A ImP

exterior equation C,> pure spinor egs. for O



® Pairing equations are unsatisfactory...

o If K timelike, they can be replaced by [Legramandi, Martucci, AT 1o}

e2?d(e 29Q) = (K A H) F 16e®(1ar ¥, M F)g

~

d+x K = —4e? (\I/, (10 — deg) F ) with a calibration interpretation {sort of}

e For Mink, x Mjs they are redundant

U = F2e v A Re®+ + 2e**Re(w A Dr) £ 2e34 v A ImP

exterior equation C,> pure spinor egs. for O

® ... but hey, better than nothing

[Apruzzi, Fazzi, Rosa, AT '13;

® yseful for AdS in several dimensions Apruzzi, Fazzi, Passias, Rosa, AT '14..]

[Dibitetto, Lo Monaco, Passias, Petri, AT ’18;

¢ COllap se to Slngle equathn fOr Ads3 Macpherson, AT ’22; Legramandi, Macpherson, Passias "23...}

® AdSZ {Legramandi, Macpherson, Passias ’231

® in our case, they provide several constraints on RR flux.
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Results

€1 = X1 ® 0, ®E + conj.,

® Minimal amount of susy &> €3 = X2 ® 0= ® £ + conj
2 — X2 F °

@ 7d aux. Killing spinor on S°:
Lie, =0 Vil = —504
N

constraints on x4
[K=1(VI+V?), Ve nulll

® 'Two classes:

e K timelike: = V!, V* identify two directions ¢, z in 7d further split:
X1 = ¢+ @M
> internal Mg ~ {z, 5d} X2 = - ®n2

t,z

o K null: V! o V? , B
we still assume two X1 = ¢+ ®m

such directions exist, but now: X2 = ¢+ @1
most AdS vacua are here.
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e K timelike: ext. equation o> 12 =W -1

complex one-form

&> NaYuMb give vielbeinin 5d > metric is locally determined

With some simplifying Ansatz: a T-dual to the D8-Do—F1 class {Imamura o1]

AgS + 2025% =0

here S3 x Ms.

which we can now greatly generalize.



e K null: ext. equation C> three subclasses



e K null: ext. equation C> three subclasses

[K3k na = m SU(2)-structure in M5 dJ,+2BANJ, =0

Contains: ® Ang X S3 X K3 Wlth DS, KK5 {Lozano, Macpherson, Nufiez, Ramirez 201}

® linear dilaton solution with Dss ® more!



e K null: ext. equation C> three subclasses

[K3k o =m SU(2)-structure in M5 dJ,+2BANJ, =0
Contains: ® Ang X S 3 X K3 Wlth D5 , KK5 {Lozano, Macpherson, Nufiez, Ramirez 201}
® linear dilaton solution with Dss ® more!
[FEny = €fny, 0 £ 0 SU(2)-structure in M5 conf. Kihler
contains: o Ang X S : X Kahler n F_theor y [Couzens, Lawrie, Martelli, Schifer-Nameki, Wong '17;

Lozano, Macpherson, Nufiez, Ramirez 20}

® - holomorphic axio-dilaton, similar to F-theory



e K null: ext. equation C> three subclasses

[K3k o =m SU(2)-structure in M5 dJ,+2BANJ, =0
Contains: ® Ang X S 3 X K3 Wlth D5 , KK5 [Lozano, Macpherson, Nufiez, Ramirez 20}
® linear dilaton solution with Dss ® more!
[FEny = €fny, 0 £ 0 SU(2)-structure in M5 conf. Kihler
contains: o Ang X S : X Kahler n F_theor y [Couzens, Lawrie, Martelli, Schifer-Nameki, Wong '17;

Lozano, Macpherson, Nufiez, Ramirez 20}

® - holomorphic axio-dilaton, similar to F-theory

[S} Another class with a locally determined metric [as in timelike case}

® an extra SZ €merges



Conclusions

® ESU gives a possible new starting point for cosmology in string theory
® We launched a systematic investigation of such solutions

® Promising classes with a linear dilaton or holomorphic axio-dilaton



Backup

® oeneralized D8—Do—Fr1 class  [mamura‘orl AgS + 5075% =0
oK =0,S
ds?2 = — S 1K —1/23¢2 —|—SK1/2d22—|—K1/2dCB%§8 S = S(z;,2)
19 RS
® our (further generalization of) its dual P="P(z,p) f=f(zzip) hizzip)

ds? = } (= Apd? + VTPA22 )+ [Ldr+ [ £ (ds2 + P(dp? + p2ds?(S%)

PDE:s look complicated...



® linear dilaton with Dgs

1
ds? = %( dt* + dz? —I—dssg) + \/_dsKg + " \/_dp , e? = T
Fi=H=F;=0, F5 = 2uvolgs — x4dh h harmonic on K3

® oeneral class {F}

ds? =

N 2
(Dt2 + D¢?) 4 e*“ds?, + ds3, + e*¢ (g—q) dp?

sm 87

/
Cos v q — — de ( Cos « )
8p (€2A sin? a) + 2€2A4+2C 5in? agq hO 0 d4 <€2A sin? aas ) d4 e24 sin? o

+Bianchi identity for fluxes



