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Obstacles for dS from UV Theory

 Classical No-Go Theorems

* Dine Seiberg problem




Different approaches

* String flux compactification EFTs (e.g. KKLT, LVS)

Review: L. McCallister and FQ, 2310.20559

(See also talks by Schachner and McAllister)

e Classical solutions? (evading no-go theorems)

e.g. Cordova, Tomasiello et al.



Classical de Sitter solutions




Classical no-go theorem

Gibbons, De Wit, Maldacena-Nunez...

e The gravity action does not contain higher curvature corrections.

e The potential is non-positive, V' < 0.

e The theory contains massless fields with positive kinetic terms.

e The d dimensional effective Newton’s constant is finite.

ds = O (y) (da + Gundy"dy™)
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Ways out

* Quantum effects,...

* Relax assumptions (e.g. V< 0)



De Sitter from
6D (1,0) Gauged Supergravity



Matter content

Gravity multiplet. Metric gpsn a self-dual antisymmetric tensor B]‘\Z ~, one left-handed gravitino

T,

Tensor multiplet. One anti self-dual antisymmetric tensor B, ,;, one scalar ¢, one right-handed
fermion 1 (tensorino).

Vector multiplet. One vector Ay and one fermion A (gaugino).

Hypermultiplet: Two complex scalars ¢!, ¢° and one right-handed Weyl fermion ¢ (hyperino) .

In general n; tensor, n,, vector and n, hyper multiplets

Ng — Ny + 291, = 273



Scalar fields

* From tensor multiplets n. real scalars

SO(1,nr)/SO(nr)

(X

J a=1,..np+1 Qaﬁja]ﬁ =1 Gap = Qjajﬁ _ Qaﬁ

n=1 ¥ = sinh v, jt = cosh

* From hypermultiplets

QU (U =1, ... 4nH) Quaternionic manifold



6D Supergravity (Salam-Sezgin)

* Positive potential (evades Maldacena-Nunez theorem)

e Chiral

* No maximally symmetric solution in 6D (Dine-Seiberg problem in 6D?)
 Maximally symmetric in 4D

* Maximally symmetric smooth solution: S?x Minkowski, N=1 SUSY.
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Field Equations:
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General 4D Solutions

Gibbons et al 2004
Burgess et al 2005
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Le=Rx*x1—xdopNdop— 56_90 * F(Q) A F(Q) — 56_290 * H(g) A\ H(g) — 8g26(’0 x 1

Runaway potential! 6D Dine-Seiberg problem?

ds® = gy dz™ dz = W2(y) g () dz# da” + §i;(y) dy'dy?

~ 1 - R - .
G = Wg, R, =R, + E(WQ—”VQW”) g and Up=W"V;(W"370,p),
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No singularities/boundaries imply R=H2=0 e.g. S% X R13

(unigueness of Salam-Sezgin solution)



General Solutions

Burgess et al 2005

O x (A)dS, % 3-Branes

Asymptotic near brane solutions (n=4, d=2):

p~qglnr and ds®~r¥¥ G (x) dzt dx” + dr? + r** fu(2) dz%d2?,

nw+ a(d —1) = 1. nw? +a(d —1) + ¢* = 1. Kasner constraints
(BKL: Belinsky et al)




Flat Solutions

Gibbons et al.

ds* = gyn dedz” = W?2q,, doetdz” + a*df” + a*W3dn?,
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Numerical de Sitter solution

X" -+ 62X = () e = )\1_1 cosh{A1(n —n1)].

I 2Y 2Y +2 __
YW+ e —ee =0 X,Y,Z linear combinations
7" 4 Yz . of log W, log a, @

2 € = H?2

Burgess et al 2005

» Kasner
Kasner I

—-1.5

Solutions stable under small perturbations!



6D (1,0) Supergravity From String Theory?

e M-theory/IlA on hyperbolic manifold H(22)

X124+X,2-X32-X 2= D

Consistent truncations give Salam-Sezgin theory

Cvetic, Gibbons, Pope hep-th/0308026

* F-theory on elliptic Calabi-Yau

Grimm, Pugh 1302.3223




10D String on H(22) x S1

(p,a, B) (z)

Any solution to the 6D equations from:
1 1

Le=Rx*x1—xdopNdop— 56_90 * F(Q) A F(Q) — 56_290 * H(g) A H(g) — 892690 x 1
Can be uplifted to solutions of 10D (string) equations:
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e = (cosh 2p) /2 e Cvetic et al 2003

Then the 6D de Sitter solutions can be uplifted to 10D !!!

Non-compactnhess?



6D Supergravity from F-theory

Grimm et al 2013

11D M-theory to 5D on elliptically fibred CY; and uplift to D=6

h{, +1 hypermultiplets, h{;-1 tensor multiplets
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From 6D to 4D

ds®> = W(r)2q.,detdz” + a(r)?de* + dr® = 2 Vg, darde” + > dh? + dr?

Field equations
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Asymptotic solutions

Near brane solutions:
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Kasner constraints
(BKL: Belinsky et al)
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Numerical dS Solutions H2> 0

Singularities?



Effective field theory of localized objects

*Field ;

SNRen — —/d4513 <

\

*Localised object
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e.g. atomic nucleus!

3 a L e/
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PPEFT

Goldberger, Wise,

Burgess et al

Applications to precision atomic levels, Helium 4...
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Source back reaction: Boundary conditions from pillbox
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Conclusions

® Explicit (numeric ) (A)dS solutions of 6D Supergravity

® Embedding of gauge 6D supergravity in String Theory

® Solutions uplifted to string solutions

® Singularities have brane-like properties (power of PPEFT)

® Open questions






