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“Modern” formulation: is the cosmological model in the
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“mainstream” models (v with observ.) exhibit de Sitter
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- present/future universe
- end-point of inflation
- ~ inflation phase

(Meta)stable or sligthly unstable solutions.



David
ANDRIOT

Introduction

Summary

Recent high precision cosmological observations
= constraints on cosmological models.
Still, many models v = theoretical constraints?

Requirement: can the model be derived/is compatible with a
fundamental theory/quantum gravity?

“Modern” formulation: is the cosmological model in the
swampland or not?

Relation to de Sitter solutions (having 4d de Sitter space-time):
“mainstream” models (v with observ.) exhibit de Sitter
solutions: Yo

- present/future universe
- end-point of inflation
- ~ inflation phase

(Meta)stable or sligthly unstable solutions.

= Get de Sitter solutions from quantum gravity?
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© String theory is v/ = consider different cosmological
models; more involved, to match observations

Idea behind recent “de Sitter swampland criterion”
G. Obied, H. Ooguri, L. Spodyneiko, C. Vafa, [arXiv:1806.08362]
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solutions as extrema of potential: dg,V]p = 0, R4 = 2V
= de Sitter solutions: Ay = $V|o > 0.
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© String theory is v/ = consider different cosmological
models; more involved, to match observations

Idea behind recent “de Sitter swampland criterion”
G. Obied, H. Ooguri, L. Spodyneiko, C. Vafa, [arXiv:1806.08362]

For a 4d theory of minimally coupled scalars ¢; (My = 1)

S = Jd4x\/@ (R4 + kin. terms — V(¢;))

solutions as extrema of potential: dg,V]p = 0, R4 = 2V
= de Sitter solutions: Ay = $V|o > 0.
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Criterion: if NOT in the swampland, one has:
IVV|=cV

with ¢ > 0, |VV| = 1/g78,, Vg, V.

Extremum: |[VV|p = 0= V|p < 0: no de Sitter solution.
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o Requirement (can model be derived from quant. gravity?)
is fruitful, constraining.

@ Problem of de Sitter solutions in string theory is central.

Introduction

Plan:

o Comments on de Sitter solutions in string theory and the
swampland
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o Constraints on classical de Sitter solutions




David
ANDRIOT

Recent review: U. H. Danielsson, T. Van Riet, [arXiv:1804.01120]

Introduction

Stringy de Sitter

Summary




David
ANDRIOT

Recent review: U. H. Danielsson, T. Van Riet, [arXiv:1804.01120]

Complicated interplay between quantum gravity (10d
supergravity /string theory) and cosmological model (4d low
energy effective theory)

Introduction
Stringy de Sitter

Co aints
. de Sitter

Summary




David
ANDRIOT

Recent review: U. H. Danielsson, T. Van Riet, [arXiv:1804.01120]
Complicated interplay between quantum gravity (10d

supergravity /string theory) and cosmological model (4d low
energy effective theory)

Stringy constructions to get de Sitter:

@ “4d approaches”

Introduction
Stringy de Sitter

C raints
de Sitter

ummary

e “10d approach”




David
ANDRIOT

Recent review: U. H. Danielsson, T. Van Riet, [arXiv:1804.01120]
Complicated interplay between quantum gravity (10d
supergravity /string theory) and cosmological model (4d low
energy effective theory)

Stringy constructions to get de Sitter:

o “4d approaches”: (at some point) include an ingredient at
4d level = controlled realisation in string theory?

Introduction

Stringy de Sitter Prime example: KKLT: include 4d

‘ non-perturbative contributions, 4d Lbd A

S potential term for Ds... ?
Non-geometric: many different 4

non-geometric fluxes = realise as a de Sitter sol.

non-trivial stringy background?

NS Bianchi identities not satisfied: exotic sources?

(some 4d non-geometric fluxes lifted to an understood 10d
realisation)

e “10d approach”
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No such solution in heterotic string. C. Quigley, [arXiv:1504.00652],
D. Kutasov, T. Maxfield, I. Melnikov, S. Sethi [arXiv:1504.00056],
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F. F. Gautason, D. Junghans, M. Zagermann [arXiv:1204.0807],
S. R. Green, E. J. Martinec, C. Quigley, S. Sethi [arXiv:1110.0545]

In type ITA/B: not excluded but very constrained
Intrinsically difficult: e.g. parallel Dg/Og:

24 2 24 vy 2
58 (*J_H‘J_ + 6¢’F0) — eT (64"‘ % de a4 _ e‘z’F.Z(O))

2 R 2
=) (*Lde’a” - eq(‘aHFZ(l)))

20 (o) 4 2(F) + (PP + (B

2A

( — 2Ry — 2R + (H®)? + 2(H(3))2)

D. Andriot, J. Blabick, [arXiv:1609.00385]
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F. F. Gautason, D. Junghans, M. Zagermann [arXiv:1204.0807],
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In type ITA/B: not excluded but very constrained
Intrinsically difficult: e.g. parallel Dg/Og:

2

24 2 24 Yy
58 (*J_H‘J_ + 6¢’F0) — eT (64"‘ % de a4 _ e‘z’F.Z(O))

TR (kadeily - (e, 7))

D. Andriot, J. Blabick, [arXiv:1609.00385]
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Sy In addition: possible difficulties to go to 4d!
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— no de Sitter solution in 4d low energy effective theory?
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Introduction

Stringy de Sitter In type ITA/B: not excluded but very constrained
; - Intrinsically difficult.

Sy In addition: possible difficulties to go to 4d!
o Problem of low energy truncation/effective theory.
Few 10d de Sitter solutions on group manifolds; none on
nilmanifold. Argument that only nilmanifolds allow
for v’ low energy truncation:
other 10d solutions have scales > Kaluza—Klein scales.
— no de Sitter solution in 4d low energy effective theory?

D. Andriot [arXiv:1806.10999]

3 points in favor of de Sitter swampland criterion.
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But... 3 10d classical de Sitter sol. of type IIA /B supergravities
C. Caviezel, P. Koerber, S. Kors, D. Liist, T. Wrase, M. Zagermann [arXiv:0812.3551],

R. Flauger, S. Paban, D. Robbins, T. Wrase [arXiv:0812.3886],

U. H. Danielsson, S. S. Haque, G. Shiu, T. Van Riet [arXiv:0907.2041],
1
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C. Caviezel, T. Wrase, M. Zagermann [arXiv:0912.3287],

U. H. Danielsson, P. Koerber, T. Van Riet [arXiv:1003.3590],

U. H. Danielsson, S. S. Haque, P. Koerber, G. Shiu, T. Van Riet, T. Wrase [arXiv:1103.4858],
C. Roupec, T. Wrase [arXiv:1807.09538]

with intersecting Og, or O5 & Or.
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But... 3 10d classical de Sitter sol. of type IIA /B supergravities
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U. H. Danielsson, S. S. Haque, P. Koerber, G. Shiu, T. Van Riet, T. Wrase [arXiv:1103.4858],
C. Roupec, T. Wrase [arXiv:1807.09538]
with intersecting Og, or O5 & Or.
Criticism on these solutions (smeared O-planes, Romans mass,

flux quantization/large volume/small coupling, etc.)
C. Roupec, T. Wrase [arXiv:1807.09538]
— doubt on their validity? Find other solutions?
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Criticism on these solutions (smeared O-planes, Romans mass,

flux quantization/large volume/small coupling, etc.)
C. Roupec, T. Wrase [arXiv:1807.09538]
— doubt on their validity? Find other solutions?

+ all known solutions: unstable/tachyonic/at maximum
= no known classical de Sitter vacuum
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But... 3 10d classical de Sitter sol. of type ITA /B supergravities

C. Caviezel, P. Koerber, S. Kors, D. Liist, T. Wrase, M. Zagermann [arXiv:0812.3551],

R. Flauger, S. Paban, D. Robbins, T. Wrase [arXiv:0812.3886],

U. H. Danielsson, S. S. Haque, G. Shiu, T. Van Riet [arXiv:0907.2041],

C. Caviezel, T. Wrase, M. Zagermann [arXiv:0912.3287],

U. H. Danielsson, P. Koerber, T. Van Riet [arXiv:1003.3590],

U. H. Danielsson, S. S. Haque, P. Koerber, G. Shiu, T. Van Riet, T. Wrase [arXiv:1103.4858],
C. Roupec, T. Wrase [arXiv:1807.09538]

with intersecting Og, or Os & Or.

Criticism on these solutions (smeared O-planes, Romans mass,

flux quantization/large volume/small coupling, etc.)
C. Roupec, T. Wrase [arXiv:1807.09538]
— doubt on their validity? Find other solutions?

+ all known solutions: unstable/tachyonic/at maximum
= no known classical de Sitter vacuum
— refine de Sitter swampland criterion

1 b; € R, ¢; € Ry such that

V+ Z i i,V + Z 4

Solution: V\o+Zcz ¢7 5451 V)lo <0

= no stable de Sitter solutlon, tachyonic de Sitter sol. v
D. Andriot [arXiv:1806.10999]
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Introduction

Stringy de Sitter

1b; € R, ¢; € Ry such that

V + Zbi $i0s; V + Zci $i0,

= no stable de Sitter solution, tachyonic de Sitter sol. v .

Replace 04,V term by a power of [VV].
Single field and V' > 0: refined criterion becomes:

Ve —any =c, witha >0, c>0
D. Andriot [arXiv:1806.10999]

= checks? Cosmological implications?

S. K. Garg, C. Krishnan [arXiv:1807.05193]
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1b; € R, ¢; € Ry such that

Vit Db ¢ide V o+ Y e 70,V < 0

= no stable de Sitter solution, tachyonic de Sitter sol. v .

Replace 04,V term by a power of [VV].
Single field and V' > 0: refined criterion becomes:

Ve —any =c, witha>0, ¢>0

Introduction

_ D. Andriot [arXiv:1806.10999]
Stringy de Sitter

= checks? Cosmological implications?

Summary S. K. Garg, C. Krishnan [arXiv:1807.05193]

Interesting general statements.

The whole situation now requires more precise studies.
Less example based and more analytical results,
understanding.

= constraints on 10d classical de Sitter solutions
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Idea: combine equations to be satisfied in a useful manner
w.r.t. constraints, e.g. expression for R4 > 0.
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Idea: combine equations to be satisfied in a useful manner
w.r.t. constraints, e.g. expression for R4 > 0.

Two (equivalent) approaches: 10d equations of motion (e.o.m.)
or 4d potential extrema.
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D. Andriot [arXiv:1807.09698]

Idea: combine equations to be satisfied in a useful manner
w.r.t. constraints, e.g. expression for R4 > 0.

Two (equivalent) approaches: 10d equations of motion (e.o.m.)
or 4d potential extrema.
4d scalar fields (fluctuations): 4d dilaton 7 and 6d volume p,
study of V(p, 7).

M. P. Hertzberg, S. Kachru, W. Taylor, M. Tegmark [arXiv:0711.2512],

E. Silverstein [arXiv:0712.1196]
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D. Andriot [arXiv:1807.09698]

Idea: combine equations to be satisfied in a useful manner
w.r.t. constraints, e.g. expression for R4 > 0.

Two (equivalent) approaches: 10d equations of motion (e.o.m.)
or 4d potential extrema.
4d scalar fields (fluctuations): 4d dilaton 7 and 6d volume p,
study of V(p, 7).

M. P. Hertzberg, S. Kachru, W. Taylor, M. Tegmark [arXiv:0711.2512],

E. Silverstein [arXiv:0712.1196]

Ra=--->0 trace of Einstein eq. along 4d > 0
0,V]p=0| «<— | trace of Einstein eq. along 10d or 6d
0-Vl]p =0 10d dilaton e.o.m.
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D. Andriot [arXiv:1807.09698]

Idea: combine equations to be satisfied in a useful manner
w.r.t. constraints, e.g. expression for R4 > 0.

Two (equivalent) approaches: 10d equations of motion (e.o.m.)
or 4d potential extrema.
4d scalar fields (fluctuations): 4d dilaton 7 and 6d volume p,
study of V(p, 7).

M. P. Hertzberg, S. Kachru, W. Taylor, M. Tegmark [arXiv:0711.2512],

E. Silverstein [arXiv:0712.1196]

Ra=--->0 trace of Einstein eq. along 4d > 0
0,V]p=0| «<— | trace of Einstein eq. along 10d or 6d
0-Vl]p =0 10d dilaton e.o.m.

Combine 3 equations, get constraints
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T. Wrase, M. Zagermann [arXiv:1003.0029], G. Shiu, Y. Sumitomo [arXiv:1107.2925]
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A de Sitter solution requires 719 > 0 and
p=... Re =0 \ Re <0

3 Fi, H nothing
4 Fo, H Fo or F2
5 I3
6 Fo
7
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Introduction 8

Stringy de Sitter 9
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- de Sitter Considering on top the 10d sourced Bianchi identity

T
dFs_p — H A Fs_p = & ZT“leoli

= more constraints, more ingredients needed
J. Blaback, U. H. Danielsson, D. Junghans, T. Van Riet, T. Wrase, M. Zagermann

[arXiv:1009.1877], D. Andriot, J. Blabick, [arXiv:1609.00385]
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p = 4: Different Bianchi identity: dF,—, = dFp = 0.

Fy is a scalar = F{ constant.

But Fy — —Fj under O4 projection = Fj =0
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On group manifolds (with constant fluxes): constraints in
540 qey £y a
j|eL 1dy

1 i J :
50905cds; i flly o) £y a)

No classical 10d de Sitter solution (with parallel D,/O,) for
A<OorA>1

— no de Sitter solution on nilmanifold, semi-simple group
manifold, some solvmanifolds (in standard basis).

terms of A = —

Not conclusive for 0 < A < 1 = possibilities left.

Stability island:
a de Sitter solution would have d2V]y >0, 02V|o >0,
2V ]o > 0 for

1
0<A<— with p=6
O</\<m with p=4,5
= Tiny region of parameter space where

possible stable de Sitter solutions (with parallel D,/O,)
— explore!
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S = Jd‘l:z:\/ |g4| (R4 + kin. terms — V)
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3 equations of motion = de Sitter solution with

2 T1o
R4 = —§R6 = gsT >0
= landscape of 4d theories (Rg,Th0), some with de Sitter
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Similar with A < 0: inconclusive without Bianchi identity,
exclusion de Sitter with it.
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©

Study dimensional reduction and low energy
truncation/theory in the swampland context
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o Explore a stability island for parallel D, /O,

o Explore more intersecting D,,/O,,

©

Study dimensional reduction and low energy
truncation/theory in the swampland context

Thank you for your attention!
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