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Setting the stage




String-Cosmo Day: one day meeting bringing together String Theorists and Cosmologists

APC Paris, 28th November 2023, 9:00 — 18:00, hitps://indico.in2p3.1r/event/30602/

Organisers: David Andriot, Francesco Nitti, Vivian Poulin

Funding: GdR CoPhy, ERC, APC, LUPM
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APC Paris, 28th November 2023, 9:00 — 18:00, hitps://indico.in2p3.1r/event/30602/

Organisers: David Andriot, Francesco Nitti, Vivian Poulin

Funding: GdR CoPhy, ERC, APC, LUPM

48 participants, ~ 55 % string theorists

(nearby event: Deconstructing the String Landscape, IPhT, Saclay)

Speakers and discussion conveners:

Julien Larena

Marco Raveri

Sébastien Renaux-Petel
Nils Schoneberg (review)
Daniele Steer (discussion)

Fernando Quevedo (discussion)
Gary Shiu

Dimitrios Tsimpis

Irene Valenzuela (review)
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Scientific motivations




Since BICEP2 (2014) and the Swampland de Sitter Conjecture (2018) and DESI (2024):
— Iimportant activity / renewed interest in string theory to derive cosmological models

1. Inflation
2. Cosmological constant / de Sitter solutions (dark energy)
3. Quintessence (dynamical dark energy)
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Pavid Andriot
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Michele Cicoli
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Cosmologists: Severin List

Susha Parameswaran
P S Nicole Righi
- Informed of string theory attempts/constraints on models Gary Shiy

Thowmas Van Riet

- General questions and curiosity (see discussion session) e
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Topics and results




_ _ String Theory
Interested in cosmological models l

derived from string theory,
of the form:

M?2 3 :
Ad EFT: [ dz\/]g4] (TPR4 — 39i0up" 07 — V(s&’“))

Gravity, minimally coupled to scalar fields ¢*, with scalar potential V (")

——— inflation, dark energy (cosmo. constant: V' = AMg , quintessence)

(no matter, no radiation)




_ _ String Theory
Interested in cosmological models

derived from string theory, l
of the form:

M?2 3 :
Ad EFT: [ dz\/]g4] (TPR4 — 39i0up" 07 — V(s&’“))

Gravity, minimally coupled to scalar fields ¢*, with scalar potential V (")

——— inflation, dark energy (cosmo. constant: V' = AMg , quintessence)

(no matter, no radiation)

Note: simple model, no Horndeski etc.
More constraints: what V (") do we get?

(shape: hilltop, exponential, etc. ; values of €v, v ...)

)

One answer: model by model, example based
General characterisation: Swampland program
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You cannot get anything (any model) from string theory / quantum gravity
— constraints on model --- U.V. - IL.R. connection
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 Irene Valenzuela: A Swampland Review for Cosmologists

You cannot get anything (any model) from string theory / quantum gravity
— constraints on model --- U.V. - IL.R. connection

Main constraints arise in asymptotic of field space: ¥ — o0
(local/gauge symmetries become global ; cut-off of 4d EFT goes to O ; tower of light states appears)

Constraint on scalar potential V' (¢F) : % >/2 +— ey >1 when ¢ — o0

(Strong de Sitter Conjecture, no known counter-example)
— no slow-roll (single field inflation), no de Sitter (no cosmological constant: VV =0)

Quintessence?

Challenges for string cosmology!

Property of V(") for ¢ — oo : why not exploring bulk of field space, not asymptotic?
Because trustable region of V(") in derivation (weak coupling regime), less sure of V(") in bulk...




Nils Schoneberg: A Cosmology Review for String Theorists
Swampland conjectures (de Sitter and distance conj.) and observational constraints

Single field slow-roll inflation in tension —— more complicated models (multifield...)
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Nils Schoneberg: A Cosmology Review for String Theorists
Swampland conjectures (de Sitter and distance conj.) and observational constraints
Single field slow-roll inflation in tension —— more complicated models (multifield...)

Quintessence: try different V(") , constraints from observations

Example: V = Ve *¢ (often the case from string theory with ¢ — oo 1)

MV NN ] i
> > V2 Observations: A < 2

Nils Schoneberg nils.science@gmail. _ :
— Tension, challenging

(but not hopeless)
FROM THEORY TO PRACTICE

Hilltop potential favored...

» Exponential: < ' anck

anck+CC

V(g) = Voexp(=Ag) gop 3 ' o Coupling to matter...

anck+ Pantheon
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* Swampland very much in tension with
observations! A =|9,V/V|>1 X
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Similar topics and motivations: comparing observational constraints and swampland constraints

Exponential or cosine V (")
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Raveri:

Lost in the Cosmological Swampland

Similar topics and motivations: comparing observational constraints and swampland constraints

Exponential or cosine V (")

Initial constraints on string swampland

Data set

@5‘7}

Hierarchy of constraints

|Ag| [Mp] L
68% (95%) C.L.

CMB

A< 1.1(1.9)

|A¢| < 0.33(0.52

CMB + SN
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X < 0.38(0.64)
A < 0.29(0.56)

|A¢| < 0.08(0.16

ALL \r<0.28051) /
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)
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|AG| < 0.08(0.15

N pd
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Data set
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c<23(3.1)
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¢ < 0.25(1.4)
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c < 0.16 (0.73)

( MR, Wayne Hu, Savdeep Sethi, arXiv:1812.10448 )

Marco Raveri
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Similar constraints and challenge

Coupling to matter...




Gary Shiu: Late-time Attractors and Cosmic Acceleration

1Fa 1 1 . N _}\ai :
Multifield and multi-exponential case: V' =>_, ; Vos e & s e
Dynamical system analysis to identify late-time attractors + acceleration or not (not cv )

General universal results, useful e.g. to string theory models of (asymptotic) quintessence
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1Fa 1 1 . N _}\ai :
Multifield and multi-exponential case: V' =>_, ; Vos e & s e
Dynamical system analysis to identify late-time attractors + acceleration or not (not cv )

General universal results, useful e.g. to string theory models of (asymptotic) quintessence

« Sébastien Renaux-Petel: Seven lessons for inflationary model-builders (in string theory)

(Multifield) inflation review + motivations/connections to string theory + 7 messages

inflation by itself is not predictive in general!
Integrating out is not truncating

curved field space matters (a lot)

other ways to inflate than slow-roll

inflation as a cosmological collider

features are well motivated

a lot to learn from dark era of inflation




« Dimitrios Tsimpis:  Accelerated Expansion in an Open Universe

Concrete string theory derivations giving V = Voe ¢ , X\ > /2
With (negative) spatial curvature: 2, > 0

Dynamical system analysis, various cosmological solutions

— transient, (semi-) eternal acceleration

— useful to realise inflation or quintessence?
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« Dimitrios Tsimpis:  Accelerated Expansion in an Open Universe
Concrete string theory derivations giving V = Vye 2% , A > /2
With (negative) spatial curvature: 2, > 0

Dynamical system analysis, various cosmological solutions

— transient, (semi-) eternal acceleration

— useful to realise inflation or quintessence? Clustering + Geometric probes

* Julien Larena: What do large-scale structure have

to tell us about spatial curvature?

mm RSD + BBN + BAD
B CR + BBN + BAO
CR + RSD + BBN + BAOQ
B CR + RSD + BBN + SNIa
CR + RSD + BBN + BAO + SNla

. CvB
[QK,U _ 0.00410.0300 ]

CMB-independent evaluation of €2 in ACDM + €2y,
(and other cosmo. parameters)

Qo = 0.3210 = 0.0121

Hy = 67.55t}:gg km/s/Mpc
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+ Flat ACDM okay without CMB




Exponential Quintessence:

Very useful day curved, steep and stringy?
(at least to me!)

. . . 7 e . . LE
David Andriot!, Susha Parameswaran®, Dimitrios Tsimpis®,

4

Timm Wrase®, Ivonne Zavala®

202

Exponential
quintessence

+ curvature

+ string theory origin

1y

andriot@lapth.cnrs.fr; susha.parameswaran@liverpool.ac.uk;
teimpis@ipnl. in2p3.fr; timm.wrasedlehigh.edu;
e.l.zavalacarrasco@swansea.ac.uk

i
L&

Abstract

We explore the possibility that our universe’s current accelerated expan-
sion is explained by a quintessence model with an exponential scalar potential,
r P T TR . carda 3 T /T . iverse. favor:
¥ Vo e %, keeping an eyve towards A > +/2 and an open universe, favorable
to a string theory realisation and with no cosmological horizon. We work out
the full cosmology of the model, including matter, radiation, and optionally

vl [hep-th] 15 M
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negative spatial curvature, for all A > 0, performing an extensive analysis of

the dynamical system and its phase space. The minimal physical requirements
of a past epoch of radiation domination and an accelerated expansion today
lead to an upper bound A < '3, which is driven slightly up in the presence of
ohservationally allowed spatial eurvature. Cosmological solutions start univer-
sally in a kination epoch, go through radiation and matter dominated phases
and enter an epoch of acceleration, which is only transient for A = V2. Field

irxXiv:240

-
L=

distances traversed between BBEN and today are sub-Planckian. We discuss
possible string theory origing and phenomenological challenges, such as time
variation of fundamental constants. We provide theoretical predictions for the
model parameters to be fitted to data, most notably the varying dark energy
equation of state parameter, in light of recent results from DES-Y5 and DESIL




Discussion sessions




Fernando Quevedo & Daniele Steer: Questions to cosmologists and to string theorists
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Topics discussed: Evening discussion session:

Reheating 10, 30, or 60 e-folds of inflation?
Stochastic GW Bouncing scenarios

Hubble tension Trans-Planckian Problem

Euclid N-pt functions in inflation
Sigma8 tension Holography

Bubble decay Quintessence + curvature

Planck and closed universe Anthropic principle / landscape

An enjoyable, informative and useful meeting !

Many thanks to GDR CoPhy !




