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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,    https://indico.in2p3.fr/event/30602/

Organisers: David Andriot, Francesco Nitti, Vivian Poulin

Funding: GdR CoPhy, ERC, APC, LUPM

https://indico.in2p3.fr/event/30602/


Speakers and discussion conveners:

Julien Larena

Marco Raveri

Sébastien Renaux-Petel

Nils Schöneberg (review)

Danièle Steer  (discussion)

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

APC Paris, 28th November 2023, 9:00 – 18:00,    https://indico.in2p3.fr/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)

Fernando Quevedo  (discussion)

Gary Shiu

Dimitrios Tsimpis

Irene Valenzuela  (review)

https://indico.in2p3.fr/event/30602/


Scientific motivations



Since BICEP2 (2014) and the Swampland de Sitter Conjecture (2018) and DESI (2024):

important 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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Since BICEP2 (2014) and the Swampland de Sitter Conjecture (2018) and DESI (2024):

important 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)

+ difficult to get observationally valid models

Rather on the edge of ok Need to talk to cosmologists!

Cosmologists:

- Informed of string theory attempts/constraints on models

- General questions and curiosity (see discussion session)



Topics and results



Interested in cosmological models

derived from string theory,

of the form:

String Theory

Gravity, minimally coupled to scalar fields      , with scalar potential

inflation,   dark energy (cosmo. constant:                    ,  quintessence) 
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Interested in cosmological models

derived from string theory,

of the form:

String Theory

Gravity, minimally coupled to scalar fields      , with scalar potential

inflation,   dark energy (cosmo. constant:                    ,  quintessence) 

(no matter, no radiation)

Note: simple model, no Horndeski etc. 

4d EFT:

More constraints: what              do we get?

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

One answer: model by model, example based

General characterisation:   Swampland program
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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. – I.R. connection

Main constraints arise in asymptotic of field space:

(local/gauge symmetries become global ; cut-off of 4d EFT goes to 0 ; tower of light states appears)

Constraint on scalar potential             : when 

(Strong de Sitter Conjecture, no known counter-example)

no slow-roll (single field inflation),  no de Sitter (no cosmological constant:                 ) 

Quintessence?

Property of             for               : why not exploring bulk of field space, not asymptotic?

Because trustable region of             in derivation (weak coupling regime), less sure of             in bulk…

Challenges for string cosmology!
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• Nils Schöneberg: 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              , constraints from observations

Example: (often the case from string theory with                !)

Observations:

Tension, challenging

(but not hopeless)

Hilltop potential favored…

Coupling to matter…
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• Marco Raveri: Lost in the Cosmological Swampland

Similar topics and motivations: comparing observational constraints and swampland constraints

Exponential or cosine

Similar constraints and challenge

Coupling to matter…
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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

1. inflation by itself is not predictive in general!

2. integrating out is not truncating

3. curved field space matters (a lot)

4. other ways to inflate than slow-roll 

5. inflation as a cosmological collider 

6. features are well motivated 

7. a lot to learn from dark era of inflation

(not       )
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• Dimitrios Tsimpis: Accelerated Expansion in an Open Universe

Concrete string theory derivations giving                          ,

With (negative) spatial curvature:

Dynamical system analysis, various cosmological solutions

transient, (semi-) eternal acceleration

useful to realise inflation or quintessence?

• Julien Larena: What do large-scale structure have

to tell us about spatial curvature?

CMB-independent evaluation of         in     CDM +

(and other cosmo. parameters)



Very useful day

(at least to me!)

Exponential

quintessence

+ curvature

+ string theory origin
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Evening discussion session:

10, 30, or 60 e-folds of inflation?

Bouncing scenarios

Trans-Planckian Problem

N-pt functions in inflation

Holography

Quintessence + curvature

Anthropic principle / landscape

An enjoyable, informative and useful meeting !

Many thanks to GDR CoPhy !


