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STANDARD MODEL OF COSMOLOGY: ACDM 3/12

WE HAVE MEASURED THE CONTENTS OF THE UNIVERSE:

Our Jelly Bean Universe
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. Baryons: 5/
Massive neutrinos: 0.1%
Photons: 0.01%

CDM: ~25;,
A: ~707
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Simplest option: dynamical scalar field or quintessence
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MODULI SPACE, A, AND QUINTESSENCE

In string theory, we have moduli ¢ in moduli space with potential V ().
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String landscape

Positive minimum of scalar potential @

A =81Gn V(¢o)

Effective positive cosmological constant
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Bulk region

[theory is strongly coupled
and we lose computational control]
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Moduli space of a string theoretic EFT

Bulk region

[theory is strongly coupled
and we lose computational control]

very little is known about 1/ ()

(too steep)

Asymptotic regions
[theory is under perturhative control]
V() can be reliably computed

Despite decades of effort

e realizing a de Sitter minimum in
asymptotic regions remains an open
question,

e every time we compute an asymptotic
potential in string theory, it is a sum of
exponentials 1/ (4) = Ve >4
=> no minimum.

[Grimm, Li, Valenzuela 20; McAllister, Quevedo 23; Van Riet,
Zoccarato 23; Castellano, Herraez, Ibafiez 22, 23]
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SINGLE-FIELD QUINTESSENCE WITH EXPONENTIAL POTENTIAL
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showing that one can get acceleration with steep potentials simply by allowing the Universe to have a negative spatial curvature.
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DYNAMICAL SYSTEM
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i e contain an extended period of matter domination before the onset of late-time cosmic acceleration,

b e have an effective equation of state parameter that is ~ —0.7 at the present time.
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NUMERICAL GRID ANALYSIS OF PHASE SPACE

A viable dark energy model must simultaneously:
e contain an extended period of matter domination before the onset of late-time cosmic acceleration,
e have an effective equation of state parameter that is ~ —0.7 at the present time.
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BAYESIAN ANALYSIS AND PARAMETER ESTIMATION
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® cosmic microwave background
(CMB) distance priors provided by
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® a baryon acoustic oscillations
(BAO) data compilation: WiggleZ ,
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(DES), the fourth generation of the
Sloan Digital Sky Survey (SDSS-IV) §
e Pantheon+ Type la supernovae  §
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10/12

We perform a full MCMC analysis of the m—0,=0, free do
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parameter space using:

® cosmic microwave background
(CMB) distance priors provided by
Planck

® a baryon acoustic oscillations
(BAO) data compilation: WiggleZ,
6dFGS , the Dark Energy Survey
(DES), the fourth generation of the
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We perform a full MCMC analysis of the Free 0. free gy

Free Q, 430 =0

parameter space using:

e Cosmic microwave background
(CMB) distance priors provided by
Planck

A baryon acoustic oscillations
(BAO) data compilation: WiggleZ,
6dFGS , the Dark Energy Survey
(DES), the fourth generation of the
Sloan Digital Sky Survey (SDSS-IV)

¢ Pantheon+ Type la supernovae
(SNe la) data the data

Free curvature
A <0.7
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SUMMARY

e Single-field models of accelerated expansion with nearly flat potentials are able to provide observationally
viable explanations for the early-time cosmic inflation and the late-time cosmic acceleration

e They are in strong tension with string theory evidence and the associated de Sitter swampland constraints.

e |t has recently been argued that in an open universe a new stable fixed point arises, which may lead to viable
single-field-based accelerated expansion with an arbitrarily steep potential.

e We have shown, through dynamical systems analysis and a Bayesian statistical inference of cosmological
parameters, that the new cosmological solutions do not render steep-potential, single-field, accelerated
expansion observationally viable.

e We have mainly focused on quintessence models of dark energy, but we can easily argue that a similar
conclusion can be drawn for cosmic inflation.
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OUTLOOK

e |f the strong de Sitter conjecture is true and a universal feature of the asymptotic regions of string theory, then
there seem to be two avenues to explore:

1. construct accelerating solutions through the bulk of moduli space,

2. construct models with more than one scalar field, although this too may be challenging in asymptotic
corners of string theory due to universal features of the moduli space metric.



