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THE ACDM IDEOLOGY

In p Vacuum energy: p ~ constant

Radiation: p~a?
Matter: p~as
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Reheating..
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THE ACDM IDEOLOGY
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Matter-Radiation Equality (MRE)

In the ACDM model, MRE is localized in time. The Universe HAS
to choose between Matter Domination (MD) and Radiation
Domination (MD).



WHAT IF...

.. MRE was not a point in time,
but an entire era of the
cosmological timeline?



MORE (GENERALLY...

.. Is it possible to maintain the
ratio €2_,/€2,, constant over a
sizeable number of e-folds?



Universe Expansion

|

Radiation redshifts faster than matter

|

Need to transfer energy between the two sectors to
compensate expansion

|

Can particle decays play that role?



One state decaying?

—> Already the case during cosmic reheating...

Many states decaying?
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One state decaying?

—> Already the case during cosmic reheating...

Many states decaying?
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One state decaying?

—> Already the case during cosmic reheating...

Many states decaying?
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CONDITIONS FOR STASIS

Mass
Spectrum

Decay
Processes
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CONDITIONS FOR STASIS

Boltzmann
Equations

+ Friedmann Equations

dSd g
dt

= —ZF£Q€+H(QM _Q?W)
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CONDITIONS FOR STASIS

A2y

7 = —ZFQQQ+H(QM—Q?M)
12

« Cosmological Stasis (I) »

> Ly = H(Qu —Q3) - Ay /dt =0 |
12

« Cosmological Stasis (11) »

A"y /dt" = 0]

This equation must hold at any time...



CONDITIONS FOR STASIS

: : 7oy 2 1
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« Cosmological Stasis » (Eternal)
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A MODEL OF STASIS

Mass Spectrum me = mo+ (Am)(°
Decay Widths I, =T, (ﬂ)
mo

i N me\
Initial Abundances Qf_f” _ Q[(]n) ( e )

N

Free Parameters

{Oé, Y, 5, mo, Am) P07 Q(()O)pt(())}l

Production time of the states ¢£ /




« Cosmological Stasis » (Fternal)

STut) = T 20 U8
‘ _ _ 20 S
20y (1 =80n) 1 _
;Teﬂe(t) = ., 1 2(1 —_QM) 1
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Let’s try..
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STASIS AS A GLOBAL ATTRACTOR

Friedmann Equation 1 1 o)y [4— Q)
7w - Ut 2

dH 1772
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STASIS AS A GLOBAL ATTRACTOR

(A 1

At — F t(o) f(QM'v <Q]U>)
Y 1
| (dt ) _ — 5 9(Qr, ()

where

g, Q) = Qar — (Qar)
_ ) __
J = (59Mf 3<QM>f> —(4+ Tag) + /Ty — 16 + 16
— Ay = _
8QMg 3<QM>Q 2(4 — Q)
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STASIS AS A GLOBAL
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ATTRACTOR

The attractor is GLOBAL!!!



IMPLICATION FOR COSMOLOGY

STASIS:
Matter Domination (MD) = Radiation Domination (RD)

Let’s splice it in the
cosmological timeline!




IMPLICATION FOR COSMOLOGY

STASIS:
Matter Domination (MD) = Radiation Domination (RD)
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IMPLICATION FOR COSMOLOGY

STASIS:
Matter Domination (MD) = Radiation Domination (RD)

Stasis during Reheating Stasis during Radiation
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IMPLICATION FOR COSMOLOGY

Stasis modifies the cosmological timeline

It increases the number of e-folds since horizon
exit

It introduces an era of non-standard cosmology
different than early MD

Dark Matter Production

Axion Cosmology

Baryo/Leptogenesis

b

Growth of Primordial Perturbations



CONCLUSION

Decaying Kaluza-Klein states can lead to (very) long periods of
stasis;

The stasis regime is insensitive to initial conditions, it is a
global attractor;

Stasis can co-exist with other fluids as long as they preserve
the Matter-Radiation mixture EoS;

Applications are numerous, in particular regarding the
reheating mechanism, constraints on inflation, thermal particle
production in the early universe, etc.

This stasis scenario can also be explored in many different
situations, including the production of massive states instead of
photons, accounting for thermal blocking of the decays,
thermalization of part of the spectrum, etc.
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CONDITIONS FOR STASIS
Assume that stasis is established at time ¢
Qu(t) = ) bt ¢) e T

Non-trivial redshift /
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A MODEL OF STASIS

Mass Spectrum me = mo+ (Am)e°
Decay Widths r, =T, (ﬂ)
T

Initial Abundances Qf) = Qg}) (E)

KK spectrum  scalar field compactified on a circle of radius R
[Dienes & Thomas, Phys.Rev.D 85, 083523 / 85, 083524 / 86, 055013|
{mo,Am,dé} = {m,1/R, 1}

R <1 R>1
m or " o, Am, S} = {m,1/(2mR?),2)

Bound states of some _ [Dienes, Huang, Su, and Thomas,
— 5 = 1/2
strongly coupled theory PRD 95, 043526 (2017)]



A MODEL OF STASIS

Mass Spectrum me = mo+ (Am)(°
Decay Widths I, =T, (ﬂ)
mo

Initial Abundances Q") = O\ (ﬂ)
” mo

Decay Scaling Oy e T/ A0
¢~ Cn@y

Depends on the N v = 9 — 7
microscopic theory
v = 13,57}



A MODEL OF STASIS

Mass SpeCtrum my = 1My + (A?TL)E{S
Decay Widths I, =T, (ﬂ)
mo
Initial Abundances Qf) — Qg}) (ﬂ)
” mo
Abundances

Depends on the production mechanism...

Universal Inflaton Decay — a =1



STASIS WITH AN EXTRA
COMPONENT

(}x In addition to €2, and (2,
PX — WXxPX

Stasis requires d€2x /dt = 0

gj\,{ = (1 — ?)’wxxl — ﬁx)
Q, = 3wx(l-0x). Line of
0 Attractors...
v
Wy =— — —
3(Q2ar + Q)




