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THE ACDM IDEOLOGY
In p

Vacuum energy: p ~ constant
Inflation Radiation: p~a?
Matter: p~as
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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).



THE ACDM IDEOLOGY
In p

» Nature of the reheating mechanism?

Inflation [See Simon Clery’s talk]

» Dark Matter production?
6? [See Mathias Pierre’s talk]
®

(%Qj » Nature/Dynamics of Dark Energy?
L.
g}O\O » Early periods of
f? non-standard cosmology?

See Yann Gouttenoire’s talk
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Nature may be
Complex ...



GOING BEyoNnD ACDM
In p

Early Matter Dominated Era
Inflation (EMDE)
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UV THEORIES MAY BE (VERY)
NON MINIMAL...



GoING (MUCH) BEvyonD ACDM

In p
Inflation WHAT IF ... 7
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Many states decaying

ASS“Mi”g w>0 __ peak locations
/’ correlated with

decay rates Iy
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Many states decaying
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Many states decaying

0
’ « Cosmological Stasis » Qu=2
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CONDITIONS FOR STASIS

Mass
Spectrum

Decay
Processes

oy




CONDITIONS FOR STASIS

Boltzmann
Equations

+ Friedmann Equations

dSd g
dt

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

dS s
dt

— —ZFgQg+H(QM _Q?\/I)
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« Cosmological Stasis »

> Ty = H(Qy —Q3)) -
0




CONDITIONS FOR STASIS

During Stasis, Qu = Qu H(t) = ( 2’_ ) 1
4—Qn /) 1

4 2—6/(4—Qn)
b

Qu(t) = O <—

« Cosmological Stasis »

> u(t) = Qu 2 LeSh
/ B B >0 S
20 (1 =) 1 _

DTl = = 21— Ty) 1
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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 »

STut) = T 20 U8
¢ . _ 20 S
QQ]\,j(l—QM) 1 L
I'y$2 = __ -
; (S (t) 0. 2(1-Ou) 1
4 —Qn T
> o Le2(t) a+1/0 1 q. _ 2796 — 4(1 4 «d)
S, 4 t—tO Mo N — (1 +ad)

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

A L e
Q) = — /ﬂo) dt' Qs (1)

A Qu [2(1—QM)_<CY—I—1/5>]

dt — t—t0 | 4—{(Qu) vy
d(2r) 1
dt — + _ 4(0) [QM — (QM>]

_ 2796 — 4(1 + )
Thrinm: _ | Q. = :
Equilibrium: Q; = (Qar) M 276 — (1 + ad)




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)

A <0  forall O§§M§1|



STASIS AS A GLOBAL

1
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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 from an EMDE

Dark Matter Production

Axion Cosmology

Baryo/Leptogenesis

b

Growth of Primordial Perturbations



CONCLUSION

Decaying towers of dark states can lead to (very)
long periods of stasis;

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

Numerous implications: reheating mechanism,
constraints on inflation, thermal particle production
in the early universe, etc.

Many possible extensions: production of massive
states instead of photons, PBH evaporation,
interaction with dark energy, etc.

Much more to come ...



BACK UP

A0
W Durham
University



~ 5(Am)

CONDITIONS FOR STASIS
Assume that stasis is established at time ¢
Qu(t) = ) bt ¢) e T

Non-trivial redshift /

> () = h(t© 1) Y (@)@ero(??ié)'“’(tﬂ%

14 ¢

Continuous Limit

(O) oQ o vy
{2 - h(t(o),t) / dm m /1 (ﬂ) e‘“(%) (t—t))
/0 0

mo
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— T (0) Ta(t — 1(0)
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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)




