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goal

Starting from vacuum dominated universe, describe the transition to the advent of Standard Model fields in thermal equilibrium.

framework 2!

A working example 1s the one of a
non-Abelian gauge plasma [3], coupled
7 to ¢ via an axion-like term,

Embed inflaton ¢ within a medium,

L=—33,0H0—V(9)— @) + Lo -

. : YM coupling
Derive weakly-coupled effective | a(Ar)
equations at the end of inflation, J= ehvree FZVFSO
i 1 6T[ fa YM field strength
Hubble rate friction energy pressure decay ce{l,..Nc}
cst of @

€p+ (BH + Y )(ep+ pp) =0, (la)

émed+ 3H(emed+pmed)_Ye(0= ’ (1b) Then the medium thermalizes quCkly [4]’
and 1its self-interactions become strong

as T—T. (Ar). In the following N.=3[5].

asking for H>Y>0 and V.:(p)=V(p).

glueball dark matterf’ gravitational waves @
If AirSH(t..s), the energy released by ¢ heats up the Yang-Mills If A > H(t..s), the energy released by ¢ heats up the Yang-Mills
sector to lower T,,,>Ar, 1mplying a phase transition later on. sector to higher T,.,<Awr, inducing large anisotropies in the

medium. In turn, these source large tensor perturbations,

Let the YM sector be dark and assume that E —
its degrees of freedom in the confined L — , k2 8T .
. T - — tt
phase transform under Parity and Charge < 200 — ] oy + 3Hot + - ht(t, k) = Weij(k)m—ij(t’ k).
=

conjugation [8]:
C-odd glueballs are stable, M's~A2 /M8 , -

— : pl

and form the relic dark matter, 1oL | | ; o
C-even glueballs are unstable, Ty~A2/M? , L S Compute the gravitational wave X
and "reheat" the visible sector. PC

production rate assuming thermal PPN

equilibrium, k/az a?T >H,
Ar ~02x10°GeV, T, ~2 x108GeV

— % At T<TcAR) the evolution . N
from ¢-medium interactions njlanen reneosny
eqgs. (1) are coupled to ~ PN -
SM dynamics and glueball deg, K\ f2T° k\ T° k\ T7
interactions described b ~ Crl| = + Cuw| = + Con| = | —
. y dtdInk T) m? T ) f2m? T ) m?
Boltzmann equations. —_— P —V—>"a N Pl
<% k/aLnT k/a~nT SM contribution [10,11],
E | Ze(i) ol — T ‘ ‘ ‘ ‘ ‘ » same IR+UV shapes but
u,s j T T . ey many more channels:
- - il T = 10" GeV ( T —10% eV
eYM + 3H (eYM+ pYM) — Ye(D - eu ru ""é T = 10' GeV T = 10" GV CSM/CUleeak ~ 0(103)
. e'SM + 4HeSM — eu r'u : T = 107 GeV . T =10"7 GeV
n‘u> + (3H + ru)”(&’ =...
= (i) (i) —
nS + 3Hns - sz 1|r—’f‘,/ | - | - “7‘ | | | | | ‘7
t / tref 1073 :1/;; 107! 0 5 o 10 15
i 6 i 9,11
constraints from Q,,, T,, and T, ™ constraints from Q, and AN_. -
. reliminary results for the parameter space & Whll th t r -L h
Qpm depends on A via the [ Dremmmeny xesuhe Tor the pavanerer space i, %Efﬁ . ed 1elsgec 3 i ape
time at which confinement S - LIS - 15 EO € jih ependen ,
occurs, while Tsy only e e K pea1.2031 1$n0?n | |
depends on the YM—SM ol 0000 ) 1 ampT; ude g thGW epin
pOI’ta-l.. Imposing a-l.SO § 0.5: “““““““““““““ o, /"/‘/;\' -?-E mdaxr .ant. USSMOn IR =
indirect detection bounds N e | | T \ et 9312? tng turat
on '™l yields stringent o1l 2 | e = i contribution sa gga €5
S. . 12 A Qonh” = 0.12 ol ANeff fOF Tmax >10 GeV
predictions, M, ~10+“GeV o AN — Ry . . .
5 eV 0.1 05 1 5 | dagbr—_ [11], possibly implying
and Ajr~10 ev. M., /m, mHz Ha kHz MHz Gh ; N < 1016 GeV .
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