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Classification of Dark Matter
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Dynamics of Dark Matter : Boltzmann equation

Classification

Consider this interaction : 1 4+2+ ...+ k — a+ b . The Boltzmann equation for determining  om

the evolution of phase-space density of particle i, fi(p;, t) :
8 f ) t ModeI‘
DI E) — b5, (0, ) = Cl O
Isle:mions&
Bosons
Summary

Poster

The collision term, C[f] includes all interactions involving it particle :

1

Clfl= 3¢

/Hdnu(277)46(p1+P2+...+Pk_Pa_Pb)|M|i—>2 (2)
po
%[ (P2) fo(Ps) — ilP1) (P2) - - - fulpy)]
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Thermodynamics of Dark Matter : Number Density

Classification

DM
DM number density n, with g, degrees of freedom is
d3 Model
nX :gX/ (2 )3 fX(p7 ) (3) SM Higgs
SM
Write the distribution function as :  f, = (n,/n$9) £ Boons
Summary

Evolution equation for the DM number density integrating (1) w.r.t p; : [ D. Bhatia and
S. Mukhopadhyay, JHEP 03, 133 (2021)]

Poster

an(t) d>p; n,np niny...Nk
3Hn L C[f, A — 4
dt + (t) = gx/ (27)3 (] = (Any)nanp(o2—sk Vrer) n:qnzq nfqngqmniq (4)

where (02, kVye/) means the thermal averaged cross-section over the distribution functions :

fd3pa d*py £ fbeq (02— k Vrel) (5)
T &0, %0 £ 17

<02~>k Vrel> -
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Thermodynamics of Dark Matter : Evolution of Temperature

Define the temperature of a species as the average of |p|?/3E over its distribution function :

_ 8x O3p |P|2
I, = —f, .
X ny (27r)3 3E X( t) (6)

Taking the moment of (1) with |p|?/3E, the evolution equation for the DM temperature is :

dT, Ty (dn H /lpl* / p |p?
LS S YV I O (e QU Y R LM P rf
e ( a 3 ”X> 3 < E3 (2n) 3£ CIAd ()
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Reheating after Inflation

Inflation : Exponential expansion of the universe, a x eft H~~constant.

Universe dominated by a scalar field, called ‘Inflaton’.

Inflaton decay and particle production :
Inflaton decays into SM particles to enter radiation dominated

r
universe : ¢ —» SM = Reheating

Evolution of energy density of inflaton and SM : ~
0e +3Hpy = —T4ps

10719

Plpy,i

e 1 4Hpsw = T ypy

Evolution of inflaton field : py(t) = py(t;i). a((t')) —Ty(t—t;) 107

10-%)

1/4 10 1000 10 107 10° 107
Reheating : Iy = H — Tp = (=2)
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Two sector Reheating : an Effective Theory

Classification

Two sector reheating : Inflaton ¢ decays perturbatively to both SM and DM () particles. DM

Dynamics
Reheating
Model

1/4
The initial temperature ratio at the reheating : (T, /Tsm)i = gjéfw(TR) (%)
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Two sector Reheating : an Effective Theory

Classification

Two sector reheating : Inflaton ¢ decays perturbatively to both SM and DM () particles. DM

Dynamics
1/4 :
e e . . . L 1/4 r¢"XX Reheating
The initial temperature ratio at the reheating : (T, /Tsm)i = g.su(Tr) (7%%,\4 > —
SM Higgs
SM
Fermions &
Lagrangian for inflaton decay : Bosons
Summary

A scalar inflaton ¢ couples to scalar singlet DM x and SM through SU(3). x SU(2); x U(x)y Paster
invariant Lagrangian :

A . b oo on 1 - 1 -~ 1 -
L£L> %‘qﬁx? + Z¢2x2 + pppHTH + 7%)2#/' H+ 2 ¢LHer + +0QHug + +6QHdr

[y

r I r L 1 v 1 apv a 1 apy ~a
+ K(au¢)(gLfL7/l fL + grfrY"fr) + KQSBWB“ + Kéf)W W2, + K‘?G "G, (8)

where, I:I:iogH*.
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Inflaton dominantly couples to the SM Higgs
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Inflaton dominantly couples to the SM Higgs
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Inflaton dominantly couples to the SM Higgs

2

. . ~ Mo . ~ _Hx
Decay widths : Ty iy =~ Brm, Fpxx = 3271')!(71(;)

Inflaton mediated scatterings between DM and SM(Higgs) :

Electroweak Symmetry breaking scale, Tgy ~ 160 GeV
[D’Onofrio et al. ,Phys. Rev. D 93, 025003 (2016)]

2 2
s 1
For T>Tew : o = o
EW xx—HTH 8T \/5(5_4,,13() (s—mi)2+rfbmé

2
h

4m
L) -
327 \/5(5_4m§() (s—mi)z—ﬁ-rimé

For T < Tew : Oyxx—hh =
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Inflaton dominantly couples to the SM Higgs

Classification

DM
. H‘i MZ B . Dynamics
Decay widths : T, iy ~ Srmy Mposyy =~ ﬁ PR s
\4\\ ,’// Model
meeemesaes T < \/\ SM Higgs
Inflaton mediated scatterings between DM and SM(Higgs) : Fermions &
// RN Bosons
Electroweak Symmetry breaking scale, Tgy ~ 160 GeV i"":mary

[D’Onofrio et al. ,Phys. Rev. D 93, 025003 (2016)]
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Effects of Inflaton mediated DM-Higgs scattering :

Variation of Inflaton mass :

Relic density and allowed
parameter space :

& (= Ty/Tsm)
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Inflaton dominantly couples to the SM gauge bosons and fermions

LD d)LHeR + = ;bQHUR + - (/)QHdR + = (3,10))( gLy fL + grfrY" fr)
OB B+ L OWHWE, £+ oG G

¢ — SM Fermions :

%q&[HeR = %q&hJ”z?eeR + %qﬁhoéLeR + u, 7 before EWSB L / .

= ﬁgbeLeR + ﬁgbheLeR + pu, 7 after EWSB -
Decay widths : A
Before EWSB : T ermionsih = 1oer ot P
After EWSB : T, 7 = 1 Ve (2 (2m — 5m?) + 8g3m2 m?) < B
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Effects of Inflaton mediated DM-SM scattering :

Classification

DM

¢ — SM Fermions : Dynamics
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¢ — SM Gauge bosons :
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DM abundance and allowed parameter space
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Summary

» The initial conditions (e.g. temperature ratio, co-moving abundance) for DM and SM
sectors could be modified significantly by scatterings at later epochs if they both were
produced from inflaton decay.

» Parameters that generate two thermally asymmetric sectors from the decay of inflaton,
are also responsible to modify the temperature ratio significantly, altering late time
dynamics of the dark matter.
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Invitation to the Poster Session
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Dynamics

Reheating

To find more about this topic, please visit the poster session in the Wl
evening : Foyer Floor 2 M Higgs
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Summary

Poster No. - 264

“Cosmological implications of inflaton-mediated dark and
visible matter scatterings after reheating”
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Back-up slides
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