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Introduction

@ Evidences for existence of Dark Matter

> Rotation curves of spiral galaxies
> Gravitional lensing effects

» Cosmic Microwave Background (CMB) anisotropy, PLANCK/WMAP
(2) Types of Dark Matter

WIMPs : Based on thermal freeze-out of DM candidate upon annihilation into
visible sector.

> FIMPs : Based on non thermal freeze-in production from decay or annihilation of
unstable or metastable particles.

> SIMPs : Based on number changing self annihilation (4— 2 or 3 —2 processes).

» Other candidates : Sterile neutrinos, ALPs etc.
Why not multi-component?
© Characteristics of multi-component Dark Matter (MCDM)
> Relic density : Qpyh? = > Q;h?

Assumption: The contribution of each DM component to the local density is same as
their contribution to the relic density.

> Coupled Boltzmann equations : Annihilations into visible and dark sector.

Boltzmann equations changes depending on the nature of dark matter (WIMP,
FIMP, SIMP etc.).
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Symmetric versus Asymmetric
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@ Symmetric: Particle and anti-particle abundance are equal.
@ Asymmetric: Finite difference between co-moving number density of particle and
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@ Assumption: Self annihilation of particle or anti-particle is prohibited; AA(AA) /4 XX.
@ First proposed by Gelmini et. al.; JCAP 08, 003 (2013)
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Assisted freeze-out in multi-component dark matter

@ Multi-component DM: Kathryn M. Zurek; Phys.Rev.D 79 (2009) 115002

@ Assisted freeze-out: Genevieve Belanger and Jong-Chul Park; JCAP 03 (2012) 038
(Symmetric DM components)
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@ Introducing a case of multi-component symmetric (S) and asymmetric (A, A) DM:
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Boltzmann equations

A) ma > mg
Hx dY,
—X—A=—<UV>AA—>SS <YA2—CYA_ Aeq Aeq >
s dx 5 ©
q
Hx dY; YacaYie
— =2 = —(0V)ai,ss <Y,42‘\ + Oy - YS)
s dx vé
seq
Hx dYs 2 2 YacaVa 3
s dx —(oV)ss_yxx (Ys - YS,eq) oV ainss (YA = CYa - YEeq o
YA,eqYAT
+{oV) adsss (YE +CYa- Tﬂqy& '
S,eq
B) mp < mg
Hx dYa 2 $ —
=T —(OV) A5 xx (YA —CYs — YA,eqYA’eq) +(oV)ssai <Y5 YA ea YA eq Voo ol
o ay i , Yi+ CYA
o o = (OViaixx (YA + Y~ YaeaVa eq) {9VIss s (YS YA eq YA eq
Hx dYs 2 YA+ YA, %
B e (v TR N (2
s dx ss—AA | ¥s YaeqaYa,eq S0 ssoAn e YaeaYeq Leq YA ,eq

o =] = = =
Amit Dutta Banik (ISI, Kolkata) PPC 2024



Solution to BEs and results

mp > mg

>

<OV A aLss>=5x1077 GeV 2 <ovssuxx>=2x10"* GeV—2,C=10""2

<OVALss>=SX1078 GeV 2, <ovss Lxx>=2x107F GeV2,C=10712
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I 200 150 5x10—% 2x 108 10~ 2(0.036| 0.0110 [0.013
11 200 150 5x10—*% 25 10— % 10-1210.025 [4.3x 107 |0.005
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Solution to BEs and results

mp < mg
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111 300 400 2x10° 15x10—% 10— 110.3730.001 [0.026
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Fast expansion of Univesre and non-standard
cosmology
@ Influence of a scalar field ¢, F. D'Eramo . et. al : JCAP 1705, no. 05, 012 (2017)
w2 272
Prad = %g* T s = 5 Bxs T3
T2
H;MM =1.66,/gx —
3 Mp
Consider that a scalar field ¢ is also present at the early Universe and its energy density
depends on the scale factor a
pp ~ a4, n>0
@ Total entropy S = sa® is conserved, g«s T3a®> = Constant.
ie,at T = Tg, Po = Prad-
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Total energy density is expressed as

SHER) )T

PTot = Prad T Po = Prad |:1 +
At large T, g« ~ g«s are constant.

T n
PTot = Prad |:1 + (?R) ] .

The Hubble parameter can be redefined as
, T? T
H" =1.66/g«—— |1+
Mp
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Results under modified expansion of Universe

my i GeVimg GeV|{ov) 1,55 GeV 72 |{ov)gs,xy GeV2| C |40 Q0% Qgh®
RD 200 150 5x1079 2x1078 10'2{0.0360.011|0.013
n=1 Tr =1 GeV 200 150 5x107 2x1078 10~'2{0.056 |0.031 0.026
n=2 Tp=1GeV 200 150 5x1077 2x1078 10~'2{0.0760.051 |0.040
My 4 GeV|mg GeV <0L‘)SL;‘»4)AA GeV—2 (UL')AA’H_\-X GeV™2| C |4k S)Ahz Qgh?
RD 300 400 2x107* 15%x1077 107120.0390.002 |0.026
n=1 Tk =1 GeV 300 400 2x107° 15%1077 107'2]0.051|0.013|0.069
n=2 Tgr =1 GeV 300 400 2x107° 15%1077 107 '2]0.075|0.0380.138
<ov>4i,55=5%10°° GeV?, <ov> g xy=2x10" GeV?, C=10""? <ov>g5,0i=2x107 GeVZ, <ov> 41 yx=15x10"° GeV?, C=10""
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Figure: Comparison of DM relic density against DM mass with the variation of n
for Tk =1 GeV. Left panel my — ms = 10 GeV, right panel ms — my = 10 GeV.
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Results under modified expansion of Universe
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Figure: Comparison of DM relic density against DM mass with the variation of
Tgr for n = 1. Left panel mg — ms = 10 GeV, right panel ms — ma = 10 GeV.
Amit Dutta Banik (ISI, Kolkata)

PPC 2024



Concluding Remarks

@ For my > ms, we observe that enhancement dark sector annihilation (AA — SS) results
in a reduction in the abundance of all DM components. The visible sector annihilation
5SS — XX only affects the abundance of the S component.

@ An increase in asymmetry parameter increases abundance of A but A component suffers
significant loss in abundance. The effect in the abundance of S occurs due to the changes
in abundances of A and A, and due to change in annihilation cross-section AA — SS.

@ For my < mg, dark annihilation SS — AA and visible annihilation AA — XX has similar
effects on DM relic abundance as in the case of my > mg.

@ With non-standard cosmology in effect, a large value of n, results in early freeze-out, and
overall relic density of both symmetric and asymmetric DM tends to get boosted.

@ In the presence of NS cosmology, large Tr has a complementary effect on DM relic
density, reducing the abundance for a chosen n.

Thank you for your attention.
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