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The puzzle of particle Dark matter

What we know:
* Interacts gravitationally
* Non luminous, electric charge very small
® Cold with mass<< momentum
* Collisionless at large scale
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The puzzle of particle Dark matter

wWhat we know: wWhat we don’t know:
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Dark matter production mechanisms

.Thermal dark motter

® DM was in thermal equlibrium with SM bath at early 0.0
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Dark matter production mechanisms
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Non thermal dark matter
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Non thermal dark matter
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Non thermal dark matter
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Non thermal dark matter
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 Sufficient production of active neutrinos
after decoupling can affect the total
radiation enerqgy density of the universe
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Contribution to Nets
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The model
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* Type-ISeesaw Model + Z3 odd complex scalar ¢ and fermion X

Ly = Z -i;'i-?ﬁ“i}w’ﬂ — Z ~My, N, f'w — Z Yii L o H N; + h.c. Self Scattering

-'

Ho

- (|5nfé'| — 1%|9)F +ixv"8ux — Mpumxx—As| 0|’ —ﬁm + ¢

_yw}i'f’i@) + ( — ,__.r”|H|'|r:1| ) ( - Z Y voN; + fr.f',)

\& | b+o+oed+o
Annihilations

su Elastic scattering
X b+ b+ f 352 g
& SM 2= 2 A H

b+oe f+f(WW,22)

i 1,7 £,]
/’ o ’
Lpsm 2 Lps+ Lps_u+ Lps_. | l
Q
o ’



The model

* Type-ISeesaw Model + Z3 odd complex scalar ¢ and fermion X

Ly = Z -i;'i-?ﬁ“i}w’ﬂ — Z ~My, N, f'w — Z Yii L o H N; + h.c. Self Scattering

-'

Ho

- (|5nfé'| — 1%|9)F +ixv"8ux — Mpumxx—As| 0|’ —ﬁm + ¢

_yw}i'f’i@) + ( — ,__.r”|H|'|r:1| ) ( - Z Y voN; + fr.f',)

\& | b+o+oed+o
Annihilations

i 1,7 £,]
/’ o ’
Lpsm 2 Lps+ Lps_u+ Lps_. | l
Q
o ’

2 Elastic scattering
X b+ b+ f 352 A
& M T¢ _ TSM 2 — 2 .:’L,:_:', H

b+oe f+f(WW,22)



The model
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Dark matter production with CMB signature
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Dynamics of dark sector
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Dynamics of dark sector

® Scenario-I
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Dynamics of dark sector
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Dynamics of dark sector

my=20GeV,Ap=1.0,A4=10"2
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Dynamics of dark sector

my=20GeV,Ap=1.0,Apy=107
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Dynamics of dark sector
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Parameter space of two scenarios

® Scenario-II

® Scenario-I
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Numerical results Self interacting HDS
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Numerical results Self interacting HDS
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Numerical results Self interacting HDS
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Numerical results , |
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Conclusion

® CMB bound can probe significant parameter space of nonthermal DM
if its production contains extra radiation

* The model successfully explains the observed relic of a non-thermal
DM and its connection with CMB via additional light relativistic
degrees of freedom.

® Same exercise can be performed for DM production associated with
other light particles!
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