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i eEvidence of Dark matter: Rotation curves, Bullet éluster,

CMB, gravitational lensing..
eNo viable DM candidate in Standard Mode|
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-~ WIMPs : Most popular theory.

"~ No signal although explored by several dedicated

Distance (light years)

experiments v
! FIMPs: McDonald(J. hep-ph/0106249 ), L.J Hall et al (0911.1120) Freeze-in vs
- . . o . | Freeze-out
| * a Feebly Interacting Massive Particles is motivated. Easily evade strong
direct detection bound because of tiny coupling with thermal bath 10 ¢ e E ..............
* Freeze-in mechanism: production of FIMPs from decay or annihilation 1 ——:” ::::_ ------------
of bath particle. Production “freezes-in” when number density of parent | ' =#7__--""__-==~
particle becomes Boltzmann suppressed ':,,,—"
 Decoupled from the thermal bath due to the feeble interaction c . B
1 10 100
 |nitial abundance is negligible r=m/T
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A framework to address the eV scale Ilghtneutrlno
mass and dark matter relic denS|ty ‘
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Z, symmetry ensure stability of DM | Zy, — BSM gaug@ boson, N — mght handed n@w[m@
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1 (YDM%N +h.c).

Portal mteractlon of)( ~~~~~~~~
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interaction ¢, with
visible sector scalars

N Mohapatra, C. Wetterich ,H.M. Georgi , A. Davidson

_poaBa S dE MDA i e Az 8- _poaha g gD o T g SasdB O D A e~ gD T S _ A ‘- _fosBa - e T g S4B MO iD smai _ Az B¢ _p.cama R T o A N Sa A O D i _ D ‘- _foosBa SadB MO D i _ L ‘- _focsBa B ES T _ A ¢ _pocala S4B MOl o _ Aep 8 _pocama



Q h?

Freeze-in mechanism:

e FIMP y never attains thermal
equilibrium due to tiny portal coupling

Yp,

e produced from the decay and/or
annihilation of SM/BSM particles in
thermal plasma

Freeze-in vs super-WIMP

super-WIMP mechanism: \,
e (bp attains thermal equilibrium due to sizable gauge

coupling and interaction with SM/BSM Higgs '
e An additional contribution to relic density of y due

to out of equilibrium decay of ¢,

o Relatively lower interaction of ¢, —

Larger Q{;}?hz — More super-WIMP contribution

0

x (= M/T)



Production channels of )(
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small couphngs, heavy
| propagators, and phase
space suppression
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Annlhllatlon channel of ng

Dominant channels | i

that keep ¢, in
thermal bath
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Parameters:
,, My =50 GeV,My =500 GeV

WZBL — 7 TEV, VBL — 38 Tev,_

100+
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e Decay of ¢, adds relativistic particles to the
~ thermal bath which can alter the standard

.~ BBN scenario.
e ¢p decay before BBN, 7, <1 sec

— e

m, [GeV]

Upper bound on Y, (¢, decays

after it freezes-out) Allowed from

BBN bound

Cy . n<H@my)—Y, <107

for my, = 100GeV
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l Abundance of ¢D l

e Freeze-out Abundance of ¢, (Q hz) primarily governed by quartic

coupling A¢p, Ay, and sin O(scalar mlxmg)
o Larger QFDOh2 — More super-WIMP contribution

Vertex factor

t B .
¢D ¢D Hl >\H1 — ()\DhVCOSQ — >‘SDVBL SIn 9)
. | T :
10° ' ' H A = — (Aprvsin@ + \epvr; cos b
—-  Asp= 10", Apy= 107, sin 6=0.3 bp ¢p M2 A (Ao SD "Bl )
Asp= 1072, Apy,= 4%x1073, sin 0=10" ' '
— Qh”=0.12 —= 2¢p= 10", Apr= 107, sin 0=0.3
Asp= 1072, App= 4%1073, sin 0= 107
- e -~
= ~ e /,//
5107 E e e
GO - A !
FNGE 0 e ~
Y / \ - -~ e //
V) N———m N W [ -
\/ | _if S
10_6 ' \_"// \\[ 7 _--...;__-f///-
¥ -
|
1 — P 2 10° — : -
ox10 10 2x10 5x10 5%10" 10’ 2x10? 5% 107
- Pp [GeV] 8 m(PD [Gev]

) J



¥ AT 2 ~ - ¥ ST TR 3 - v < - ¥ R G 3 - © AT TEEE 2 ~ - ¥ I G 2 - v < - ¥ ~TAE 5 5 3
i e T / - S s L iy ARSI 2PN = o o T e e e N i LDt T e N S 7 o e P ey Cn e B L —

L Freeze-in dominated Scenario -
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L Sizable super-WIMP contribution ]
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Couplings for measured relic density
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I Summary I

* Non-observation of any WIMP signal at various experiment indicates towards other possibilities.

» We explored the Freeze-in mechanism for DM genesis in an extended U(1);_; model, where a

/, odd fermion y serves as FIMP DM candidate. Another Z, odd scalar named as super-WIMP
provides additional contribution to DM abundance due to its out of equilibrium decay.

 Depending on the choice of parameters, DM production can be driven by the Freeze-in or super-

WIMP mechanism or both.
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