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U(1)., to explain DM and neutrino mass

New Particles

Gauge Baryon Fields Lepton Fields Scala'.Fiel‘*s
Group Q% = (ub,d )t | uly d Lt =(vi, et ) | ey | Nb ® | S| ¢p
SU(2); 2 1 | 1 2 1] 1 2 [ 1] 1
U1y 1/6 273 | —1/3 ~1/2 1] 0 /20| 0
Ul)p_1 1/3 /3] 1/3 1 1] -1 0 | 2 [(qonr )

B-L charges for all the fields present in the model.

Free paramter but choice of its decide whether DM will be FIMP or WIMP
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The complete Lagrangian for the model:-

T 1
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Gauge coupling B-L charge



Dark Matter(DM) Mass:-

2 2

me = Up T+
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» To accommodate ¢p as non-thermal DM

To a good approximation, we identify DM mass is governed by the bare mass term.

Stability of DM:- DM candidate ¢p has charge qpys under U(1)p_p,

qpm # E£2n

(n € Z and n < 4)

» ¢p can be the viable stable DM candidate



Thermal Corrections

» At high temperature, the scalar potential gets modified by the thermal corrections.

» Effectis captured by the thermal mass which amount to the replacements,

@ ps +cT? @ iy + e T?

V(®,8) = L%STS Fpi® D 4+ Ag(STS)? 4+ M (DT®)? + Mgy, (DT0)(STS)

where

3 o Lo 1, 1
ch = 729" + 169 +1yt+§>\h,

1 1
S:_)\S _>\3
C 1 —|—6h

g, g are the SM gauge couplings and y, is top-quark Yukawa coupling.



Possible production modes of ¢p
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Possible production modes of ¢p
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¢p is gauged

»  thermalize

> large g1, coupling

Only viable option to obtain the correct relic density is freeze-out.

To study relativistic freeze-in compels us to choose very small q_,,

The Boltzmann eqn. for the ¢p via gauge interaction is,

dquD 24 Z
— F * F £ * .
dz 3(m¢DM)H(m¢DM)[ Zordhén T F=N,t.b ff_>¢D¢D]
The relic abundance of ¢p is given by,
Mg 50Ygp (00)

QOh*(Zp1) =

pe/ N
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Parameters chosen are mg,,,, =1 GeV, mz,, =5.5TeV, mg=200 GeV

We choose gpas ~ 107'2 represented by the red star in our analysis such
production from gauge interaction is negligible.
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Different freeze-in scenarios depending on primary production mechanism.
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The Boltzmann equation is given by,
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Freeze-in Scenario 1:-

r~J/iGev*y

(SM Higgs boson annhilation dominant)

Scenario Masses in GeV Couplings
ms  MN  Mgpy | YN ASh ANS ADh
1 200 300 250 | 1077 B5.0x107' 6x107° 0.053 1.6x 10~H
_\ T ‘ T T T ! T T ‘ TTT q F Qh2=01199i00027 TTT ‘ hh—)¢D'¢D‘ T ‘ 1T :1 1.65 | | | | I | |
1012 ~ EWSB s 0.100= = s
X NI - WW22,5b 20 90
S~ao ~ 0.010 d
(U TNel > T : 5
\Ns\\ N \‘F\” | Nm0001? =
10_20 - s \\ 1} | 'ém 10 4;_‘ NN')¢D'¢D_%
— hhgp'dp - tEadp'dp RN ] o I S 3
i WNdodo e W00y | ‘{x\\ | 107
' '\\ \\\ C |
e tbth e \‘ 10 AII—;
..... - bb-¢p ¢p LAY — 3 L
10-28_ Ll [ I \\\\\\\\\\ﬁ 10-7 [ R 1-35_ L Ly NETE : =
005 0.0 05 1 510 0.01 5 10 0.05 0.10 050 1 510
Z=m%MlT Z=m¢DMIT

14



Freeze-in Scenario 2:- | (BSM Higgs boson annhilation dominant)
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Freeze-in Scenario 3:-

(BSM Higgs boson decay dominant)
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Freeze-in Scenario 4:-

(BSM Higgs boson decay dominant)
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Freeze-in Scenario 5:- (SM Higgs boson decay dominant)
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Conclusion

 Gauged U(1)s, can simultaneously explain neutrino mixing and dark
matter.

 The dark matter could be either WIMP or FIMP type in this model
depending upon the choice of q,,,.

 Comparison between the relic density obtained by using BE/FD
statistics, with the one obtained by using MB statistics

- Annihilaton dominated scenarios (1,2) :- X = gBEh ~ 1.42 — 1.62
- Decay dominated scenarios (3,4,5):- R = QBEh < 1.04

* Quantum statistics along thermal correction is nhecessary to capture
enhancement effect in dark matter relic density in freeze-in scenarios
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