
Relativistic Freeze-in with Scalar Dark Matter in Gauged B-L 
Model and Electroweak Symmetry Breaking.

       Abhishek Roy

  (Institute Of Physics, Bhubaneswar)

                    [JHEP 05 (2021) 150] 

Based on work with M.Mitra and P.Bandyopadhyay



2

Talk Plan                                           

➢ Introduction

➢ U(1)B-L model

➢ Results based on U(1)B-L model

➢ Conclusion
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Zoo of Dark Matter Candidates
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U(1)
B-L

 to explain DM and neutrino mass

New Particles

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:-

Gauge coupling B-L charge
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Dark Matter(DM) Mass:-

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

Stability of DM:-
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Thermal Corrections
● At high temperature, the scalar potential gets modified by the thermal corrections.

● Effect is captured by the thermal mass which amount to the replacements,

where 

g, g’ are the SM gauge couplings and y
t
 is top-quark Yukawa coupling.
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Only viable option to obtain the correct relic density is freeze-out.

To study relativistic freeze-in compels us to choose very small q
DM.
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 Different freeze-in scenarios depending on primary production mechanism. 

The Boltzmann equation is given by,
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Freeze-in Scenario 1:- (SM Higgs boson annhilation dominant)
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Freeze-in Scenario 2:- (BSM Higgs boson annhilation dominant)



16

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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Kink due to sudden jump in rates. 

At EWSB, m
h
= 10 GeV, T

EW 
= 160 GeV 
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Conclusion
● Gauged U(1)B-L 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 qDM .

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

➢ Annihilaton dominated scenarios (1,2) :- 
➢ Decay dominated scenarios (3,4,5):-

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