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Talk Plan                                           
➢ Introduction

➢ U(1)B-L model

➢ Results based on U(1)B-L model

➢ Conclusion
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The Standard Model                        

LHC results able to confirm the validity of the SM, with no signatures of new physics.
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Problems in the SM                                       

● SM fails to explain neutrino mass and 
mixings.

● SM doesn’t have DM candidate.

● SM fails to explain observed baryon
asymmetry.
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Who can be a DM ?
➢ Should be massive

➢ Should be electrically neutral

➢ Should be present in early universe

➢ Should be stable or at least with half life greater than the 
age of the universe Need a symmetry
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Zoo of Dark Matter Candidates
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Freeze-in Mechanism Overview
 Freeze-in is relevant for particles that are feeble coupled.

Feeble Interacting Massive Particle(FIMPs) X

Thermal Bath 
Temp. T

X

 Although interactions are feeble they lead to some X production.
 Increasing the interaction strength increases the yield opposite to 

Freeze out mechanism.
 FIMP never reaches thermal equillibrium because of suppressed 

interaction.



8

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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Neutrino masses:-

Light SM neutrino masses is generated by 
Type-I seesaw mechanism.

(Majorana masses of the RHN’s)

U(1)
 B-L

 gauge boson mass(Z
BL

):-

mass is generated due to SSB of the B-L 
gauge symmetry

In our work, we have consider mass of Z
B-L

to be 5.5 TeV, which is in agreement with 
the LHC search for a massive resonance decaying into di-lepton final states. 
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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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Transition to non- zero VEV’s takes place at critical temperatures,

Neutrino thermal masses can be neglected as masses are suppressed by        .
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Only viable option to obtain the correct relic density is freeze-out.

To study the possibility for the relativistic freeze-in compels us to choose very small q
DM.
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● For q
DM

 > 10-10, production of DM through gauge interaction alone satisfy the relic 
density.

● With other possible production channels in our model will lead to overproduction of 
dark matter.
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If decay of ‘S’ is kinematically allowed, then production of DM from ‘S’  decay starts to dominates
compared to ‘Z

BL
’ decay as we decrease 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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   Relativistic Rates with the Bose-Einstien distribution and Fermi Dirac distribution func.

At low temperature T limit,
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 At the low temperature T limit, reaction rate is equal to the reaction rate obtained by MB distribution

 For the  mother particle being fermion having mass M,

 For the  mother particle being boson having mass M,
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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)
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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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Kink in ratio of the relic 
density is 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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