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Introduction

• Decades after the first observational evidences, the origin and
composition of the dark matter (DM) is still illusive.

• Few possibilities of DM: Weakly interacting massive particle (WIMP),
Feebly interacting massive particle (FIMP), Axionic DM, Secluded sector
DM etc.

• Secluded sector DM: Energy exchange is possible between Dark Sector
and Visible Sector.

• Our objectives are:

– search of DM production mechanisms in such non-adiabatic scenario.
– investigate detection prospects of hidden sector particles.

Model

• We have considered U(1)X⊗U(1)Lµ−Lτ extension of the SM gauge group.

• Tree level kinetic mixing between Z ′ and ZLµ−Lτ .

• The Lagrangian of our model:
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ρ
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• Mass basis of Z ′ and ZLµ−Lτ : interaction of dark vector boson with DM
and SM bath:

L ⊃ −gXχ̄γρχZ ′ρ + ε
(
µ̄γρµ + ν̄µγ

ρPLνµ − τ̄ γρτ − ν̄τγρPLντ
)
Z ′ρ

• Model parameters: mχ, mZ ′, αX , ε.

• Interested region: relativistic Z ′, i.e. m′Z . 10mχ .

Dark sector dynamics

• Early era → dark sector particles are produced from SM bath.

processes:

ff̄ → γ(Z, h)Z ′, f (f̄ )γ(Z, h) → f (f̄ )Z ′+
charged current interactions.

• Numerical analysis: Dependence
of HS temperature on SM sector
temperature:
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• Boltzamn Equation:
dnχtot
dt

+ 3Hnχtot =1
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Leak-in Freeze-in

ε = 9.92 × 10-12

mχ = 3×104 GeV

Leak-in: αx = 1.43 × 10-2
Freezein : αx = 4.3 × 10-2
Reannihilation: αx = 2.1 × 10-1 
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• Large ε : DM remains in thermal equi-
librium for long time, DM
production does not effect final relic,
known as Late Leak-in.

• Small ε : freeze-in term effects in
final relic abundance of DM, known as
Early Leak-in.

• DM decouples from internal thermal
bath early and freezes out: LEAK-IN.

• DM decouples lately and again pro-
duced from SM bath: FREEZE-IN.

• After decoupling much lately from
interanal thermal bath, DM are pro-
duced rapidly from SM bath and attain
quasi-static equilibrium(QSE). At later
time DM decouples from this QSE and
freezes out: REANNIHILATION.

ε = 6.4 × 10-8

 αx =  6.62 × 10-1

mχ = 3 × 104 GeV ε = 9.92 × 10-12 
 αx = 1.45 × 10-2

Ωobs.

Ω

100

103

106

109

x = (mχ/T)
10−4 10−3 10−2 10−1 100 101 102

0.6

0.7
0.8
0.9

1
1.1
1.2

5×10−2 10−1 5×10−1 100

Constraints on HS

• Model parameter space can be constrained theoretically:

– HS is not internally thermalized → ε . 10−11.
– WIMP next door: HS and VS will be in thermal equilibrium → ε & 10−6 .
– Under abundant: DM production at early era is low, therefore it can never
attain observed relic density → ε . 10−12 .

– Pertubative region: observed relic density of DM can be satified for αX > 4π.
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• Constraints from experiments:

Direct detection:

– XENON1T, XENON10T, CRESST− III: interaction of DM with quarks through
radiatively generated Z − Z ′ and Z − γ kinetic mixing.

Indirect detection:
– Bullet cluster observation → self interaction of DM.
– Gamma ray signals: Fermi-LAT, INTIGRAL, EGRET, COMPTEL due to DM
annihilation.

– CMB: production of charged SM particle (µ±,τ±,e±) from Z ′ decay.

Constraints on the Lµ − Lτ portal
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• BBN: Z ′↔ ν̄µνµ, Z ′↔ ν̄τντ .

• Neutrino luminosity after 1s of Supernova
1987A: presence of extra light degrees of
freedom can enhance the rate of cooling of
SN1987A.

• Fifth force experiments: light Z ′ can modify
the coloumb potential.

• Observations of steller cooling and white dwarf cooling.

• Beam Dump experiment.

• Recent measurement of muon g − 2 by Fermilab.

Result and Conclusion

• Non-adiabatic evolution of HS is one of possible nature of DM.

• Leak-in, Freeze-in, Re-annihilation all three are possible in a single
frame work.

• A huge parameter space still allowed even after constraining model
parameter space by direct detection and inderect detections.
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