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Motivations

@ Neutrino Mass: Neutrino is massless in SM. Several neutrino
oscillation experiments confirm neutrino has mass.

o Existance of dark matter: The galaxy rotation curve and Bullet
cluster experiment by Chandra X-ray observatory — Cannot be
explained by standard model (SM) of particle physics (other
alternative solution: Modified Gravity).

@ 511keV line:The long standing puzzle of 511 keV line observed by the
INTEGRAL satellite at the Milky way centre needs to be explained.

@ WIMPs: The non observations of any signal in the direct detection

dark matter experiments put stringent bounds on WIMPs of masses
2 1GeV.



The Model
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The most general Yukawa Lagrangian invariant under this new gauge
group is,
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Freeze-in production of dark matter:
The Boltzmann equation to solve the relic density

n+3Hn =< ov(ab — NN) > n,np.

The final abundance of the RHN DM is,

dY _ <ov(ab— NN) > nynp
dT sHT '

The thermal average dark matter annihilation cross section
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Dark matter in our U(1)" model:
For the process ff — NN in the s-channel mediated by the Z’ as,
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Figure: Relic density plot in the x4 — x4 plane. In the left panel, we have fixed the
values of the parameters as my = 1 MeV, Tg = 10 MeV, Mz =10 TeV and
g’ = 0.1 whereas the right panel is for my = 10 MeV, Tg =50 MeV, Mz =5

TeV and g’ = 0.01.



Light Z/ (M, < my):
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Figure: Relic density plot in x, — x4 plane. In the left panel, We have varied both
xp and x, from —1 to +1 for g/ = 3.04 x 107 and in right panel,
Mz = 0.1GeV, my = 1TeV, x, =1, x, = —1.2 for g’ = 3.65 x 1076,



Intermediate 7’ (my < Mz < Tg):
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Figure: Relic density plot in x, — x4 plane. In the left panel, We have varied both
xp and x, from —1 to +1 for g/ = 6.54 x 107°, my = 10keV, Mz = 1GeV and
in right panel, x4 =1, x, = —1.2 for g/ =2 x 107% my = 10keV, Mz, = 10GeV.



Bounds on coupling for heavy Z’ from Experiments
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Bounds on coupling for light Z’ from Experiments
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Discussions

@ Detailed study of dark matter in U(1)’ model for a wide range of Z’
mass.

@ The heavy Z’ can be probed in ATLAS, CMS whereas the light Z’
can be probed from several lifetime frontier experiments like SHiP,
FASERs etc.

@ The decay of MeV scale dark matter can produce the long standing
problem of galactic 511keV line.



Thank You!
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