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Dark Matter+
Neytrino Mags

IDM+RHN

Negligible impact on Dark Matter parameter space from Neutrino

sector at Low Energy

Singlet Scalar + FD+FS

High impact on Dark Matter parameter space from Neutrino sector at Low and Hig Energy
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Higgs Potential: SM

Higgs potential RG improved effective potential
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Higgs Potential: SM

Higgs potential RG improved effective potential
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@ The Scalar and fermion fields nPe 964, 115307 (2021)
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NPB 964, 115307 (2021) and arXiv:2104.03271 [hep-ph] *

* We get the WIMP dark matter for mass range Ms GeV-TeV region. .

The dark matter are equilibrium in the early Universe.

The relic density come through Freeze-out Mechanism.
- The s- including t, u- annihilation processes through new fermions play a key role in

giving rise to correct relic density.

A N i

- The co-annihilation also play a role to give the correct relic density.

*
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NPB 964, 115307 (2021) and arXiv:2104.03271 [hep-ph]

BP Mpu| = M _. Yi Qomh® Percentage
(GeV (Gav)
(S5 —» WEWT) 41%
BP-1 570 | 0.1703 2000 0.0 0.1198 a(S5 — HH) 24%
a(SS — ZZ) 23%
a(55 = tf) 6%
a(SS = wvr) 98%
BP-bl 10 0.0 500 0.1665 0.1198 a(S5— 1) 2%
a(S5 = wvr) 98%
BP-b2 60 0.0 500 0.1640 0.1198 a(§S = 1) 2%
a(S5 = vv)  98%
BP-b3 100 0.0 500 0.1677 0.1198 o(SS — 1) 2%

TABLE: The benchmark points allowed by all the theoretical and experimental
constraints. The density of the dark matter S is dominated by either s- or
t, u-channel annihilation processes. We consider Yr; = Yr3 = Yy to avoid flavour

violating decay processes.
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NPB 964, 115307 (2021) and arXiv:2104 03271 [hep-ph] ¥

+ Mg;=1500 GeV: Mg; =3000 GeV:

Higgs portal couping «

w0 w0 60 m0 1o 120 04 oz [ 02 04
Dark Matter Mass byy[GeV] Yukawa Ineraction ¥

The blue points indicate the relic density within the 37 range. These plot are generated by varying the dark

matter mass, Higgs portal coupling  and the new Yukawa coupling ¥;. The empty region is in the second

plot are mostly disfavored by the relic density and direct detection constraints. The parameters allowed by

relic density are also allowed by the recent LFV BR(i — ev) < 4.2 x 10713 at 90% CL, electron as well as

muon anomalous magnetic moment g — 2 data at Fermilab
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ffect on Neutrino

NPB 964, 115307 (2021) and arXiv:2104.03271 [hep-ph] ¥

*

We get the Neutrino mass and mixing angles.

With the masses for subsequent fields Mpy = 110 GeV My = 800 GeV and choice of Yukawa
parameters | Yy3| = 0.8, Yja2| = 104, |Yy3| = 0.282, we get the sum of the neutrino
masses of the order of sub-eV range (~ 0.03 eV) for Higgs portal coupling x < 10~°
We are able to generate mixing angles 012 = 32.7°, 013 = 8.47, 023 = 44.71° and mass
X differences Am3; = 7.44 x 107° eV? and Am3; = 4.9 x 107* eV? with phases *
a =4 =45°
To get Am§1 = 2.41 — 2.59 x 10~ 3, one must introduce an additional field that interact

with the lepton doublet to successfully explain the neutrino mass.
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GEs and Minima
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‘Phase Diagrams

NPB 985, 116015 (2022)
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'‘Phase Diagrams

NPB 985, 116015 (2022)
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'‘Phase Diagrams

NPB 985, 116015 (2022)
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Conclusions

* We can get relic density for dark matter mass keV-TeV region.

* Get WIMP-FIMP both type of dark matter, allowed by all the theoretical as well as experimental
constraints.

: Get neutrino mass

DM and Neutrino parameters are dependent at low and high energies.

T

a
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Backup Slides: Collider
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Collider Signature: The Extended Real Singlet Scalar Model

NPB 964, 115307 (2021) and arXiv:2104.03271 [hep-ph]
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Standard Model
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Shortcomings of the SM
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We need new physics beyond the SM
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