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Introduction

Evidence of Dark Matter

•Strong evidence of DM coming from Rotational curves,Bullet Cluster,
Gravitational Lesing.

• WMAP and PLANCK data suggest that around 24% of universe made
of DM. ΩCDMh2 = 0.1161± 0.0028(WMAP+PLANCK)

• DM particles are EM charge neutral, Weakly-interacting, Stable,
and Massive. (WIMP)

• What are the possible candidates of DM ?

We are interested in Scalar DM and its mutipartite feature.
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Introduction

SM EW Vacuum
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Simplest Scalar DM with Z2

• φ1 be the real singlet scalar DM.
•Z2 : φ1 → −φ1 .
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R.N.Lerner, J. McDonald ,PRD 80,(2009),123507
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Simplest Scalar DM with Z2

JHEP 1710 (2017) 088 , S. Bhattacharya, P.Ghosh, T.N. Maity and T.S.Ray
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Simplest Scalar DM with Z2

Vacuum Stability with Presence of DM φ1

P.Ghosh, A. Saha and A. Sil, arXiv:1706.04931

Purusottam Ghosh (IITG) Dark Matter(DM) December 12, 2017 7 / 20



Simplest Scalar DM with Z2

Parameter space of DM φ1

P.Ghosh, A. Saha and A. Sil, arXiv:1706.04931
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Two Component DM with Z2 × Z′
2

Two interacting real singlet scalar fields φ1 and φ2
Z2 ×Z ′2 :φ1 → (−,+);φ2 → (+,−)

V (φ1, φ2,H) ⊃ 1
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Free parameters of this framework

{mφ1 , mφ2 , λ1, λ2, λ3}

• DM DM Exchange
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S. Bhattacharya, P.Ghosh and P. Poulose , JCAP 1704 (2017) no.04, 043
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Two Component DM with Z2 × Z′
2

CBEQs for two component interacting DM
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S. Bhattacharya, P.Ghosh and P. Poulose , JCAP 1704 (2017) no.04, 043
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Two Component DM with Z2 × Z′
2

•[Left]Freeze-out depends on DM-DM interaction hence Relic density
•[Right]When the lighter component freeze-out early, heavier one reaches
modified equillibrium
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S. Bhattacharya, P.Ghosh and P. Poulose , JCAP 1704 (2017) no.04, 043
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Two Component DM with Z2 × Z′
2

SI DD effective cross-section

With Interaction

Without Interaction

LUX 2016

Xenon1T
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Due to presence of DM-DM interaction, the annihilation of the
heavier component into the lighter one, yields a larger freedom for
that component to go beyond the direct search limit.

S. Bhattacharya, P.Ghosh and P. Poulose , JCAP 1704 (2017) no.04, 043
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Two Component DM with Z2 × Z′
2

Relic Density+DD PANDA 2017 Limit

S. Bhattacharya, P.Ghosh and P. Poulose , JCAP 1704 (2017) no.04, 043
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Two Component DM with Z2 × Z′
2

Vacuum Stability with Presence of DM φ1 and φ2
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Two Component DM with Z2 × Z′
2

Validity of Parameter Space at Λ = 1016 GeV + EW
Vacuum Stability

Bounded from below : λH (µ) > 0, λ4,5(µ) > 0, λ1(µ) +
√

3
2
λH (µ)λ4(µ) > 0, λ2(µ) +

√
3
2
λH (µ)λ5(µ) >

0, λ3(µ) +
√

1
9
λ4(µ)λ5(µ) > 0

Perturbativity : λi (µ) < 4π (λi = λ1,2,...5, λH ) ; Stability : λH (µ) > 0

Stability + Perturbativity : 0 < λH (µ) < 4π
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Two component DM with Z3 × Z
′
3

Two complex scalar φ1 and φ2, transforming under Z3 and Z ′3 respectively.

V (φ1, φ2,H) ⊃ µ1(φ31 + h.c) + µ2(φ32 + h.c) + λe(φ∗1φ1 + φ∗2φ2)2

+λ1h(φ∗1φ1)(H†H) + λ2h(φ∗2φ2)(H†H).

Semi-annihilation:
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S. Bhattacharya, P.Ghosh, T.N. Maity and T.S.Ray, ( JHEP 1710 (2017) 088)
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Two component DM with Z3 × Z
′
3

S. Bhattacharya, P.Ghosh, T.N. Maity and T.S.Ray, ( JHEP 1710 (2017) 088)
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Summary

Non observation in Direct search puts strong constraints on single
component DM parameter space.

Hint of additional scalar come from the metastability of SM
Higgs potential. By adding a scalar DM , we achieved both DM
Phenomenology and absolute EW vacuum for DM mass
,mφ1 ≥ 920 GeV.

For two component case DM-DM interaction plays a crucial role and
yields lagrer region of allowed parameter space.

And DM-DM interaction yields modified freeze-out for individual
components changing relic density.

In this scenario, we have achieved simultaneously DM Relic , DD
and absolute EW vacuum comparably low DM mass
(mφ1 ,mφ2 > 600 GeV).

For two components Z3 ×Z
′
3 scenario, Semi-annihilation

contributes to relic density and brings down the coupling in the
vicinity of Higgs mass.
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Summary

The possibilities of multipartite frameworks with scalar and fermion
DM is being looked at and they can have interesting outcome in relic,
direct and collider searches.
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Summary
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