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Motivation

• Presence of 27 percent Dark Matter (DM) among the total mass-energy
content of the observable universe is suggested by orbital velocity curve of
spiral galaxies and the motion of galaxies within galaxy clusters

• Simplified models with a possibility of
DM annihilation processes via coloured
scalar mediator have interesting
features like colour representation of
the mediator, couplings and masses of
new fields

• Can loop induced effects in the
simplified models of DM improve the
feasible parameter space for DM
candidate ?
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Dark matter models

Interactions between mediator and DM candidate give rise to -

• EFT models for DM (χ̄χq̄q, χ̄γµχq̄γµq)
• Simplified models for DM

• Three types of fields : SM particles, DM candidate (χ) and a mediator (ϕ)

• New coupling (λd) between SM particles, DM candidate () and a mediator

• New parameters : λd , Mχ , Mϕ

• Types of processes -

s-channel processes - Mediator couples with pair of DM candidates

t-channel processes - Mediator couples with a DM candidate and a SM particle

We consider a simplified model
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Gluphilic dark matter model

• A scalar dark matter χ candidate interacting with SM particles via a coloured
scalar mediator ϕ with colour representation r

• Lagrangian:

Lint = ∂µχ
∗∂µχ−m2

χ|χ|2 + (Dµϕ)
†Dµϕ−m2

ϕ|ϕ|2 + λdχ
∗χϕ†ϕ

• Parameters: λd , Mχ , Mϕ, r

• The parton level contributions come from DM annihilation channels-

qq̄ → χχ∗

gg → χχ∗

• Detection strategy
Direct detection - LUX
Indirect detection

(1506.01408)
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Gluphilic dark matter model - Feynman rules

igsT
a
ij (p

µ
2 − pµ3 ) ig2

s gµν(T
a
jkT

b
ki + T b

jkT
a
ki )

iλdδ
ij

Figure: Feynman rules in the extended Lagrangian
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Gluphilic dark matter model - Monojet signatures

Figure: Leading-order Feynman diagrams for gg → χχ∗

Ratio of the full calculation to the EFT approximation, as a function of mϕ

Leff = g2
s

m2
ϕ
|χ|2Ga

µνG
µν
a

• EFT is valid for Mϕ > 1.5 TeV.

• Since we consider less massive
mediators, exact model of GSDM
would be appropriate.
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Quark channel

Figure: Feynman diagram for LO dark matter annihilation to quarks via a scalar coloured
mediator
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Gluphilic dark matter model - quark channel

• The amplitude for the dark matter annihilation process to quarks pair -

M(χχ∗ → q(p1)q̄(p2)) = Fqq δij ū(p1)v(p2)

p21 = p22 = m2
q and i , j - color indices of the quarks. The form-factor has

perturbative expansion in αs and it has been calculated at the leading order
which is a finite contribution.

• Thermally averaged annihilation cross section in the non-relativistic limit is
given by,

⟨σv⟩ = 1

64π

1

m2
χ

√
1−

m2
q

m2
χ

∑
s

|M|2

where, ∑
s

|M|2 = 8N(m2
χ −m2

q)|Fqq|2
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Quark channel

• We calculate the cross section for dark matter annihilation process in quark
channel at the leading order using amplitude square computed already.

• We calculate ⟨σv⟩ for quark channel process and compare it with the thermal
relic in a standard ΛCDM cosmology, in which the annihilation cross section
should be approximately ⟨σv⟩ ∼ 2.3× 10−9GeV−2
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Preliminary

Figure: Variation of cross section with mq.
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PreliminaryPreliminary

Figure: Allowed parameter space shown in blue colour for mχ and mϕ for dark matter
annihilation into b-quark pair (left) and dark matter annihilation into t-quark pair (right).
Shaded region is kinematically forbidden.
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Gluon channel

At Next to leading order

Figure: Dark matter annihilation at leading order (LO) for quark channel

Amplitude in form factors

A0
gg→χχ∗ =

α0
SSϵµ

−2ϵ

4π

(
− s

µ2

)−ϵ

δab

[
s

2
(ϵ1 · ϵ2)− (ϵ1 · p2)(ϵ2 · p1)

]

×

(
MLO +

α0
SSϵµ

−2ϵ

4π

(
− s

µ2

)−ϵ

MNLO +O(α2
s )

)
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Conclusion

• Phenomenology of a simplified model of gluphilic DM containing a scalar DM
candidate and a scalar mediator is under investigation considering constraints
from direct and indirect searches

• Effects of loop induced contributions are more visible in the low mediator
mass range for heavy quarks in the quark channel.

• Different representations for the coloured scalar mediator can lead to
interesting phenomenological signatures in quark and gluon channel

• Addition of higher dimensional operators in the effective framework for quark
channel in this simplified DM model can be interesting to study.

14 —



Introduction

Types of models
for dark matter

Gluphilic dark
matter model

Quark channel

Gluon channel

Conclusion and
future directions

Thank you for your attention!

15 —


