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Motivation

Introduction ® 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 Collider
DM annihilation processes via coloured
scalar mediator have interesting c SM DM
features like colour representation of =
the mediator, couplings and masses of §
new fields g
® Can loop induced effects in the e
SM DM

simplified models of DM improve the
feasible parameter space for DM <::]

candidate ? Indirect Detection



Dark matter models

Types of models  INteractions between mediator and DM candidate give rise to -
e * EFT models for DM (Xxdq, X7*x@v.9)
e Simplified models for DM
® Three types of fields : SM particles, DM candidate (x) and a mediator (¢)
® New coupling (Ay) between SM particles, DM candidate () and a mediator
® New parameters : A\g, M, , M,
® 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



Gluphilic dark
matter model

Gluphilic dark matter model

A scalar dark matter x candidate interacting with SM particles via a coloured
scalar mediator ¢ with colour representation r

Lagrangian:
Lint = 0ux*0"x — m2|x[* + (Du9) D¢ — m3 || + Aax*xo o
Parameters: Ay, M, , My, r
The parton level contributions come from DM annihilation channels-
93 = xx"
88 = XX~
Detection strategy

Direct detection - LUX
Indirect detection

(1506.01408)



Gluphilic dark matter model - Feynman rules
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Figure: Feynman rules in the extended Lagrangian
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Gluphilic dark matter model - Monojet signatures
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Figure: Leading-order Feynman diagrams for gg — xx*
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Quark channel

Gluphilic dark
matter model

Figure: Feynman diagram for LO dark matter annihilation to quarks via a scalar coloured
mediator



Gluphilic dark matter model - quark channel

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

MOxx" = a(p1)d(p2)) = Faq 6 d(p1)v(p2)

e model pf = p5 = m2 and i,j - color indices of the quarks. The form-factor has
perturbative expansion in as 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,

(ov) = =L J1- *Z M2

647 m2

where,

D M2 =8N(m] — m})| Foql?

S



Quark channel

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

® We calculate (ov) for quark channel process and compare it with the thermal
relic in a standard ACDM cosmology, in which the annihilation cross section
should be approximately (ov) ~ 2.3 x 1079GeV 2



o

o [
N PURSUIT OF KNOWLEDGE

25 T T j’ T T
i 4
T
% 15
o 2 r ]
Quark channel — Preliminany
[=]
% 1| relic bound —— |
2 my =500, me =500 ——
v my =500, mg =1000 ——
my =1000, mg =500 ——
0.5 my =1000, mg =1000 -
0 e

0 50 100 150 200 250 300 350 400 450
mglGev]

Figure: Variation of cross section with m,.
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Quark channel
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Figure: Allowed parameter space shown in blue colour for m, and my 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
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Gluon channel

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

Amplitude in form factors

0 —2e —€
0 _agSeu s bl S
Aggor = 5 <—M2> 6 [2 (61'62)—(61'132)(62'/31)]

%S = < s

X <MLO + = M2> Mnro + O(%))

13 —



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

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

future directions

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

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



Thank you for your attention!

Conclusion and
future directions
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