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Strategy in DM Study

Will focus on the following points,

` Satisfying Relic Density bound
(FeynRules → MicrOMEGAs).

` DM direct detection.

` DM indirect detection.

` DM collider signature
(FeynRules → MadGraph → PYTHIA → Delphes).
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Standard Model Particles
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¨ Need to extend the SM.

¨ Introduce a triplet fermion,

where

ρ =

(
ρ0
2

ρ+
√

2
ρ−√

2
−ρ0

2

)
. (1)
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Relic Density

Ω h2 = 0.1199 ± 0.0027
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« Relic density satisfies around 2.3 TeV.

« This simplest model has few drawbacks which are as follows.
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Drawbacks

J. Hisano et. al. [PRD 05]

> Sommerfeld enhancement after 1 TeV mass.
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Cont...

> This DM is ruled out by the HESS and Fermi-LAT data.

> ∼ 2 TeV DM is difficult to detect at LHC.

> No tree level DD processes exist.
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Way Out

, One way out : Introduce a Singlet fermion and a triplet
scalar.

, Complete particles list are as follows,

, All the above drawbacks are solved.
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Lagrangian

Present model Lagrangian,

L = LSM + Tr
[
ρ̄ i γµDµρ

]
+ N̄′ i γµDµN′ + Tr [(Dµ∆)†(Dµ∆)]− V (φh,∆)

−Yρ∆ (Tr [ρ̄∆] N′ + h.c.)− Mρ Tr [ρ̄cρ]− MN′ N̄′c N′ (2)

where triplet fermion,

ρ =

 ρ0
2

ρ+
√

2
ρ−√

2
− ρ0

2

 . (3)

Potential V (φh,Ω) is,

V (φh,∆) = −µ2
hφ
†
h
φh +

λh

4
(φ
†
h
φh)2 + µ

2
∆Tr [∆†∆] + λ∆(∆†∆)2 + λ1 (φ

†
h
φh) Tr [∆†∆]

+λ2

(
Tr [∆†∆]

)2
+ λ3 Tr [(∆†∆)2] + λ4 φ

†
h

∆∆†φh + (µφ
†
h

∆φh + h.c.) . (4)
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Mass Eigenstates
+ φh will take vev spontaneously, and simultaneously the triplet scalar ∆ will get induced vev,

µ
2
h > 0, µ

2
∆ > 0, λh > 0 and λ∆ > 0 .

+ After symmetry breaking, there will be mixing between the two neutral scalars, two charged scalars, and
two neutral fermions.

+ Therefore, we need to introduce mass basis in the following way,
Neutral Higgs:

h1 = cosαH + sinα∆0

h2 = − sinαH + cosα∆0

Charged Higgs:

G± = cos δ φ± + sin δ∆±

H± = − sin δ φ± + cos δ∆± (5)

Fermions:

ρ
0
2 = cos β ρ0 + sin β N′c

ρ
0
1 = − sin β ρ0 + cos β N′c (6)
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Constraints Used in DM Study

SI direct detection cross section

ρ01 ρ01

h1

N N

ρ01 ρ01

N N

h2

DD cross section for the above diagrams,

σSI =
µ2

red

π

[
MN fN
v

∆M21 sin2 2β sin 2α

4v∆

(
1

M2
h2

− 1

M2
h1

)]2
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DM Results
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Figure: Feynman diagrams which take part in DM phenomenology
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DM Results
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Figure: BSM Higgs mass, Mh2 = 300 GeV, sin δ = sinα = 0.03 and
∆M12 = 50 GeV.
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DM Results

Figure: Mρ0
1
, Mh2 and sinβ three parameters have been varied for scatter

plots.
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Indirect Detection
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Figure: Feynman diagrams contributing in γγ final state.
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Indirect Detection
CS times velocity is, [L. Bergstrom et. al., NPB 97; Z. Bern et. al,
PLB 97]

〈σv〉γγ =
α2

EMM2
ρ0

1

16π3
|AWρ + AHρ|2 . (7)

γγ from Present Model

Fermi-LAT Collaboration (γγ)-2015

Fermi-LAT Collaboration (γγ)-2013

Fermi-LAT Data
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Figure: Fermi-LAT bounds and the prediction from the present model
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Collider Part
Signal Production :

p p → X Y

p p → X Y j

p p → X Y j j

Signal-I:

{X Y} = {ρ0
2 ρ

+}, {ρ0
2 ρ
−}

Signal-II:

{X Y} = {ρ+ ρ−}
Showering by Pythia → looked for the signal,

��ET + n j , where n ≥ 2
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Collider Part
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Figure: Production cross section.
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Collider Part

Bencmark points:
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Statistical Significance (S)
We have used following formula in determining S,

S =

√
2×

[
(s + b) ln

(
1 +

s

b

)
− s
]

(8)

S for different BPs :
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Conclusion

© By introducing singlet fermion, we have overcome the
drawbacks of pure triplet fermions.

© The lighest among the two neutral fermions becomes a viable
DM candidate.

© DM can be tested in different on going DD experiments like
Xenon-1T, LUX.

© Fermi-LAT and HESS can detect the DM indirectly by
detecting gamma-rays signal in future.

© This model can also be tested at collider by searching
multi-jet + ��ET signal.
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Back UP Slides
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Selection Cuts

Basic Cuts (A0) :

I Leptons are selected with pl
T > 10 GeV and the

pseudorapidity |η`| < 2.5, where ` = e, µ.

I We used pγT > 10 GeV and psudorapidity |ηγ | < 2.5 as the
basic cuts for photon.

I We have chosen the jets which satisfy pj
T > 40 GeV and

|ηj | < 2.5.

I We have considered the azimuthal separation between all
reconstructed jets and missing energy must be greater than

0.2 i.e. ∆φ(jet,��~ET ) > 0.2.
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Selection Cuts

A1: We have imposed a lepton and photon veto in the final state.

A2: pT requirements on the hardest and second hardest jets:
pj1

T > 130 GeV and pj2
T > 80 GeV.

A3: In order to minimise QCD multi-jet, we have ensured that the

��~ET and the jets are well separated, i.e., ∆φ(ji ,��~ET ) > 0.4

where i = 1, 2. For all the other jets, ∆φ(j ,��~ET ) > 0.2.

A4: We demand a hard cut on the effective mass variable,
MEff > 800 GeV, where MEff =

∑
i |~p

j
Ti
|+∑i |~p`Ti

|+��ET .

A5: We put the bound on the missing enrgy �ET > 160 GeV.
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Cut-flow table for BKG

BKG Contribution after applying cuts :
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Cut-flow table for Signal-I

Signal-I Contribution after applying cuts :
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Cut-flow table for Signal-II

Signal-II Contribution after applying cuts :
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