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Motivation for Dark Matter

Rotational Curve of Galaxies
Bullet Cluster’s offset center of mass of baryonic matter

Peculiar motion of clusters
anisotropies of the Cosmic Microwave Background
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Model and Particle contents

We introduced a Z2 symmetry with two vector like doublets ψ1,2 in a standard
MLRSM model, under which SM particles are even and Dark Sector Particles are
odd , ensuring we have stable Dark Matter candidate.

Fermion Fields SU(3)C ⊗ SU(2)R ⊗ SU(2)L ⊗ U(1)B−L︸ ︷︷ ︸ ⊗Z2

QL =

(
u
d

)
L

3 1 2 1
3 +

QR =

(
u
d

)
R

3 2 1 1
3 +

LL =

(
νℓ
ℓ

)
L

1 1 2 -1 +

LR =

(
νℓ
ℓ

)
R

1 2 1 -1 +

ψ1 :

(
ψ0

1
ψ−

1

)
L

,

(
ψ0

1
ψ−

1

)
R

1 1 2 -1 -

ψ2 :

(
ψ0

2
ψ−

2

)
L

,

(
ψ0

2
ψ−

2

)
R

1 2 1 -1 -

Name Dark Matter in Left Right symmetric model



Model and Particle contents

Scalar Fields SU(3)C ⊗ SU(2)R ⊗ SU(2)L ⊗ U(1)B−L︸ ︷︷ ︸ ⊗Z2
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Gauge group is G ≡ SU(3)C ⊗ SU(2)R ⊗ SU(2)L ⊗ U(1)B−L ⊗Z2. Hypercharge
(B − L) of the field is obtained by using the relation : Q = I3R + I3L + B−L

2 ,
where I3 is the third component of isospin and Q is the electromagnetic charge.
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Model and Particle contents

SU(2)R ⊗ U(1)B−L ⟨∆R⟩−−−→
U(1)Y .

SU(2)L ⊗ U(1)Y ⟨Φ⟩
−→

U(1)Q

this Spontanious Symmetry Breaking is done by giving vev to the neutral
components of scalars.
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Model and Particle contents
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ψ(1,2) = ψ(1,2)L + ψ(1,2)R
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Mass estimates of Dark Sector particles
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The eigen values of the above mass matrix MN for neutral dark sector particles are
given by
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Here M1 , M2, M3 and M4 are the mass eigen values for the mass eigen states
χ1, χ2, χ3 and χ4 respectivly. Here the lightest neutral state is assumed to be χ1

(M1 < M2 < M3 < M4) and it becomes the stable DM candidate. α = (y1v1+y2v2)√
2
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Mass estimates of Dark Sector particles
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Experimental Bounds

Relic and Direct Search
ΩDMh2 = 0.120 ± 0.001 at 90% CL.
The XENON 1T experiment puts a bound on the scattering cross-section of DM
nucleon interaction.

Higgs invisible decay
If dark matter’s mass is below of half the mass of Higgs ,then Higgs can decay to dark
matter via invisible decay

LEP Constraints
LEP excludes charged fermions(Charged dark sector particles) below 100 GeV.

FCNC constraints
The flavour changing neutral current (FCNC) puts a strong lower bound on heavy
neutral scalars MH,A > 15TeV . Using approximate expression of heavy neutral scalar ,
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Dark Matter Phenomenology : Relic Density

The neutral dark sector particle with lowest mass (χ1) is the DM candidate which
freezes out when (nσv << H).

(χ1χ1 ↔ SMSM) , (χ1χi ↔ SMSM) , (χ1χ
±
i ↔ SMSM) , (χiχj ↔ SMSM) ,

(χ±
i χ

±
j ↔ SMSM)

dnDM

dt
+ 3HnDM = −⟨σv⟩eff

(
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DM − n2

eq

)
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Dark Matter Phenomenology : Relic Density
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Dark Matter Phenomenology : Relic Density
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Dark Matter Phenomenology : Parameter Scan for Relic Density

We perform a numerical scan over the following region :

ML : {100 − 1000} GeV MR : {100 − 1000} GeV

Y ≡ Y1 = Y2 : {0.01 − 0.20} y ≡ yL = yR : {0.001, 0.01}
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Dark Matter Phenomenology : Relic Density + Direct + Indirect Detection

Name Dark Matter in Left Right symmetric model



Benchmarks for collider studies
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Feynman Diagram
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4ℓ+ /ET signature

Signal and backgrounds :
Signal will appear when all four W bosons produced in the cascade decay of the
pair of double charged Higgs, decays leptonically.

The dominant background are SM sub-processes producing ttZ , ZZ and VVV .
Additional sources tt and WZ .

Selection cuts :
pTl

> 10 GeV and |ηl | < 2.5.

We demand a hadronically quite environment by putting veto on events with light
jets and b jets with pTb/j

> 40 GeV and |ηb/j | < 2.5. This helps in suppressing a
significant part of the background coming from t t̄(Z) production.
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4ℓ+ /ET signature
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4ℓ+ /ET signature
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4ℓ+ /ET signature
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4ℓ+ /ET signature
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4ℓ+ /ET signature results at 3000 fb−1
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3ℓ+ 2j + /ET signature results at 1000 fb−1
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Conclusion

This model contains Dark matter candidate in a Left Right symmetric
construction.

A wide range of mass (70 − 900Gev) is available for DM.

In this model we have different mechanisms for producing dark matter with
different gauge properties (SU(2)L/R) which provides different parameter regions
satisfying direct and indirect detection bounds.

We studied collider signatures of double charged Higgs, whose lower bound on
mass can be reduced below 400 GeV under the construction of this model at
luminosity of 3000 fb−1 at LHC(14 TeV ) .

We also studied a benchmark point with the 3ℓ+ 2j + /ET signal where double
charged Higgs decays through off-shell W Boson to dark fermions which has very
low sensitivity at LHC but can have higher significance (4.8σ) at ILC(1 TeV).
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