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Evidences of Dark Matter

<> ROTATIONAL VELOCITY OF SPIRAL GALAXY

v' Virial theorem implies:
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Mass inferred >> Baryonic mass

MISSING MASS IS NON-BARYONIC
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Other Astrophysical Evidences

Collision of galaxies
In

Bullet Cluster

www.nasa.gov
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Gravitational lensing
‘ effect due to
| presence of DM Gravitational lensing observed
i by Hubble in Abel 1689 cluster
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Evidence from Cosmic Microwave Data
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Vector‘ Like Mixed S1nglet doublet Ferrmomc DM

In Presence Of A Scalar Triplet

Particle contents of the model

N=( N° )5(1,2,—1),;(05(1,1,0)

N-

The new Lagrangian apart from the SM i1s

~Lyey = NPN + 83" +(D"A) (D ,A)+ M, NN +M 2+ L..-V(AH) ﬁ

where \/— [(fL )op an:zAL +fyN zrzAN +h. c] +[YNH ¥ +h.c]

V(AH)=-MH H+A,(HH) + MA'A+ A (A'AY
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Neutrino Mass
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1) =200y

u = M, = O(10") GeV

However mass of M , can be in TeV scale
By choosing appropriate coupling
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Doublet Fermion as Dark Matter

_ _ N
Ly = Niy" DN+ M NN where  N=| " |=(1.2.-1)

N’ PLANCK

% The neutral field NV can be stable by a Z, symmetry.

1: T T T TTT T T T T 1T
% Large annihillation cross-section i /
01F i =
Of process  N'N' = W*'W~ £
001E g
kills the relic density. e ool 2
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Hence NYcan not alone be a DM candidate
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M1xed Slnglet Doublet Dark Matter

After Electro-Weak Symmetry Breaking, the mass for vector like neutral fermions

—\ M, m N°
(NO,XO) v . m, =1v
m, M, X
# The new mass eigenstates are N, , N, and N*
2
m
0, o 0 M =M, - D
N, =cosOy +sm6N T MM
N, = cosON’ —sinOy" 2
: x M, =M, +—2
N* My,-M,

o M* =M, sin0+M,cos’0=M,
# And mixing angle

m, v _ AMSin20

M,-M y 2v
The lightest particle N, is the Dark Matter

tan 260 =
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Pseudo Dirac Nature of Dark Matter

After EW symmetry breaking ,when A gets an induced vev, a Majorana mass term

1s created for N,

2
m =2 sin* B(A) = f, sin*

Nk

Majorana mass splits Dirac state into two Majorana states ( ¥, )P

Mass Eigenvalues M, + m;,

Mass splitting 5m = 2m1 = 2\/5][]\, SiIl2 0<A>

Small mass-splitting does not play any role

In relic abundance of DM, but plays important
role in direct detection of DM
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r Rehc Abundance of Dark Matter
] 9
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Annihilation processes
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Dominant Co-annihilation processes
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Inelastlc DM and its D1rect Detect1on

The DM interaction Lagrangian with the nucle1 through Z boson

Ly py = _1i()’uau +8.Y"Z, )N,
Wh g, = 5 sin'g
= 2Cos8,,

== Presence of Majorana mass
splits the DM into two new states( ¥, )b

= Mass spltting o = 22, sin’” ()

. b
= Dominant Z interaction now off-diagonal ?,/Jla lg Z)/MZ u 'l,Ul

~ == Minimum velocity required
v' m, =nucleon mass
V= 1 m, Ly £ M) v’ E, = Recoil Energy
2m E.\ u, v’ U r =Reduced mass
4
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Elastic Scattering of DM with the nucleus
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/ PLANCK
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isible Z decay limit

visible Z decay limit

LHC Search Bound
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Conclusion

£ S SR,

We have studied the case of a vector like DM model where the DM 1s a mixed state
of doublet and singlet fermion

Relic abundance is satisfied in large parameter space of the model

The relic abundance of DM largely dependent on annihilation and coannihilation of
DM to the SM gauge bosons.

The scalar triplet does not contribute to the relic density except for few points near
resonance

The scalar triplet after EW symmetry breaking gives a small Majorana mass to the
DM as well as to the SM neutrinos.

The Majorana mass splits DM into two Majorana mass states with a mass-splitting
of sub GeV order. As a result the DM can scatter inelastically from the nucleus
through Z mediation.

But the elastic scattering is still be possible through scalar mediation.

The charged companion of DM decay via 3 body decay process and can show a
displaced vertex.
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__Singlet Fermion as WIMP

PP NI VPRSP PRSI SIS N F VPR PR SR SIS N TSRS P RS ST N TSRS S .

—, _ Yx HH
Ly, = XWME)MX*' M xx + XXA
Qn* =F(M ,,A)
« Where A is the scale
of new physics
_  H is the standard
USI - O(M X’A) model Higgs

* A Z,symmetry
ensures the stability
of DM

* Relic abundance is large for apart from
the Higgs funnel.

* We can not do any further prediction
about our weak interaction assumption of
dark matter
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| COLLIDER SEARCH ’
}1_ »Displaced vertex signature of N*  p= _s N, +0*+v,
3
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| | For a small mass difference we expect a large displaced vertex for the |
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CONSTRAINT FROM INVISIBLE HIGGS AND Z DECAY

B - i | O

LN S

4| € Constraint from Invisible Z Decay : LEP

a2

ni

M, <M,/2 =45 GeV
M, = 45 GeV

LOG U B

Constraint from Invisible Higgs Decay
All possible values of M, is used
that opens the decay channel

Br y

oy = —<0.3
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o ATLAS COLLABORATION , 1508.07869 arXiv




S parameter
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T parameter
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