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Nature of Dark Matter...

From the astrophysical evidences of dark matter one infers that...

& v DM should be a massive particle and hence interact
s gravitationally.

T, v It is electrically neutral and colorless. Therefore it could hide

itself easily.
v" It is stable on the cosmological time scale and therefore the
large scale structure exists.

Mass of DM=?
Spin of DM=?, Charge of DM=1 Many
Interaction apart from gravity ? unanswered
Relic abundance questions!

However,
We don’t know ...

(symmetric/asymmetric ?)

Q. How to probe the DM in a terrestrial laboratory (i.e., small scale), which is
required for the existence of our Universe ?




Is DM a WIMP (Gravity+ weak) ?

Steigman and Turner, 1984

\_ The DM is assumed to be in
\ equilibrium in the early
e Universe via the weak
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Which is typically a weak —

interaction cross-section.

Therefore one believes that DM could be a WIMP,



In this talk we assume...

e Weakly interacting

EN vector-like leptons

as candidate of
dark matter

(1)Vector-like singlet fermion (lepton) dark matter
(2) Vector-like doublet fermion (lepton) dark matter
(3) Singlet-doublet fermion (lepton) dark matter



Vector-like Singlet fermion DM
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Vector-like Inert lepton doublet DM

LDM — N(iy"‘D”—mN)N
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Singlet-Doublet mixed Fermion DM

We overcome the problem of smaII relic abundance of doublet DM N by introducing
a vector-like singlet fermion Z which mixes with the neutral component of the

doublet fermion and decreases the annihilation cross-section. As a result, we get the
correct relic abundance.

Loy =M NN +MZ?;(°+[YNI:I;(°+h.C.]
N 0 0
+Niy*D, N+ y"1y"0

N° B B H* _ 0 _
where N :(sz (1,2,-1),H —(HO]—(]-’Z’]-)’Z =(11,0)

Under symmetry both and N are odd. As a result the DM emerges as a mixture of

singlet fermion and the neutral component of the vector-like doublet fermion N.
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Singlet-Doublet mixed Fermion DM

After EW phase transition the mass matrix for neutral vector-like fermions is given by

( M m NO
(NO ){OI & Dj{ Oj Where mD:Y<H >
My M 4

x
After diagonalising one gets: m?2
M, =M — D N, =cos@y° +sin N °
M, —M,
my 0 cin 9,0
M, =M, + ; N, =COsON "~ —sin By
M, —M,
M* =M,sin“@+M,cos*’0@ =M, ;N"
m
tan 20 = 2
Where MN—M;(



The model contains three independent parameters:  { M, Ms5,sinfl } or

where, Y and sin @ are related by

v — AMsin26 |

2v

Where AM = M, — M,
DOUBLET CHERRY

The lightest particle is the N,
which is candidate of dark matter
with appropriate mixing angle &

SINGLET CAKE
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Relic density of SD-Fermion DM

The relic density can be obtained by solving the relevant Boltzmann equation:

dn .

— + 3Hn = —(ov)eg(n? — (n°1)?) where n =) . n;

dt
Griest and Secklel: PRD 1991
<0'v>eff r ) 2 e—m_,,~. Ny
annihilation /

my,

Am\3 —2: o

'm.‘.\:l) @

o A‘T?l-):‘p—2x$—;‘—
mn,/ ' , Independent of singlet-doublet mixing
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Annihilation

processes
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Co-annihilation
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Co-annihilation

N,.N~ — SM

pProcesses




Co-annihilation
processes
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We look for the observed relic abundance in the parameter space spanned by

M,, M, ~M?*,sin @




We assume both singlet and doublet components decouple at the same epoch.This is true
only for relatively large singlet-doublet mixing as shown by the following diagram:
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Two Boltzmann equations for the dark sector

As the singlet-Doublet mixing is reduced further, the singlet and doublet
components decouple at different epochs. The singlet decouple early with a larger
abundance, while the doublet components decouple at late epochs with a smaller
abundance. Therefore, one needs two Boltzmann equations for the dark sector

particles: N;, N,, N*.One equation is not sufficientas N"N~ — SM is
independent of singlet-doublet mixing.

Sector-1: N; (Dominantly singlet with a little admixture of doublet )

Sector-2: N, (Dominantly doublet with a little admixture of singlet), N*

Sector-0: SM particles
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Effect of coscattering and decay on relic density
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Without including coscattering effect,
but decay included
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SD-Dark matter relic by Freeze-in (sin6 < 10-)

In this case the singlet does not equilibrate with the doublet. Therefore,
freeze-out option is excluded. However, the relic can be produced via
freezein mechanism.The relevant Boltzmann equation is

!“fl/-l ]__Itﬂf f{]_ {:I-')
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DD constraints on model parameters
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Small singlet-doublet mixing

Testing the Hypothesis at collider
via displaced vertex signature...
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