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Other Astrophysical Evidences of DM

(Collision of galaxies in Bullet cluster)

Gravitational lensing observed by
Hubble in Abel 1689 cluster




Evidence of DM-in_Cosmological:scal
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Natecwroel oaofer Dar K

From the astrophysical evidences o

V DM should be a massive particle and hence interact
gravitationally.
V Itis electrically neutral and colorless. Therefore it could hid

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

Mass of DM= ?

Spin of DM= ?, Charge of DM= ?
Interaction apart from gravity ?
Relic abundance
(symmetric/asymmetric ?)

However,
We donot

Many

unanswered
guestions!
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' 1s DM aWIMP, (Gravity+weak) ?

Steigmarand Turner, 1984
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The observed relic

Analytical estimation o

a WIMP relic density abundance ot DM by

WMAP and PLANCK

<s |v[>|-° 3310 *°cn?’/sec® 2.6310°GeV *
0 O(10 **)cn?
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Which is typically a weak —
Interaction crosssection.

Therefore one believes that DM could be a WIMP.



DM:The physics beyond the'SM

The only particles in SM which
seemto satisfysome properties
of DM are neutrinos

= .
178y W h? = ©0.0024
91.5eV
< W, h*

Cowsikdntl McClelland, PRL 197\

Leptons

So, we need to look for a candidate of DM in the beyond

standard model of particle physics, which is heavy (> a few
GeV).

~N

Lee and Weinberg, PRL 1977




Some-quiding pringciple for' DM physics

Si nce we donot Know m

matter, the main guiding principles would be

V Look for a norbaryonic cold dark matter
In a beyond SM framework which is stable
on cosmological time scale.

V Motivated by theory

V May be simplicity

new— + + LDM
Apply the relevfnt constraints

Look for the testable predictior



We will discuss only

about fermionic dark
matter candidates




Singlet Fermion-as cold:-Dark-Matter
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cigu_c+Mcc+

L
Higgs portal coupling l Where | isthe scale of new
i physics

DM
DM f
h \\.,// C is the candidate of dark matte|
s due to a residual symmetry,

N H is the SM Higgs doublet.

W, h2=F(M L) s¢(DM - N)=f(M_,L)

(1) Relic abundance largefor apart from the Higgs funnel.

(2) We can not do any further prediction about our weak interaction
assumption of dark matter.




| Canawvectoillike doublet fermion-be DM ?
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Nig™D N +M NN V=g

N° can be made stable using a residig| symmetry

1 (]-’21_ 1)

However NONO- WHW- IS so large that relic
abundance is very small

s(N°- n) via Zboson Is also much larger than the current
LUX limit.

So alone can not be a dark matter candidate.

Note: It can be a viable asymmetric DM in presence of scalar triplet
which can induce neutrino masses through type -Il seesaw.

Ref. C.Arina and N. Sahu, 1108.3967, NPB854, 2012.



Vector-like SingleDoublet Fermion DN\
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After EW phase transition the mass matrix for neutral vector -like

fermions is given by , S M ~
m, &aN°Q

(TR -
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1 (12-1),H = 1 (121),¢°* (110)
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Hep-th/0501082, hepph/0510064,
arxXiv: 0705.4493, arXiv:0706.0918, arxiv:0804.4080,
arxiv:1109.2604, arXiv:1311.5896, arxXiv:1504.07892, arXiv:1505.0386
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M =M,sinPg+M,cosg=M_ ;N

M, DOUBLET

tan2g = Y

The lightest particle N_1 is the SINGLET
candidate of dark matter with

appropriate mixing angleC/)




Constraints/from-direct. searchiof DM
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sing =0.05- 0.1 (Green)
sing =0.1- 0.15 (Purple)
sing =0.15- 0.2 (tilac)
sing =0.2- 0.25 (Red)



