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Introduction:
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The existence of the CMB radiation was first predicted by Ralph Alpherin 1948 in
connection with his research on Big Bang Nucleosynthesis undertaken together with
Robert Herman and George Gamow. It was first observed inadvertently in 1965 by Arno
Penzias and Robert Wilson at the Bell Telephone Laboratories in Murray Hill, New
Jersey.




Cosmic Microwave Background Radiation OvVerview

1965 | ERiice The oldest lightin
\4 universe

Discovered the remnant
afterglow from the Big Bang.
22.7 K

Blackbody radiation,
Discovered the patterns
(anisotropy) in the afterglow
—angular scale ~7° at a

level AT/T of 10°

(Wilkinson Microwave
Anisotropy Probe):

- angular scale ~ 15’

- angular scale ~ §’,
AT/T ~ 2x10%, 30~867 Hz
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Direct Searches Indirect Searches
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TECHNIQUES AND TARGETS

DIRECT DETECTION SIGNATURES

LXe: XMASS

CaFge, CFal: PICO LA DEAP-3600

Ge: CDEX Csl: KIMS
Si: DAMIC, SEMNSEI MNal: AMAIS
CFa: DRIFT, DMTPC, DAMASLIBRA,

MIMAC, Newage, NEWS COSINE, SABRE
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In June 2022, BEST released two
papers observing a 20-24% deficit in
production the isotope Ge expected
From "'Gat v, —et"'1Ge

(Gallium Anomaly). Pointing that a
sterile neutrino explanation can be
Consistent with data.
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Polarizations
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an observer, its electric
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Stokes parameters

® An arbitrary polarized state of a photon propagating in the z-
direction, is given by

€) = aq exp(iby)[€e1) + ag exp(ibh)|ez),

® The parameter [ is total intensity, Q, U and V parameters
indicate linear and circular polarized intensities of
electromagnetic waves, notice that J—parameter shows the
difference between left- and right- circular polarizations
Intensities. [=(I)=trpl =1,

Q= (Q) = trpQ = p11 — pao,

piy = (leesl/oe) R
U= {U) =trpU = p12 + pa1,

V= {ff} = trpff = ip21 — P21,

D
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[Linear Polarization

QE ‘Ex‘z _‘Ey
y

b a
| Q>0 >< Q=0
*Uu=o0 *uso

a

‘2

U=|E,’ -V\Ebf -Im(E,E,)

The CMB anisotropy polarization map may be decomposed
into curl-free even-parity E-modes and divergence- free odd-
parity B-modes. Primordial B-modes are only created by tensor
perturbations (inflationary gravitational waves).
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Quantum Boltzmann Equation (OBE)

® Boltzmann equation is a systematic mechanism in order to describe the evolution of the
distribution function under gravity and collisions. Ones can consider each polarization
state of each laser beam as the phase space distribution function

d
6 =C(¢)
(D (k)) = x[pDY (k)] = (2m)°6°(0) (2K°) pis ().

® And on the other hand, the time evolution of the operator Dg (k) , considered in the
Heisenberg picture, is




Birefringence

Birefringence 1s formally defined as the double refraction of light 1in a transparent,
molecularly ordered material, which 1s manifested by the existence of orientation-
dependent differences in refractive index.
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Cosmic Birefringence

Rotation angle of the linear polarization plane of Cosmic
Microwave Background by amount of angle.
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® The amount of Cosmic Birefringence angle is very sensitive to the Parity-
Violating Physics.

Stokes parameters of Linear Polarization (Q and U) transform as a spin-2 field
under rotation.

So, they can be expanded in terms of spin-weighted spherical Harmonics
Q(i)£1U (A)==2 (E\y%By,) oY, ()
. Im
Under parity transformation,
Ey, Even-Parity

Blm Odd-Pal'lty

So, we expected 1n standard model Cosmology, there 1s no EB and TB
CMB powers spectra.
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PE+1)Cw/2m (e K2)
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For example effect of parity violating Axion-like particle as dark-matter On CMB

power spectra can generate non-zero TB and EB power spectra
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Non-zero Cross correlations

Crpe = cos”(28)Crre + sin®(28)Cpp.e,

Cppy = cos*(28)Cpp.e
1

sin? (2,8)65553,

CEBe = 5 sin(483)(Cepe — CpBy),




Generation of Polarization via CMB- Dipolar Dark Matter Interaction

Effective Lagrangian for dipolar dark matter 1s

—] _

LZ? ¥, OMV(M12+)/5D12> Yy, F""+H.C.

Where M, is transition magnetic moment and D;, transition electric moment.

Singlet Majorana fermion x;,x, interact with photon via transition magnetic moment
as follow

L=—M,0,,,F"+H.C.
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Here 7pas s the effective opacity 1s generated by CMB-Dipolar dark matter interaction.

M\? (GeV I
Fom =~ 4.6 x 10%° —
B (ecm) (mDM) ’ (2.5 % 1039 g/cm‘?’)

g =~

1
2 DM s
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So using last CB measurement using
Plank data release 2018

B =0.30° £0.11° (68%C.L.)

As well as maximum effective opacity
TDM

We can put some constraint on
magnetic dipole moment

M=~ 9x 10 16ecm

For dipolar mass larger than 3 MeV
Which is in agreement with reported
constraints
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Sterile neutrino

Vo, fom = 53— @ Gr 0° npu,
A w \ A w - o \/E a G 92 0 2H(Z,) «

. GeV pO
F A~ 9 p2 DM
Dy 73 10770 ( ) (10—47 GeV4 )

B 1.5 x 10722 (Gev) |
mpm

where for Sterile neutrino DM with mass around 100 eV and the mixing angle § ~ 103
B Can be estimated by value of Bpm =~ 1.6 x 10™5rad.
That means about 0.3% of CB angle measurement can be contributed by sterile neutrinos

\(if exist). )




excluded by X-ray search

Chandra, Suzaku, XMM-Newton
(assuming standard cosmology)

make up 100%
— of dark matter
(any cosmology)

lower bounds on the mass
derived from small—scale structure

vary depending on
cosmological production scenario
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