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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.

Power = 3.3 μW/m2
(Our bodies radiate about 500 
W/m2)
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Cosmic Neutrino Background
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Cosmic Neutrino Background
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Considering a tritium-target mass of 100 g, as is proposed 
for PTOLEMY (2022) JCAP 07 (2019) 047

JCAP 1408 (2014) 038 arxiv:1405.7654



Introduction: Dark Matter
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In 1933, the Swiss astrophysicist Fritz Zwicky, studied a small group of galaxies in the Coma 
cluster and found that the dynamic mass of the cluster is much higher than its visible light mass.

Today we believe that Ordinary matter,
dark matter, dark energy are the constituents
of the Universe.



The nature of dark matter
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steemkr.com

 Dark matter Gravitational effects

 Particle or (and) Black hole/ …? 
If Dark Matter is particle
 Mass?
 Charge, dipoles , …?
 Sector (scalar, vector, spinor…)?
 Interaction with matter?
 And so on…

For the rest, we consider Dark Matter as a particle with different sector.
We also consider relevant effective interactions for photon-dark matter in different cases. 
Finally, effects of photon-Dark Matter interaction on the CMB  polarization will be investigated.



Photon-Dark Matter interaction

10

Physics of the Dark Universe, 7–8, (2015)  16-23

Vector Dark Matter

Dipolar Dark Matter

Scalar Dark Matter

Phys. Rev. D 70 , 083501
(2004) [Phys. Rev. D 73, 089903 (2006)].

Phys. Lett. B 724, 84 (2013).

https://www.sciencedirect.com/science/journal/22126864
https://www.sciencedirect.com/science/journal/22126864/7/supp/C


Polarizations
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Linear Polarization
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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).



CMB Experiments
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rmohamadi
Text Box
https://lambda.gsfc.nasa.gov/product/expt/
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Quantum Boltzmann Equation (QBE)
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 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

 And on the other hand, the time evolution of the operator , considered in the Heisenberg 
picture, is

0 ( )ijD k



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

 The parameter I is total intensity, Q, U and V parameters  indicate linear  and circular  
polarized intensities of electromagnetic waves,  notice  that V –parameter shows  the 

difference between left- and right- circular polarizations intensities.



CMB Power Spectrum
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Generation of Polarization via CMB- Dipolar DM Interaction

18

CMB- Dipolar DM Forward Scattering
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Generation of Polarization via CMB- Dipolar DM Interaction
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Generation of Polarization via CMB- Dipolar DM Interaction

If we neglect CMB-DM interaction, the standard results will be obtained

Adding CMB-DM interactions do suppress r-parameter
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Generation of Polarization via CMB- Dipolar DM Interaction

•S. Mahmoudi, M. Haghighat, S.Al. Modares Vamegh, R. Mohammadi Eur.Phys.J.C 80 (2020) 5, 402

https://inspirehep.net/literature?q=a%20S.Mahmoudi.1
https://inspirehep.net/authors/1041934
https://inspirehep.net/literature?q=a%20S.A.M.Vamegh.1
https://inspirehep.net/authors/1065015
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Generation of Polarization via CMB- Dipolar DM Interaction
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Generation of Polarization via CMB- Dipolar DM Interaction

•S. Mahmoudi, M. Haghighat, S.Al. Modares Vamegh, R. Mohammadi Eur.Phys.J.C 80 (2020) 5, 402

https://inspirehep.net/literature?q=a%20S.Mahmoudi.1
https://inspirehep.net/authors/1041934
https://inspirehep.net/literature?q=a%20S.A.M.Vamegh.1
https://inspirehep.net/authors/1065015


Generation of Polarization via CMB- Scalar DM Interaction
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CP Strong Problem

The contribution of Forward Scattering is vanished and the damping term has very small contribution
On the CMB polarization.  This means the CMB polarizations can not help us in the case of scalar DM.
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Photon-Photon scattering via Axion exchange

• There is a resonance in the case of Axion exchange
• QED effects play very important role.
• May we can see in two laser beam collision 



Generation of Polarization via CMB- Vector DM Interaction
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Uniform and un-polarized Vector-
DM distribution can not generate 
any polarization in the case of 
forward scattering 



Generation of Polarization via CMB- Vector DM Interaction
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Polarized Vector DM



Generation of Polarization via CMB- Vector DM Interaction
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Damping term

The contribution of Vector DM on the CMB polarization is very small, but
For high energy photon (like x-ray and Gamma ray) can be enough large.

S. Modares Vamegh, M. Haghighat, S. Mahmoudi , R. Mohammadi ; 1911.02264 [hep-ph] PhysRevD.100.103024

https://inspirehep.net/authors/1041934
https://inspirehep.net/authors/1065015
https://arxiv.org/abs/1911.02264
https://doi.org/10.1103/PhysRevD.100.103024


Generation of Polarization via CMB- Sterile Neutrino Interaction

29 •M. Haghighat, S. Mahmoudi, R. Mohammadi, S. Tizchang, S.S. Xue; Phys.Rev.D 101 (2020)

https://inspirehep.net/authors/1041934
https://inspirehep.net/literature?q=a%20S.Mahmoudi.1
https://inspirehep.net/authors/1065015
https://inspirehep.net/authors/1671767
https://inspirehep.net/literature?q=a%20S.S.Xue.4


Generation of Polarization via CMB- Sterile Neutrino Interaction

30 •M. Haghighat, S. Mahmoudi, R. Mohammadi, S. Tizchang, S.S. Xue; Phys.Rev.D 101 (2020)

https://inspirehep.net/authors/1041934
https://inspirehep.net/literature?q=a%20S.Mahmoudi.1
https://inspirehep.net/authors/1065015
https://inspirehep.net/authors/1671767
https://inspirehep.net/literature?q=a%20S.S.Xue.4


Generation of Polarization via CMB- CNB Interaction
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Generation of Polarization via CMB- CNB Interaction

32 •M. Haghighat, S. Mahmoudi, R. Mohammadi, S. Tizchang, S.S. Xue; Phys.Rev.D 101 (2020)

https://inspirehep.net/authors/1041934
https://inspirehep.net/literature?q=a%20S.Mahmoudi.1
https://inspirehep.net/authors/1065015
https://inspirehep.net/authors/1671767
https://inspirehep.net/literature?q=a%20S.S.Xue.4


CMB Cross Power Spectra via CNB-CMB interaction



TB Cross Spectrum in presence of
scalar perturbation of matter via

CMB-CNB interaction 



TB Cross Spectrum in presence of
scalar perturbation of matter via

CMB-CNB interaction 



EB Cross Spectrum in presence of
scalar perturbation of matter via

CMB-CNB interaction 



TB Cross Spectrum in presence of
scalar perturbation of matter via

CMB-CNB interaction 



TE power spectrum
Deviation from standard scenario  



Summery
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• CMB-Dipolar DM & CMB-CNB interaction generates B-mode in the case of scalar perturbation which
suppresses r-parameter

• One can find a limit for mass  and coupling of Dipolar DM  by using B-mode polarization
• Vector DM –CMB interaction can generate B-mode and Circular polarization, if its distribution

has quadrupole perturbation  and polarized degree freedom.
• Vector DM-photon interaction is important in the case of high energy photons
• Damping term for CMB-DM interaction can be neglect.
• CMB-CMB interaction via Axion exchange can play important roles to generate circular 

and there is a resonance in this case 
• TB and EB Cross Spectrum in presence of scalar perturbation of matter via

CMB-CNB interaction 
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با سپاس فراوان
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