ovikov, ASC, 14.04.2025




Planck CMB anisotropy map



Multipole moment, 7
2 10 50 500 1000 1500 2000

2500

6000 |
5000 |
4000 ¢
3000 |

2000 |

1000 | ﬁ 4
1 )

Temperature fluctuations [ i K2]

90°  18° i 0.2° 0.1°
Angular scale

Planck, 2018

0.07°



Unsolved problems:
© B mode of polarization;
© Gaussianity;
© Spectral distortions;

© Problems with large scale anisotropy:
Quadrupole-octopole alignment,

Anomalies in the anisotropy map



Gaussianity
(Information beyond the power spectrum)
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Gaussianity
(Information beyond the power spectrum)

Information about phases!



Inflation — gaussianity + B-mode

Modified inflation — small non-gaussianity:

D~ p+ fr



CMB spectrum, CMB
phases






CMB spectrum, CMB
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Mona Lisa spectrum,
Mona Lisa phases
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CMB spectrum, Mona
Lisa phases
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Possible sources of non-Gaussianity:

* Non-Gaussian foregrounds;
* Gravitational lensing;
* Systematics.

Can we extract gaussian part of the signal?
D. Novikov and K.Parfenov, arXiv:2411.15959



CMB polarization assumes:

Gaussian E and B modes with
small B/E ratio ~ 0.001
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arXiv:1808.07445



CMB polarization
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Unpolarized points
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Unpolarized points
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For Gaussian statistics (inflation):

e <N > = (0.5<n>

saddle

o <N > = (0.448<n>

comet

o <n, > =0.052<n>

D.Novikov and K. Parfenov arXiv:2410.14351
Phys. Rev. D 2025


https://arxiv.org/abs/2410.14351

Spectral distortions (the shape of the CMB
frequency spectrum)
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Kompaneets equation:

on orN:.h O k'T. On
20T € 4 2 e
7 ot mec OV {V (n-l—n " h 81/))]’

n(v,t) - is photon number density

A. S. Kompaneets, Sov. J. Exp. Theor. Phys. 4, 730 (1957).



Properties of the Kompaneets equation:

VE: mec OV h 81/)

a [ , _orNh [0 [, 5, KkT.0n B
E/O vondy = oc /0 81/[1/ (n+n +— 8y) dv =0

|

.,
/ v’n dv = constant
0

,0n  orNgh 0 {Vél (n—i—n2-|— kT, On )]

5 —1
Stationary solution: n = (e ettt 1)



Properties of the Kompaneets equation:

on  orN.h 0O kT. On
2970 € 4 2 S
ot mec Ov {V (n-i—n i h 81/))]’

Two different asymptotics

1L Ift> —2¢¢ and T, > T for t = O then
O'TNel’L

n(v,t) = (e’%eJr“ - 1) , w#E0
u— distortion

e C 1
2. If t d 0) =
< g and n(v,0) e

orN, xe® e’ + 1
7 —4
mec (e* —1)%2 | e® —1

r = hv/kT, then

n(v,t) —n(v,0) = tk(T, — T})

I

y-distortions (or SZ effect)



Relativistic corrections:
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Anisotropic SZ effect

|.Edigariev, D. Novikov, S. Pilipenko arXiv:1812.01330 , Phys. Rev. D

D. I. Novikov, S. V. Pilipenko, M. de Petris, G. Luzzi, A. O. Mihalchenko
ArXiv:2006.15571, Phys. Rev. D



Low CMBA multipoles

(Low amplitude) Quadrupole & octupole alignment. Axis of evil
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Spectral distortions of Stokes parameters after a
single scattering:

0J /o1 = q1(x) 1gw | Ain)
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Multipole components
which affect the observed CMB spectrum due to
scattering

| Dipole | ;
p 61 ==== Thermal 5Z *;'r x
—— Anisotropic SZ x10* } \
4 i 1

; I

I

I
]

yd g ,
(- <« W Quadrupole =
7 \ - =

; OCtUpOIe 0 10 10t




Jylsr

10" F

Signal

I

h

GHz




Jyisr

Signal and Foregrounds

107 — . .

I

[
CMB

GHz



Signal and Foregrounds
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Signal and Foregrounds
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Conclusions

* High sensitivity experiments are needed to
measure B polarization and CMB SD,

* Data processing methods are needed to clean
signals from foregrounds;

* More information about dust Is needed;

* Blackbody calibration is needed to measure mu
distortions;

* Don't overcool the optical system!
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