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Magnetic field in galaxies and galaxy clusters

Dynamo amplification

| Seed field?

Many independent observations
indicate that the magnetic field
in our Galaxy, other galaxies
and galaxy clusters is on the
order of 1 uG




Generation of the seed field

Seed field should be

present in galaxies at the P
dawn of their formation

Generation in the
Early Universe

I

Inflation

N\

QED or QCD phase
transitions in the

Astrophysical origin - Early Universe

Biermann battery
processes

Magnetic field in galaxies has been

{ - 144
significantly reprocessed and thus the NeW Wi ndOW tO the
information about the parameters of l
the seed field has been lost. Ea rly U niverse




Primordial MF may survive in the voids of LSS

Properties of IGMF
* Turbulent

 Strength B
 Correlation length A

* Power spectrum

IGMF - intergalactic
magnetic field




Upper limits on IGMF strength
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Lower limits on IGMF strength: gamma-ray propagation

Pic from Rafael Alves Batista slides
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Gamma-ray technique for measurement of IGMF

pic from T.Vachaspati arXiv:2010.10525

1) Yee Yb —=> €+eé-

2) Yp € -> Yy €-

Pair production process creates electron-positron pairs whose deflections
are proportional to the strength of the magnetic field.

Then secondary gamma rays are produced by inverse Compton
scattering off CMB photons.

If the magnetic field is sufficiently strong, the extended emission will

appear around initially point source.

A.Neronov, D.Semikoz arXiv:astro-ph/0604607

What is the maximum IGMF strength that can be probed with the CTA?
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Nondetection of
cascade component
in the GeV band sets
lower limit on the

IGMF -

IGMF was sufficiently
strong to deflect
secondary electrons

Vovk I, Taylor A.M, Semikoz D, Neronov A
arXiv:1112.2534

Weak magnetic field Strong magnetic field



Lower limits on IGMF strength

—— Jedamzik & Saveliev '14

mmm Baryogenesis, Fujita & Kamada, '16
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Motivation

The additional baryon inhomogeneities,
induced by primordial magnetic fields present
in the plasma prior to recombination can

relieve Hubble tension. = Jedamzik & Saveliev '14
) [ Baryogenesis, Fujita & Kamada, '16
Required [B ~ 10 G; A ~ 1 kpc] 107 E=9 21 cm, Natwariya & Bhatt, 20

K.Jedamzik, L.Pogosian, arXiv: 2004.09487 mam Hubble tension, Jedamzik & Pogosyan '20

10-%
An excess opacity of the universe in the

redshift range 15<z<20, reported by the
EDGES experiment. Magnetic field strength,
which is required to explain EDGES data is © 1071

[B: 5*%10-13 - 6*10-12 (5]
P.Natwariya, J.Bhatt, arXiv: 2001.00194

10—13

The presence if a helical magnetic field can
enable an explanation of the baryon 10-15
asymmetry of the universe within the
standard model of particle physics

[B: 10-14 - 1012 5] -
T.Fujita, K.Kamada, arXiv: 1602.02109 10710 108

phase transition

EW
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NANOGrav: stochastic gravitational wave background (SGWB)
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Requirements to probe B~10-12 - 10-11 G

* Large primary point-source power
in the 100 TeV energy range

e strong B - high enery
of secondaries

—

» Detectability of extended emission in the
multi-TeV energy range (nearby source)

 Favorable local environment - absence of large
magnetized bubble blown by the host galaxy and
large filamentary system of magnetized bubbles in
the direction toward Earth (presence of primordial
IGMF in the several Mpc region around the source)
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E2dN/dE, TeV/(cm? s)

Suitable source: nearest blazar Mrk501
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— Mrk 501

i - Mrk 421
S ._: i —— CTA North point source
- - e CTA NOIth gt =0.25°

0O.Kalashev, AK, A.Neronov, D.Semikoz

arXiv:2007.14331

 Dark matter density profile along the
line of sight toward Mrk 501 based

on constained simulation of the LSS

z =0.034

No cutoff up to 20 TeV

We extended spectrum

—— density
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E? dN/dE, TeVs ecm™*

Angular spectrum
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o, significance

Results

—— 0.5-15 TeV
\ 1.5-4 Tev
4 i —— 4-10 TeV
e 10-25 TeV

10012 2%10712  3x10"124x10712  6x10°%2 10-11
B, Gauss

Significance of detection of the
extended emission signal in different
energy ranges as a function of the
assumed magnetic field strength. The
assumed exposure of CTAis T = 50 hr.
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O.Kalashev, AK, A.Neronov, D.Semikoz
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B, Gauss

CTA exposure time needed for 30 (lower
curve) and 50 (upper curve) detection
of the extended emission signal, as a

function of IGMF strength.
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Detectability of the IGMF with
large correlation length



Detectability of the IGMF with large correlation length

—— Jedamzik & Saveliev '14
: mmm Baryogenesis, Fujita & Kamada, '16
1077 ' i = 21 cm, Natwariya & Bhatt, '20
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Local environment effects



Maps of the magnetic fields for two random slices of the TNG100 simulation (20 kpc deep).

Pic from Andres Aramburo Garcia et al, arXiv:2101.07207
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What can affect the secondary signal? Local environment near the source

0 100 200

K.Bondarenko, A.Boyarsky, AK,

300 400

L [cMpc]

A.Neronov, D.Semikoz, A.Sokolenko

arxXiv:2106.02690

* Dark matter density profile
along the line of sight
toward Mrk 501 based on
constained simulation of

the LSS
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We use the lllustrisTNG

model to assess the effect of

contamination of the

intergalactic medium by the
magnetic field that is spread
by the galactic winds and its

consequences for the
measurements of
cosmological IGMF
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Only voids
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All bubbles without

first bubble
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Fraction of lost secondary emission, %
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We find that within the lllustrisTNG baryonic feedback model, the basic features of
the extended or delayed y-ray signal sensitive to the primordial IGMF are just
slightly altered, typically by 10-20%. -

This does not preclude the possibility of measuring the primordial field in the voids,
but it introduces an additional systematic uncertainty that needs to be properly

“taken into account in the analysis with the future instruments.




What can affect the secondary signal?
Errors in Monte Carlo codes



Comparison of the CRPropa, ELMAG and CRbeam gamma-

ray propagation codes
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z=0.14, B=10"1"G, Ly =10 Mpc, Eye =10 TeV
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What can affect the secondary signal? AGN duty cycle

| | | | I
== Ackermann et al. (2018, tull sample)
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Thank you for your
attention
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A.Korochkin, G.Rubtsov, arXiv: 1712.06579

EBL

Background: long-standing contradiction between
direct observations of the EBL and constraints from
gamma-ray measurements and galaxy counts

Idea: use direct measurements as an upper limits,
galaxy counts as a lower limits

and constrain astrophysical parameters of the EBL
based on allowed range of EBL intensities

Method: for the first time we develop a numerical
model of the EBL spectrum while maintaining the
explicit dependence on the astrophysical parameters
involved.

We constructed a Markov Chain to explore the
parameter space. The posterior distributions built with
the Markov Chain Monte Carlo method are used to
determine an allowed range of the individual
parameters of the model.

Results: constraints on star formation rate, initial
mass function, parameters of giant molecular clouds.
Constraints are comparable to those presented in the

literature.
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A.Korochkin, A.Neronov, D.Semikoz,
arXiv: 1906.12168

EBL

Background: long-standing contradiction between
direct observations of the EBL and constraints from
gamma-ray measurements and galaxy counts

Idea: discrepancies of the measurements with different
methods could be due to the presence of features in the EBL
spectrum that are localised in the micron wavelength range.

Measurements of the EBL from the y-ray data conventionally
adopt assumptions about the shape of the EBL spectrum and
thus insensitive to narrow spectral features.

Method: we use combined Fermi/LAT and IACT data to
search for imprints of the bump in the blazar spectra.

Results: we show that a previously reported 'excess’ in EBL flux in the ~
1 micron wavelength range is consistent with gamma-ray measurements,
that is, if the excess has the form of a narrow feature of the width A < A
and an overall flux of up to 15 nW/(m 2 sr) above the 'minimal’ EBL,
which is estimated from the visible and infrared source counts.

Such 'bump-like’ spectral features could originate, for example, from
decaying dark-matter particles, or either axions or peculiar astrophysical
processes in the course of star-formation history.

We show that CTA will be able to detect such a feature with high
significance.
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Idea: bump in the EBL spectrum from previous chapter
could be due to decay of ALPs with mass ~1 eV
constituting dark matter

Hence gamma-ray observations can be used to limit
ALP-two-photon coupling.

Results: We found 95% C.L. limit on axion-like particle mass and

coupling constant from non-observation of ALP decay bump in EBL spectrum, using
gamma-ray spectrum of the blazar 1ES 1218+304 observed by Fermi/LAT and
VERITAS telescopes (grey shading). Our best fit model favours non-zero amplitude
of the ALP induced absorption feature in the y-ray spectrum (red striped region).

CTA and LHAASO will be able to detect the ALP induced bump with high
significance, and provide precision measurement of the ALP mass and photon
coupling constant (black dot-dashed line).
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“anomalous transparency” - appearance of upward breaks in the
deabsorbed spectra (Horns Meyer 2012, Rubtsov Troitsy 2014).

Based on the most complete sample of blazars with accurately
measured redshifts, we have shown that the significance of the
“anomalous transparency” effect is weaker than previously reported
and does not exceed 20 for the modern EBL models and even as low
as 1.30 for the most conservative EBL model of Gilmore 2012.

The results of previous works relied on sources with incorrect
redshifts, biased method of deabsorption and wrong treatment of
uncertainties (gaussian vs poissonian).



HOJIO)KGHHH, BbBIHOCHMBIC Ha 3alllTUTY

1.P ‘rili})éi()()’l"dl‘l"d HOBa:d MOJE/Ib MerklI'a/laKTHICCKOI'O (1)()1-105()1‘() M3JIyH1eHud, 1103BO-
JIAOaAd M()_,.U,M(_l)MLl,l-lp()Ba'l'b apaMeTphl 'd.(:’l'])()(l)l-l’jMHG[.‘.KHX HHpoueccos, JiexKallnx
B ee octose. Ha ocnose Jlannoit mojiesin YeTanoBJICHBI Orpandyiennsd na CKOPoCcTh

3Be31000pasoBaus B0 Beesennoi.

2. Ilokazano, aro apdexr “anomaibHoil npo3paunoctn” Beenennoil st ramMmma-
U3JIyUeHMs] BBICOKUX SHEPIuil ciiabee, yeM CUUTAI0Ch PaHee U ero 3HaYUMOCThb

cocrasisier 1.30 JLJTH HanooJ1ee KoHCEepBaTH BHOIT MOJIEJIN 11OIJIOIHEH M.

3. YeranosJiembl orpannM4vennsd Ha 10JIOXKEeHHEe, IMHPpUHYy U MHTeHCHBHOCTDL HeDOJIb-
]_L[()l'ui, JIOKAJIM30BaHHOIT B 00J1acTu JJIMH BOJIH HHOPAJdKa MHUKPOHOB, r-'J,()(J‘d.BKL’l Ha
(_l)()[—le TCOPETHYECKH 1IPEACKAa3aHHOI'0 CIIEKTDa MEAKT'aJIaKTHYECKOI'O (i)()H()B()l‘()

U3JIYYUEHHA.

. Ha ocrose 1‘1&6.'110,161‘11-11& BbICOKOHEPI'HYHOI'O U3J/1Y4eH A 6.'18;3'(11)05 YCTaHOBJIEHDIL

OrpaHNYeHUs HA KOHCTAHTY B3auMOjeiicTBus ¢ (POTOHAMU ¢ IMIIOTETHYECKUX
AKCUOHOIIOI00HBIX 4acTul, ¢ Maccoil B objactu 1 3B upu yciosuu, 4ro oHu

cocTaBJ/14107T I60‘}1]_)]_I_[}-’IO 4acrL TeMHO! MaTCPHUH.

. Paccunrana YYBCTBHUTEJ/ILHOCTL l'aMMa-TeJ/leCKOlla HOBOI'O 110KOJIEHHWHA CTA k

BHEla/IaKTUUECKUM MalHUTHBIM 110J1s1M. BbLi1o 1IoKa3aHo, 470 MeTOd U3MEpPeHNA
raMma-u3sJayydeHud [M03BOJIAET JeTeKTUpoBalb CUJIbHbLIE [HEPBUYHbLIE Mal'HUTHbLIE

10~ Te.

110JIs1 ¢ HaUpszKennocTeio B obuiacrn 10712 [e

VCTaHOBJIEHO, YTO TULUYHBIE [1Y3bIPU MAIHUTHOI'O 110/ BOKPYI I'aJIaKTHK U
cKoluieHuii rajnaktuk, coorsercreyomue mojean [lustrisTNG, BbizbiaoT s1ep-
IOHE3aBUCHUMOE 110/1aB/I€HHE 1I0TOKA BITOPUUHBIX I'aMMa-KBaHTOB Ha YPOBHE OKO-

JIO 10(%1.
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