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Cosmological magnetic fields



Cosmological magnetic field was
studied by Georg from 1996 

1996 2006



Overview:
• Introduction: Primordial Magnetic field 

(PMF) from hot Universe to today
• Pulsar timing arrays: GW from PMF at 

QCD phase transition
• IGMF detection with gamma-rays

– How we can detect cosmologically important 
IGMF B = 1-10pG

– Detection of IGMF from inflation
• IGMF detection with UHECR
• Conclusions



Cosmological
Magnetic field
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Magnetic fields in IGM

Magnetic field in 
the IGM is not 
stronger than the 
field in galaxies

Non-observation of Faraday 
rotation of polarized radio 
emission from quasars limits 
possible magnetic fields in IGM

Non-observation of magnetic 
field induced features in the 
anisotropy of CMB limits 
magnetic fields produced before 
Recombination

Magnetic field 
homogeneity scale 
can, in principle, be 
comparable to the 
size of the Universe

Resistive decay 
removes short-
correlation length 
fields in T<10 Gyr

A.Neronov, D.S., PRD 2009, arXiv:0910.1920

"Typical" (?) seed fields
for galactic dynamos

"Typical" (?) seed fields for
galaxy cluster turbulent
dynamos ?
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Produced spectrum of IGMF

From R.Durrer and A.Neronov, A&A Rev. 21 62, [1303.7121].



, Current Topics in Astoparticle Physics, Georg’s fest, Nov  10, 2022 

Early Universe evolution of  
spectrum of IGMF

R.Durrer and A.Neronov, A&A Rev. 21 62, [1303.7121].
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IGMF from phase transitions 

R.Durrer and A.Neronov, A&A Rev. 21 62, [1303.7121].
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IGMF evolution and LSS

R.Batista et al, Phys.Rev. D96 (2017) 023010 , [1704.05869].
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IGMF evolution and LSS

S. Hackstein et al, MNRAS 475, 2519 (2018), [1710.01353].
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Constrants on PMF

L.Jedamzik, A.Saveliev, PRL, [1804.06115].
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IGMF limit from CMB

L.Jedamzik, A.Saveliev, PRL, [1804.06115].
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H0 with PMF 5-50 pG

K.Jedamzik and L. Pogosian 2004.09487 
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IGMF from QCD phase transition

A. Neronov et al., 2009.14174



Pulsar Timing 
Arrays



Idea: use pulsars as clocks 



P - P Diagram
.

• Millisecond pulsars have 
very low P and are very old
• Most MSPs are binary 
• MSPs are formed by 
‘recycling’ an old pulsar in 
an evolving binary system
• ‘Normal’ pulsars have 
significant period 
irregularities, but MSP 
periods are very stable

J0737-3039

.



Sky Distribution of Millisecond Pulsars
P < 20 ms and not in globular clusters



The Gravitational Wave Spectrum
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NANOGrav

NANOGrav Collaboration, 2009.04496
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NANOGrav

NANOGrav Collaboration, 2009.04496
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NANOGrav

NANOGrav Collaboration, 2009.04496



GW from Primordial 
Magnetic Field at QCD 

phase transition
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MHD in hot universe

A. Roper Pol et al., 2201.05630
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Pulsar timing arrays

A. Roper Pol et al., 2201.05630



, Current Topics in Astoparticle Physics, Georg’s fest, Nov  10, 2022 

Pulsar timing arrays

A. Roper Pol et al., 2201.05630
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Primordiam magnetic field and SGWB

A. Roper Pol et al., 2201.05630
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Inter-Galactic Magnetic 
Field detection with 

gamma-rays
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IGMF measurement with gamma-ray telescopes

γ-rays with energies above ~0.1 
TeV are absorbed by the pair 
production on the way from the 
source to the Earth.

e+e- pairs re-emit γ-rays via 
inverse Compton scattering of 
CMB photons. 

Inverse Compton γ-rays could be 
detected at lower energies. 
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Cascade component
n Fraction of electron 

energy in secondary 
photons in direction of 
observer

n Fraction of voids on 
the way of primary 
photon

n Ratio of point source 
flux at Eg and Eg0
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The hardest VHE blazar 1ES 0229+200 

Blazar 1ES 0229+200 is considered to be the 
best candidate for the search of the cascade 
emission because it has very hard VHE 
spectrum extending into the ~10 TeV energy 
band, where γ-ray emission is strongly 
attenuated by the pair production effect. 

Most of the primary γ-ray beam power is 
removed and transferred to the cascade 
emission which should appear in the GeV 
energy band. 

The source is extremely weak in the Fermi 
energy band. It is detected only in the 3-year 
long exposure.

The source is stable in the VHE band: no 
variability is found between observations made 
over ~5 yr time span.

Vovk, Taylor, Neronov, and DS 1112.2534

€ 

Γ =1.36 ± 0.25
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Constraints on IGMF

J.Biteau et al, Fermi-LAT ApJS 237 (Aug, 2018) 32, [1804.08035].
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Best to date limit includes L 
history of 1ES 0229+200
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Can gamma-telescopes
detect 10 pG IGMF (one 
which can help with H0 

problem)?
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Detection of IGMF

R.Durrer and A.Neronov, A&A Rev. 21 62, [1303.7121].
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Detection of 10 pG IGMF

Cosmological IGMF

Primary photon optical depth
distance

Secondary photon energy

Electron travel energy loss
distance

Kalashev et al, 2007.14331
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Conditions to detect 10 pG IGMF

Kalashev et al, 2007.14331
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Spectrum Mkn 421 and Mkn 501 

Kalashev et al, 2007.14331
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IGMF on LOS to Mkn 501 

Kalashev et al, 2007.14331
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Detection of extended emission around
Mkn 501 by CTA North

for 1-10 pG IGMF

Kalashev et al, 2007.14331
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Production of GW with IGMF in EW 
phase transition

Kalashev et al, 2007.14331
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Detection of Inter-
Galactic Magnetic Field 

from inflation
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BORG LSS and RAMSES MHD
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TeV blazars within 250 Mpc

A.Korochkin et al, 2111.10311.
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IGMF from inflation

A.Korochkin et al, 2111.10311.
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IGMF on LOS

A.Korochkin et al, 2111.10311.
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Inter-Galactic Magnetic 
Field detection with 

UHECR
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TA sky map of  Perseus-Pisces SC

TA collaboration, 2110.14827
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Deflection of UHECR C, He and p 
with 25 EeV energy by JF12  GMF

A.Neronov, D.S. and O.Kalashev, 2112.08202
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Primordial IGMF and MF from
astrophysical processes

S. Hackstein et al, MNRAS (2017) 1-11, [1710.01353].
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Limit on IGMF in Taurus void from
UHECR observations

A.Neronov, D.S. and O.Kalashev, 2112.08202
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Summary
n Primordial magnetic field can be produced at inflation 

or in phase transitions in Early Universe. Magnetic 
field in 1-10 pG range  help to solve H0 problem

n Pulsar timing arrays see common red noise consistent 
with GW signal.  This signal can come from GW 
produced by primordial magnetic field at QCD phase 
transition. Shape potentially can be distinguished from 
BH pairs.
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Summary
n Inter-Galactic Magnetic Fields in the voids of LSS with 

strength up to 10 pG can be found from  high precision 
blazar spectra/time delay/ extended emission 
measurements by CTA

n Primordial MF from inflation can be found by 
measurement of extended emission with network of 
blazars

n IGMF in voids can be measured by UHECR detection 
from sources, Perseus-Pisces supercluster is first 
example


