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Complete Gravitational-Wave Spectrum of the Sun
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HRevisiting Gertsenhstein's ideas

SOVIET PHYSICS JETP VOLUME 14, NUMBER 1 JANUARY, 1962

. o A
WAVE RESONANCE OF LIGHT AND GRAVITIONAL WAVES W\/\//\/\/\/\JJ
AVAVAVAVAVAVAVAY

M. E. GERTSENSHTEIN
Submitted to JETP editor July 29, 1960
J. Exptl. Theoret. Phys. (U.S.S.R.) 41, 113-114 (July, 1961) B

The energy of gravitational waves excited during the propagation of light in a constant mag-
netic or electric field is estimated.

SOVIET PHYSICS JETP VOLUME 16, NUMBER 2 FEBRUARY, 1963
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ON THE DETECTION OF LOW FREQUENCY GRAVITATIONAL WAVES < . rial
- . . errestria

M. E. GERTSENSHTEIN and V. I. PUSTOVOIT ¢ | . interferometers
Submitted to JETP editor March 3, 1962
J. Exptl. Theoret! Phys. (U.S.S.R.) 43, 605-607 (August, 1962)

It is' shown that the sensitivity of the eléctromechanical experiments for detecting gravita-
tional.waves by means of piezocrystals is .ten orders of magnitude worse than that .estimated
by Weber. (11 In the low frequency rangé’it should be possible to detect gravitational waves
by the, shift of the bands in an optical interferometer. The sensitivity of this method is.inr

vestigated. {
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The (inverse) Gertsenhstein Effect

* The conversion of gravitational waves into electromagnetic waves
is a classical process. Its rate does not involve 7

P ~ GB?2L?

e Cosmological conversion

Potential of Radio Telescopes as High-
Frequency Gravitational Wave Detectors

Valerie Domcke and Camilo Garcia-Cely
Phys. Rev. Lett. 126, 021104 — Published 14 January 2021

e The process is strictly analogous to axion conversion.

Raffelt, Stodolski’8g
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GOSMIC MAGNETIG FIELDS
AND RADIO ASTRONOMY




GOSMIG MAGNETIG FIELDS

Durrer, Neronov, 2013
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GOSMIG MAGNETIG FIELDS

Durrer, Neronov, 2013

1 o . i
(BOB/(X)) = [aﬁkelk'(x = (((zj _ k,.kj) Py(k) — iel-jkkkPaB(k)> |

2 1 . 2 ” 2
(B~) = dkk=Pp(k) = dlog A B; average magnetic field

m?a(t)* ),
, 3 2n
where B; =,13a(t)4PB - )
Ap = d > the coherence length
o (B%)
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PHYSICAL REVIEW LETTERS 123, 021301 (2019)

Stringent Limit on Primordial Magnetic Fields from the
Cosmic Microwave Background Radiation

Karsten Jedamzik"" and Andrey Saveliev®*"
!Laboratoire Univers et Particules de Montpellier, UMR5299-CNRS, Université de Montpellier, 34095 Montpellier, France

*Institute of Physics, Mathematics and Information Technology, Immanuel Kant Baltic Federal University, 236016 Kaliningrad, Russia
3Faculty of Computational Mathematics and Cybernetics, Lomonosov Moscow State University, 119991 Moscow, Russia

® (Received 8 May 2018; revised manuscript received 13 September 2018; published 10 July 2019)

Primordial magnetic fields (PMFs), being present before the epoch of cosmic recombination, induce
small-scale baryonic density fluctuations. These inhomogeneities lead to an inhomogeneous recombination
process that alters the peaks and heights of the large-scale anisotropies of the cosmic microwave
background (CMB) radiation. Utilizing numerical compressible MHD calculations and a Monte Carlo
Markov chain analysis, which compares calculated CMB anisotropies with those observed by the WMAP
and Planck satellites, we derive limits on the magnitude of putative PMFs. We find that the rozal remaining
present day field, integrated over all scales, cannot exceed 47 pG for scale-invariant PMFs and 8.9 pG for
PMFs with a violet Batchelor spectrum at 95% confidence level. These limits are more than one order of
magnitude more stringent than any prior stated limits on PMFs from the CMB, which have not accounted
for this effect.
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EVIDENGE FROM TEV BLAZARS
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Stringent Limit on Primordial Magnetic Fields from the
Cosmic Microwave Background Radiation

Karsten Jedamzik"" and Andrey Saveliev®*"

'Laboratoire Univers et Particules de Montpellier, UMR5299-CNRS, Université de Mc llier, 34095 Montpellier, France

“Institute of Physics, Mathematics and Information Technology, Immanuel Kant Baltic Federal University, 236016 Kaliningrad, Russia

3Faculty of Computational Mathematics and Cybernetics, Lomonosov Moscow State University, 119991 Moscow, Russia
®  (Received 8 May 2018; revised manuscript received 13 September 2018; published 10 July 2019)

Primordial magnetic fields (PMFs), being present before the epoch of cosmic recombination, induce
small-scale baryonic density fluctuations. These inhomogeneities lead to an inhomogeneous recombination
process that alters the peaks and heights of the large-scale anisotropies of the cosmic microwave
background (CMB) radiation. Utilizing numerical compressible MHD calculations and a Monte Carlo
Markov chain analysis, which compares calculated CMB anisotropies with those observed by the WMAP
and Planck satellites, we derive limits on the magnitude of putative PMFs. We find that the roral remaining
present day field, integrated over all scales, cannot exceed 47 pG for scale-invariant PMFs and 8.9 pG for
PMFs with a violet Batchelor spectrum at 95% confidence level. These limits are more than one order of
magnitude more stringent than any prior stated limits on PMFs from the CMB, which have not accounted
for this effect.
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SHARE  REPORT
Evidence for Strong Extragalactic Magnetic Fields from
Fermi Observations of TeV Blazars

Andrii Neronov®, levgen Vovk
+ See all authors and affiliations

Science 02 Apr 2010

Vol. 328, Issue 5974, pp. 73-75
DOI: 10.1126/science. 1184192

006000

Article Figures & Data Info & Metrics eletters PDF

Abstract

Magnetic fields in galaxies are produced via the amplification of seed magnetic fields of
unknown nature. The seed fields, which might exist in their initial form in the intergalactic
medium, were never detected. We report a lower bound B > 3 x 1076 gauss on the strength of
intergalactic magnetic fields, which stems from the nonobservation of GeV gamma-ray
emission from electromagnetic cascade initiated by tera—electron volt gamma rays in
intergalactic medium. The bound improves as Ag~"/2 if magnetic field correlation length, Ag, is
much smaller than a megaparsec. This lower bound constrains models for the origin of
cosmic magnetic fields.
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EVIDENGE FROM TEV BLAZARS

Kronberg , 2016
Cambridge University Press
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EVIDENGE FROM TEV BLAZARS

Kronberg , 2016
Cambridge University Press
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EVIDENGE FROM TEV BLAZARS

Kronberg , 2016
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EVIDENGE FROM TEV BLAZARS

Kronberg , 2016
Cambridge University Press
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EVIDENGE FROM TEV BLAZARS

Kronberg , 2016
Cambridge University Press
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Evidence for Strong Extragalactic Magnetic Fields from
Fermi Observations of TeV Blazars

Andrii Neronov®, levgen Vovk
+ See all authors and affiliations

Science 02 Apr 2010
Vol. 328, Issue 5974, pp. 73-75
DOI: 10.1126/science. 1184192

Article Figures & Data Info & Metrics eletters PDF

Abstract

Magnetic fields in galaxies are produced via the amplification of seed magnetic fields of
unknown nature. The seed fields, which might exist in their initial form in the intergalactic
medium, were never detected. We report a lower bound B > 3 x 1016 gauss on the strength of
intergalactic magnetic fields, which stems from the nonobservation of GeV gamma-ray
emission from electromagnetic cascade initiated by tera—electron volt gamma rays in
intergalactic medium. The bound improves as Ag~"/2 if magnetic field correlation length, Ag, is
much smaller than a megaparsec. This lower bound constrains models for the origin of
cosmic magnetic fields.
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PHYSICAL REVIEW LETTERS 123, 021301 (2019)

Stringent Limit on Primordial Magnetic Fields from the
Cosmic Microwave Background Radiation

Karsten Jedamzik"" and Andrey Saveliev®*"
'Laboratoire Univers et Particules de Montpellier, UMR5299-CNRS, Université de Montpellier, 34095 Montpellier, France

“Institute of Physics, Mathematics and Information Technology, Immanuel Kant Baltic Federal University, 236016 Kaliningrad, Russia
1 0_9 3Faculty of Computational Mathematics and Cybernetics, Lomonosov Moscow State University, 119991 Moscow, Russia

® (Received 8 May 2018; revised manuscript received 13 September 2018; published 10 July 2019)

Primordial magnetic fields (PMFs), being present before the epoch of cosmic recombination, induce
small-scale baryonic density fluctuations. These inhomogeneities lead to an inhomogeneous recombination
process that alters the peaks and heights of the large-scale anisotropies of the cosmic microwave

= background (CMB) radiation. Utilizing numerical compressible MHD calculations and a Monte Carlo
| Markov chain analysis, which compares calculated CMB anisotropies with those observed by the WMAP
| 1 _25 and Planck satellites, we derive limits on the magnitude of putative PMFs. We find that the roral remaining
cenee .Q. .- present day field, integrated over all scales, cannot exceed 47 pG for scale-invariant PMFs and 8.9 pG for
] PMFs with a violet Batchelor spectrum at 95% confidence level. These limits are more than one order of
magnitude more stringent than any prior stated limits on PMFs from the CMB, which have not accounted
for this effect.
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Evidence for Strong Extragalactic Magnetic Fields from
Fermi Observations of TeV Blazars
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+ See all authors and affiliations
Science 02 Apr 2010

Vol. 328, Issue 5974, pp. 73-75
DOI: 10.1126/science. 1184192
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\
1 0—6 1 0-3 1 OO 1 03 Abstract

Magnetic fields in galaxies are produced via the amplification of seed magnetic fields of
0 unknown nature. The seed fields, which might exist in their initial form in the intergalactic

CO h e re n Ce I e n g t h AB ( M pC) medium, were never detected. We report a lower bound B > 3 x 10716 gauss on the strength of
intergalactic magnetic fields, which stems from the nonobservation of GeV gamma-ray
emission from electromagnetic cascade initiated by tera—electron volt gamma rays in
intergalactic medium. The bound improves as Ag~"/2 if magnetic field correlation length, Ag, is
much smaller than a megaparsec. This lower bound constrains models for the origin of
cosmic magnetic fields.
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EFFEGT AFTER REGOMBINATION

2nGB*(3.
AY

D] = 3 [e*n,Im,

The plasma frequency acts as an
effective mass term

£ ose = 460/6021

Although cosmic magnetic fields are not
expected to be perfectly homogeneous,
coherent oscillations take place in
highly homogeneous patches.

ose = 4ol(1 + Z)zXe(z)a)f)l , < lpe
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PHYSICAL REVIEW LETTERS 123, 021301 (2019)

Stringent Limit on Primordial Magnetic Fields from the
Cosmic Microwave Background Radiation

Karsten Jedamzik"" and Andrey Saveliev®*"
'Laboratoire Univers et Particules de Montpellier, UMR5299-CNRS, Université de Montpellier, 34095 Montpellier, France

“Institute of Physics, Mathematics and Information Technology, Immanuel Kant Baltic Federal University, 236016 Kaliningrad, Russia

3Faculty of Computational Mathematics and Cybernetics, Lomonosov Moscow State University, 119991 Moscow, Russia
®  (Received 8 May 2018; revised manuscript received 13 September 2018; published 10 July 2019)

Primordial magnetic fields (PMFs), being present before the epoch of cosmic recombination, induce
small-scale baryonic density fluctuations. These inhomogeneities lead to an inhomogeneous recombination
process that alters the peaks and heights of the large-scale anisotropies of the cosmic microwave
background (CMB) radiation. Utilizing numerical compressible MHD calculations and a Monte Carlo
Markov chain analysis, which compares calculated CMB anisotropies with those observed by the WMAP
and Planck satellites, we derive limits on the magnitude of putative PMFs. We find that the roral remaining
present day field, integrated over all scales, cannot exceed 47 pG for scale-invariant PMFs and 8.9 pG for
PMFs with a violet Batchelor spectrum at 95% confidence level. These limits are more than one order of
magnitude more stringent than any prior stated limits on PMFs from the CMB, which have not accounted
for this effect.
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Science 02 Apr 2010

Vol. 328, Issue 5974, pp. 73-75
DOI: 10.1126/science. 1184192
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Abstract

Magnetic fields in galaxies are produced via the amplification of seed magnetic fields of
unknown nature. The seed fields, which might exist in their initial form in the intergalactic
medium, were never detected. We report a lower bound B > 3 x 1076 gauss on the strength of
intergalactic magnetic fields, which stems from the nonobservation of GeV gamma-ray
emission from electromagnetic cascade initiated by tera—electron volt gamma rays in
intergalactic medium. The bound improves as Ag~"/2 if magnetic field correlation length, Ag, is
much smaller than a megaparsec. This lower bound constrains models for the origin of
cosmic magnetic fields.

#CSIC

CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS

Camilo Garcia-Cely

VNIVERSITAT
D VALENCIA



RADIO OBSERVATIONS

102-

hW Y
AYAVAVAVAVAVAVAVAV VYV VYY)

[
o
=

dn/dx (cm™3)

[
o
o
%)
=
B
<
S
=]
S
7~ N\
|~
N————
w
hv.
-,
D)
=

103> 102 107!  10°  10%
X=w/T

£l % VNIVERSITAT
@ B VALENCIA

Camilo Garcia-Cely %CSIC

N
R



dn/dx (cm™3)

RADIO OBSERVATIONS

102-

(%

AYAVAVAVAVAVAVAVAV VYV VYY)

QA

A\

\)
N}

ECE

e
X=w/T

1o

1

Camilo Garcia-Cely

THE ASTROPHYSICAL JOURNAL

ARCADE 2 MEASUREMENT OF THE ABSOLUTE SKY
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BOUNDS ONSTOGHASTIC GRAVITATIONAL WAVES
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magnetic field

PHYSICAL REVIEW LETTERS 126, 021104 (2021)

Potential of Radio Telescopes as High-Frequency Gravitational Wave Detectors

Valerie Domcke®'**" and Camilo Garcia-Cely@l’T
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Figure 1 | Summary of detection. a, Measured spectrum for the reference
dataset after filtering for data quality and radio-frequency interference.
The spectrum is dominated by Galactic synchrotron emission.

b, ¢, Residuals after fitting and removing only the foreground

model (b) or the foreground and 21-cm models (c). d, Recovered

model profile of the 21-cm absorption, with a signal-to-noise

ratio of 37, amplitude of 0.53 K, centre frequency of 78.1 MHz and

width of 18.7 MHz. e, Sum of the 21-cm model (d) and its residuals (c).
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BOUNDS ON STOGHASTIC GRAVITATIONAL WAVES

PHYSICAL REVIEW LETTERS 126, 021104 (2021)

Potential of Radio Telescopes as High-Frequency Gravitational Wave Detectors

Valerie Domcke®'**" and Camilo Garcia-Cely@l’T
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THREE DIMENSIONAL EFFEGTS

=) I‘\(lv > gr-qc > arXiv:2507.16609

General Relativity and Quantum Cosmology

[Submitted on 22 Jul 2025]

Gravitational Wave Scattering on Magnetic Fields

Valerie Domcke, Camilo Garcia-Cely, Sung Mook Lee o _ _ _
Realistic three-dimensional settings.

The geometry and the magnetic-field structure
imprint polarization on the converted signal
(even for unpolarized GW backgrounds)

L% | e

For instance, the GW analogue of the optical
Brewster angle allows a magnetic domain to

\

act as an ideal polarizer.

/ Guidance for experiments and multi-

messenger observations aiming to detect GW-
I II III EM conversion.




STOKES PARAMETERS

aw _ {h+l?) — (hx]?) GW | ;eGW _ 2(hxh3)
’ (e [?) + ([hx[?)’ 1 ’ ([t [?) + ([hx[?)

GW State (hsl?)  (hxl®) €W
Linear X (pure) # 0 0 (0,0,1)
Linear + (pure) 0 # 0 (0,0,—1)
Unpolarized (mixed) (|h|?) {|h|?) (0,0,0)
EM State ([An-uyl®)  (|An-v4[*) 3
Linear vertical (pure) # 0 0 (0,0,1)
Linear horizontal (pure) 0 # 0 (0,0,-1)
Unpolarized (mixed) (| A]?) (| A|?) (0,0,0)

See also Wataru Chiba, Jinno and Nomura, 2025
and Kushwaha and Jain, 2025

7% VNIVERSITAT
@ B VALENCIA

Camilo Garcia-Cely #CSIC

CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS



UNPOLARIZED STOCHASTIC GWS
ON AMAGNETIG DIPOLE
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Potential consequences for neutron stars
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GONGLUSIONS

Gravitational waves can convert into photons in magnetic fields (inverse
Gertsenshtein effect).

Radio observations (EDGES, ARCADE 2) already set strong bounds on high-
frequency gravitational waves.

Polarimetry in three-dimensional magnetic fields can reveal signatures of
gravitational wave—photon conversion.

Different experimental proposals have coalesced on a strain sensitivity of 10/(-22)
for MHz GWSs, still orders of magnitude away from signals of the early Universe.
Whether we can hope to probe such strain sensitivities remains to be determined.
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