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Gravitational Wave Spectrum
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Gravitational Wave Spectrum
cosmological phase transitions

Baldes, CGC 2019
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Gravitational Wave Spectri

what about high frequencies?
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what about high frequencies?
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Gravitational Waves
and the Gertsenhstein Effe



Revisiting GertsenhsteinOs ideas

SOVIET PHYSICS JETP VOLUME 14, NUMBER 1 JANUARY, 1962

hW A Y
WAVE RESONANCE OF LIGHT AND GRAVITIONAL WAVES WV\//\/\\/V&
AAVAVAVAVVAVAY

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

-

ON THE DETECTION OF LOW FREQUENCY GRAVITATIONAL WAVES < . -
- 5 8 errestria

M. E. GERTSENSHTEIN and V. 1. PUSTOVOIT y | . T ——
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 thag that .estimated

by Weber. (1] In the low frequ e possible to detect gravitational waves
by the shift of the bands in #n optical interferometer.)The sensitivity of this method is.inr

vestigated. ¢
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AXion dark matter

¥ The strong CP problem: experiments put a
strong upper bound on the electric dipole ~*
the neutron
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AXion dark matter
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The (inverse) Gertsenhstein Effect
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I |t| @S gravitational waves from graviton to photon conversion
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e d bv The European Physical Journal C 79, Article number: 1032 (2019) | Cite this article
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Cosmic magnetic fields and multi-
messenger astronomy



Cosmic magnetic fie )21

Durrer, Neronov, 2013

d3kgkx” X)( (%)" k:ks Pg(K) “ igﬁkkEPaB(k)) ,

The adiabatic evolution of the magnetic field d
cosmic expansion is determined by the scale fact

1
(2#)3a(t)*!

&B;(x)B;(x')( =
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Cosmic magnetic fie )21

Durrer, Neronov, 2013

1 -
. (XY = kX" X) op" KK "R Kk
BB = et TREV ((F" KK Pal)” 18kPac())
The adiabatic evolution of the magnetic field d
cosmic expansion is determined by the scale fact
&B?( = ! + dkkePg(K) = + dlog' B? ic field
#at)y !, B " 9 average magnetic fie
, 8 2%
where B, .3a(t)4PB( Yy
+ BZ
‘5=, U — the coherence length
ST 8By g
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Cosmic magnetic fields in 2021

PHYSICAL REVIEW LETTERS 123, 021301 (2019)
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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, UMRS5299-CNRS, Université de Montpellier, 34095 Montpellier, France
“Institute of Physics, Mathematics and Information Technology, Immanuel Kant Baltic Federal University, 236016 Kaliningrad, Russia
3Facully 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 inhomogencous 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 rotal remaining
present day field, integrated over all scales, cannot exceed 47 pG for scale-inyariant 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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Primordial magnetic fields (PMFEs), being present before the epoch of cosmic recombination, induce
small-scale baryonic density fluctuations. These inhomogeneities lead to an inhomogencous 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 rotal 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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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 elLetters 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 10-'6 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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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 Apr2010
Vol. 328, Issue 5974, pp. 73-75
DOI: 10.1126/science. 1184192

Article Figures & Data Info & Metrics elLetters 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 10~'6 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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Evidence from TeV Blazars

leads to the appearance of an extended emission with an IGMF-dependent size. If the IGMF strength is
in the range, B ~ 10716 — 10712 G, the spatially-extended emission may be detectable and resolvable
by CTA by virtue of its high sensitivity and angular resolution; e.g., for a source at a distance of 100 Mpc,

Domcke, CGC 2021
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Cosmic magnetic fields in 2021

PHYSICAL REVIEW LETTERS 123, 021301 (2019)

Domcke, CGC 2021
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M (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 inhomogencous 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 rotal 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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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 10-'6 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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Primordial magnetic fields (PMFs), being present before the epoch of cosmic recombination, induce
small-scale baryonic density fluctuations. These inhomogeneities lead to an inhomogencous 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

_25 and Planck satellites, we derive limits on the magnitude of putative PMFs. We find that the rotal remaining
T L R 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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present day field, integrated over all scales, cannot exceed 47 pG for scale-invariant PMFs and 8.9 pG for
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intergalactic magnetic fields, which stems from the nonobservation of GeV gamma-ray
emission from electromagnetic cascade initiated by tera—electron volt gamma rays in
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ABSTRACT

We have ré ned the analysis of the data from the FIRAS (Far-InfraRed Absolute Spectrophotometer)
on board the COBE (COsmic Background Explorgr The FIRAS measures the di erence between the
cosmic microwave background and a precise blackbody spectrum. Wend new, tighter upper limits on
general deviations from a blackbody spectrum. The rms deviations are less than 50 parts per million of
the peak of the cosmic microwave background radiation. For the Comptonization and chemical poten-
tial, we !'nd oyd 15] 10-6 and &kd 9] 10-5 (95% corl dence level [CL]). There are also rene-
ments in the absolute temperature, 2.728 0.004 K (95% CL), the dipole direction, I(, b)\ (264A14
A 0.30,48A26 0.30) (95% CL), and the amplitude, 3.372 0.014 mK (95% CL). All of these results
agree with our previous publications.
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Potential of Radio Telescopes as High-Frequency Gravitational Wave Detectors

Valerie Domcke™** and Camilo Garcia-Cely"

—4
<
O

1 ||mul 1 umul i

S—
O
N
i)
(S
[ —
O
R
()]
c

(@) 7

(© -

=

..... el

107

1 0—1 8 :'-:ﬂ e 4-1';1-1:::]‘ 1 llllln] llllu,l A’f:;l:l:l‘ 11 lllllll Lot lllllll 1 lllllll[ -1 lllll[l A llllllll .—E

107 1073 10° 10°

coherence length AZ(Mpc)

4ni &Qﬂ *( dz
(1+2H

3, |, &Q(di=

" l.o.s. "0

characteristic strain h,

1074

10-16

10720

—h

<
no
B

107°

107

TTTTTI T | T L O L L T VTTYTTI[ T I IFTIT] T Tiahiiy »

n L . Ll

~
-~
- -
-
S -
e
-
-
-
~
- -
-~

IITI T | R LR

-~
-
~
-
aadt
-

frequency f [Hz]

existing laboratory bounds from

d) magnon detector Ito, Soda ‘04
e) magnetic conversion detector cryise et al ‘12

 aiiil ¢ Leasil . Eaaail ¢
106 107 108 100 1



+

Rayleigh-Jeans Tall

f fy i

| (13 !

102§ f\/\/\/\/\/\/\/&[wvvvvv» 2 FIRAS§

10" B e ?9?/

f ,a' O |

1 P

10—1 ""¢¢a “‘

10—2% /'// O (g, Ty) = i <Z>3P Sow “"

10_3 , f'y 0:+0/) — 15 \ w Q’)’ : ||‘

Domcke, CGC 20211 -

0—4[ ‘ , | I
100 1074 1073 = 100 102

< (Mee

THE ASTROPHYSICAL JOURNAL

ARCADE 2 MEASUREMENT OF THE ABSOLUTE SKY
BRIGHTNESS AT 3-90 GHz

D. J. Fixsen?, A. Kogut?, S. Levin®, M. Limon?, P. Lubin®, P. Mirel®, M. Seiffert3, J. Singal”, E. Wollack?,
T. Villela® 4 Show full author list

Published 2011 May 17 * © 2011. The American Astronomical Society. All rights reserved.
The Astrophysical Journal, Volume 734, Number 1

nature

An absorption profile centred at 78
megahertzin the sky-averaged spectrum

Judd D. Bowman &, Alan E. E. Rogers, Raul A. Monsalve, Thomas J. Mozdzen &
Nivedita Mahesh

Nature 555, 67-70(2018) | Cite this article
-_ _

Largely unexplored with upcomin S
advances In radio astronomy probing IS

the near future.

Puzzling signal by EDGES.

(Experiment to Detect the Global Epoc

of Relonization Signhature)

Camilo A. Garcia Cely



v/

Expectations for a 21 cm signa

750
600
450
0
=]
300
150
5.60 6.19 6.86 7.63 8.51 9.55 10.75
a
< 000
>
g i
= 3,000¢
o
o] i
g 1,000
g . . . .
= 50 60 70 80 90 100
b C
<
= 02 r.m.s. =0.087 K I rm.s. =0.025 K
g
g
g B0.2
8 . . . . . . . .
50 60 70 80 90 100 50 60 70 80 90 100
d e
<
— 0
2 po.2t
2
S P0.4
g
c D0.6t
o . . . . . . . .
= 50 60 70 80 90 100 50 60 70 80 90 100

Frequency, MHz) Frequency, MHz)

Figure 1| Summary of detection. aMeasured spectrum for the reference
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Conclusions

¥ The Gertsenshtein effect during the dark ages provides a
powerful way to probe gravitational waves in the MHz-GHz
range from distortions of the Rayleigh-Jeans CMB tall.

¥ With upcoming advances in 21cm astronomy targeting
precisely this frequency range with increasing accuracy, it
becomes conceivable to push the limits derived from radio
telescopes below the cosmological bound constraining the to
energy In gravitational waves.
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