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The energy of gravitational waves excited during the propagation of light in a constant mag-

netic or electric field is estimated.

ACCORDING to general relativity, light and
gravitational waves propagate at the same speed,
and their rays coincides with no geodetics. There-
fore, if the waves of gravitational and light waves
are linearly related, wave resonance, a well known

h in radio physics, sets in and makes
possible an appreciable transfer of energy even at
low coupling. In the present note we estimate the
extent of excitation of gravitational waves by light.

The equations of a weak gravitational field in

the presence of an electromagnetic field (see {!7)
are

Oyt = —16myc-dvék, =0, h=0,

b= L FF— L 8 (P Fa)), = — L e,
(1)

where 7iK is the energy-momentum tensor of the

ida(x)/dx = VYRS FO fyy b (x). @)
The solution of (4) has the form

a(® =i VVac fu t (FOU (909 ds +a (),  (6)

where the integration is along the ray. If a(0)
= 0, the external field is constant and the absorp-
tion or scattering of light along the ray is small
in the region under consideration, i.e., b(s)
= const, and then

a(x)/(0) |2 = (x/c*) F T, (6)
where T is the time of travel of the ray in a con-
stant field. In the derivation of (6) we assumed
the lutions of the di ionl amplitudes
to be equal to unity. If the field F'” is turbulent
and random, we can estimate the energy of the

electromagnetic field, FiK is the electr ic
field tensor, y is the gravitational constant, and
hjk is the perturbation of the metric tensor.

Let us apply Eq. (1) to the propagation of light
(field FiK) in the presence of a strong ‘‘magne-
tizing” field F(®IK constant in space and in time.
The energy-momentum tensor will be the sum of
three terms: the square of the constant term, the
square of the field of the light wave, and an inter-
ference term describing the wave resonance. Leav-
ing out the nonresonant terms we obtain

O = — [P0 By — L8 Fon ) | @)

We align the x axis with the wave vector and
normalize the wave amplitudes to unit energy
density:

Fiur = b(x) fur €, fPle=1 k=wl,

¥ =a () VIGWOR G etx,  Lalh =1, L=0;

(3)
The amplitudes fi; and ¢k are dimensionless. We
then have in the approximation of slowly varying
amplitudes™ :

gravi 1 wave by ing that F is con-
stant over a section of length R, (where R, is the
correlation radius of the field F(®), after which
it changes abruptly and at random. The amplitude
of the light b (x) is practically constant along the
ray. We then have for the amplitude of the gravi-
tational wave

a)=Das  a=iVyae fu | FO (s)bs)ds.
a1

The gravitational waves excited on each section

will be incoherent, and we must add their energies

and not their amplitudes. As a result we obtain

{a(x)/b* = (y/ac®) F*°R,T. ()

For interstellar fields, putting F® = 1075 gauss,
R, = 10 light years, and T = 107 years, we obtain
|a/b|?~ 1071, The frequency of the excited grav-
itational wave is determined by the frequency of
the light.

There are strong magnetic fields also inside the
stars, and consequently generation of gravitational
waves is also possible. Formula (5) is applicable
in this case, too, and the ‘‘constant” field F®
changes relatively slowly, whereas the amplitude

84
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b(s) varies rapidly as a result of light scattering.
Thus, the correlation radius a (x) is determined
for this case essentially by the free path of the ra-
diation, which is the reciprocal of the opncny."’
Since the star is transparent to the exciting gravi-
tational radiation, we can show that formula (7)
yields the ratio of the gravitational radiation of
the star to the optical one. The intensity of the
gravitational radiation is small and of no impor-
tance to the energy balance. The frequency of the
gravitational radiation is determined essentially
by the electromagnetic radiation inside the star,
where y quanta predominate.

Thus, the spectrum of the gravitational radia-
tion of stars has maxima both at very low frequen-
cies (the frequencies of planetary orbits), as well
as in the range of y-quantum frequencies; both
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portions of the spectrum have comparable energy.

From general relativity follows also the pos-
sibility of the inverse conversion of gravitational
waves into light waves, but this problem is hardly
of interest.

TL. D. Landau and E. M. Lifshitz, Teoriya polya
(Field Theory), 3d Ed., Fizmatgiz, 1960.

M. E. Gertsenshtein and N. F. Funtova, Radio-
tekhnika i elektronika (Radio Engineering and
Electron Physics) 4, 805 (1959).

3D. A. Frank-K: kii, Fizicheskie yavleniy
vnutry zvezd (Physical Phenomena Inside the Stars),
Fizmatgiz, 1959.

Translated by J. G. Adashko
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Gertsensthein Effect

Power conversion efficiency = Probability that photon converts into graviton:
47’(’GNB2

Py — Gy) = '2(4032 A24-L)
1= G4 = B 1 AZja V4G B2 + A/
[Raffelt,Stodolsky 88]
47TGNB2 .
P(yi = Gy) = O B2 4 AT /4 sin? (\/47TGNBQ + A% /4 -L)
-« L >
EMW

ANANN - AVAVAVAVAV. =
AVAVAVAVAY =
B-Field GW

Gertsenshtein effect
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Gertsensthein Effect

Power conversion efficiency = Probability that photon converts into graviton and vice versa:
47’(’GNB2

POy = Gx) = ooy &7 sin? (\/4mGNB2 + A}/4 - L) = P(G — 7))
[Raffelt,Stodolsky 88]
47TGNB2 .
P(yi = Gy) = IGn B + A2 /1 sin? (\/47TGNBQ + A% /4 -L) = P(Gy+ = v1)
< L > EMW L

N\ VVVV A A A AVAVAVAVAY.S
AVAVAVAVAY = AVAVAVAVARS
B-Field GW B-Field EMW

Gertsenshtein effect Inverse Gertsenshtein effect
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Gertsensthein Effect

Power conversion efficiency = Probability that photon converts into graviton and vice versa:

47TGNB‘
Py — Gx) = G L A2 2/ sin (\/47TGN32 + A2 /4 L) P(Gx — )
[Raffelt,Stodolsky 88]
47TGN32 2 5 9 o
P(yi = Gy) = TGN + A2/ sin (\/47TGNB +A%/4-L)=PGy— 1)
depends crucially on
- magnetic field strength ATGNB ~ 4 x 1072  em 1 (E)
T
+ momentum transfer to the magnet A = APEP + AR A = AP 4 A5
7 « B\’ w B\~
AQED _ _AQED_Q a (B <o 10-19 o1 (_) b
|I 457 \ B. 0610 em (v ) (T
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Light-Shining-through-Walls (LSW)

« Any-Light-Particle-Search (ALPS) experiment @ DESY searches for the conversion of photons into light
particles and vice versa in a strong transverse magnetic field

o
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Light-Shining-through-Walls (LSW)
ALPS @ DESY
« Any-Light-Particle-Search (ALPS) experiment @ DESY searches for the conversion of photons into light
particles and vice versa in a strong transverse magnetic field
« ALPS | (data taking 2009):
« 1 HERAdipole

« Optical cavity on generation
side to enhance number of
photons on generation side

-------------------

@ A.'l;i.u'l’
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Light-Shining-through-Walls (LSW)

« Any-Light-Particle-Search (ALPS) experiment @ DESY searches for the conversion of photons into light
particles and vice versa in a strong transverse magnetic field

« ALPS | (data taking 2009): mReference
. . Laser . .
] Production Cavity Regeneration Cavity
« 1 HERA(dipole . ~124m b ~124m
. . . “a
« Optical cavity on generation E_ T T T T T I :
side to enhance number of e o
. . ; Central
photons on generation side High Power Magnet String Optical Bench Magnet String Loeal
« ALPSII:

« 12 + 12 HERA dipoles

« Additional optical cavity on
regeneration side to enhan-
ce reconversion

* First science run in
2023-2024 used only
regeneration cavity

* Run with full optics in
2025-2026
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Light-Shining-through-Walls (LSW)

 Gravitons:

« Dominant mediators of LSW in Standard Model (SM) plus Einstein Gravity (EG) [Redondo, AR 2011]
« LSW probability under ALPS Il experimental conditions:

P(y = G =) ~ (4nGx)*(BL)*

* Gertsenshtein effect before the wall, inverse Gertsenshtein effect behind wall

« Axion-Like Particles (ALPs)

« LSW probability under ALPS Il experimental conditions for a massless ALP:
1 2
Py —a—7)~ <1g62w> (BL)* [Sikivie 83; Anselm 85]

* inverse Sikivie effect before the wall, Sikivie effect behind wall
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Preliminary exclusion limits

A factor of ~50 improvement from ALPS |

From Ciaran O’Hare: https://cajohare.github.io/AxionLimits/

LSW CROWS

OSQAR

ALPS Il first science ru

ALPS Il projected full sensitivity

RRRLL BSUALLLLY ML SURLLLL UL BRI BLALLL WSLALLL WAL ELLL R
207 407 107 407 407 107 40740 40" A0

mg [eV]

DESY. MAP5 | Results from the ALPS |l first science campaign | Aaron D. Spector | Patras 19 | Patras, Greece | September 17, 2024 p 10
. - . . age



Light-Shining-through-Walls (LSW)
Comparing predictions for LSW via ALPs and gravitons

Py = a—7)~ G g?w) (BL)* P(y = G — ) =~ (4rGx)*(BL)*
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Light-Shining-through-Walls (LSW)

2

1
P(y=a—7y) =79, (BL) P(y = G — v) = (4nGx)*(BL)*
* An upper limit on the photon coupling of an ALP can be translated into an upper limit on the

Newton constant of gravitation, Gy
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Light-Shining-through-Walls (LSW)

2

1
P(y=a—7y) =79, (BL) P(y = G — v) = (4nGx)*(BL)*
* An upper limit on the photon coupling of an ALP can be translated into an upper limit on the

Newton constant of gravitation, Gy

« The latter is often expressed in terms of the reduced Planck mass: Mp =1//87Gx
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Light-Shining-through-Walls (LSW)

2

1
P(y=a—7y) =79, (BL) P(y = G — v) = (4nGx)*(BL)*
* An upper limit on the photon coupling of an ALP can be translated into an upper limit on the

Newton constant of gravitation, Gy
« The latter is often expressed in terms of the reduced Planck mass: Mp =1//87Gx

» Correspondingly, an upper limit on the photon coupling of an ALP can be translated in a lower
limit on the reduced Planck mass via the correspondence: Mp=v2/gay
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Light-Shining-through-Walls (LSW)

2

1
P(y=a—7y) =79, (BL) P(y = G — v) = (4nGx)*(BL)*

* An upper limit on the photon coupling of an ALP can be translated into an upper limit on the
Newton constant of gravitation, Gy

« The latter is often expressed in terms of the reduced Planck mass: Mp =1//87Gx

» Correspondingly, an upper limit on the photon coupling of an ALP can be translated in a lower
limit on the reduced Planck mass via the correspondence: Mp=V2/gay

sens

. The projected sensitivity of ALPS Il for the photon coupling (955" = 2 x 107" GeV™") translates in a
sensitivity for a lower bound on the Planck mass: M =7 x 10'Y GeV
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Light-Shining-through-Walls (LSW)

2

1
P(y=a—7y) =79, (BL) P(y = G — v) = (4nGx)*(BL)*
« An upper limit on the photon coupling of an ALP can be translated into an upper limit on the

Newton constant of gravitation, Gy
« The latter is often expressed in terms of the reduced Planck mass: Mp =1//87Gx

« Correspondingly, an upper limit on the photon coupling of an ALP can be translated in a lower
limit on the reduced Planck mass via the correspondence: Mp=V2/gay

sens

- The projected sensitivity of ALPS Il for the photon coupling (g5 = 2 x 107" GeV ™) translates in a
sensitivity for a lower bound on the Planck mass: M =7 x 10'Y GeV

« This is about eight orders below the value of the reduced Planck mass inferred from measurements of the
Newton constant of gravitation by Cavendish-type laboratory experiments:

6.67 x 10~ 1 m3 kg~ 15~2\ /2
GN

Mp ~ 2.44 x 10'8 GeV (
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Light-Shining-through-Walls (LSW)

Comparing predictions for LSW via ALPs and gravitons

 Irreducible LSW background from graviton
mediation in SM + EG

» can be safely neglected for ALP sear-
ches at ALPS Il
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Light-Shining-through-Walls (LSW)

Comparing predictions for LSW via ALPs and gravitons

: : 107°
 Irreducible LSW background from graviton .
N . 10—
mediation in SM + EG ABRA
10-8
10 em S 1
J
« can be safely neglected for ALP sear- 10~ casT Iea
ches at ALPS I ‘_|'4_' 10—10 B8 A (WD X-rays Globular clusters
+ will become non-negligible at future LSW > 107 o ||| "
type axion searches if the latter acquire a 10~ : B o ¢
sensitivity of order — 10" 5 | \
sens —19 —1 101
g = V2 /Mp ~ 5.8 x 107 GeV S
g 1071 P
T 10—16
10—17
10—18
10_19 | ILUILLLLL I |||[rl'l?|’|||| : TTTT lllllﬂlgl'l'ml |||||N:1\;T|}|E|G3RAL x A :
1073071070710 407407 4074070 40 407 A8 A0 AT 4T A0 AT A8 1O
mg, [eV]

[https://github.com/cajohare/AxionLimits]
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Light-Shining-through-Walls (LSW)

: : 107°
 Irreducible LSW background from graviton .
S . 10~
mediation in SM + EG ABRA
10-8
10 em SOlal‘ Y SN1987A
« can be safely neglected for ALP sear- 10~ CAST ' %
ches at ALPS |I — " 10-10 5™ MWD Xeray: Globular clusters — Piffusess
+ will become non-negligible at future LSW 1> 107 P -
type axion searches if the latter acquire a 10~ . B o
sensitivity of order — 10" 5 !‘ \
. = 10—14
go = V2/Mp ~ 58 x 107" GeV ™! =
0*0 10—15 S
« Such a photon coupling is predicted for T 1016
vanilla QCD axions with a decay con- 10-17
stant of the order of the GUT scale: L0-18 VMNewon
NuSTAR

INTEGRAL

1016 GeV 10_19 va p USLLLLLL ULALLLAL! USRI ALY EURALL
_ % 20 =29 =Y ) Q YA ) A ) o J
£, 1010 AN 107 107407 4074040 407 A0 A0 AT 40 48 40 4T 4O

mg [eV]

[https://github.com/cajohare/AxionLimits]

My ~ 6 x 10710 eV (
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Light-Shining-through-Walls

(LSW)

: : 107°
 Irreducible LSW background from graviton .
S . 10~
mediation in SM + EG i ABRA
10 10 em SOlal‘ 1/ SN1987A
« can be safely neglected for ALP sear- 10~ CAST ' 2
ches at ALPS |l \—|'4_‘ 1010 8 A MWD Xy Globular clusters 2;”““"7’
+ will become non-negligible at future LSW 1> 101 e Sl bl (R HO
type axion searches if the latter acquire a 1071 > . B b
sensitivity of order — 10" 5 !‘ \
. = 10—14
go = V2/Mp ~ 58 x 107" GeV ™! <
o 1071 p
« Such a photon coupling is predicted for T 1016
vanilla QCD axions with a decay con- 10-17
stant of the order of the GUT scale: L0-18 MMNewton
NuSTAR
10 1016 GeV 10_19 T I LBLALLLLL ULALLLAL AL |||||N:1\‘;T|EGRAL
me =~ 6x 107" eV (T) 00 N P10 107000 0 0 0 A8 A8 48 48 A8 4F 48 AT
" . m, [eV
« Such a sensitivity should be the ultimate aleV]
goal of LSW-type experiments [https://github.com/cajohare/AxionLimits]
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Light-Shining-through-Walls (LSW)

* Is a lower bound on the Planck mass of order M3 = 7 x 10'% GeV, achievable by ALPS Il and correspon-
ding to an upper bound on Newton’s gravitational constant of order

7 % 1010 GeV \ *
Mf)el’ls

GN™ =81x10"m kg~ 's™? (
of any scientific significance?

» Itis about fifteen orders of magnitude larger than the value inferred from laboratory measurements of Newton’s
gravitational law

DESY. | Probing Quantum Gravity Effects via Magnetic Conversion of EMWs into GWs? | A. Ringwald, "Asymptotic Safety Meets Particle Physics and Friends", Hamburg, Dec 2024 Page 21



Running Newton’s Gravitational “Constant”

* In a quantum field theory of gravity, the gravi-
tational constant is expected to run, similar to
the running of the gauge coupling in QED or
QCD: it is depending on the scale at which it

is probed
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Running Newton’s Gravitational “Constant”

2 . . .

* In a quantum field theory of gravity, the gravi- G(?k Non-Gaussian UV Fixed Point
tational constant is expected to run, similar to |
the running of the gauge coupling in QED or =t
QCD: it is depending on the scale at which it '
is probed L
* In pure Quantum Einstein Gravity (QEG): %:

« Running can be infered from beta-functions ob-
tained non-perturbatively from renormalization
group equation on theory space spanned by the
Einstein-Hilbert truncation

« RG trajectory realized in Nature belongs to
Type llla

[Saueressig,Reuter JCAP12(2004)001]
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Running Newton’s Gravitational “Constant”

* In a quantum field theory of gravity, the gravi-
tational constant is expected to run, similar to
the running of the gauge coupling in QED or
QCD: it is depending on the scale at which it
is probed

* In pure Quantum Einstein Gravity (QEG):

« Running can be infered from beta-functions ob-
tained non-perturbatively from renormalization
group equation on theory space spanned by the
Einstein-Hilbert truncation

« RG trajectory realized in Nature belongs to
Type llla

« gravitational constant along this trajectory
increasing very slowly towards the infrared,
that is towards large distances, over a huge
range of scales

« blows up at a an energy scale corresponding
to the present Hubble horizon, 1/Hy=4 Gpc

b G
GNii
| -
kterm klab
Hy ~ 1072 e¢m™! m ™!
~ 4Gpc™!

[Reuter, Weyer, JCAP12(2004)001]
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Running Newton’s Gravitational “Constant”

Probing the deep infrared with LSW via gravitons?

« The Cavendish type torsion balance experiments measuring the gravitational constant via Newton'’s law are
effectively probing distances in the meter range
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Running Newton’s Gravitational “Constant”

« The Cavendish type torsion balance experiments measuring the gravitational constant via Newton'’s law are
effectively probing distances in the meter range

1
« LSW via gravitons is probing the gravitational constant in the range A; ' = <A?ED + A,Lgas) ,i=], L
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Running Newton’s Gravitational “Constant”

« The Cavendish type torsion balance experiments measuring the gravitational constant via Newton'’s law are
effectively probing distances in the meter range

1
« LSW via gravitons is probing the gravitational constant in the range A; ' = <A?ED + A,Lgas) ,i=], L

—1 1 / B\ 2
- For optical laser energies, A% >0, and thus A; ' < (A?ED) ~ 4 x 108 cm (%) (T)
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Running Newton’s Gravitational “Constant”

« The Cavendish type torsion balance experiments measuring the gravitational constant via Newton'’s law are
effectively probing distances in the meter range

1

« LSW via gravitons is probing the gravitational constant in the range A; ' = <A?ED + A,Lgas) ,i=], L
: . as —1 QED -1 18 w\" 1 (B —

 For optical laser energies, A$** >0, and thus A; " < (Ai ) ~ 4 x 10" cm (—) —

eV T
- This is much smaller than expected blow-up scale ki, ~ H; ' ~ 10*® cm

term
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Running Newton’s Gravitational “Constant”

« The Cavendish type torsion balance experiments measuring the gravitational constant via Newton'’s law are
effectively probing distances in the meter range

1
« LSW via gravitons is probing the gravitational constant in the range A; ' = <A?ED + Af.;as) ,i=], L

—1 -1/ B\ ?
- For optical laser energies, A% >0, and thus A; ' < (A?ED> ~ 4 x 108 cm (%) (T)

- This is much smaller than expected blow-up scale ki, ~ H; ' ~ 10*® cm

term

« Larger distances can be probed in LSW if one uses X-ray photons rather than visible photons and a buffer
gas rather than an ultra-high vacuum
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Running Newton’s Gravitational “Constant”

« The Cavendish type torsion balance experiments measuring the gravitational constant via Newton'’s law are
effectively probing distances in the meter range

1
« LSW via gravitons is probing the gravitational constant in the range A; ' = <A?ED + Af.;as) ,i=], L

—1 -1/ B\ ?
- For optical laser energies, A% >0, and thus A; ' < (A?ED> ~ 4 x 108 cm (%) (T)

- This is much smaller than expected blow-up scale ki, ~ H; ' ~ 10*® cm

term

« Larger distances can be probed in LSW if one uses X-ray photons rather than visible photons and a buffer
gas rather than an ultra-high vacuum

 In this case, QED contribution can be cancelled by contribution from effective plasma mass of photon:

2

w 4dman w \ 1L n
gas _ plasma _ e ~ _ —920 1 (_) ( e )
B 2w 2WMe 4> 107 em keV cm 3
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Running Newton’s Gravitational “Constant”

« The Cavendish type torsion balance experiments measuring the gravitational constant via Newton'’s law are
effectively probing distances in the meter range

1
« LSW via gravitons is probing the gravitational constant in the range A; ' = <A?ED + Afas) ,i=], L

—1 -1/ B\ ?
- For optical laser energies, A% >0, and thus A; ' < (A?ED> ~ 4 x 108 cm (%) (T)

- This is much smaller than expected blow-up scale ki, ~ H; ' ~ 10*® cm

term

« Larger distances can be probed in LSW if one uses X-ray photons rather than visible photons and a buffer
gas rather than an ultra-high vacuum

 In this case, QED contribution can be cancelled by contribution from effective plasma mass of photon:

2

w 4dman w \ 1 n
Agas _ plasma - e ~ 4 % 10—20 —1 (_) < e )
¢ 2w 2WMe o keV cm 3

arbitrary large A-1 > (A?ED)_l ~ 4 % 101 Cm( w >_1 E)

keV

* By tuning the buffer gas density and thus the number density of bqund and free electrons, 7., one can probe
(T
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Running Newton’s Gravitational “Constant”

Probing the deep infrared with LSW via gravitons?
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Conclusions

* Probing Quantum Gravity Effects via Magnetic Conversion of Electromagnetic Waves into Gravitational
Waves and Vice Versa?

 In principle possible, but sensitivities of state-of-the-art experiments still far off theoretical expectations
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Outlook

« Magnetic Conversion of Gravitational Waves into Electromagnetic Waves can also be exploited for detection
of Cosmic Gravitational Microwave Background (CGMB) produced by the thermal plasma in the early
universe ... depends only on Tay ... If Thmax ~ Mp, CGMB might be detectable once upon a time!
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