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Gertsenshtein Effect

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

Electromagnetic Waves (EMWs) convert into Gravitational Waves (GWs) in constant magnetic field

[Gertsenshtein 1962]
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Gertsensthein Effect

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

Electromagnetic Waves (EMWs) convert into Gravitational Waves (GWs) in constant magnetic field

Power conversion efficiency = Probability that photon converts into graviton:

GW
GW

EMWGW

EMWEMW

Gertsenshtein effect Inverse Gertsenshtein effect

[Raffelt,Stodolsky 88]
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Gertsensthein Effect

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

Electromagnetic Waves (EMWs) convert into Gravitational Waves (GWs) in constant magnetic field

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

GW
GW

EMWGW

EMWEMW

Gertsenshtein effect Inverse Gertsenshtein effect

[Raffelt,Stodolsky 88]
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Gertsensthein Effect

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

Electromagnetic Waves (EMWs) convert into Gravitational Waves (GWs) in constant magnetic field

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

depends crucially on 

• magnetic field strength

• momentum transfer to the magnet

[Raffelt,Stodolsky 88]
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Light-Shining-through-Walls (LSW)

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

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
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Light-Shining-through-Walls (LSW)

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

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 I (data taking 2009):

• 1 HERA dipole

• Optical cavity on generation
side to enhance number of
photons on generation side
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Light-Shining-through-Walls (LSW)

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

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 I (data taking 2009):

• 1 HERA dipole

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

• ALPS II:

• 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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• Gravitons: 

• Dominant mediators of LSW in Standard Model (SM) plus Einstein Gravity (EG)
• LSW probability under ALPS II experimental conditions:

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

• Axion-Like Particles (ALPs)

• LSW probability under ALPS II experimental conditions for a massless ALP:

• inverse Sikivie effect before the wall, Sikivie effect behind wall

Light-Shining-through-Walls (LSW)

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

Candidates for mediators of LSW at ALPS

[Redondo, AR 2011]

[Sikivie 83; Anselm 85]
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Light-Shining-through-Walls (LSW)

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

Conversion of photons into Weakly Interacting Slim Particles (WISPs)

ALPS II first science run

ALPS II projected full sensitivity
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Light-Shining-through-Walls (LSW)

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

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

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

Comparing predictions for LSW via ALPs and gravitons

• An upper limit on the photon coupling of an ALP can be translated into an upper limit on the
Newton constant of gravitation, GN
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Light-Shining-through-Walls (LSW)

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

Comparing predictions for LSW via ALPs and gravitons

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

• The latter is often expressed in terms of the reduced Planck mass: 
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Light-Shining-through-Walls (LSW)

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

Comparing predictions for LSW via ALPs and gravitons

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

• The latter is often expressed in terms of the reduced Planck mass: 

• 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:
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Light-Shining-through-Walls (LSW)

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

Comparing predictions for LSW via ALPs and gravitons

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

• The latter is often expressed in terms of the reduced Planck mass: 

• 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:

• The projected sensitivity of ALPS II for the photon coupling (                                   ) translates in a 
sensitivity for a lower bound on the Planck mass: 
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Light-Shining-through-Walls (LSW)

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

Comparing predictions for LSW via ALPs and gravitons

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

• The latter is often expressed in terms of the reduced Planck mass: 

• 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:

• The projected sensitivity of ALPS II for the photon coupling (                                   ) translates in a 
sensitivity for a lower bound on the Planck mass: 

• 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:  
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Light-Shining-through-Walls (LSW)

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

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 II  
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Light-Shining-through-Walls (LSW)

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

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 II  

• will become non-negligible at future LSW 
type axion searches if the latter acquire a 
sensitivity of order

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

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

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 II  

• will become non-negligible at future LSW 
type axion searches if the latter acquire a 
sensitivity of order

• Such a photon coupling is predicted for
vanilla QCD axions with a decay con-
stant of the order of the GUT scale:

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

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

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 II  

• will become non-negligible at future LSW 
type axion searches if the latter acquire a 
sensitivity of order

• Such a photon coupling is predicted for
vanilla QCD axions with a decay con-
stant of the order of the GUT scale:

• Such a sensitivity should be the ultimate
goal of LSW-type experiments [https://github.com/cajohare/AxionLimits]
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Light-Shining-through-Walls (LSW)

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

Significance of non-observation of LSW?

• Is a lower bound on the Planck mass of order , achievable by ALPS II and correspon-
ding to an upper bound on Newton’s gravitational constant of order

of any scientific significance?

• It is about fifteen orders of magnitude larger than the value inferred from laboratory measurements of Newton’s
gravitational law
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Running Newton’s Gravitational “Constant”

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

Blow up in the infrared
• 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”

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

Blow up in the infrared
• 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 IIIa
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[Saueressig,Reuter JCAP12(2004)001]

Non-Gaussian UV Fixed Point
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Running Newton’s Gravitational “Constant”

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

Blow up in the infrared
• 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 IIIa
• 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/H0=4 Gpc

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

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

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”

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

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

• LSW via gravitons is probing the gravitational constant in the range
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Running Newton’s Gravitational “Constant”

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

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

• LSW via gravitons is probing the gravitational constant in the range

• For optical laser energies,               , and thus  
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Running Newton’s Gravitational “Constant”

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

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

• LSW via gravitons is probing the gravitational constant in the range

• For optical laser energies,               , and thus  

• This is much smaller than expected blow-up scale 



Page 29

Running Newton’s Gravitational “Constant”

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

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

• LSW via gravitons is probing the gravitational constant in the range

• For optical laser energies,               , and thus  

• This is much smaller than expected blow-up scale 

• 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”

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

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

• LSW via gravitons is probing the gravitational constant in the range

• For optical laser energies,               , and thus  

• This is much smaller than expected blow-up scale 

• 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:
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Running Newton’s Gravitational “Constant”

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

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

• LSW via gravitons is probing the gravitational constant in the range

• For optical laser energies,               , and thus  

• This is much smaller than expected blow-up scale 

• 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:

• By tuning the buffer gas density and thus the number density of bound and free electrons,     , one can probe 
arbitrary large    
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Running Newton’s Gravitational “Constant”

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

Probing the deep infrared with LSW via gravitons?

k

G(k)

Glab

termk labk

Projected exclusion state-of-the-art X-ray LSW with 
buffer gas

GN
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Conclusions

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

• 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

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

• 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 Tmax ... If Tmax ~ MP, CGMB might be detectable once upon a time!

[AR,Schütte-Engel,Tamarit JCAP03(2021)054]

For a cosmology with Tmax ~ MP 
see talk by Latham Boyle


