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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
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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 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)

• 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 (data taking 2022):

• 12 + 12 HERA dipoles
• Additional optical cavity on 

regeneration side to enhan-
ce reconversion
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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

• In the Standard Model (SM), light-shining-through walls (LSW) occurs dominantly through magnetic conver-
sion of gravitons:

[Gertsenshtein 1962]
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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

• In the Standard Model (SM), light-shining-through walls (LSW) occurs dominantly through magnetic conver-
sion of gravitons:

• In a Peccei-Quinn extension of the SM, LSW can also proceed via magnetic conversion of axions or axion-
like particles (ALPs): 

[Sikivie 1983]

[Gertsenshtein 1962]
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• ALPS I and OSQAR @ CERN give currently best purely laboratory limit on the photon coupling of light ALPs:

• If interpreted in terms of photon conversion into gravitons and vice versa, this limit can be translated into a lower bound
on the Planck mass: 

• Far away from actual value inferred from measurements of the Newton constant:

[Ballou et al. 15]

Light Shining through Walls (LSW)

[Ehret et al. 10; Ballou et al. 15]
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• ALPS I and OSQAR @ CERN give currently best purely laboratory limit on the photon coupling of light ALPs:

• If interpreted in terms of photon conversion into gravitons and vice versa, this limit can be translated into a lower bound
on the Planck mass: 

• Far away from actual value inferred from measurements of the Newton constant:
• ALPS II prospects:

[Ballou et al. 15]

Light Shining through Walls (LSW)

[Ehret et al. 10; Ballou et al. 15]
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• LSW experiments (ALPS, OSQAR) and helioscopes (CAST, (Baby)IAXO are sensitive to any stochastic GW 
background due to graviton photon conversion:  

Upper limits on stochastic GW background from LSW experiments and helioscopes

[Ejlli et al 2019]
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• Bounds on the axion photon coupling obtained by ALPS, OSQAR, CAST can be translated into bounds on 
the characteristic amplitude of the stochastic GW background: 

Upper limits on stochastic GW background from LSW experiments and helioscopes

[Ejlli et al 2019]



Page 11

Gravitational Wave Searches with ALPS & Co 

| Gravitational Wave Searches @ DESY | Andreas Ringwald, First DMLab Meeting: Scientific Kickoff, ZOOM, 10 December 2021

• Projected bounds from LSW experiments and helioscopes:

Upper limits on stochastic GW background from LSW experiments and helioscopes

[Ejlli et al 2019]
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• Primordial black holes (PBHs) are formed in 
early universe by collapse of large density 
fluctuations generated during inflation

• PBHs with masses

• below 1015 g would have evaporated by now by 
means of Hawking radiation

• in the asteroid range (1017 g < mPBH <1022 g) may
constitute all of dark matter (DM)

• in the planetary to multi-Solar mass range can only
make up a subdominant fraction of DM 

Primordial black holes as dark matter candidates
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Green and Kavanagh 2020, https://inspirehep.net/literature/1808121

https://inspirehep.net/literature/1808121
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• Primordial black holes (PBHs) are formed in 
early universe by collapse of large density 
fluctuations generated during inflation

• PBHs with masses

• below 1015 g would have evaporated by now by 
means of Hawking radiation

• in the asteroid range (1017 g < mPBH <1022 g) may
constitute all of dark matter (DM)

• in the planetary to multi-Solar mass range can only
make up a subdominant fraction of DM 

• PBHs source the stochastic GW background by 

• Hawking radiation of gravitons
• Peak in ALPS II frequency range for mPBH~104 g

Primordial black holes as dark matter candidates

[Ejlli et al 2019]
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• Primordial black holes (PBHs) are formed in 
early universe by collapse of large density 
fluctuations generated during inflation

• PBHs with masses

• below 1015 g would have evaporated by now by 
means of Hawking radiation

• in the asteroid range (1017 g < mPBH <1022 g) may
constitute all of dark matter (DM)

• in the planetary to multi-Solar mass range can only
make up a subdominant fraction of DM 

• PBHs source the stochastic GW background by 

• Hawking radiation of gravitons
• Peak in ALPS II frequency range for mPBH~104 g

• GWs from mergers of PBH binaries
• Peak in ALPS II frequency range for mPBH~1022 g

Primordial black holes as dark matter candidates
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Wang et al. https://inspirehep.net/literature/1494768
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• Primordial black holes (PBHs) are formed in 
early universe by collapse of large density 
fluctuations generated during inflation

• PBHs with masses

• below 1015 g would have evaporated by now by 
means of Hawking radiation

• in the asteroid range (1017 g < mPBH <1022 g) may
constitute all of dark matter (DM)

• in the planetary to multi-Solar mass range can only
make up a subdominant fraction of DM 

• PBHs source the stochastic GW background by 

• Hawking radiation of gravitons
• Peak in ALPS II frequency range for mPBH~104 g

• GWs from mergers of PBH binaries
• Peak in ALPS II frequency range for mPBH~1022 g

Primordial black holes as dark matter candidates
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ALPS II?

[Ballesteros, Garcia Cely, AR  in progress]
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GW Detection Opportunities beyond ALPS & Co? 

| Gravitational Wave Searches @ DESY | Andreas Ringwald, First DMLab Meeting: Scientific Kickoff, ZOOM, 10 December 2021

• Currently, a community is forming which seriously considers the search for high-frequency gravitational 
waves: 
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• Currently, a community is forming which seriously considers the search for high-frequency gravitational 
waves: 

• Ongoing discussions in FH @ DESY whether we want to engage in this enterprise even beyond ALPS & Co  
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• Currently, a community is forming which seriously considers the search for high-frequency gravitational 
waves: 

• Ongoing discussions in FH @ DESY whether we want to engage in this enterprise even beyond ALPS & Co  
[AR, Tamarit in progress]


