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> Motivation for shining light through walls in the laboratory 

 

> Basic considerations for optical LSW experiments 

 

> Status of ALPS II at DESY 

 

> Going beyond ALPS II 

 

> Developments at DESY on experimental WISP physics 

 

Outline 
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The dark sector and Weakly Interacting Slim Particles 

> The dark sector could be complex 

with several constituents. 

> Dark matter does not need to 

consist of only one particle 

species. 

> To understand dark matter, any 

insight into the dark sector would 

be extremely helpful. 

> Are there bright spots for dark 

sector searches? 

http://www.symmetrymagazine.org/sites/default/files/images/standard/Feature_DarkMatter3.jpg 
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An experimentalistós motivation for WISP searches (1) 
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> Axions could explain the CP conservation of QCD and the vanishing EDM of 

the neutron: 

 

 

 

 

 

 

> WISPs may explain dark matter: 

ÁAxion, axion-like particles (ALPs), hidden photons, é 
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An experimentalistós motivation for WISP searches (2) 

Stellar developments: 

> Extra energy loss beyond 

SM expectations  

is indicated by stellar 

developments. 

> Such losses can be 

explained consistently 

by the emission of axions 

coupling to photons and 

electrons. 

 

 

M. Giannotti, I. Irastorza,  

J. Redondo, A. Ringwald, 

http://arxiv.org/abs/1512.08108 

M. Giannotti, I. Irastorza,  

J. Redondo, A. Ringwald, K. Saikawa 

https://arxiv.org/abs/1708.02111 

http://arxiv.org/abs/1512.08108
http://arxiv.org/abs/1512.08108
https://arxiv.org/abs/1708.02111
https://arxiv.org/abs/1708.02111
https://arxiv.org/abs/1708.02111
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An experimentalistós motivation for WISP searches (3) 

Anomalous transparency of the universe to TeV photons: 

> TeV photons might not be absorbed in the intergalactic space due to   

ɔ+ɔ Ÿ e+e- scattering as predicted by QED. 

> This could be explained by axion-like particles. 

 

 
TeV photons in the universe 

 

might convert in magnetic fields to ALPs 

via their two-photon coupling. 

 

Such ALPs might convert back to 

photons in the vicinity of earth. 
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An experimentalistós motivation for WISP searches (3) 

Anomalous transparency of the universe to TeV photons: 

> TeV photons might not be absorbed in the intergalactic space due to   

ɔ+ɔ Ÿ e+e- scattering as predicted by QED. 

> This could be explained by axion-like particles. 

 

 
TeV photons in the universe 

 

ñlight-shining-through-the-wallò of 

extragalactic background light? 
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An experimentalistós motivation for WISP searches (3) 

Anomalous transparency of the universe to TeV photons: 

> TeV photons might not be absorbed in the intergalactic space due to   

ɔ+ɔ Ÿ e+e- scattering as predicted by QED. 

> This could be explained by axion-like particles. 
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A very similar axion-photon coupling as 

derived from stellar developments is 

required! 

 

  
M. Meyer, D. Horns, M. Raue,   

arXiv:1302.1208 [astro-ph.HE], Phys. Rev. D 87, 035027 (2013) 

S. V. Troitsky, 

arXiv:1612.01864 [astro-ph.HE], JETP Lett. 105 (2017) no.1, 55 
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Axion / ALPs and the TeV photon transparency 

> ALPs to explain an unexpected high transparency of the universe for TeV photons: 

 

 

https://arxiv.org/abs/1409.4401 
https://arxiv.org/abs/1503.04436 

https://arxiv.org/abs/1207.0776 

https://arxiv.org/abs/1410.1556 

https://arxiv.org/abs/1507.08640 

https://arxiv.org/abs/1612.01864 

https://arxiv.org/abs/1409.4401
https://arxiv.org/abs/1503.04436
https://arxiv.org/abs/1207.0776
https://arxiv.org/abs/1410.1556
https://arxiv.org/abs/1507.08640
https://arxiv.org/abs/1612.01864
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Axion / ALP hot spots 

axion-like particle mass 
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Axion / ALP hot spots 

Three main regions of interest: 

> Axion-like particles: 

TeV transparency, stellar developments 

> QCD axions: 

CP, stellar developments, (dark matter) 

> QCD axions: 

CP, dark matter 

this presentation 
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WISP searches exploiting photon couplings 

> Purely laboratory experiments 
(ñlight-shining-through-wallsò) 

optical photons, 

 

> Helioscopes 
(WISPs emitted by the sun), 

X-rays,  

 

 

> Haloscopes 
(looking for dark matter constituents), 

microwaves. 
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X-rays,  

 

 

> Haloscopes 
(looking for dark matter constituents), 

microwaves. 

 

 

 



Axel Lindner | LSW | Axions at the crossroads  | Trento, November 2017 |  Page 14 

Axion / ALP hot spots 

Three main regions of interest: 

> Axion-like particles: 

TeV transparency, stellar developments 

> QCD axions: 

CP, stellar developments, (dark matter) 

> QCD axions: 

CP, dark matter 
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Pros and cons for LSW in the laboratory 

LSW in the laboratory is very well suited to look for axion-like particles 

motivated by astrophysical anomalies and  

to open up the window to the hidden sector.  

ALP parameter LSW (laboratory) Helioscopes Dark matter searches 

Parity and spin yes perhaps yes 

Coupling gaɔ yes no no 

Coupling · flux (does not apply) yes yes 

Mass perhaps perhaps yes 

Rely on astrophysical 

assumptions 
no yes yes 

QCD axion no yes yes 
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> Motivation for shining light through walls in the laboratory 

 

> Basic considerations for optical LSW experiments 

 

> Status of ALPS II at DESY 

 

> Going beyond ALPS II 

 

> Developments at DESY on experimental WISP physics 

 

Outline 
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Basics of light-shining-through-walls 

Crucial ingredients: 

> Strong dipole magnets from  

particle accelerators. 

> Mode matched optical resonators 

on both sides of the wall. 

> Large magnet aperture to allow for 

long setups. 

> Single photon detectors. 

Physics motivation: axion-like particles 

> Unknown territory beyond CAST. 

> Explore gaɔɔ º few 10-11GeV-1  

as motivated by 

Áanomalous transparency of the 

universe to TeV ɔ,  

Ástellar evolutions. 
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Optical resonators 
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A confocal cavity: 

> longest resonator for a given aperture, 

> largest beamspot in the center and hence lowest 

power density on central mirror, 

therefore highest circulating power in the 

resonator before the wall. 
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Confocal cavities 

Using: 

ÁL: length of the optical system, length of each resonator L/2. 

Áɚ: wavelength of light 

 

> Beam waist: (ɤ0)
2 = (LĿɚ) / 2 ́

> Beam profile development:  
ɤ2(z) = (ɤ0)

2 · (1+(z/zR)2),  
zR = (́ɤ0)

2 /ɚ 
ɤ(L/2) =  sqrt(2)·ɤ0 

 

> Clear aperture required for a cavity 
with a power built-up º 100,000: 
r5 = 2.5·ɤ(z) 

https://en.wikipedia.org/wiki/Gaussian_beam 
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LSW: magnet options 

> ɚ = 1064 nm is assumed following LIGO experiences: 

mirror coatings for this wavelength can stand high power densities for long times. 

Aperture 

[mm] 

 

Safety 

margin 

[mm] 

Eff. 

aperture 

[mm] 

ɤ (L/2) 

[mm] 

ɤ0 

[mm] 

 

ɚ  

[nm] 

 

 

 

40 (LHC) 10 30 6.0 4.2 1064 

50 (HERA, 

straight) 
10 40 8.0 5.7 1064 

100 (FCC) 10 90 18.0 12.7 1064 
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LSW: magnet options 

> ɚ = 1064 nm is assumed following LIGO experiences: 

mirror coatings for this wavelength can stand high power densities for long times. 

> For the maximal power assume a damage threshold of 500 kW/cm2. 

> For the magnetic length 

Ásubtract 10 m for the optical system outside the magnets and 

Áassume a ñfilling factorò for the magnetic field of 90%.   

Aperture 

[mm] 

 

Safety 

margin 

[mm] 

Eff. 

aperture 

[mm] 

ɤ (L/2) 

[mm] 

ɤ0 

[mm] 

 

ɚ  

[nm] 

L  [m] 

 

Maximal 

power 

[kW] 

Magnetic 

length, 

one 

string 

[m]  

B·L 

[Tm] 

Sensitivity 

gaɔ  

40 (LHC) 10 30 6.0 4.2 1064 106 280 43 390 0.8 

50 (HERA, 

straight) 
10 40 8.0 5.7 1064 189 500 81 430 1 

100 (FCC) 10 90 18.0 12.7 1064 957 2500 426 5540 19 
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DESY: Any-Light-Particle-Search I and II 

ALPS I: 

approved 2007, concluded 2010,  

most sensitive WISP search 

experiment in the lab  

(surpassed by OSQAR with two LHC 

dipoles in 2014). 
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ALPS II: 

proposed 2011,TDR finished and evaluated in 2012. 

Decision by the directorate: 

continue with the preparatory phase towards ALPS II. 

 

2017: 

Construction phase has started. 

 


