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How much could pNGBs be light ?	

Plural pNGBs in the wide mass range 
can be a test of string-based theories ?	
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Present upper bounds	
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Limits shown by 
Axel Lindner 
Axion Dark Matter 
2016 in Stockholm	
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Photon-Photon interactions over a 
wide energy range 
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Photon-photon center of mass energy	

h0	

Interactions 
via QED (+QCD)	

Very light field 
in the context of dark 
energy / matter	

Gauge symmetry 
Electroweak int. 

Not verified !	Undiscovered !	

 σ, φ	

Laser-Laser quantum interaction	

126 GeV	Below 1 MeV	Below 1eV	

High-energy particle interactions 

π0	

Chiral symmetry 
      QCD int. 

135 MeV	
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Photon-photon interaction in sub-eV – MeV 
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Ecms /2	
2018/03/07 

Inada et al. PLB 2014	
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Hit resonance by lowering C.M.S. energy 

Lorentz boost	

• Frequency shift on the boost axis	No frequency shift	

Center of Mass System	
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Quasi Parallel System	

~2ω	ϑ
ϑ

ω	
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Low frequency photon in QPS is an ideal system !	

Ecms = 2ω sinϑ =mass

• Lower Ecms by θ keeping ω constant 	
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Enhancement by containing resonance 

We must integrate square of invariant amplitude in QPS	

Gain by M2	

e.g. γ-γ Higgs factory  Collider in diffraction limit of QPS	
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High-energy laser is required 
- spontaneous scattering in vacuum - 
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the same rate as 
particle colliders 

2018/03/07 K. Homma@1st PPAP 



9 

Enhanced rate by inducing laser field 
- stimulated scattering in bkg laser field- 
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Cubic dependence 
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Four-Wave-Mixing in matter and vacuum	
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Susceptibility to electric field	

vacuum 
birefringence 

vacuum 
four-wave-mixing 

violation of  
Lorentz inv. ? 

χ (3)

ω1	
ω2	

ω3 	

ω4 	

dispersive 
refractive index 

birefringence /  
frequency sum  
& difference 

four-wave-mixing matter： 

vacuum： 
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The first search for scalar field with FWM	
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Run I at Kyoto-ICR	
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with atomic four-wave mixing	
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生成パルス光 1ω	

誘導パルス光　uω	

信号光　(2-u）ω	
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Run II at Kyoto-ICR	



2018/03/07 K. Homma@1st PPAP 16 

Extreme-Light-Infrastructure (ELI)	

ELI-NP facility (280M€) 
Comm. starts from 2019 
2 x 10PW 
2 x 1 PW　 
2 x 0.1 PW 
 
0.2-19.5 MeV gamma 
beam produced by 
~700 MeV e- + laser  

RA5-TDR	



ELI-NP as of June, 2017	
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10PW (1022-24W/cm2) x 2 @ 1 shot / min	

0.7GeV LINAC	
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ELI-NP RA5 proposal for dark field search	

2018/03/07 K. Homma@1st PPAP 19 

Romanian Reports in Physics, Vol. 68, Supplement, P. S233–S274, 2016  



CAN	
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Nature Photonics 2013	

ICAN : 50Ｊ/100fs@10kHz 



Conventional Axion seach	
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Solar axion search (CAST)	

Light Shining through a Wall (LSW)	

Laser	

CAST, Theopisti Dafni, 7th  Patras Workshop, Mykonos 2011	
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Gravitational coupling	
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Dark field mass	

ELI-NP 

Sensitivity below sub-eV mass domain 
in Quasi-Parallel-Collision	

ICAN (50J@10kHz) 

Hiroshima search	

Kyoto Run I	

Solar axion	

LSW	

QCD axions	
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Possibility of 7keV Dark Matter ?	
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Possibility of ALP ? 
φ  → γ + γ 
 
mφ=7.1keV 
 
10-12 <g/M<10-18GeV-1	



Extension to higher mass domains	
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Coherent beam	

Coherent / 
Incoherent beam	

Coherent / 
Incoherent beam	

Signal photons	

z
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θ4	



Standard ALP CDM (m1 = m0)
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Sensitivity in sub-eV–10 keV mass domain 
in Asymmetric Head-on Collision	

        Gravitational coupling  
                             α/Mp~10-20	
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K. Homma and Y. Toyota 
arXiv:1701.04282 [hep-ph] 
 Prog. Theor. Exp. Phys. 2017 , 063C01 
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3-XFEL beams, too expensive ? 	
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Spring-8: 
Electron energy 8 GeV 
SACLA: 
ω=4-15 keV @ < 10fs pulse duration 
500µJ@10keV / pulse ~ 1011 / pulse   
60 Hz 

Pictures and parameters are from  
M. Yabashi’s presentation at OPIC2015 	



Comparison with WIMP searches	
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QED γ+γ→γ+γ　
cross section	
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Charged particle collider vs.  
Stimulated laser collider	
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Parameters	 Head-on charged particle 
collider	

Stimulated laser collider	

c.m.s energy Ecms	

	
Ecms > 100 GeV	 Ecms < 1 eV	

	

# of particles / bunch	 1011 charged particles 
physically limited by space-
charge effect	

If ICAN, 1020 (@100J/pulse) 
limited by technology and 
budget	

Single shot dimensionless 
intensity in luminosity	

(1011)2  = 1022	

	
(1020)3  = 1060	

	

Collision rate	 100MHz	 If ICAN provides 10kHz 

Overall dimensionless 
intensity in luminosity	
	

(1011)2 x 108 = 1030	

	
(1020)3 x 104 = 1064	
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