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Perspective of searching for axion-like particles in the mass 
range 10-7 - 103 eV with stimulated photon-photon collider

Kensuke Homma
Hiroshima University

1. pseudo Nambu-Goldstone bosons as candidates for 
dark components in the Universe

2. Principle of stimulated resonant photon-photon 
scattering

3. Quick overview of experimental activities
4. Summary



If M~MPlanck, dilaton (Dark Energy) If M~MGUT , axion (Cold Dark Matter)

mass m

mass 10-4-10-6 eV 

Two-loop self-energy correction
arXiv:1512.01360 [gr-qc]
Y. Fujii

pNGBs can be dark components of the Universe
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mass 1.5-5.9 10-7 eV 
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Asymmetric Head-on
collision System

Center of Mass  System

Photon-photon collision systems
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Quasi-Parallel 
collision System
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Stimulated photon-photon scattering

K.Homma et al.
arXiv:1405.4133 [hep-ex]
Prog. Theor. Exp. Phys. 2014 , 083C01
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Ndark∝ Ncreation x Ncreation x Ninduce∝(100J = 1020
opt. )3

NHiggs∝ Nproton x Nproton∝(1011)2
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S-matrix for two-body interactions
in stimulated resonant scattering

2019/12/02
K. Homma@ZimanyiSchool19
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≪ 𝑁;| ≪ 𝑁=| ≪ 1>|𝑆 @ |𝑁; ≫ |𝑁= ≫ |0 >
∝ ≪ 𝑁;| ≪ 𝑁=| ≪ 1>|𝑎F⃗

H𝑎I⃗
H𝑎J 𝑎K⃗ |𝑁; ≫ |𝑁= ≫ |0 >

∝ 𝑁;
� 𝑁;

� 𝑁=
� ≪ 𝑁; 𝑁; ≫≪ 𝑁= 𝑁= ≫< 0|0 >

∝ 𝑎F⃗
H𝑎I⃗

H𝑎J 𝑎K⃗ Scalar - propagator
Coherent state:

Transition amplitude: 1 + 1 → 3 + 4

K.Homma, Y. Kirita
arXiv:1909.00983



s-channel propagator cannot be implemented
- creation and decay points are spatially apart -
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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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s-channel scattering contains resonance
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𝜒 ≫ 𝑎 → ℳ @ ∝ 𝑎@ ∝ 𝑀_=

𝜔 = 𝜔R → ℳ @ ∝ (4𝜋)@e.g. g-g Higgs factory Ecms
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Collision in QPS within 
momentum-energy uncertainty

Gain by M2



The first search for scalar field with FWM

K. Homma 9



K. Homma
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Run I at Kyoto-ICR

2018/10/03 K. Homma@KEK seminar 11

with atomic Four-Wave Mixing (FWM)



Time structures of the number of photons
POL{1} POL{2}

C+I Only C

Only I Pedestal

K. Homma 12



Pressure dependence of atomic FWM 
(corrected)

K. Homma 13

Quadratic pressure dependence is consistent with c(3) process
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Run II with 10 TW at Kyoto-ICR

Experimental area10TW laser system
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Extreme-Light-Infrastructure (ELI)

ELI-NP facility (280M€)
Comm. starts from 2019
10 PW  x 2

1 PW x 2
0.1 PW x 2

0.2-19.5 MeV gamma
beam produced by
~700 MeV e- + laser 

RA5-TDR



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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Asymmetric head-on collision
for high-mass pNGB search

Coherent beam

Coherent /
Incoherent beam

Coherent /
Incoherent beam

Signal photons
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Standard ALP CDM (m1 = m0)

HB

CAST+Sumino
EBL

EBL

Xion
Optical

X-Rays

ALP CDM (m1 ≠ m0)

QCD Axion models
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Sensitivity in 0.1 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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Entire scope by this method
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Limits shown by
Axel Lindner
Axion Dark Matter
2016 in Stockholm
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Klystron as a 10-5 eV photon source
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Can we reach dilaton ?
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K.Homma, Y. Kirita
arXiv:1909.00983



Summary
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- Charged particle collisions discovered SM  
particles in extremely strong coupling  and high-
mass domains over 105 – 1011 eV

- Stimulated photon-photon collider can provide 
windows in  extremely weak coupling and low-
mass domains over 10-7 – 103 eV

- Current technologies can provide the ways to 
access gravitational coupling strength in 
elementary scattering processes !
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