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Perspective to search for dark components in the 
Universe with coherent photon collisions

Kensuke Homma
Hiroshima University

On behalf of the SAPPHIRES collaboration

1. Challenge to direct detection of gravitationally coupling 
pseudo Nambu-Goldstone NGB (pNGB), dilaton

2. Two key enhancement factors in stimulated resonant 
scattering

3. Probing sub-eV pNGBs
4. Potential to probe 0.1 eV – 10 keV pNGBs
5. 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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Present upper bounds
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Limits shown by
Axel Lindner
Axion Dark Matter
2016 in Stockholm
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Photon-photon interaction in sub-eV – MeV
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Inada et al. PLB 2014
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Complementarity to WIMP searches
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QED γ+γ→γ+γ
cross section
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Enhanced rate by inducing laser field
- stimulated scattering in bkg laser field-
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arXiv:1006.1762 [gr-qc]
Y. Fujii and K.Homma
Prog. Theor. Phys., 2011

>>=<< www 111 || NaNN

>>=<< www 111 || NaNN >>=<< +
www uuu NaNN ||

(2-u)ω=1w+1w-uw 2

ww uNN 1
2µ

>=< + 0||11 a

Cubic dependence

2019/06/05 K. Homma@43rdJohnHopkinsWorkshop



Comparison with charged particle colliders
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No limit on # of photons*
1023 ~ 200kJ@opt.

Space-charge
limitation exits

Inducement

Accessibility to
coupling even weaker
than that of gravity

* Threshold for real vacuum polarizations
far beyond the cutting-edge intensity
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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 2 ∝ 𝑎2 ∝ 𝑀BC

𝜔 = 𝜔4 → ℳ 2 ∝ (4𝜋)2e.g. g-g Higgs factory Ecms

a

Collision in QPS within 
momentum-energy uncertainty

Gain by M2



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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Lorentz boost
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Low mass search High mass search High mass search

β
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QPS for low-mass pNGB

K.Homma et al.
arXiv:1405.4133 [hep-ex]
Prog. Theor. Exp. Phys. 2014 , 083C01
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Search window
𝒎 < 𝟐𝝎𝐬𝐢𝐧𝜟𝝑

∆p∆𝑥 > 1
∆E∆𝑡 > 1
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Pulse + CW lasers exp. @ Hiroshima Univ.
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Hiroshima Univ.



Pulse + Pulse exp.  Run I @ ICR, Kyoto Univ.

2019/06/05 K. Homma@43rdJohnHopkinsWorkshop 14

with atomic four-wave mixing



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

Creation
+

Inducing
Creation
Laser

Inducing
Laser

Pedestal
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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. ?
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four-wave-mixingmatter：

vacuum：
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Pressure dependence of atomic FWM 
(corrected)
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Quadratic pressure dependence is consistent with Chi3 process
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Higher intensity exp. Run II @ ICR, Kyoto
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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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ELI-NP declared achievement of 10 PW
on 13 Mar, 2019
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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
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Romanian Reports in Physics, Vol. 68, Supplement, P. S233–S274, 2016 
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ICAN: 50J/100fs @ 10kHz



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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Extension to higher mass domains
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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 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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Summary
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- Charged particle colliders discovered many SM resonance states in 
extremely strong coupling domains within only four orders of 
magnitude in CMS energy.

- Stimulated resonance scattering can provide proper windows for  
pNGB searches over 10-7 – 103 eV in CMS energy.                              
We have the ways to access gravitational coupling in scattering !

CMS energy [GeV]

C
ro

ss
 s

ec
tio

n
[m

b]

From PDG
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αQED
αQCD

αWeak

αgravity

Courtesy to Global Oceanographic DAta Center
Background drawing taken from GODAC home page


