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Approaches to different mass - coupling domains
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Coupling

Mass

Photons, electrons, muons, neutrinos
discovered in fixed target particle collisions
and cosmic-rays in early days

Charged particle collider
wikimapia.org

https://www.nsf.gov/news/mmg/media/images/xenon_h.jpg

Recoil by dark matter collisions in targetPhoton-based Axion-like particle search
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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

Pseudo Nambu-Goldstone bosons are light !
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mass 1.5-5.9 10-7 eV 
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Scale symmetry breaking PQ U(1) symmetry breaking



Target mass-coupling domains
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Sokolov and Ringwald, JHEP06(2021)123

eV Laser
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Electronic recoil indicates 0.1-100 eV solar axions?
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Dark Matter Discovered ?
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Is this electron recoil due to solar axions?
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XENON1T’s claim
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Asymmetric Head-on
collision System

Center of Mass  System

Photon-photon collision systems
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Low mass search High mass search High mass search
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Scattering amplitude for two-body interactions
in stimulated resonant scattering
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∝ *.⃗/*0⃗/*1 *2⃗ pNGB-propagator
Coherent state:

Transition amplitude: 1 + 1 → 3 + 4
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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
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Cubic dependence
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Short pulse duration = Broad-band in energy
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Figure quoted from  https://www.newport.com/n/pulsed-laser-methods
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s-channel scattering contains resonance
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3 ≫ 5 → ℳ & ∝ 5& ∝ 9'(
: = :) → ℳ & ∝ (4=)&e.g. g-g Higgs factory Ecms
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Collision in QPS within 
momentum-energy uncertainty

Gain by M2
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Searches at Ins. Chem. Res. in Kyoto Univ.

Experimental area1013 W laser system
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The air causes the stimulate scattering
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