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Outline

e Strong-field QED and laser-assisted Compton
scattering

* Laser-assisted search for axion-like particle and
dark photon

* Summary



Strong-field QED

 The quantum field theory in an external and intense
electromagnetic field is regarded as strong-field QED

* An appropriate theory to study high-intensity physics
(unlike high-precision domain, e.g. proton decay)
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In 1951 J. Schwinger showed that at field strengths of E =

me” ~1.32 x 1018 V/m, the QED vacuum becomes unstable

and decays into electron-positron pairs
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* The calculation of vacuum decay probability exhibits
non-perturbative QED B2 & 2
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e Significant progress has been made in understanding
the theory and phenomenology of the Schwinger
effect in more realistic backgrounds

* In 1990s, the experiment performed at SLAC
observed two strong-field processes in the
interaction of an ultra-relativistic electron beam with

a terawatt laser pulse Phys. Rev. Lett. 79, 1626 (1997)
Phys. Rev. D 60, 092004 (1999)

» the nonlinear Compton scattering
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» the nonlinear Breit-Wheeler production

yHnyL et tem T =




£Tk10-100PWZR BB EH R FRE

B Under construction/operational

10PW-class
ELI - Proposal 100PW-class
Vulcan 200PW
Rochester LOPW ELI XCELS
75PW 10PW 200PW

APRI
4PW

Gekko EXA
100PW

SULF 10 PW
"~ SEL 100PW
SGII 5PW

04

SILEX 5P

credit: Liangliang Ji



£Tk10-100PWZR BB EH R FRE

B Under construction/operational

10PW-class
ELI - Proposal 100PW-class
Vulcan 200PW
XCEL
Rochester 10PW ELI CELS

75PW 10PW 200PW
APRI

i %i N
Gekko EXA
\ o 100PW

| W\ SULF 10 PW
" Pota Pa- SILEX 5PW ‘i SEL 100PW

|l ‘scn 5PW
Tera Pa : If'

o

o //zf‘ \\\\\\\ \
i i

credit: Liangliang Ji



* Now, the intense electromagnetic field has a lot of
applications in atomic physics, nuclear physics and
strong-field particle physics

e Two domains:
1. further studies on nonlinear QED

2. investigating processes that normally do not occur in
vacuum but can be induced under strong fields



Examples:
» Neutron stars strongly magnetized

» Strong magnetic field in high-energy nuclear collisions
(e.g. Au-Au at RHIC or Pb-Pb at LHC), CME etc.

» Transmutation of protons in a laser field
p—o>n+ et + Vo New J. Phys. 23, 065007 (2021)

» The first laser excitation of the Th-229 low-energy
nuclear transition phys. rev. Lett. 132, 182501 (2024)

» vacuum birefringence, e.g. Shanghai XFEL
» Search for new physics beyond the SM (this talk)



Laser-induced Compton scattering

* In the presence of an electromagnetic potential, the
Dirac equation of a relativistic fermion yields

(i@ — Qed — m)v(z) =0

* With circular polarization, the vector potential is

AM(¢) = ay cos(d) + agsin(d), =k -
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the electric field strength  the laser frequency



 The wave function of electron is given by the Volkov state

-- dressed state by the interaction between electron and laser photons
Z. Physik 94, 250 (1935)
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* High-order (nonlinear) effects in the laser field are included



* Consider the laser-induced Compton scattering

e (p) +nw(k) = e (p') + (k)

e The S matrix
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* The amplitude can be written as
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* Look into the phase function ® = ea; - ysin ¢ — eay - y cos ¢

d = zsin(¢p — ¢p)
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* Finally (Jacobi-Anger expansion)
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e Combine e~*® with other plane waves

Bfunctions
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* Integrating out the coordinate x
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e Squared S matrix and scattering cross section
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* define an intensity quantity n=
-- power series expansion of 7
* This result is nonperturbative in character and the
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Laser-assisted search for dark particles

* dark photon (ALP): U(1)p
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e axion-like particle (ALP): pseudo-NG boson
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* hypothesis: invisible for m, orm, <1 MeV



e Consider the Compton scattering to DP or ALP

e (p) + nw(k) = e~ (1) Hyp/a(k)

* The new amplitude square
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* Experimental setup (e.g. SLAC)

E;,p, = 46.6 GeV

Wrap = 2.35€eV : \
Orap = 17"

* Cross section Kai Ma, TL, PRD 111, 055001 (2025)
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* Distribution of outgoing electron energy: edges
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e Sensitivity of laser-induced Compton scattering to
dark particle couplings (SM bkg: ¢~ +laser - e~ +v +7)

g
VS + B

e Complementary to other beam dump and collider

experiments Kai Ma, TL, PRD 111, 055001 (2025)
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Laser-induced Compton scattering to DM in EFT
Kai Ma, TL, JHEP 07 (2025) 028

Dirac-type fermionic DM in a leptophilic scenario
e +laser e +y+Y
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e Sensitivity of laser-induced Compton scattering
to the effective cutoff scale
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Summary

 The laser of an intense electromagnetic field plays as an
important tool to study the strong-field particle physics
and search for new physics beyond the SM

* We investigate the laser-induced Compton scattering to
dark particles such as invisible dark photon or axion-like
particle

* We find that the laser-induced process provides a
complementary and competitive search of new dark
particles lighter than 1 MeV



Summary

 The laser of an intense electromagnetic field plays as an
important tool to study the strong-field particle physics
and search for new physics beyond the SM

* We investigate the laser-induced Compton scattering to

dark particles such as invisible dark photon or axion-like
particle

* We find that the laser-induced process provides a

complementary and competitive search of new dark
particles lighter than 1 MeV

Thank youl!
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