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Final goal of this combined talk is to understand:
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See followup talk by Y. Soreq 
Complete the picture and discuss ILC-NPOD



Outline

 Intro, strong field QED, electron in a strong laser 

 The optical-dump concept & LUXE 

 LUXE-NPOD sensitivity to new spin-0 fields 
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Introduction #1, classical electrodynamics with matter
 Electrodynamics (ED) by itself is a boring (free) theory  

 Adding matter (electrons) even classical ED becomes interesting, for instance: 

    (i) At energies below the electron mass ED becomes non-linear (quartic) 

                                                                                                

   (ii) Placing electron at rest in a weak (circularised polarised) laser: 

             

           with  are the laser RMS field and frequency respectively and 

ℒEFT ≈
1

(10 me )4 [(FμνF μν)
2

+
7
4 (FμνF̃ μν)

2] (with
1
2

FμνFμν = E2 − B2 and
1
4

FμνF̃μν = E ⋅ B)

PT
1,2 ≈

eℰL

ω (cos ωt, sin ωt); PL ≈ 0; E ≈ me (1 + ξ2/2)
ℰL and ω ξ ≡ eℰL /ωme ≪ 1
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Heisenberg and H. Euler (34)

Kibble (65)



Interaction of electron with laser
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Kibble (65)(for ξ ≡ eℰL /ωme ≪ 1)

Let’s assume that in lab-frame we shoot the electron on the laser: 

Electron’s transverse circular motion leads to radiation’s pattern denoted as mass-dep.-Compton edges.                                                

Classically: radiation from the electron’s harmonic; QM: n-laser-photons-electron scattering:        

Averaging over many oscillations gives   

         

⟨PT
1,2, PL⟩ ≈ 0; ⟨E⟩ ≈ m̄e = me (1 + ξ2/2)



Interaction of electron with laser

Averaging over many oscillations gives   

         

⟨PT
1,2, PL⟩ ≈ 0; ⟨E⟩ ≈ m̄e = me (1 + ξ2/2)
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Kibble (65)

SLAC, E144 (96)

Nonlinear Breit-Wheeler

Measure positron rate with combined 
pixel tracking detector and EM 
calorimeter.

• " < 1: perturbative regime, rate 
follows power law

• " ≫ 1: non-perturbative regime, 
departure from power law

Contact.
federico.meloni@desy.deGOALS

Nonlinear Compton scattering

Reconstruct Compton edge in electron 
(Scintillator and Cerenkov detector) or 
photon spectrum (Photon spectrometer) 

Compton edge red-shift proportional to the 
laser intensity.

• Can be interpreted as an effective rest 
mass shift

Nonlinear Compton Scattering: Compton Edge
B. King
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spectra differentially.

2.3 Breit-Wheeler Pair Creation

Breit-Wheeler Process

Breit-Wheeler pair-creation in a background laser pulse corresponds to the decay
of a photon to an electron-positron pair. We first introduce some of the associated
phenomenology of the process, and then give details about the two planned photon
sources – a bremsstrahlung source and an inverse Compton scattering source.

By considering the centre-of-mass energy in the collision of the probe photon with
n laser photons, one can derive the threshold harmonic n⇤ required, such that the pair
can be created. Recalling that the effective mass, m⇤ = m

p
1+x 2, it is clear that a

higher threshold harmonic is required in more intense laser pulses. In the LMA, the
threshold harmonic becomes

n⇤(f) =
2(1+x 2(f))

hg
, (6)

i.e. the threshold is phase-dependent (we recall quantities with subscript g refer to the photon).
The effective mass dependency is a signature of non-perturbativity at small coupling. This only becomes apparent when

x 2 ⇠ 1. When x 2 ⌧ 1, the Breit-Wheeler process proceeds perturbatively, via the “multiphoton” process, where the probability
scales as P µ x 2n⇤ . This is demonstrated by the LMA in Fig. 2.3.

Figure 2.3. Left: The dependency of probability for the Breit-Wheeler process on the intensity parameter x for a probe photon
colliding at 17.2 degrees with otherwise standard laser pulse parameters. The blue dashed lines indicate multiphoton scaling
and the plot markers are the analytical QED plane-wave results for a photon energy of 16.5GeV. Right: the parameter region
LUXE will probe, compared to the asymptotic scaling of the Breit-Wheeler process at large and small x and c parameters.

As x increases past x ⇡ 1 in Fig. 2.3, the “turning of the curve” away from the perturbative multiphoton scaling dependency,
is a signature of the non-perturbative dependency on field strength. The LCFA result is plotted as a comparison but only
starts to become a good approximation when x is large. When x � 1 and cg ⌧ 1 the Breit-Wheeler process demonstrates
tunnelling-like behaviour. In a constant crossed field, the scaling of the rate for cg ⌧ 1 obeys ⇠ cg exp(�8/3cg), and since
cg µ

p
a , is non-perturbative in the charge-field coupling in an analogous way to the Schwinger effect [18]. However, in the

Schwinger effect pair-creation is spontaneous whereas in the Breit-Wheeler case the process is stimulated by a high-energy
photon. The LUXE experiment will probe an area of parameter space that is somewhere between these different asymptotic
scalings, as illustrated in Fig. 2.3.

For the parameters probed by the LUXE experiment, the Breit-Wheeler spectrum is symmetric around v = 0.5 meaning
that the photon’s lightfront momentum is shared equally by the electron and positron. However, as the intensity parameter
is increased, so too does the width of the spectrum, leading to a broader lightfront momentum distribution of electrons and
positrons as shown in Fig. 2.4 (where v = { ·P0/{ ·K0 is the lightfront momentum fraction of the produced electron where P0

(K0) is the emitted electron (incident photon) momentum). The LMA is found to be significantly more accurate than the LCFA,
particularly when x is reduced below x = 1, as expected.
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Figure 7.9. Left: contours (black) of the expected number of ALP events, NP for LUXE phase-0; Right: the projected LUXE
reach for phase-0 and phase-1 in solid and dashed black compared to current bound (grey) from LEP [130, 133, 225],
PRIMEX [143], NA64 [226, 227], Belle-II [228], and beam-dumps experiments [229, 230]. In addition we compare to the
projection of other future runs of experiments as NA62, Belle-II, FASER, PRIMEX and GLUEX [131, 143, 231–233].

will smear out the Compton edge and the widen the x -distribution. It will need to be taken into account in simulation to
be able compare with data. If the goal of 0.1% is achieved, it will have a negligible impact.

• A jitter of 10–20 fs in the timing of the laser from shot to shot w.r.t. the electron beam is expected. This also contributes
to the uncertainty on the relative intensity shot to shot. Since the electron bunches have a length of ⇠ 100 fs this will
change the xnom value by only about 1–2%.

• Energy scale: for the Compton edge measurement it is important to have an energy scale uncertainty below 2.5% to
see the dependence of the edge position on x , see Fig. 2.1. The main effects that impact the energy scale are possible
misalignments of the detector w.r.t. the magnet and miscalibrations of the the magnetic field. Misalignments of the
detector elements in the transverse plane translate into miscalibrations of the energy. For a magnet with a length of 1 m
the relation the relative energy shift is given by

DE/E = 0.0163⇥ dx
1 mm

⇥ B
2 T

⇥ E
1 GeV

(25)

For instance, for a magnetic field of 2 T, a misalignment of 100 µm results in an energy shift of up to 2.7%. Normally, it
should be possible to achieve an alignment better than 50 µm, i.e. an uncertainty on the energy scale of 1.4%. Based on
Eq. (25) can also be used to determine the impact of a miscalibration in the magnetic field. A 1% miscalibration will lead
to a 1% uncertainty in the energy scale.

• Energy resolution for Compton measurements: the energy resolution will determine the width of the Compton edge.
It is driven by the channel size of the detectors but would also be increased if there is a misalignment between the
individual channels. However, for the Cherenkov detector the channel size (1.5 mm) is large compared to the possible
misalignments (0.1 mmm) and thus this is not expected to be a large effect.

• Energy resolution for Breit-Wheeler measurements: in the tracker the positron energy resolution is expected to be 1%
and would be degraded by misalignments. However, with four layers it is possible to perform an in-situ alignment. In
particular with the additional external constraint from the calorimeter it seems plausible that this can be done, but studies
are ongoing to demonstrate this.

• The measurement of the total particle flux for each detector technology will have an uncertainty that depends on the
technology. For instance, for the Cherenkov detector the observed charge needs to be calibrated in a test beam. Similarly,
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Figure 2.9. A schematic design of the LUXE new physics (NP) search setup. Top: primary production, where the NP is
produced at the IP. Bottom: secondary production, where the high rate Compton photons from LUXE collide with a
target/dump of size LS, to produce ALPs/scalars (denoted as f P/f S in the figure). The detector is located at a distance of LD
from the target.

The production rate is expected to be enhanced due to non-perturbative interactions with the laser.

• Secondary production: leverage LUXE as a GeV photon source. The outgoing Compton photons in the e-laser mode
are used as a high intensity photon source and scatter on a nucleus target, N, to produce ALPs or scalars via Primakoff
production, gC N ! aN or gC N ! f N. For example, assuming the LUXE phase-1 parameters of long laser pulse, for an
initial electron, the number of Compton photons with energy above 1GeV is ⇠ 3, while the number of bremsstrahlung
photons is about ⇠ 0.03, where a Tungsten target of 1% radiation length is considered. Therefore, we expect an
enhancement of O(102) in the photon flux, see also Fig. 5.7 for a comparison of the photon energy spectra.

The maximum mass accessible in the primary production is limited by the centre-of-mass energy of O(MeV). In contrast, in
the secondary production, masses of a few hundred MeV can be probed as the centre-of-mass energy is much higher and it is
determined by the invariant mass available in the collision of the Compton photon with the particles inside the beam dump.

We are interested in new particles with a long enough lifetime ⇠> 1 ns, thus, the detector is shielded and located at a sizeable
distance from the production point, in a beam-dump like setup. Figure 2.9 shows a schematic design of the proposed setup.
Below, we focus on secondary production of ALPs and keep the primary production for future work. All results shown for
ALPs also apply to scalars.

The sensitivity to probe the photon-ALP coupling in the secondary production is estimated using the setup shown in Fig. 2.9.
The Compton photons from the primary e-laser collisions collide with a dump of thickness LS, which is located at a finite
distance from the IP. This dump blocks all the Compton photons. However, ALPs can be generated by a Primakoff process,
gC N ! f P N and decay to two photons after a finite distance. A detector is placed at a distance of LD from the target to detect
the decay photons. This setup probes ALPs with masses of order MeV-to-GeV, which is a range that has attracted significant
attention in recent years [129–144].

The expected number of ALP events can be estimated as, e.g. [145, 146]

NP ⇡ NeNpulse
rNX0

ANm0

Z
degC

dNgC

degC

sP

✓
e� LS

LP � e� LD+LS
LP

◆
A , (11)

where egC is the gC energy, the ALP momentum is pP ⇡
q

e2
gC

�m2
P, LP ⌘ ctP pP/mP is the ALP propagation length, and

tP = 1/GfP!gg . sP is the ALP Primakoff production cross section as function of egC (see e.g. [143]) and A is the acceptance
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Search for BSM physics

The high-intensity photon beam can be 
used to search for (pseudo-)scalars or 
milli-charged particles in beam-dump.

Sensitivity competitive with other 
ongoing and planned experiments.

References.
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!photon densities" of the present experiment, plural Compton
scattering in the laser focus gives an additional contribution
to the electron spectrum. By plural scattering, we refer to the
process

e!n#!e!!m#!, m"1, n$m , !38"

where an electron undergoes m"1 consecutive scatters
within the laser focus, accompanied by the emission of m
photons !of m different energies" and by the absorption of
n$m laser photons, as sketched in Fig. 7. This process is
distinct from n th-order nonlinear Compton scattering, process
!1", since two or more photons are emitted in plural scatter-
ing. Both of these processes are distinct from the case where
one photon is absorbed and two emitted; this latter process is
a radiative correction to ordinary Compton scattering, and
has been called double Compton scattering.
That plural scattering is probable can be seen as follows.

The photon number density at the laser focus for I#1018
W/cm2 in the infrared is %##I/(&#c)#2$1026/cm3. The
total Compton cross section is 'C#1.9$10%25 cm2, and the
electron path length through the laser focus is of order l

!50(m. Hence, the interaction probability is %#l'C)0.2,
so 20% of the interacting electrons will undergo two scatters,
etc.
The minimum energy !lower kinematic edge" of the scat-

tered electron is the same for all processes having the same
total number of photons absorbed from the field, regardless
of the total number of photons emitted. Therefore, the mini-
mum number of laser photons involved in the interaction
with a particular electron can be inferred from measurement
of the final electron energy.
However, the determination that scattering occurred by

multiple photon absorption in a single interaction, i.e., by
process !1", rather than only by n#m plural scattering, re-
quires a comparison of observed and calculated recoil elec-
tron spectra !if the photons are not observed". For example,
Fig. 4 includes a calculation of n#m plural scattering and
indicates that this process is expected to be much smaller
than nonlinear Compton scattering, process !1", only for
scattered electron energies below 15 GeV.
The spectrum of high-energy photons beyond the n#1

kinematic edge is free from n#m plural scattering, since
only multiphoton absorption in a single interaction can yield
photon energies beyond that kinematic edge. On the other
hand, it was difficult to measure the spectrum of the forward
photons because of the high flux !up to 107 scatters in 2 ps"
and the small angular spread !of order of 1/*). By placing a
thin foil in the beamline at 0° from the interaction region, it
was possible to convert a fraction of the forward photons,
and to measure the converted electrons !or positrons" in a
magnetic spectrometer, as discussed in Sec. III D.
Just as the scattered electron can undergo further scatter-

ing in the laser focus, a high-energy backscattered photon
can give rise to pair production via reaction !2", as discussed
in the following section.

D. Multiphoton pair production

The differential rate for e!e% pair production in the in-
teraction of a circularly polarized laser beam of frequency #
with an unpolarized high-energy photon of frequency #!,
process !2", is

dWn!E&"

dE&

#
2+r0

2m2%#%#!

,2##!2
-2Jn

2!z "!,2!2u%1 "

$.Jn%1
2 !z "!Jn!1

2 !z "%2Jn
2!z "/0, !39"

where

z#
2,
u1
!u!un%u "

1!,2
, !40"

u1#
!k•k!"

2m̄2 !
##!!1!1 cos2"

2m2!1!,2"
, !41"

u#
!k•k!"2

4!k•p "!k•p!"
!

#!2

4E&!#!%E&"
, !42"

FIG. 6. Representation of nonlinear Compton scattering, process
!1". An electron with quasimomentum q in a strong field !indicated
by a double line" absorbs n photons !indicated by double sinusoids",
emits a high-energy photon k!, and recoils with momentum q!.

FIG. 7. Plural Compton scattering, process !38", of an electron
in the laser field with n#n1!n2 and m#2. The electron with ini-
tial momentum q scatters from n1 laser photons, emitting a photon
with momentum k!, and recoiling with momentum q!; then the
electron scatters again from the laser field, absorbing n2 laser pho-
tons, emitting another photon k", and recoiling with momentum q".

C. BAMBER et al. PHYSICAL REVIEW D 60 092004
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sCOM ≈ 2Ee nγ ω ⇒ Eγ ∼ sCOM ×
Ee

m̄e
∝

1
1 + ξ2

(for ξ ≡ eℰL /ωme ≪ 1)

laser

e e

γ

Electron’s transverse circular motion leads to radiation’s pattern denoted as mass-dep.-Compton edges.                                                

Classically: radiation from the electron’s harmonic; QM: n-laser-photons-electron scattering:        



Understanding the intense laser limit

 What if strong laser reach  ? (for the 1st time LUXE will reach up to  ) 

 Recall that in a strong field QED is subject to non-perturbative effects:      

                  

Such static fields can’t be obtained in labs however we can use intense laser + accelerated 

electrons such that in their rest frame they will obtain large effective fields: 

           is the quantum non-linearity para’, \w   electron energy in lab frame.

ξ ≡ eℰL /ωme ≳ 1 ξ ∼ 10

Pe+e− ∝ exp (−π
ℰcrit

ℰ ) , ℰcrit ≡
m2

e

e
≈ 1016 V

cm

χe ≡
Ee

me
×

ℰL

ℰcrit
Ee

7

Schwinger (51) 

vacuum pair prod.



Large e-boost + intense laser => new non-perturbative processes
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Pair production, from “probed-photon” (nonlinear Breit-Wheeler, one photon-pair-prod.) 
 

ZEL'DOVICH (66); modern approach: e.g.: Hartin, Ringwald & Tapia (19)



Large e-boost + intense laser => new non-perturbative processes
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Pair production, from “probed-photon” (nonlinear Breit-Wheeler, one photon-pair-prod.) 
 

vacuum pair prod. Pe+e− ∝ exp (−π
ℰcrit

ℰ ) , ℰcrit ≡
m2

e

e
≈ 1016 V

cm
Schwinger (51) 



Large e-boost + intense laser => new non-perturbative processes
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Pair production, from “probed-photon” (nonlinear Breit-Wheeler, one photon-pair-prod.) 
 

vacuum pair prod. Pe+e− ∝ exp (−π
ℰcrit

ℰ ) , ℰcrit ≡
m2

e

e
≈ 1016 V

cm
Schwinger (51) 



Large e-boost + intense laser => new non-perturbative processes
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for ξ2 ≳ ≫ 1 , χe,γ ≡
Ee,γ

me
×

ℰL

ℰcrit

ZEL'DOVICH (66); modern approach: e.g.: Hartin, Ringwald & Tapia (19)

Pair production, from “probed-photon” (nonlinear Breit-Wheeler, one photon-pair-prod.) 
 

Pe+e− ∝ exp (−
8

3χe,γ ) ,
where egC is the gC energy, the ALP momentum is pP ⇡

q
e2

gC
�m2

P, LP ⌘ ctP pP/mP is the ALP propagation length, and
tP = 1/GfP!gg . sP is the ALP Primakoff production cross section as function of egC (see e.g. [25]) and A is the acceptance and
efficiency of the detector, which is a function of the final photon momentum.

2.7 Theory Summary
The LUXE experiment is planning to investigate strong field QED in a hitherto inaccessible parameter regime and will thus
explore an uncharted region of the Standard Model of particle physics. A unique feature of LUXE is the combination of high
intensity (xnom . 24) and (probe) energy (hmax = 0.2) to reach an unprecedented value for the quantum non-linearity parameter
of c . 4.5 (see Fig. 2.10).

Figure 2.10. Quantum parameter ce vs the intensity parameter x for a selection of experiments and facilities. E144 values
were taken from Ref. [164], E320 parameters from Ref. [165], and Astra-Gemini from Ref. [166]. For LUXE, three beam
energies are shown as isolines, and two laser focus spot sizes are highlighted for the phase-0 (40 TW) laser and one for the
phase-1 (350 TW) laser. The regime of ELI-NP is also indicated. ELI-NP and E320 are not yet operating while E144 and
Astra-Gemini have already published results.

The LUXE experiment will focus on the non-linear versions of three basic processes: Compton scattering, Breit-Wheeler
pair production, and trident pair production (see Table 2.1 above). The final states of interest are either the emitted photons,
pairs and scattered electrons. The experimental setup will include the possibility to look for ‘exotic’ scalar and pseudo-scalar
particles coupling to photons.

In addition to observing the above processes, a central objective will be to obtain the intensity (i.e. x ) dependence of the
final state emission and production rates. For non-linear Compton scattering (photon emission), this will allow detection of the
photon dependent mass shift through the determination of the Compton edge and higher harmonic peaks. For the non-linear
Breit-Wheeler process—to be observed in isolation for the first time—one should be able to see the deviation from perturbative
behaviour (⇠ x 2n) to its non-perturbative modification (see Fig. 2.3 (left panel) above). A similar modification may be induced
in the non-linear Compton cross section by restricting the final-state phase space through detector cuts (thus bounding the
lightfront momentum fraction u of the photon from below, u � C (see Fig. 2.2)).

For the LUXE parameter regime, the non-linear trident process factorises, to a good approximation, into non-linear Compton
and Breit-Wheeler processes. In other words, the one-step trident production can be neglected. However, this means that in a
non-linear Compton experiment, there will be a non-zero probability to observe pairs as the emitted Compton photons will
undergo final state interactions with the laser, creating pairs via Breit-Wheeler. This mechanism has previously been employed
by the SLAC E144 experiment, albeit at lower values of x . It should be distinguished from the Breit-Wheeler process in
isolation (with no electrons in the initial state at all).
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Figure 5.7. Photon energy spectra for the Compton, bremsstrahlung and ICS processes for two different laser spot sizes w0.
For the ICS process the w0 used here is 8 µm. Shown are the numbers of photons that arrive at the IP within the given laser spot
size.

Figure 5.8. Top left: Number of positrons per beam crossing produced in the e-laser and g-laser set-ups for phase-0 and
phase-1, as a function of x . Top Right: Number of positrons per beam crossing produced in the e-laser set-ups for phase-0, as a
function of w0. The legend in the left plot also applies to the right plot. Bottom: Number of positrons per beam crossing
normalized to area (w2

0) produced in the e-laser and g-laser set-ups for phase-0 and phase-1, as a function of x . All estimates
are based on PTARMIGAN.
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(ICS = inv. Compton scat.)



Large e-boost + intense laser => new non-perturbative processes
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for ξ2 ≳ ≫ 1 , χe,γ ≡
Ee,γ

me
×

ℰL

ℰcrit

ZEL'DOVICH (66); modern approach: e.g.: Hartin, Ringwald & Tapia (19)

Pair production, from “probed-photon” (nonlinear Breit-Wheeler, one photon-pair-prod.) 
 

Pe+e− ∝ exp (−
8

3χe,γ ) ,

Non-linear & non-pertur. Compton scattering: 
 

Nonlinear Breit-Wheeler

Measure positron rate with combined 
pixel tracking detector and EM 
calorimeter.

• " < 1: perturbative regime, rate 
follows power law

• " ≫ 1: non-perturbative regime, 
departure from power law

Contact.
federico.meloni@desy.deGOALS

Nonlinear Compton scattering

Reconstruct Compton edge in electron 
(Scintillator and Cerenkov detector) or 
photon spectrum (Photon spectrometer) 

Compton edge red-shift proportional to the 
laser intensity.

• Can be interpreted as an effective rest 
mass shift

Nonlinear Compton Scattering: Compton Edge
B. King
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2.3 Breit-Wheeler Pair Creation

Breit-Wheeler Process

Breit-Wheeler pair-creation in a background laser pulse corresponds to the decay
of a photon to an electron-positron pair. We first introduce some of the associated
phenomenology of the process, and then give details about the two planned photon
sources – a bremsstrahlung source and an inverse Compton scattering source.

By considering the centre-of-mass energy in the collision of the probe photon with
n laser photons, one can derive the threshold harmonic n⇤ required, such that the pair
can be created. Recalling that the effective mass, m⇤ = m

p
1+x 2, it is clear that a

higher threshold harmonic is required in more intense laser pulses. In the LMA, the
threshold harmonic becomes

n⇤(f) =
2(1+x 2(f))

hg
, (6)

i.e. the threshold is phase-dependent (we recall quantities with subscript g refer to the photon).
The effective mass dependency is a signature of non-perturbativity at small coupling. This only becomes apparent when

x 2 ⇠ 1. When x 2 ⌧ 1, the Breit-Wheeler process proceeds perturbatively, via the “multiphoton” process, where the probability
scales as P µ x 2n⇤ . This is demonstrated by the LMA in Fig. 2.3.

Figure 2.3. Left: The dependency of probability for the Breit-Wheeler process on the intensity parameter x for a probe photon
colliding at 17.2 degrees with otherwise standard laser pulse parameters. The blue dashed lines indicate multiphoton scaling
and the plot markers are the analytical QED plane-wave results for a photon energy of 16.5GeV. Right: the parameter region
LUXE will probe, compared to the asymptotic scaling of the Breit-Wheeler process at large and small x and c parameters.

As x increases past x ⇡ 1 in Fig. 2.3, the “turning of the curve” away from the perturbative multiphoton scaling dependency,
is a signature of the non-perturbative dependency on field strength. The LCFA result is plotted as a comparison but only
starts to become a good approximation when x is large. When x � 1 and cg ⌧ 1 the Breit-Wheeler process demonstrates
tunnelling-like behaviour. In a constant crossed field, the scaling of the rate for cg ⌧ 1 obeys ⇠ cg exp(�8/3cg), and since
cg µ

p
a , is non-perturbative in the charge-field coupling in an analogous way to the Schwinger effect [18]. However, in the

Schwinger effect pair-creation is spontaneous whereas in the Breit-Wheeler case the process is stimulated by a high-energy
photon. The LUXE experiment will probe an area of parameter space that is somewhere between these different asymptotic
scalings, as illustrated in Fig. 2.3.

For the parameters probed by the LUXE experiment, the Breit-Wheeler spectrum is symmetric around v = 0.5 meaning
that the photon’s lightfront momentum is shared equally by the electron and positron. However, as the intensity parameter
is increased, so too does the width of the spectrum, leading to a broader lightfront momentum distribution of electrons and
positrons as shown in Fig. 2.4 (where v = { ·P0/{ ·K0 is the lightfront momentum fraction of the produced electron where P0

(K0) is the emitted electron (incident photon) momentum). The LMA is found to be significantly more accurate than the LCFA,
particularly when x is reduced below x = 1, as expected.
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Figure 7.9. Left: contours (black) of the expected number of ALP events, NP for LUXE phase-0; Right: the projected LUXE
reach for phase-0 and phase-1 in solid and dashed black compared to current bound (grey) from LEP [130, 133, 225],
PRIMEX [143], NA64 [226, 227], Belle-II [228], and beam-dumps experiments [229, 230]. In addition we compare to the
projection of other future runs of experiments as NA62, Belle-II, FASER, PRIMEX and GLUEX [131, 143, 231–233].

will smear out the Compton edge and the widen the x -distribution. It will need to be taken into account in simulation to
be able compare with data. If the goal of 0.1% is achieved, it will have a negligible impact.

• A jitter of 10–20 fs in the timing of the laser from shot to shot w.r.t. the electron beam is expected. This also contributes
to the uncertainty on the relative intensity shot to shot. Since the electron bunches have a length of ⇠ 100 fs this will
change the xnom value by only about 1–2%.

• Energy scale: for the Compton edge measurement it is important to have an energy scale uncertainty below 2.5% to
see the dependence of the edge position on x , see Fig. 2.1. The main effects that impact the energy scale are possible
misalignments of the detector w.r.t. the magnet and miscalibrations of the the magnetic field. Misalignments of the
detector elements in the transverse plane translate into miscalibrations of the energy. For a magnet with a length of 1 m
the relation the relative energy shift is given by

DE/E = 0.0163⇥ dx
1 mm

⇥ B
2 T

⇥ E
1 GeV

(25)

For instance, for a magnetic field of 2 T, a misalignment of 100 µm results in an energy shift of up to 2.7%. Normally, it
should be possible to achieve an alignment better than 50 µm, i.e. an uncertainty on the energy scale of 1.4%. Based on
Eq. (25) can also be used to determine the impact of a miscalibration in the magnetic field. A 1% miscalibration will lead
to a 1% uncertainty in the energy scale.

• Energy resolution for Compton measurements: the energy resolution will determine the width of the Compton edge.
It is driven by the channel size of the detectors but would also be increased if there is a misalignment between the
individual channels. However, for the Cherenkov detector the channel size (1.5 mm) is large compared to the possible
misalignments (0.1 mmm) and thus this is not expected to be a large effect.

• Energy resolution for Breit-Wheeler measurements: in the tracker the positron energy resolution is expected to be 1%
and would be degraded by misalignments. However, with four layers it is possible to perform an in-situ alignment. In
particular with the additional external constraint from the calorimeter it seems plausible that this can be done, but studies
are ongoing to demonstrate this.

• The measurement of the total particle flux for each detector technology will have an uncertainty that depends on the
technology. For instance, for the Cherenkov detector the observed charge needs to be calibrated in a test beam. Similarly,
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Figure 2.9. A schematic design of the LUXE new physics (NP) search setup. Top: primary production, where the NP is
produced at the IP. Bottom: secondary production, where the high rate Compton photons from LUXE collide with a
target/dump of size LS, to produce ALPs/scalars (denoted as f P/f S in the figure). The detector is located at a distance of LD
from the target.

The production rate is expected to be enhanced due to non-perturbative interactions with the laser.

• Secondary production: leverage LUXE as a GeV photon source. The outgoing Compton photons in the e-laser mode
are used as a high intensity photon source and scatter on a nucleus target, N, to produce ALPs or scalars via Primakoff
production, gC N ! aN or gC N ! f N. For example, assuming the LUXE phase-1 parameters of long laser pulse, for an
initial electron, the number of Compton photons with energy above 1GeV is ⇠ 3, while the number of bremsstrahlung
photons is about ⇠ 0.03, where a Tungsten target of 1% radiation length is considered. Therefore, we expect an
enhancement of O(102) in the photon flux, see also Fig. 5.7 for a comparison of the photon energy spectra.

The maximum mass accessible in the primary production is limited by the centre-of-mass energy of O(MeV). In contrast, in
the secondary production, masses of a few hundred MeV can be probed as the centre-of-mass energy is much higher and it is
determined by the invariant mass available in the collision of the Compton photon with the particles inside the beam dump.

We are interested in new particles with a long enough lifetime ⇠> 1 ns, thus, the detector is shielded and located at a sizeable
distance from the production point, in a beam-dump like setup. Figure 2.9 shows a schematic design of the proposed setup.
Below, we focus on secondary production of ALPs and keep the primary production for future work. All results shown for
ALPs also apply to scalars.

The sensitivity to probe the photon-ALP coupling in the secondary production is estimated using the setup shown in Fig. 2.9.
The Compton photons from the primary e-laser collisions collide with a dump of thickness LS, which is located at a finite
distance from the IP. This dump blocks all the Compton photons. However, ALPs can be generated by a Primakoff process,
gC N ! f P N and decay to two photons after a finite distance. A detector is placed at a distance of LD from the target to detect
the decay photons. This setup probes ALPs with masses of order MeV-to-GeV, which is a range that has attracted significant
attention in recent years [129–144].

The expected number of ALP events can be estimated as, e.g. [145, 146]

NP ⇡ NeNpulse
rNX0

ANm0

Z
degC

dNgC

degC

sP

✓
e� LS

LP � e� LD+LS
LP

◆
A , (11)

where egC is the gC energy, the ALP momentum is pP ⇡
q

e2
gC

�m2
P, LP ⌘ ctP pP/mP is the ALP propagation length, and

tP = 1/GfP!gg . sP is the ALP Primakoff production cross section as function of egC (see e.g. [143]) and A is the acceptance
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Search for BSM physics

The high-intensity photon beam can be 
used to search for (pseudo-)scalars or 
milli-charged particles in beam-dump.

Sensitivity competitive with other 
ongoing and planned experiments.
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!photon densities" of the present experiment, plural Compton
scattering in the laser focus gives an additional contribution
to the electron spectrum. By plural scattering, we refer to the
process

e!n#!e!!m#!, m"1, n$m , !38"

where an electron undergoes m"1 consecutive scatters
within the laser focus, accompanied by the emission of m
photons !of m different energies" and by the absorption of
n$m laser photons, as sketched in Fig. 7. This process is
distinct from n th-order nonlinear Compton scattering, process
!1", since two or more photons are emitted in plural scatter-
ing. Both of these processes are distinct from the case where
one photon is absorbed and two emitted; this latter process is
a radiative correction to ordinary Compton scattering, and
has been called double Compton scattering.
That plural scattering is probable can be seen as follows.

The photon number density at the laser focus for I#1018
W/cm2 in the infrared is %##I/(&#c)#2$1026/cm3. The
total Compton cross section is 'C#1.9$10%25 cm2, and the
electron path length through the laser focus is of order l

!50(m. Hence, the interaction probability is %#l'C)0.2,
so 20% of the interacting electrons will undergo two scatters,
etc.
The minimum energy !lower kinematic edge" of the scat-

tered electron is the same for all processes having the same
total number of photons absorbed from the field, regardless
of the total number of photons emitted. Therefore, the mini-
mum number of laser photons involved in the interaction
with a particular electron can be inferred from measurement
of the final electron energy.
However, the determination that scattering occurred by

multiple photon absorption in a single interaction, i.e., by
process !1", rather than only by n#m plural scattering, re-
quires a comparison of observed and calculated recoil elec-
tron spectra !if the photons are not observed". For example,
Fig. 4 includes a calculation of n#m plural scattering and
indicates that this process is expected to be much smaller
than nonlinear Compton scattering, process !1", only for
scattered electron energies below 15 GeV.
The spectrum of high-energy photons beyond the n#1

kinematic edge is free from n#m plural scattering, since
only multiphoton absorption in a single interaction can yield
photon energies beyond that kinematic edge. On the other
hand, it was difficult to measure the spectrum of the forward
photons because of the high flux !up to 107 scatters in 2 ps"
and the small angular spread !of order of 1/*). By placing a
thin foil in the beamline at 0° from the interaction region, it
was possible to convert a fraction of the forward photons,
and to measure the converted electrons !or positrons" in a
magnetic spectrometer, as discussed in Sec. III D.
Just as the scattered electron can undergo further scatter-

ing in the laser focus, a high-energy backscattered photon
can give rise to pair production via reaction !2", as discussed
in the following section.

D. Multiphoton pair production

The differential rate for e!e% pair production in the in-
teraction of a circularly polarized laser beam of frequency #
with an unpolarized high-energy photon of frequency #!,
process !2", is

dWn!E&"

dE&

#
2+r0

2m2%#%#!

,2##!2
-2Jn

2!z "!,2!2u%1 "

$.Jn%1
2 !z "!Jn!1

2 !z "%2Jn
2!z "/0, !39"

where

z#
2,
u1
!u!un%u "

1!,2
, !40"

u1#
!k•k!"

2m̄2 !
##!!1!1 cos2"

2m2!1!,2"
, !41"

u#
!k•k!"2

4!k•p "!k•p!"
!

#!2

4E&!#!%E&"
, !42"

FIG. 6. Representation of nonlinear Compton scattering, process
!1". An electron with quasimomentum q in a strong field !indicated
by a double line" absorbs n photons !indicated by double sinusoids",
emits a high-energy photon k!, and recoils with momentum q!.

FIG. 7. Plural Compton scattering, process !38", of an electron
in the laser field with n#n1!n2 and m#2. The electron with ini-
tial momentum q scatters from n1 laser photons, emitting a photon
with momentum k!, and recoiling with momentum q!; then the
electron scatters again from the laser field, absorbing n2 laser pho-
tons, emitting another photon k", and recoiling with momentum q".
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 Electron traveling inside intense long laser pulse is described by treating the 
laser as a background field (Furry Picture), denoted as Volkov states:

Electron intense-laser (strong field) formalism

13

Volkov (35)
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The Furry Picture
๏ If the external field is sufficiently strong: quantum interactions with it leave it essentially unchanged and it can be considered to be a 

classical background field 
๏ Separate the gauge field to external and quantum parts: 

 and shift  to the Dirac component:  

๏ The FP Lagrangian satisfies the Euler-Lagrange equation. 
๏ New equation of motion for the non-perturbative (bound) Dirac field (wrt ) and new solutions :  

๏ Exact solutions exist for a certain classes of external fields (plane waves, Coloumb fields and combinations) [Volkov Z Physik 94 250 
(1935), Bagrov & Gitman 1990]: 

 with 

!Int = !̄(i" # m)!# 1
4 F2

"# # e!̄(Aext + A)! Aext !FP = !̄FP(i" # eAext#m)!FP# 1
4 F2

"# # e!̄FPA!FP

Aext !FP (i" # eAext#m)!FP = 0

!FP = Epe#ipxup Ep = Exp [# 1
2k $ p (eAextk + i2e(Aext $ p) # ie2A2

ext)]

IJMP A, Vol. 33,
No. 13 (2018)
1830011

Vo Vo

Strong-field QED (SFQED)
B. King
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Nonlinear Compton scattering

Fermion wavefunctions are “Volkov” solutions to Dirac equation in a plane wave.

Flaser = Flaser('); ' = k · x is the (laser) “phase”.

|E| = |B| E ? B

“Plane-wave QED” (PWQED)
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 The rest is done via (tree-level) perturbation th., where photons are described 
as perturbative (vacuum) propagating fields, interacting with Volkov states: 

ψVo

ψVo

γ

γ

Ritus (85)



 Calculation of the Compton process & pair production relevant to LUXE shows:

Time-scales & photon emission in LUXE
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Bai, et al. (21)
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Time scales @ LUXE-NPOD

๏ The relevant time scale of LUXE’s  800 nm laser itself is  
๏ The laser pulse duration is  
๏ The (Compton scattering) photon production timescale is  
๏ The (Breit-Wheeler) pair production timescale is  

๏ Therefore: 

!!1
L " 0.4 fs

tL " #(10 ! 200) fs
"# " #(10) fs

"ee " #(104 ! 106) fs

!!1
L $ "# $ tL $ "ee
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Time scales @ LUXE-NPOD

๏ The relevant time scale of LUXE’s  800 nm laser itself is  
๏ The laser pulse duration is  
๏ The (Compton scattering) photon production timescale is  
๏ The (Breit-Wheeler) pair production timescale is  

๏ Therefore: 

!!1
L " 0.4 fs

tL " #(10 ! 200) fs
"# " #(10) fs

"ee " #(104 ! 106) fs

!!1
L $ "# $ tL $ "eeTo conclude: 

 Specifically, for  photon emission rate 
is extremely high, the laser act as amplifier:

ξ2 ≫ 1

Nonlinear Breit-Wheeler

Measure positron rate with combined 
pixel tracking detector and EM 
calorimeter.

• " < 1: perturbative regime, rate 
follows power law

• " ≫ 1: non-perturbative regime, 
departure from power law

Contact.
federico.meloni@desy.deGOALS

Nonlinear Compton scattering

Reconstruct Compton edge in electron 
(Scintillator and Cerenkov detector) or 
photon spectrum (Photon spectrometer) 

Compton edge red-shift proportional to the 
laser intensity.

• Can be interpreted as an effective rest 
mass shift

Nonlinear Compton Scattering: Compton Edge
B. King
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spectra differentially.

2.3 Breit-Wheeler Pair Creation

Breit-Wheeler Process

Breit-Wheeler pair-creation in a background laser pulse corresponds to the decay
of a photon to an electron-positron pair. We first introduce some of the associated
phenomenology of the process, and then give details about the two planned photon
sources – a bremsstrahlung source and an inverse Compton scattering source.

By considering the centre-of-mass energy in the collision of the probe photon with
n laser photons, one can derive the threshold harmonic n⇤ required, such that the pair
can be created. Recalling that the effective mass, m⇤ = m

p
1+x 2, it is clear that a

higher threshold harmonic is required in more intense laser pulses. In the LMA, the
threshold harmonic becomes

n⇤(f) =
2(1+x 2(f))

hg
, (6)

i.e. the threshold is phase-dependent (we recall quantities with subscript g refer to the photon).
The effective mass dependency is a signature of non-perturbativity at small coupling. This only becomes apparent when

x 2 ⇠ 1. When x 2 ⌧ 1, the Breit-Wheeler process proceeds perturbatively, via the “multiphoton” process, where the probability
scales as P µ x 2n⇤ . This is demonstrated by the LMA in Fig. 2.3.

Figure 2.3. Left: The dependency of probability for the Breit-Wheeler process on the intensity parameter x for a probe photon
colliding at 17.2 degrees with otherwise standard laser pulse parameters. The blue dashed lines indicate multiphoton scaling
and the plot markers are the analytical QED plane-wave results for a photon energy of 16.5GeV. Right: the parameter region
LUXE will probe, compared to the asymptotic scaling of the Breit-Wheeler process at large and small x and c parameters.

As x increases past x ⇡ 1 in Fig. 2.3, the “turning of the curve” away from the perturbative multiphoton scaling dependency,
is a signature of the non-perturbative dependency on field strength. The LCFA result is plotted as a comparison but only
starts to become a good approximation when x is large. When x � 1 and cg ⌧ 1 the Breit-Wheeler process demonstrates
tunnelling-like behaviour. In a constant crossed field, the scaling of the rate for cg ⌧ 1 obeys ⇠ cg exp(�8/3cg), and since
cg µ

p
a , is non-perturbative in the charge-field coupling in an analogous way to the Schwinger effect [18]. However, in the

Schwinger effect pair-creation is spontaneous whereas in the Breit-Wheeler case the process is stimulated by a high-energy
photon. The LUXE experiment will probe an area of parameter space that is somewhere between these different asymptotic
scalings, as illustrated in Fig. 2.3.

For the parameters probed by the LUXE experiment, the Breit-Wheeler spectrum is symmetric around v = 0.5 meaning
that the photon’s lightfront momentum is shared equally by the electron and positron. However, as the intensity parameter
is increased, so too does the width of the spectrum, leading to a broader lightfront momentum distribution of electrons and
positrons as shown in Fig. 2.4 (where v = { ·P0/{ ·K0 is the lightfront momentum fraction of the produced electron where P0

(K0) is the emitted electron (incident photon) momentum). The LMA is found to be significantly more accurate than the LCFA,
particularly when x is reduced below x = 1, as expected.
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Figure 7.9. Left: contours (black) of the expected number of ALP events, NP for LUXE phase-0; Right: the projected LUXE
reach for phase-0 and phase-1 in solid and dashed black compared to current bound (grey) from LEP [130, 133, 225],
PRIMEX [143], NA64 [226, 227], Belle-II [228], and beam-dumps experiments [229, 230]. In addition we compare to the
projection of other future runs of experiments as NA62, Belle-II, FASER, PRIMEX and GLUEX [131, 143, 231–233].

will smear out the Compton edge and the widen the x -distribution. It will need to be taken into account in simulation to
be able compare with data. If the goal of 0.1% is achieved, it will have a negligible impact.

• A jitter of 10–20 fs in the timing of the laser from shot to shot w.r.t. the electron beam is expected. This also contributes
to the uncertainty on the relative intensity shot to shot. Since the electron bunches have a length of ⇠ 100 fs this will
change the xnom value by only about 1–2%.

• Energy scale: for the Compton edge measurement it is important to have an energy scale uncertainty below 2.5% to
see the dependence of the edge position on x , see Fig. 2.1. The main effects that impact the energy scale are possible
misalignments of the detector w.r.t. the magnet and miscalibrations of the the magnetic field. Misalignments of the
detector elements in the transverse plane translate into miscalibrations of the energy. For a magnet with a length of 1 m
the relation the relative energy shift is given by

DE/E = 0.0163⇥ dx
1 mm

⇥ B
2 T

⇥ E
1 GeV

(25)

For instance, for a magnetic field of 2 T, a misalignment of 100 µm results in an energy shift of up to 2.7%. Normally, it
should be possible to achieve an alignment better than 50 µm, i.e. an uncertainty on the energy scale of 1.4%. Based on
Eq. (25) can also be used to determine the impact of a miscalibration in the magnetic field. A 1% miscalibration will lead
to a 1% uncertainty in the energy scale.

• Energy resolution for Compton measurements: the energy resolution will determine the width of the Compton edge.
It is driven by the channel size of the detectors but would also be increased if there is a misalignment between the
individual channels. However, for the Cherenkov detector the channel size (1.5 mm) is large compared to the possible
misalignments (0.1 mmm) and thus this is not expected to be a large effect.

• Energy resolution for Breit-Wheeler measurements: in the tracker the positron energy resolution is expected to be 1%
and would be degraded by misalignments. However, with four layers it is possible to perform an in-situ alignment. In
particular with the additional external constraint from the calorimeter it seems plausible that this can be done, but studies
are ongoing to demonstrate this.

• The measurement of the total particle flux for each detector technology will have an uncertainty that depends on the
technology. For instance, for the Cherenkov detector the observed charge needs to be calibrated in a test beam. Similarly,
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Figure 2.9. A schematic design of the LUXE new physics (NP) search setup. Top: primary production, where the NP is
produced at the IP. Bottom: secondary production, where the high rate Compton photons from LUXE collide with a
target/dump of size LS, to produce ALPs/scalars (denoted as f P/f S in the figure). The detector is located at a distance of LD
from the target.

The production rate is expected to be enhanced due to non-perturbative interactions with the laser.

• Secondary production: leverage LUXE as a GeV photon source. The outgoing Compton photons in the e-laser mode
are used as a high intensity photon source and scatter on a nucleus target, N, to produce ALPs or scalars via Primakoff
production, gC N ! aN or gC N ! f N. For example, assuming the LUXE phase-1 parameters of long laser pulse, for an
initial electron, the number of Compton photons with energy above 1GeV is ⇠ 3, while the number of bremsstrahlung
photons is about ⇠ 0.03, where a Tungsten target of 1% radiation length is considered. Therefore, we expect an
enhancement of O(102) in the photon flux, see also Fig. 5.7 for a comparison of the photon energy spectra.

The maximum mass accessible in the primary production is limited by the centre-of-mass energy of O(MeV). In contrast, in
the secondary production, masses of a few hundred MeV can be probed as the centre-of-mass energy is much higher and it is
determined by the invariant mass available in the collision of the Compton photon with the particles inside the beam dump.

We are interested in new particles with a long enough lifetime ⇠> 1 ns, thus, the detector is shielded and located at a sizeable
distance from the production point, in a beam-dump like setup. Figure 2.9 shows a schematic design of the proposed setup.
Below, we focus on secondary production of ALPs and keep the primary production for future work. All results shown for
ALPs also apply to scalars.

The sensitivity to probe the photon-ALP coupling in the secondary production is estimated using the setup shown in Fig. 2.9.
The Compton photons from the primary e-laser collisions collide with a dump of thickness LS, which is located at a finite
distance from the IP. This dump blocks all the Compton photons. However, ALPs can be generated by a Primakoff process,
gC N ! f P N and decay to two photons after a finite distance. A detector is placed at a distance of LD from the target to detect
the decay photons. This setup probes ALPs with masses of order MeV-to-GeV, which is a range that has attracted significant
attention in recent years [129–144].

The expected number of ALP events can be estimated as, e.g. [145, 146]

NP ⇡ NeNpulse
rNX0

ANm0

Z
degC

dNgC

degC

sP

✓
e� LS

LP � e� LD+LS
LP

◆
A , (11)

where egC is the gC energy, the ALP momentum is pP ⇡
q

e2
gC

�m2
P, LP ⌘ ctP pP/mP is the ALP propagation length, and

tP = 1/GfP!gg . sP is the ALP Primakoff production cross section as function of egC (see e.g. [143]) and A is the acceptance
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Search for BSM physics

The high-intensity photon beam can be 
used to search for (pseudo-)scalars or 
milli-charged particles in beam-dump.

Sensitivity competitive with other 
ongoing and planned experiments.
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LUXE as an efficient source of hard photons
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The strong laser act as a dump for the electron  
                        (LUXE: relevant mean free path is O(1))
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 We can transform LUXE into an optical dump: 



Electron strong-laser collision @ LUXE
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Electron strong-laser collision @ LUXE

 We can transform LUXE into an optical dump: 
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 We can transform LUXE into an optical dump: 
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The strong laser act as a dump for the electron  
                        (LUXE: relevant mean free path is O(1))

Electron strong-laser collision @ LUXE
the photon spectrum
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Actual emission spectrum, after collisions \w 
laser pulse, LUXE vs physical thin-dumps 



Photons strong-laser (effectively no)-collision @ LUXE
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Laser

Laser-gun

Laser

Unlike the electron case, photons free streaming in the strong laser (LUXE: relevant mean free path is O(104))

γ
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Laser

Laser-gun

Laser

Unlike the electron case, photons free streaming in the strong laser (LUXE: relevant mean free path is O(104))

Photons strong-laser (effectively no)-collision @ LUXE
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Laser

Laser-gun

Laser

Unlike the electron case, photons free streaming in the strong laser (LUXE: relevant mean free path is > 104)

Photons strong-laser (effectively no)-collision @ LUXE

γ
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Consider models with effective axion a and scalar  coupling to photons:ϕ

The search is expressed as sensitivity to ΛX , X = a, ϕ

3

incoming electron inclusively (and & 1.7 photons with
E� > 1GeV per incoming electron), while in the thin
solid-material limit, much less photons are expected (e.g.
for d/X0 ⇠ 0.1 only ⇠ 0.06 photons with E� > 1GeV
are emitted per incoming electron).

III. NEW PHYSICS SCENARIOS

In this work, we mostly focus on new spin-0 particles,
which are found in many well motivated extensions of the
SM. We focus on two cases of a pseudo-scalar, a, which is
often denoted generically as an axion-like-particle (ALP),
and of a scalar, �. Light ALPs arise in variety of models
motivated by the Goldstone theorem, with their masses
protected by a shift symmetry, see [21–25] for recent re-
views. In addition we consider a CP even, �, where theo-
retically, constructing a natural model of a light scalar is
rather challenging. However, two concrete proposals have
been put forward, one where the scalar mass is protected
by an approximate scale-invariance symmetry (see for in-
stance [26] and Refs. therin), and a second one where it is
protected by an approximate shift-symmetry that is bro-
ken, together with CP [27, 28], by two sequestered sectors
(inspired by the relaxion paradigm [29]). Below, we for
simplicity consider CP conserving model, described by a
single coupling, thus, we consider either ALP or scalar
models.

Our main focus in this work would be on models with
e↵ective ALP and scalar coupling to photons,

La,� =
a

4⇤a

Fµ⌫ F̃
µ⌫

+
�

4⇤�
Fµ⌫F

µ⌫
, (4)

where F̃µ⌫ = 1
2✏µ⌫↵�F

↵� . Since the ALP is a pseudo-
Goldstone mode, its mass, ma, can be much smaller than
the scale of its interaction with SM particles, i.e. ⇤a �

ma. The decay rate of the ALP and scalar into two
photons are given by �a!2� = m

3
a
/(64⇡⇤2

a
) and ��!2� =

m
3
�
/(64⇡⇤2

�
), respectively.

The �-photons coupling induces, quadratically diver-
gent, additive contribution to the scalar mass-square,
�m

2
�

⇠ ⇤4
UV/(16⇡

2⇤2
�
) which leads to a naturalness

bound

⇤� & 4⇥ 105 GeV

✓
⇤UV

TeV

◆2 200MeV

m�

, (5)

with ⇤UV is the scale in which NP is required to appear
in order to cancel the quadratic divergences. Below, we
show that the LUXE-NPOD experiment is expected to
reach the sensitivity required to probe the edge of the
parameter space of natural models in its phase-1. More-
over, the same loop diagram as above induces a mixing
between the Higgs and the � scalar. This mixing can
be estimated by calculating the square mixed mass term
�µ

2
H�

⇠ ⇤4
UV↵/(64⇡

3⇤�v), where v ' 246GeV is the

Higgs VEV. Thus, the H � � mixing is

✓H� ⇠ 10�6

✓
⇤UV

TeV

◆4 4⇥ 105 GeV

⇤�
, (6)

which is in an unconstrained region of Higgs portal (or
relaxion) models’ parameter space. See [1, 30] for a recent
analysis.
Alternatively, one can match the coupling ⇤� in

Eq. (4) to models of Higgs-scalar mixing (or the re-
laxion [27–29]), which leads to ⇤� ⇠ 4⇡v/(↵ sin ✓H�).
In case of inflation based relaxion models one finds
sin ✓H� . (m�/v)2/3 [30], implying ⇤� & 5 ⇥

107 GeV(200MeV/m�)2/3 which is beyond the reach of
LUXE-NPOD.
We briefly explore the ALP/scalar electron coupling,

which is capture by

Le,a,� = igaeaē�
5
e+ g�e�ēe . (7)

Finally, we also consider “milli-charged” parti-
cles (mCP) [31–34], denoted here as  , with a mass
m ⌧ me and a fractional electric charge q ⌧ 1. The
e↵ective mCP-photon interaction can be simply written
as

L = eq ̄ /A . (8)

IV. NEW PHYSICS PRODUCTION

In this section with discuss the NP production mecha-
nisms. We mainly focus on processes involving ALP and
scalar, which are similar qualitatively and quantitatively,
we therefore denote them simply as X = a,� .

The first mechanism, which is also the main focus of
this work, is Secondary NP production. In this case, the
photons produced in the electron-beam and laser pulse
collisions (see Eq. (1)), are freely propagating to collide
with the nuclei, N , of the material of some sizable dump
to produce NP. In this case we focus on the Primako↵
production of X’s

� +N ! N +X . (9)

The second mechanism is Primary NP production,
where the NP is directly produced at the electron-laser
interaction region via X electron coupling in Eq. (7). In
analogy to Eq. (1), we consider the X version of the pro-
cess. In the case where X has couplings to electron only,
one gets

e
�
V ! e

�
V +X , (10)

This case is studied in [35–38]. In the case where X has
couplings to photons only, one gets

e
�
V ! e

�
V + �

⇤
! e

�
V + � +X . (11)

Ee=17 GeV

1st module: collision of hard electron on laser 
 to produce hard photon beam:  

Ee=17 GeV

2nd module: physical dump, 
photons interact \w dump to produce X’s:  

Figure1:TheFeynmandiagramsforthedi↵erentALPproductionmodesattheGammaFactory:
(left)Primako↵productionrelevantforfixedtarget1andultra-relativisticioncollisionmodes4,
(middle)photonconversioninastrongmagneticfield2and(right)photon-photoncollidermode3.

Figure2:(left)ALPdecayintotwophotonsa,(middle)ALPconversionintophotoninastrong
magneticfieldb,and(right)ALPconversionintophotonsbytheinversePrimako↵processc.

ThetotalnumberofALPeventsisgivenby(assumingamonochromaticspectrumforthe�GF

forsimplicity)

Na⇡LFT��N!aN✏det,(7)

where✏detisthedetectionprobability(includingtheangularacceptancewhenconsideringALPde-
caytophotons).Belowweconsidertwodetectionschemes.First,viaALPdecayintotwophotons,
a!��,seeSection(2.2);second,viainversePrimako↵process,aN!�N,seeSection(2.3).

2.2DetectionviaALPdecays,a!��

Inthisdetectionschemethetargetisfollowedbyashield(whichcanbeofthesamematerialor
other),suchthatthetotaltargetandshieldlengthisLS=20m.Thisshieldisfollowedbythe
ALPdecayvolumeofradiusRD=2mandlengthLD=20m.Thephotondetectorofradius
RD=2mislocatedjustbehindthedecayvolume.Thedetectionprobabilitycanbeestimatedas

✏a!��=
⇣

e�LS/La�e�(LD+LS)/La

⌘
A(ma,⇤,pa)

⇡2.5⇥10�7
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10MeV
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✓
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⇤

◆2

A(ma,⇤,pa),(8)

whereLa=pa/(ma�a!��)istheflightdistanceoftheALPinthelabframeandpa⇡
q

E2
�GF

�m2
a

istheALPmomentuminthelabframe(inthecollinearapproximation).Aistheangularaccep-
tanceofhavingthetwofinalphotonsinsidetheradiusofRD.InthesecondlineofEq.(8)weuse
La�LD+LS,whichisrelevanttoourbenchmarksbelow.Ashieldingof20misexpectedto
blockallGammaFactoryphotonsaswellasbackgroundfromsecondaryproductionofSMparticles
insidethenucleitarget.Thus,weconsiderabackgroundfreesearch,andtheestimatedprojections
areevaluatedbyrequiringNa=3.

WeestimatethereachintheALPparameterspaceforthreebenchmarkscenarios,varyingthe
energyandthefluxoftheGammaFactoryphotonssuchthatthephotonbeampower,limitedby
theRFpoweroftheLHCcavities[2],isconstant.Thebenchmarksare

(A):E�GF=1.6GeV,
dN�

dt
=1016sec�1,

(B):E�GF=0.2GeV,
dN�

dt
=1017sec�1,(9)

(C):E�GF=0.02GeV,
dN�

dt
=1018sec�1,

3

N N

Xγ
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Consider models with effective axion a and scalar  coupling to photons:ϕ

The search is expressed as sensitivity to ΛX , X = a, ϕ

3

incoming electron inclusively (and & 1.7 photons with
E� > 1GeV per incoming electron), while in the thin
solid-material limit, much less photons are expected (e.g.
for d/X0 ⇠ 0.1 only ⇠ 0.06 photons with E� > 1GeV
are emitted per incoming electron).

III. NEW PHYSICS SCENARIOS

In this work, we mostly focus on new spin-0 particles,
which are found in many well motivated extensions of the
SM. We focus on two cases of a pseudo-scalar, a, which is
often denoted generically as an axion-like-particle (ALP),
and of a scalar, �. Light ALPs arise in variety of models
motivated by the Goldstone theorem, with their masses
protected by a shift symmetry, see [21–25] for recent re-
views. In addition we consider a CP even, �, where theo-
retically, constructing a natural model of a light scalar is
rather challenging. However, two concrete proposals have
been put forward, one where the scalar mass is protected
by an approximate scale-invariance symmetry (see for in-
stance [26] and Refs. therin), and a second one where it is
protected by an approximate shift-symmetry that is bro-
ken, together with CP [27, 28], by two sequestered sectors
(inspired by the relaxion paradigm [29]). Below, we for
simplicity consider CP conserving model, described by a
single coupling, thus, we consider either ALP or scalar
models.

Our main focus in this work would be on models with
e↵ective ALP and scalar coupling to photons,

La,� =
a

4⇤a

Fµ⌫ F̃
µ⌫

+
�

4⇤�
Fµ⌫F

µ⌫
, (4)

where F̃µ⌫ = 1
2✏µ⌫↵�F

↵� . Since the ALP is a pseudo-
Goldstone mode, its mass, ma, can be much smaller than
the scale of its interaction with SM particles, i.e. ⇤a �

ma. The decay rate of the ALP and scalar into two
photons are given by �a!2� = m

3
a
/(64⇡⇤2

a
) and ��!2� =

m
3
�
/(64⇡⇤2

�
), respectively.

The �-photons coupling induces, quadratically diver-
gent, additive contribution to the scalar mass-square,
�m

2
�

⇠ ⇤4
UV/(16⇡

2⇤2
�
) which leads to a naturalness

bound

⇤� & 4⇥ 105 GeV

✓
⇤UV

TeV

◆2 200MeV

m�

, (5)

with ⇤UV is the scale in which NP is required to appear
in order to cancel the quadratic divergences. Below, we
show that the LUXE-NPOD experiment is expected to
reach the sensitivity required to probe the edge of the
parameter space of natural models in its phase-1. More-
over, the same loop diagram as above induces a mixing
between the Higgs and the � scalar. This mixing can
be estimated by calculating the square mixed mass term
�µ

2
H�

⇠ ⇤4
UV↵/(64⇡

3⇤�v), where v ' 246GeV is the

Higgs VEV. Thus, the H � � mixing is

✓H� ⇠ 10�6

✓
⇤UV

TeV

◆4 4⇥ 105 GeV

⇤�
, (6)

which is in an unconstrained region of Higgs portal (or
relaxion) models’ parameter space. See [1, 30] for a recent
analysis.
Alternatively, one can match the coupling ⇤� in

Eq. (4) to models of Higgs-scalar mixing (or the re-
laxion [27–29]), which leads to ⇤� ⇠ 4⇡v/(↵ sin ✓H�).
In case of inflation based relaxion models one finds
sin ✓H� . (m�/v)2/3 [30], implying ⇤� & 5 ⇥

107 GeV(200MeV/m�)2/3 which is beyond the reach of
LUXE-NPOD.
We briefly explore the ALP/scalar electron coupling,

which is capture by

Le,a,� = igaeaē�
5
e+ g�e�ēe . (7)

Finally, we also consider “milli-charged” parti-
cles (mCP) [31–34], denoted here as  , with a mass
m ⌧ me and a fractional electric charge q ⌧ 1. The
e↵ective mCP-photon interaction can be simply written
as

L = eq ̄ /A . (8)

IV. NEW PHYSICS PRODUCTION

In this section with discuss the NP production mecha-
nisms. We mainly focus on processes involving ALP and
scalar, which are similar qualitatively and quantitatively,
we therefore denote them simply as X = a,� .

The first mechanism, which is also the main focus of
this work, is Secondary NP production. In this case, the
photons produced in the electron-beam and laser pulse
collisions (see Eq. (1)), are freely propagating to collide
with the nuclei, N , of the material of some sizable dump
to produce NP. In this case we focus on the Primako↵
production of X’s

� +N ! N +X . (9)

The second mechanism is Primary NP production,
where the NP is directly produced at the electron-laser
interaction region via X electron coupling in Eq. (7). In
analogy to Eq. (1), we consider the X version of the pro-
cess. In the case where X has couplings to electron only,
one gets

e
�
V ! e

�
V +X , (10)

This case is studied in [35–38]. In the case where X has
couplings to photons only, one gets

e
�
V ! e

�
V + �

⇤
! e

�
V + � +X . (11)

Ee=17 GeV
Ee=17 GeV

1st module: collision of hard electrons  
on laser to produce hard photon beam:  

2nd module: physical dump, photons  
interact \w dump to produce X’s:  

3rd module: detector to  
observe  decay  X → γγ

LV = 2.5 mLD = 1 m
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LUXE: 1st time direct & clean look at non-perturbative QED processes

Spinoff: use the strong-field-electron system to construct an optical-dump,        

an amplifier convert electrons to large-hard flux of free-photons 

This + down-stream dump + detector => search for new particles couple to 

photons => cover uncharted territories

Can extend concept to other couplings (gluons, dark-photon, non-linear QED)        

and other experiments (SLAC, LBNL, ILC …) 
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The number of produced X’s at LUXE-NPOD is:
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FIG. 2: An illustration of the LUXE-NPOD concept and
the di↵erent search mode. Shown are schematics of the sec-
ondary (top) and primary (middle) production mechanisms
realisation in the experimental setup. The relevant back-
ground topologies are also shown (bottom). The electrons
are deflected by a magnet placed right after the interaction
chamber.

In analogy to Eq. (2), we can also consider the direct
production of mCP pairs

� (or �⇤) !  
+ +  

�
. (12)

For charged scalar pair production see [39].
While in the primary production case the new particle

mass is limited to mX, . O(100) keV (for detail see the
Supplemental Material), above this mass scale the pro-
duction rate becomes negligibly small), in the secondary
production case an ALP with a mass up to O(1)GeV can
be produced in a coherent Primako↵ production.

An illustration of these two possibilities is provided in
Fig. 2, in the top and middle pannels, in the context of
LUXE along with the associated background topologies,
in the bottom pannel.

In the following discussion, we focus only on a detailed
feasibility study for the secondary NP production in the
context of LUXE. The expected signal rates for the pri-
mary NP production in Eqs. (10)–(12) are briefly dis-
cussed in the Supplementary Material and we leave the
detailed study for future work.

V. THE LUXE-NPOD PROPOSAL

We have arrived to the heart of this work where we pro-
pose to use the high flux of GeV photons, emitted from
LUXE’s electron-laser interaction region, to search for
feebly interacting spin-0 particles. The properties of the
photon-flux are described in detail below, but to complete

the picture of our main search mode, we discuss the ex-
perimental setup assuming a given flux of hard photons.
After being produced, the photons freely propagate to a
physical dump and interact with its nuclei to produce the
X particle.
The dump is of length LD and it is positioned ⇠ 13m

away from the electron-laser interaction region. The X

particles are long-lived and hence, they will travel some
distance before decaying into ��. Therefore, an empty
volume of length LV is left at the back of the dump to
allow the X particles to decay back into two photons.
The two-photon signature is our signal in the detector
which is positioned at LV after the dump.
The expected number of X’s produced and detected

in the proposed setup shown in Fig. 2 (middle) can be
approximated as (see e.g. [40, 41]),

NX ⇡ Le↵

Z
dE�

dN�

dE�
�X(E�)

✓
e
�LD

LX �e
�LV +LD

LX

◆
A ,

(13)

with �X(E�) is the Primako↵ cross section that depends
on the square of the nuclear charge Z2, Le↵ is an e↵ective
luminosity term discussed further below, E� is the incom-
ing photon energy, LX ⌘ c⌧XpX/mX is the propagation

length of the X particle, with ⌧X and pX ⇡

q
E2
�
�m

2
X

being its proper life-time and momentum, respectively.
�X(E�) is the Primako↵ production cross section of X
(see e.g. [42, 43]), and A is the angular acceptance and
e�ciency of the detector.
We estimate NX independently by using a Mad-

Graph 5 v 2.8.1 [44–47] Monte Carlo simulation of the
process shown in Eq. (9), including an event-by-event
acceptance estimation. We use the UFO model [47] from
Ref. [48] and follow Refs. [41, 49, 50] for the form fac-
tors. The decay of X in this MadGraph 5 simulation is
instantaneous. Therefore, to simulate the distance which
the X travels before it decays, a random length parame-
ter is drawn from the exponential distribution defined by
the particular X propagation length as discussed above.
The decay point is obtained by displacing the X particle
from its production point by that random distance ac-
cording to the 3D direction dictated by its momentum at
the production point. The results of the approximation
in Eq. (13) and the MadGraph 5 simulation are found
to be in a very good agreement.
As a benchmark, we consider a tungsten (W ) dump

with LD = 1.0m and a radius of at least ⇠ 10 cm. With
this choice, the e↵ective luminosity can be written as
Le↵ = NeNBX

9⇢WX0

7AWm0
[49], where ⇢W is the W density,

AW is its mass number and X0 is its radiation length (all
taken from [20]). The remaining parameter is the nucleon
mass, m0 = 1.66 ⇥ 10�24 g (⇠ 930MeV). An electron
beam with a bunch population of Ne = 1.5 ⇥ 109 elec-
trons is assumed with a fixed energy of Ee = 16.5GeV,
and the outgoing photon spectrum from the electron-
laser interaction is denoted as dN�/dE� . These are typ-
ical Eu.XFEL operation parameters as discussed in [11].

1014-16 e’s on target
incoming photon’s spec. prod. X-section

ensures decay in volume 
 LD,V = 1 , 2.5 m

LX = τX
pX

mX
∝

Λ2
X

m4
X

=  3

phase-1: all

phase-1: primary

phase-1: secondary

phase-0: all

phase-0: primary

phase-0: secondary

Bremsstrahlung

1 2 3 4 5 6 7 8 9 10 11 1210-4

10-3

10-2
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1

E� [GeV]

dN
�

dE
�
[p
er
e-
/G
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]

source # photons, E>1 GeV backgrounds

LUXE-0/1 0.4 / 2.5 effectively free

e-beam thin 0.03 effectively free

e-beam thick 6.7 O(100) larger
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The number of produced X’s at LUXE-NPOD is:
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FIG. 2: An illustration of the LUXE-NPOD concept and
the di↵erent search mode. Shown are schematics of the sec-
ondary (top) and primary (middle) production mechanisms
realisation in the experimental setup. The relevant back-
ground topologies are also shown (bottom). The electrons
are deflected by a magnet placed right after the interaction
chamber.

In analogy to Eq. (2), we can also consider the direct
production of mCP pairs

� (or �⇤) !  
+ +  

�
. (12)

For charged scalar pair production see [39].
While in the primary production case the new particle

mass is limited to mX, . O(100) keV (for detail see the
Supplemental Material), above this mass scale the pro-
duction rate becomes negligibly small), in the secondary
production case an ALP with a mass up to O(1)GeV can
be produced in a coherent Primako↵ production.

An illustration of these two possibilities is provided in
Fig. 2, in the top and middle pannels, in the context of
LUXE along with the associated background topologies,
in the bottom pannel.

In the following discussion, we focus only on a detailed
feasibility study for the secondary NP production in the
context of LUXE. The expected signal rates for the pri-
mary NP production in Eqs. (10)–(12) are briefly dis-
cussed in the Supplementary Material and we leave the
detailed study for future work.

V. THE LUXE-NPOD PROPOSAL

We have arrived to the heart of this work where we pro-
pose to use the high flux of GeV photons, emitted from
LUXE’s electron-laser interaction region, to search for
feebly interacting spin-0 particles. The properties of the
photon-flux are described in detail below, but to complete

the picture of our main search mode, we discuss the ex-
perimental setup assuming a given flux of hard photons.
After being produced, the photons freely propagate to a
physical dump and interact with its nuclei to produce the
X particle.
The dump is of length LD and it is positioned ⇠ 13m

away from the electron-laser interaction region. The X

particles are long-lived and hence, they will travel some
distance before decaying into ��. Therefore, an empty
volume of length LV is left at the back of the dump to
allow the X particles to decay back into two photons.
The two-photon signature is our signal in the detector
which is positioned at LV after the dump.
The expected number of X’s produced and detected

in the proposed setup shown in Fig. 2 (middle) can be
approximated as (see e.g. [40, 41]),

NX ⇡ Le↵

Z
dE�

dN�

dE�
�X(E�)
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with �X(E�) is the Primako↵ cross section that depends
on the square of the nuclear charge Z2, Le↵ is an e↵ective
luminosity term discussed further below, E� is the incom-
ing photon energy, LX ⌘ c⌧XpX/mX is the propagation

length of the X particle, with ⌧X and pX ⇡

q
E2
�
�m

2
X

being its proper life-time and momentum, respectively.
�X(E�) is the Primako↵ production cross section of X
(see e.g. [42, 43]), and A is the angular acceptance and
e�ciency of the detector.
We estimate NX independently by using a Mad-

Graph 5 v 2.8.1 [44–47] Monte Carlo simulation of the
process shown in Eq. (9), including an event-by-event
acceptance estimation. We use the UFO model [47] from
Ref. [48] and follow Refs. [41, 49, 50] for the form fac-
tors. The decay of X in this MadGraph 5 simulation is
instantaneous. Therefore, to simulate the distance which
the X travels before it decays, a random length parame-
ter is drawn from the exponential distribution defined by
the particular X propagation length as discussed above.
The decay point is obtained by displacing the X particle
from its production point by that random distance ac-
cording to the 3D direction dictated by its momentum at
the production point. The results of the approximation
in Eq. (13) and the MadGraph 5 simulation are found
to be in a very good agreement.
As a benchmark, we consider a tungsten (W ) dump

with LD = 1.0m and a radius of at least ⇠ 10 cm. With
this choice, the e↵ective luminosity can be written as
Le↵ = NeNBX

9⇢WX0

7AWm0
[49], where ⇢W is the W density,

AW is its mass number and X0 is its radiation length (all
taken from [20]). The remaining parameter is the nucleon
mass, m0 = 1.66 ⇥ 10�24 g (⇠ 930MeV). An electron
beam with a bunch population of Ne = 1.5 ⇥ 109 elec-
trons is assumed with a fixed energy of Ee = 16.5GeV,
and the outgoing photon spectrum from the electron-
laser interaction is denoted as dN�/dE� . These are typ-
ical Eu.XFEL operation parameters as discussed in [11].
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FIG. 4: The projected reach of LUXE-NPOD phase-0 (1) in
a solid blue (black) compare to the currently existing bounds
(gray regions) on X = a,�-photon couplings from LEP [62–
64], PrimEx [43], Belle-II [65], NA64 [66, 67] and beam-
dumps [68–70]. The dark blue dot-dashed is the projection
from on-tape PrimEx dataset [43]. The dotted lines are
future projections of NA62, Belle-II, FASER, PrimEx and
GlueX [40, 43, 71–74]. The natural region for the scalar
model is below the brown dashed-dotted line.

⇠ O(10 � 100) ps [57–59], energy resolution of a few
percent and finally, position and angular resolutions of
⇠ O(100)µm and ⇠ O(100)mrad respectively [57, 59–
61]. To conclude this discussion, we note that even a
subset of these specifications is su�cient to meet our min-
imal requirements for the search.

The projections for the sensitivity of LUXE-NPOD
are shown in Fig. 4 for the axion or scalar mass versus
the e↵ective coupling as defined in Eq. (4). We com-
pare the result to the current bounds from LEP [62–
64], PrimEx [43, 75], NA64 [66, 67], Belle-II [65], and
beam-dumps experiments [68, 69]. In addition, the future
projections of NA62 (in dump-mode), Belle-II, FASER,
PrimEx and GlueX [43, 71–74] are presented. We
see that already in phase-0 LUXE can probe an unex-
plored parameter space in the mass range of 50MeV .
mX . 250MeV and 1/⇤X > 4 ⇥ 10�6 GeV�1. More-
over, we see that LUXE phase-1 is expected to probe
40MeV . mX . 350MeV and 1/⇤X > 2⇥ 10�6 GeV�1.
The region of natural parameter space for scalar is be-
low the brown dashed-dotted line of Fig. 4, see Eq. (5),
which will be probed in phase-1. The projections from

determine the required cosmic muons veto strength and hence

the required arrangement of muon chambers.

the FASER2 (planned for a HL-LHC future run [76]) and
NA62 in dump mode are roughly similar with the LUXE
phase-1 sensitivity curve, that is expected to be reached
after one year of running.
An interesting comparison of the LUXE-NPOD pro-

posal presented here is with the case of electron beam-
dump. In this setup the electron beam is directly col-
lided with the (same) dump. For electron beam with
Ee = 16.5GeV the number of photons with E� > 1GeV
is ⇠ 7 per initial electron. Thus, naively, one can expect
that the X yield will be a factor of ⇠ 2 larger than in
the LUXE setup used as NPOD. However, based on our
Geant 4 simulation, the number of two-photon back-
ground events at the detector is expected to be much
higher. Particularly, we have estimated µ� and µn to be
⇠ 20 and ⇠ 4 and times larger than the respective values
for the LUXE-NPOD setup. Hence, these estimations
make the X search much more challenging in terms of
the requirements on the detector (fn!� and Rsel). The
respective values of R�/n, µn(1.0 m) and µ�(1.0 m) for
this setup are quoted in the Supplemental Material and
the derivation of the probabilities is identical to the one
of LUXE-NPOD given above.

VI. OUTLOOK

In this work we propose a novel way to search for
feebly interacting massive particles, exploiting striking
properties of systems involving collision of high-energy
electrons with intense laser pulses. The laser medium
acts e↵ectively as a thick-material for electrons, which
emit a large flux of hard collinear photons. The same
laser medium acts e↵ectively as a thin-material for these
photons, which are free-streaming inside it. The electron-
laser collision is thus an apparatus, which e�ciently con-
vert UV electrons to a large flux of hard photons.

We then propose to direct this unique large and hard
flux of photon onto a physical dump to allow the pro-
duction of feebly interacting massive particles in a region
of parameters never been probed before. We denote this
apparatus as optical dump or NPOD (new physics search
with optical dump).

This may seem like a pretty unique set of specifica-
tions to follow. However, it happens to be that the pro-
posed LUXE experiment at the Eu.XFEL fulfils all the
basic requirements of the above experimental concept.
LUXE is a part of a broader worldwide program aim-
ing to probe non-perturbative aspects of QED and field
theories in general. It is quite remarkable that even in
its phase-0 and definitely in its phase-1, LUXE will be
able to probe uncharted territory of spin-0 feebly coupled
particles. This can be done in a nearly “parasitic-mode”
of operation, where the only requirement is an additional
detector system as proposed in this work, with no modi-
fication otherwise to the experimental design. Moreover,
we show that with a reasonable choice of detector tech-
nology, this search can be regarded as background-free.
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