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Non-linear QED

Classical nonlinearity
In most beam-beam collisions we can assume that only
two particles interact, one from each beam. This can ® %
. . . . O
be very different in beam-laser interactions... %074/’
B.King @ LUXE Coll. 2023

Laser pulse is a coherent state: multi-photon interactions possible...
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Non-linear QED

Classical nonlinearity

In most beam-beam collisions we can assume that only
two particles interact, one from each beam. This can . %
. . . . o 74/,
be very different in beam-laser interactions...
B.King @ LUXE Coll. 2023
Laser pulse is a coherent state: multi-photon interactions possible...

We can try to estimate the expected number of photons participating in the single collision:
e the characteristic scale of the interaction is the Compton wavelength: A\¢ = -
@ work of the laser electric field £, can be estimated as AE = e&; - \¢

mc
@ number of laser photons contributing to this energy transfer: £ = f%:;
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Non-linear QED

Classical nonlinearity

In most beam-beam collisions we can assume that only

two particles interact, one from each beam. This can . %
. . . . o 74/,

be very different in beam-laser interactions...

B.King @ LUXE Coll. 2023

Laser pulse is a coherent state: multi-photon interactions possible...

We can try to estimate the expected number of photons participating in the single collision:
@ the characteristic scale of the interaction is the Compton wavelength: A¢c = %
@ work of the laser electric field £, can be estimated as AE = e&; - \¢
@ number of laser photons contributing to this energy transfer: ¢ = 2E

N
The resulting number is called the classical nonlinearity parameter
f . eEL')\C . eEL-)\L
n hw,  mc2
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Non-linear QED LUXE

Processes of interest

double line denotes Volkov state - electron interacting with the “background” laser field

@ Non-linear Compton scattering

e +nw —e 4+ v
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Non-linear QED LUXE

Processes of interest

double line denotes Volkov state - electron interacting with the “background” laser field

@ Non-linear Compton scattering

e +nw —e 4+ v

@ Non-linear trident process

e + nwp — e + et e
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Non-linear QED LUXE

Processes of interest

double line denotes Volkov state - electron interacting with the “background” laser field

@ Non-linear Compton scattering
e +nw —e + v
@ Non-linear trident process
e +nu —e + ete

@ Non-linear Breit-Wheeler process

v+ nw —et + e

A.F.Zarnecki (University of Warsaw) ECAL-P for LUXE May 12, 2026



Strong field QED

Quantum nonlinearity
For extremely high electric field, work over the Compton wavelength can exceed electron mass.

Critical field, also known as the Schwinger limit:

J. Schwinger, Phys. Rev. 82, 664 (1951)

e Ac = m ¢?

o ~ 1.3-108% V/m of

For fields comparable or higher than the critical field,
eTe™ pairs can be created by tunneling from vacuum. -1

&/mc?

z/(h/mce)

T. Blackburn @ LUXE Coll. 2024
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Strong field QED

Quantum nonlinearity
For extremely high electric field, work over the Compton wavelength can exceed electron mass.

Critical field, also known as the Schwinger limit:

J. Schwinger, Phys. Rev. 82, 664 (1951)

e Ac = m ¢?

o ~ 1.3-108% V/m ot

For fields comparable or higher than the critical field,
ete™ pairs can be created by tunneling from vacuum. -1

&/mc?

Quantum nonlinearity parameter:

8 hw L z/(h/mc)
cr mc T. Blackburn @ LUXE Coll. 2024
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Strong field QED

Experimental reach

Rapid progress in high-intensity lasers.
. . e . o Nonlinear QED: E+e*A.=2m,c*
With Chirped Pulse Amplification (CPA) 2 1071 e cechonek
. — | Zettawatt Laser 4v:gain bandwi ) Era
we can reach TW — PW power, electric 10 z : oo s secton
] v Quark Era
. 25, ” o )3 4
fields up to o 0T e ey | =g =R L
T Ea—— o
s Relativistic Optics: Z?esclgzlr'v Era
E ~ 10 V/m Y M L
> 18
£ - 110
) . 5 Bound Electrons: E = CF Plasma Era
Still orders of magnitude below &, ... 2 107 ;
el
% /< mode-locking P 110” atomic £ra
§ 102 /=<—— Q-switching
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! ! I I
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T. Blackburn @ LUXE Coll. 2024
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Experimental reach

Rapid progress in high-intensity lasers.
. . e . 30 Nonlinear QED: E+e*A.=2m,c*
With Chirped Pulse Amplification (CPA) 2 1071 e cechonek
H 10 [ Zettawatt Laser gvi‘rgaflgt?::gxgstf’secﬁnn Era
we can reach TW — PW power, electric ' s Quark Era
- 25 st o 7
fields up to ~ O s S Lig
S e S Positron-
14 § 2 Relativistic Optics: , _ 5’55;’0" Era
g ~ 10 V / m ; 10—  (arge ponderomotive pressures) L .
= +1
. . g Bound Electrons: E= § 0 Plasma Era
Still orders of magnitude below &, ... 2 107 ;
. . E /<« modeocking 110" atomic £ra
But the field can be much higher for the 8 10t fe— csmans
relativistic electron colliding head-on with | | | | |
1960 1970 1980 1990 2000 2010
the laser pulse:
E* = ~v&aB (1+cosh) T. Blackburn @ LUXE Coll. 2024
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N UXE

LUXE
Laser Und XFEL Experiment

Probing SF QED in collisions of ultra-relativistic EUXFEL beam with high-power laser pulses

Designed to make precision measurements of the 10 [€00] [-x72]
transition from perturbative to non-perturbative Linear b e
QED regime and test theoretical predictions in
the previously unexplored domain
~ =
¢ 5 0)
| Oig |
X S 0(1) Multiphoton ¥ Tunneling
in both electron-laser and photon-laser collisions. 0.5 05 : s P
¢

May 12, 2026
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| UXE
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Th European X-ray laser proje dXFEL

Concept

EuXFEL electron beam:
e 16.5GeV
@ 10 Hz bunch trains

e 1.5-10° e~ /bunch
1 out of 2700 for LUXE

==
Schieswig- s
Holstein

-
-

New extraction beamline T |
funded through ELBEX D N ﬂiolmonen s'c\cl'lrolqon
grant (Horizon Europe) :

I————"\_hizAA
Ty
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| UXE
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Concept 2 } : f!’ T Baropoan X fasey proje (EEL

Laser system
@ Ti:Sa laser 800 nm

@ 40 TW in “phase-0"
350 TW in “phase-1"

@ 30 fs pulses at 1 Hz

@ 3 um beam spot

10 TW optical laser
JeTi40 already at DESY
loan from FSU Jena

= could start in 2030...
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N UXE

Operation modes
o electron-laser

electron - laser set u
Up to 10° photons and electrons per pulse E P @
= dedicated instruments needed for 3 Compton
precise spectra and flux measurement. e, photon
103 - 10° positrons per pulse
= “standard” high precision tracking e e pair gutrf:m

and highly compact calorimeter
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R —! UXE

Operation modes
o electron-laser

Up to 10° photons and electrons per pulse E electron -laser set up @
= dedicated instruments needed for 3 Compton
precise spectra and flux measurement. e, photon
103 - 10° positrons per pulse
= “standard” high precision tracking e e pair gutrf;m
and highly compact calorimeter
o gamma-laser £ S
Up to 102 photons per pulse ﬁ ®

magnet o2
\
1y Protons per p o = aw
and 10 10 e™ e~ pairs =
I€_4 4

= high precision tracking and calorimetry e beam ®

converter dum .
also for electron spectra measurement target P e* e pair

May 12, 2026
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Physics highlights

Compton edge electron-laser mode

Expected changes in the observed Compton spectra as a function of £ parameter:

Photon spectra shape Electron spectra edge position
10_1 Electron energy 16.5 GeV [1=0.1915]
I I I I §=I0.01 — ¢=0.5 I Reconstructed
< 1072t 201 — &=1 | 158 =
‘:(2 3 — §=02 — §=2 Nonlinear QED, £+2.5% L
L 107°F 1 3
% $ 14} ]
S 10 1 %
° g 13 1
S 1075t 1 8
< g 12} e o y
g 10—6, B 8
R Linear QED (Klein-Nishina)
£ 10_7 | | Mr q
L \ Nonlinear Classical
10—8 10t | | | | |
0 12 0.0 0.5 1.0 . 1.5 2.0
Photon energy (GeV) arXiv:2308.00515
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https://arxiv.org/abs/2308.00515

Physics highlights

e"e” pair production

Expected positron production rate as a function of £ parameter:

Number of positrons / BX

Flux for different running scenarios
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Theory and measurement precision

n=0.1915 [16.5 GeV], 16 cycles
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ECAL-P for LUXE LUXE

Design concept

Main challenge for positron detection:
expected number of positrons varying from 10~* to 107 per laser pulse (!)

Two running modes planned for positron calorimeter, for low and high intensity:
@ at low intensity showers need to be identified in a widely spread background
@ at high intensity shower will overlap = only total flux reconstruction possible
For both modes, precision depends on the transverse shower size !

LUXE TDR Eqep MeVipad] LUXE Euep [MeV/pad]
s-laser (beam only) ECAL ‘ 20 e-laser (5 GeV o+) EGAL 20

20 1
; =TT : =TT
zlayer 15 - o] 2ty 15, o cupt (2 Wi
5 15 5 N 15
0
| 10}

ylpad] 5}
o
100
0s -
Eh
x [pad]

©  LUXE TDR (2023) K ‘
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ECAL-P for LUXE LUXE

Design concept

Highly compact and modular calorimeter to minimize the Moliére radius. Design based on the
concept of forward calorimeters developed for luminosity measurement at future ete™ colliders.
Based on thin silicon sensors previously produced for CALICE (16x16 pads 5.5x5.5 mm?).

@ 21 tungsten plates of 1 Xq

@ 1 mm sensor gaps between

@ 20 active planes

@ six sensors per plane

e Front-End-Boards (FEB) above the sensors

Requires dedicated sensor sandwich design,
dedicated FEB, readout scheme and mechanics.
Design developed for LUXE TDR (2023) =

A.F.Zarnecki (University of Warsaw) ECAL-P for LUXE May 12, 2026 14 /35



2025 prototype LUXE

Mechanical frame
Aluminum frame designed and manufactured at University of Warsaw (machined to 10 um)

Tungsten plates from three vendors: “T-frames” for FEB and sensor support:

Nominal sensor gap increased to 1.2 mm to secure min. of 1.0 mm clearance...

A.F.Zarnecki (University of Warsaw) ECAL-P for LUXE May 12, 2026



2025 prototype LUXE

Compact Silicon Sandwich - CSIS

Prototype sensor structure:

Hv-Toum | |
Conductive
Si - 320um glaugwsez)yuer:‘s
each
“normal” glue
layer
~50-100um
CF - 250um Total:
~110-200um
Total: 760um

Includes HV Kapton, silicon sensor, signal Kapton,
carbon fiber support to improve mechanical properties

Total thickness (including glue): 800 — 850 pm. 20 CSIS produced at IFIC Valencia

May 12, 2026
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2025 prototype

Front-end electronics

Based on FCAL FLAME ASIC,
previously developed for the luminosity detector at future Higgs factory

Main features:

@ 32 channels
@ 10 bit ADC at 20 MHz in each channel

@ Analog front-end in each channel.
CR-RC shaper of 50 ns

@ High speed serializer

Read out with dedicated system based on
commercial Trenz TEQ808 FPGA
Developed at AGH Krakow

A.F.Zarnecki (University of Warsaw) ECAL-P for LUXE May 12, 2026



Beam test results

Prototype at DESY test beam, June 2025

.......

S

: - -
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111 VIE
Beam test results LUNL

New ALPIDE telescope electron position to ~ 40 pm

Test setup

20 sensors in 11 planes

Two running configurations:
o without absorber (tracker mode) il

o with 11 to 21 tungsten plates
(calorimeter mode)

View from the top Dimensions in mm

0

4.7 mm plane pitch

S00T-
G80T

Ref. Plane

Telescope Telescope Collimator
(Planes 3-5) (Planes 0-2) (15x30 mm?2)

May 12, 2026
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Beam test results

DAQ

Two streams of data were stored:

@ Zero Suppressed (ZS) data
calculated signal amplitude and arrival time
for triggered channels from FPGA
crucial for on-line monitoring

@ Raw ADC samples for all channels
used in off-line event reconstruction and
analysis, crucial for understanding of
detector performance

Raw data consumes around 250 times more
storage space in comparison to ZS data.

1IVVE
VN

FEB FEB | x11
83.2 Gbps >} = 9152 Gbps
A 4 A 4
TLU FPGA FPGA | x11
[ N _t
13 kB/ev 1 Gbps ETH
A4 A 4
SWITCH
£ 10 Gbps ETH 143 MBps = 1.2 Ghps @ 1 kHz
0+
—2 g
R = ONLINE
MONITOR
HDD

Worked without problems up to 2 kHz event rate, over 300 milion events collected (33 TB) !!!

A.F.Zarnecki (University of Warsaw) ECAL-P for LUXE
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Beam test results

Signal processing

Processing of sampled signals:
@ bad channels are eliminated,

@ pedestal subtraction is applied,
signal candidates are identified,

@ common mode is subtracted,
as calculated from non-signal
channels,

@ signal candidate selection is
repeated, additional filter and
correction is applied,

@ integral non-linearity correction
is applied for large signals

ADC Vaue

1. ADC samples

180E-

wo0f-

2

Sample D

ADC Valve

S

. Pedestal and CM subtracted

£
Sample 1D

E]
Sample ID

by Dawid Pietruch

A.F.Zarnecki (University of Warsaw)
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Beam test results

Channel calibration

Based on data collected without absorber planes (tracker mode) - “MIP" signal

1496 ane.

Example fit results for single channels:

aso0f-

a0o0f-

200

200f-

g2 2
[AARLAAM MM MM A AN A A

| L e | SCTTOTTPYOTIOeT,
T e R e

A.F.Zarnecki (University of Warsaw)

MPYV Distribution all channels

r hMPVDist
r Entries 2067
5007 Mean 11.83
C Underflow 0
400 Overflow 0
300
200
100
N P PP (U I AP PPN IR
0 5 10 15 20 25 30

by Melissa Almanza Soto
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111 VIE
Beam test results LUNL

Longitudinal shower profile
Average signal per layer from calorimeter mode runs with different beam energies.

Deposited Energy vs Layer ) ) )
@ Shower profile scaling with In(E)

—e— 1.0_GeV,

0.22

—=— 20_GeV!

@ Prototype limited to 11 Xy

0.2

—— 3.0_GeV.

0.18
—— 4.0_GeV:

@ Too shallow for higher electron energies

0.16.

—e— 5.0_GeV

Va7 N
7 NN
74 NGNS

Fraction of Total Energy

0.14

0.12

0.08

TTT[ T TT T TTT[ T [ TT T TTT T [ TT T TTT T 77T

0.06 / / \\\\ . . .

008 Vo4 S~ Dedicated runs with additional tungsten

000 ) plates in front of the prototype still to be
ot L included in the analysis

by Dawid Pietruch
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Beam test results

Energy resolution

Signal distribution and resolution from calorimeter mode runs with different beam energies.

Total Amplitude [MIPs]

0 200 400 600 800 1000 H H H
o o @ Expected response distribution
£ 0.022H (Range Mean + 20) —— 10.GeV .
5 E - Mean=1515,0=343.1, RMS=357.3,0/Mean=0.226, Ratio=1.00 at |OW energles
g 0.02 ; Mean=2964,0=498.5, RMS=528.2, o/Mean=0.168, Ratio=1.96 200V
= 0.018H Mean=4365,0-634.0, RMS=699.4,/Mean=0.145, Ratio=2.88 ——30.Gev
g 0018 .. . .
£ = Mean=5729,0=791.0, RMS=894.1,0/Mean=0.138, Ratio=3.78 —— 40 Gov ° V|S|b|e non_llnearlty
2 0.016 Mean=7116,0=916.1, RMS=1090.0,0/Mean=0.129, Ratio=4.70
F Mean=7853,0-953.4, RMS=1162.1,0/Mean=0.121, Ratio=5.18 S 50.Gev H H
0014 e ien due to longitudinal leakages
0.012F
= @ Also affecting distribution shape
0.008] = energy resolution
0.006F
0.004—
0.002—
oE L : : N
0 2000 4000 6000 8000 10000 12000

by Dawid Pietruch
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111 VIE
Beam test results LUNL

Telescope track reconstruction

ALPIDE sensors (29x27um? pixels) measure track position with precision down to 3 um.

Six-plane track fit performed in Corryvreckan taking multiple scattering into account.
Track x?/ndof ALPIDE_OLocal Residual X

trackChi2ndof LocalResidualsX
Entries 536987 | £ 30000 Entries 535117
% Mean  -0.0001872

StdDev  0.004899
25000,

Mean 1.841
20000,
lLL 15000

StdDev  1.758
L 10000

30000

events

25000

20000

mwww
\I:‘

15000

10000

5000 5000/

S
f
L/
/
N

| P s e e = S O | IR T S, |

7 8

~
@
N
m
Y

0.04
XXgacy [MM]

by Shan Huang
At 5 GeV, track position at the calorimeter face is reconstructed with about 40 um precision.
Dominated by multiple scattering in the last sensor plane.

9
2éindof
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(M EAYA =
Beam test results LUAL
Telescope alighment

Calorimeter and telescope reference frames need to be aligned = two approaches developed

Hough transform method was designed for the tracker mode.
Considered are events with deposits in two neighboring cells - track hitting cell edge
Before alignment

“Track Positions BEFORE Rotation (Top 10 pads) - Run 1255

Selected events After alignment

HT Results in Sensor Coordinates (Run 1255)

Aligned Track Positions by Plane-0 Pad (Top 10 pads) - Run 1255

Al 2:Neighoor Hits
" ints

A.F.Zarnecki (University of Warsaw)
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Beam test results VAL
Telescope alignment Likelihood method for calorimeter mode
10.0 Particle position at DUT
7.5
5.0
£ zz <« track position extrapolated from the telescope
2 s for the maximum deposit in single cell of layer 9.
-5.0
=75
_10'920 -15 -10 -5 0 5 10 15 20
Xpur [mm]
< we can consider probability distribution for
foo finding maximum at given distance from the track.

Position [cell]
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Beam test results

Telescope alignment Likelihood method for calorimeter mode

Particle position at DUT

o Calorimeter layer can be aligned with the telescope
5.0 by maximizing the log-likelihood function for large
£ zz ; sample of cascade events.
;é -2.5
—5.0 10.0 Particle position at DUT
-7.5 '
7.5
_10'920 -15 -10 -5 0 5 10 15 20
Xpur [mm] . 5.0
£ 25
1-D probability distribution
1.0 E‘ 0.0
5
0s S -25
Z oo -5.0
=z -7.5 a
m“ _10'920 -15 -10 =5 l 0 5 I 10 15 20
Xpyr [mm]
e s e 65 g0 o5 1o 13 20 by Barttomiej Brudnowski
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Beam test results

Telescope alignment  Method comparison for tracker mode run

Internal Alignment - Run 1496 (ref: plane 0) Sensor centre position in telescope frame for run 1496

By tum)

Rotation relative to reference

[mrad]
°
&

o
oz

-05

X shift relative to reference

° -232

-22.2

-22.4

_-226
E
E-228

* 230

-23.4

° 854

8.60

8.58
£ 856

¥

8.52

850

Plane number

Consistent results from Hough transform (left) and likelihood method (right)
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111 VIE
Beam test results LUNL

Sensor response studies Response profile for cell 128 in plane 0

Knowing exact position of the track hitting the
sensor, we can study sensor response in detail, cell
by cell.

AY [mm]

We profit from huge statistics of events!

Inner cells: uniform response over 5.53x5.53 mm?

in perfect agreement with Hamamatsu specification

A.F.Zarnecki (University of Warsaw) ECAL-P for LUXE May 12, 2026



111 VIE
Beam test results LUNL

Sensor response studies Response profile for cell 131 in plane 0

Knowing exact position of the track hitting the
sensor, we can study sensor response in detail, cell
by cell.

AY [mm]

We profit from huge statistics of events!

Inner cells: uniform response over 5.53x5.53 mm?

in perfect agreement with Hamamatsu specification

Edge cells: significantly larger (by ~0.2 mm).
Total active area slightly larger than specified!

A.F.Zarnecki (University of Warsaw) ECAL-P for LUXE



111 VIE
Beam test results LUNL

Sensor gap studies - tracker mode

Gap between two sensors (two towers)
@ 0.2 mm mechanical clearance
@ 2x0.76 mm of uninstrumented silicon

= 1.72 mm of “dead” region expected

With wider edge pixels,
effective gap width significantly reduced!

Only around 1.0 mm with no response at all

Deposited Energy of Around the Gap pads 91,92

20

-
«

Amplitude [ADC]
5

—— Outer Gap= 1.7
$ Pad9l data
$ Pad 92 data

w

— Inner Gap= 0.80

{

0

05 00 05 10 15 20
X sensor [mm]

by Ben David Talmor

A.F.Zarnecki (University of Warsaw)
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111 VIE
Beam test results LUNL

Sensor gap studies - calorimeter mode

Shower Average Energy vs Scope X Position

With very narrow shower core in tungsten, Fit to Generalized Gaussian Distribution
~1mm gap can have very strong effect 1.001 S
on the calorimeter response. 0.901
0.80
Response to perpendicular beam of 5 GeV _ 070/
electrons as a function of the impact point = £ 4] . —
> % —— Generalized Gaussian fit
jo
. ) £ 0504 I 1 data
Up 50% signal loss for showers in the gap! £
0.40
. . x?/ndof =2.56
Fortunately, there will be no perpendicular 0.30 e
positrons in LUXE (due to magnetic field) 0201 - H=-0216+0.010
o=1.372 + 0.025
0.10+1 B =1295+0.040
Runs taken with different beam incident oion= s i t o
angles still to be analyzed X Telescop [mm]

by Ben David Talmor
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Beam test results

Moliére radius

Radial Amplitude Density

Weighted response calculated in each layer Distnce (pads],

~'<E' [:: 2" 4 6 E 8 10 12
in narrow radial bins: E B ‘ ‘
& = — signal
S 10'= - — data
=
§ o ~T
[= —
o 107E
3 E
B 107
s E =
I << o .
o 107E"
® -
S 0%
< E rE———— o= i F==" y === : e S e——
E 1L-\/-v
3
03»7
. . . . LT E—T 30 40 50 60 70 80
including correction for non-active cells Distance from Core [mm]
Weights calculated from fitted radial profile (iterative procedure) by Dawid Pietruch
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Beam test results

Moliére radius

Calculated for increasing number of calorimeter layers (Xg) considered

Cumulative Energy Profile Moliere Radius Evolution
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11 Xg clearly not sufficient for detailed estimate = runs with addition tungsten in front (WIP)
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With LUXE experiment, Strong-Field QED research will enter intensity parameter domain
never explored before, but also facing new experimental challenges.

Highly compact positron calorimeter is a key component of the experiment.
Full scale prototype, very close to the final design, built and successfully tested in 2025.

Huge amount of high quality data collected with very precise information on particle position.
Many different systematic studies possible...

Event reconstruction, calibration and alignment concluded.
Detailed performance studies starting, promising first results.
Detailed comparison with dedicated Monte Carlo simulation results about to start...

Full understanding of the test results and validation of the simulation tools can have
significant impact on the optimization of the forward calorimeter design...

A.F.Zarnecki (University of Warsaw) ECAL-P for LUXE May 12, 2026
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Beyond perturbative QED

For £ < 1 we are in perturbative regime, lowest order contribution (single photon) dominates,
Taylor series in a ~ &2 converges fast.

For £ < 1 - still perturbative regime but slow convergence,
onset of multi-photon processes, non-linear effects emerge

For £ > 1 - each photon number contribute with comparable weight
= new approach needed to obtain solutions to “all orders”
Furry picture

We can factorize electron interactions into “background” interactions with the laser field
and actual interactions involving high energy photons (w > w;)

Electrons and positrons “dressed” in laser radiation: Volkov states

A.F.Zarnecki (University of Warsaw) ECAL-P for LUXE May 12, 2026
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SLAC E144

First to approach the non-linear domain was SLAC E144 experiment
colliding 46.6 GeV electron beam from SLC with 1 TW green laser (¢ < 0.4 and x < 0.25)

Non-linear Compton scattering and non-linear Breit-Wheeler pair production observed

Cartoon of SLAC E144 experiment

no. of positrons / laser shot

g

Dump 0.1 02 03 04

g at laser focus

I [Bamber et al. (SLAC 144) ‘99]
L
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On-line monitoring Zero Suppressed data

Real-time detector monitoring of system performance and data quality via web interface.

A.F.Zarnecki (University of Warsaw) ECAL-P for LUXE May 12, 2026



Backup

Amplitude correction

FLAME shows linear response up to ~200fC
For higher charges correction is needed...
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Example of single channel amplitude spectra
after integral correction (blue)
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Linear QED
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https://arxiv.org/abs/2504.00873
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Table 3 Laser parameters for the two phases of the LUXE experiment, and the quantum parameter x. is given for two
different electron energies. All values are for circular polarisation with peak field parameters £ and x increasing by a factor

of /2 for linearly polarised laser irradiation. For focal spot the lowest value targeted is given, and the peak intensity (&
and x.) values given correspond to this waist value. The laser pulse is expected to be Gaussian in all three dimensions in
the focal point. The laser is expected to operate at 1 Hz repetition rate, a 10 Hz repetition rate is in principle available at
lower intensities

Laser parameters Phase-0 Phase-1
Fraction of ideal Gaussian intensity in focus (%) 50

Laser central wavelength (nm) 800

Laser pulse duration (fs) 25-30

Laser focal spot waist wq (pm) >3

Laser repetition rate (Hz) 1-10

Electron-laser crossing angle (rad) 0.3

Laser energy after compression (J) 1.2 10
Laser power (TW) 40 350
Peak intensity in focus (x10%° W/cm?) <1.33 <12
Dimensionless peak intensity, <79 < 23.6
Quantum parameter Phase-0 Phase-1
Xe for E. = 14.0 GeV < 1.28 < 3.77
Xe for E. = 16.5GeV < 1.50 < 4.45
Xe for E. = 17.5GeV < 1.6 < 4.72

From LUXE TDR: Eur. Phys. J. Spec. Top. 233 (2024) 10, 1709-1974;  arXiv:2308.00515

A.F.Zarnecki (University of W ECAL-P for LUXE
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Backup

Timeline for the staged construction of the LUXE experiment

2025 2026 2027 2028 2029 2030 2031+
Extraction beamline -
(ELBEX)
LUHELaser e+ retlon L1 1T

(** later upgrade to 350TW

LUXE Detectors Design, Procurement Construction, Testing Installation Minimal Detectors Installation Full Detectors,

arXiv:2504.00873

Installation* (*pending EuXFEL council approval)

A.F.Zarnecki (University of Warsaw) ECAL-P for LUXE May 12, 2026
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Gamma profiler Gamma spectrometer Gamma flux monitor
Sapphire micro-strip det. Photon spectra reconstructed from the Photon beam position
2x2 cm?, 100 um pitch measured Bethe-Heitler ete™ pairs and intensity from
2x 2 orthogonal strips  generated in a thin target mstrumented dump
Ls Ly
collimators___ detectors// piclen

+

L
POEORE €
OOOOCY

lolofolololo]
®®®®®® e
dlpolc/
detectors
Measurement of beam Looking at shower
width to < 10um leakages from the dump

May 12, 2026
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Cherenkov detector electron detectors for electron-laser mode

@ air-filled steel straws or glass rods (FACET-II)

Prototype tests at E-320 experiment

(7Y

@ SiPM readout, 2 mm spatial resolution
Scintillating screen
@ optical readout (camera)

@ 0.5mm position resolution

photodetectors

Cherenkov detector L
[ ¢ N < )

scintillator screen
+ camera system

e-trajectories m

S dipole magnet

A.F.Zarnecki (University of Warsaw) ECAL-P for LUXE May 12, 2026
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Positron pixel tracker

Prototype tests at E-320 (FACET-II)

@ Design based on ALPIDE chips (MAPS)

o Four layers, 18 chips per layer in two staves

@ Spacial resolution ~ 5 m

Similar set-up for electron arm in gamma-laser mode

A.F.Zarnecki (University of Warsaw) ECAL-P for LUXE May 12, 2026
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LUXE-NPOD arXiv:2107.13554

Experimental set-up can be extended to allow for light exotic long-lived particle searches.
Could be produced directly in electron-laser collisions ( “optical dump”) or in photon dump.

Yav detector (TBD) (77 Expected reach of axion search
e-laser setup ALPs A2l

(Not in scale) W dump

Backscattering calorimeter

Shielding

PrimEx _

Scint. screen GlueX. pb!

2
Dipole magnet 2
10~ FASER

y-converter Shielding _'> \'\:)‘4 GlueX, fb~!
Cor N Electron beam dump 5
. Belle—II
Calorimeter ¢l ]] Cherenkov counter 5
Pixel tracker behind a Scint. screen < 5 N L.UXE-NPOD
— 107k E

"\ phase—1 A

Electron beam
from the XFEL ¢

A.F.Zarnecki (University of Warsaw) ECAL-P for LUXE
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