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Abstract.
The LUXE experiment is designed to explore the strong-field QED regime in interactions of high-energy elec-
trons from the European XFEL in a powerful laser field. One of the crucial aims of this experiment is to measure
the production of electron-positron pairs as a function of the laser field strength where non-perturbative effects
are expected to kick in above the Schwinger limit. For the measurements of positron energy and multiplicity
spectra, a tracker and an electromagnetic calorimeter are foreseen. The expected number of positrons varies
over ten orders of magnitude and has to be measured over a widely spread low-energy background. To over-
come these challenges, a compact and finely segmented calorimeter is proposed. The concept of a sandwich
calorimeter made of tungsten absorber plates interspersed with thin sensor planes is developed. The sensor
planes comprise a silicon pad sensor, flexible Kapton printed circuit planes for bias voltage supply and signal
transport to the sensor edge, all embedded in a carbon fiber support. The thickness of a sensor plane is less
than 1 mm. A dedicated readout is developed comprising front-end ASICs in 130 nm technology and FPGAs
to orchestrate the ASICs and perform data pre-processing. As an alternative, GaAs sensors are considered with
integrated readout strips on the sensor. Prototypes of both sensor planes are studied in an electron beam of 5
GeV. Results will be presented on the homogeneity of the response and edge effects.

1 Introduction

The Laser Und XFEL Experiment (LUXE) is an exper-
iment proposal with the mission of studying the behav-
ior of Quantum Electrodynamics (QED) in the strong-field
regime. In particular, LUXE will take precision measure-
ments of electron-photon and photon-photon interactions
in the transition from perturbative to non-perturbative
QED. LUXE also opens the possibility to perform a sen-
sitive search for new particles beyond the Standard Model
that couple to photons [1].

The experiment will use the 16.5 GeV electron beam
from the European X-Ray Free-Electron Laser and collide
it with a high-intensity laser to reach and surpass the crit-
ical field strength Ecr = me

2c3/(eℏ) = 1.32 × 1018 V/m,
known as the Schwinger limit.

In its initial phase, the experiment will use an exist-
ing 40 TW laser. Later on, the laser power will be up-
graded to 350 TW for the second phase. LUXE will use
the 10 Hz electron bunch rate of XFEL, with collisions
occurring only at 1 Hz to match the laser pulse rate. The
remaining electron bunches will be used for background
measurements [1].

The experiment is planned to have two modes which
involve the production of electrons, positrons, and pho-
tons. In the first mode, beam electrons will collide directly
with the high-power tightly-focused laser pulse. For the
second mode, the high energy electrons will first be con-
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verted into a photon beam and then these photons will in-
teract with the laser pulse. The multiplicities and ener-
gies of the particles produced during the interactions will
be measured by a set of detectors. An electromagnetic
calorimeter and a tracker compose the system to measure
the number of positrons and their energy spectrum.

2 The Positron Electromagnetic
Calorimeter for LUXE

For both modes of the experiment, the same electro-
magnetic calorimeter is foreseen for the positron side of
LUXE. The detector is known as ECAL-P, where the let-
ter "P" stands for "positron".

The main challenge in the design of ECAL-P is the
vast range of multiplicities for positrons between the two
modes of the experiment. The expected positron rates vary
from 10−4 to more than 106 per bunch crossing [2]. In
the low multiplicities expected for the γ−laser mode, the
calorimeter must be able to perform measurements with
an excellent background rejection. In contrast, for the
high positron multiplicities of the e-laser mode the detec-
tor must achieve a good linearity.

The proposed solution consists of a compact sampling
calorimeter with a small Molière radius and a high granu-
larity. The ECAL-P design consists of tungsten absorber
plates and thin active layers. Tungsten was chosen as
the absorber material, as it has a small Molière radius of



9.3 mm. The detector will have 21 tungsten absorber lay-
ers with a thickness of 3.5 mm, equivalent to one radiation
length. The active layers are to be kept to less than 1 mm
in thickness.

Two sensor materials are proposed for the sensitive
layers: Gallium Arsenide (GaAs) and Silicon.

The GaAs sensors were produced by the National
Tomsk State University. The sensor is made out of a sin-
gle GaAs crystal compensated with chromium. Each pad
has an area of 4.7 × 4.7 mm2 with a separation of 0.3 mm
between pads. A distinctive feature of the GaAs sensors
is the presence of aluminum traces embedded in the gaps
between the pads. The aluminum traces are connected to
the pads and take the signal to the top edge of the sensor
plane. The metal traces favor the compact design of the
calorimeter by keeping all the electronics on top of the de-
tector and outside of the absorber and the active volume
of ECAL-P. An advantage of GaAs over silicon is that the
former has a higher radiation tolerance, this being the rea-
son why it has been proposed for other calorimeters such
as BeamCal for the ILD [3], detector in which the ECAL-P
design has been based on.

Figure 1. Sketch of the components of an instrumented silicon
sensor plane for the LUXE ECAL-P.

The silicon sensors are produced by Hamamatsu. The
sensor pads have a 5.5×5.5 mm2 area and a 320 µm thick-
ness. The space between pads is 0.01 mm. A flexible Kap-
ton PCB with copper pads and traces connected to the sen-
sor pads with conductive glue will guide the signal to the
edge of the sensor. The sub-layer components of a silicon
sensor instrumented plane are shown in Fig. 1. Similar
signal transport techniques have been tested in various ge-
ometries of the LumiCAL detector prototypes [4],[5].

The front-end ASICs for the readout of the sensor
planes of ECAL-P are called Fcal ASIC for XFEL Exper-
iment (FLAXE) [6]. These ASICs are based on the FCAL
ASIC for Multiplane Readout (FLAME) [7], designed for
the silicon sensors of the LumiCAL detector. The FLAME
ASICs have been used in several beam-tests of the FCAL
collaboration and were used by the LUXE ECAL-P group
in the beam-test described in the following section.

3 Test-beam measurements of active
planes

A beam-test of four prototypes of the ECAL-P sensor
planes was performed at the DESY-II test-beam facility
in September of 2022. Two 16 × 8 pad arrays of silicon
sensors and two 15 × 10 pad arrays of GaAs sensor planes

Table 1. Specifications for FLAME front-end ASIC

Element Specifications
Analog front-end in channel •CR-RC shaping Tpeak ∼ 50ns

•Switched gain
•Cin 20-40pF

10-bit ADC in channel • fsample = 20MHz
•ENOB > 9.5

were put to test in a 5 GeV electron beam. The silicon sen-
sors tested were 500 µm thick, differing from the 320 µm
thick sensors proposed for the ECAL-P.

The FLAME ASICs were used for the readout of the
sensor planes in the beam-test. These ASICs are 32-
channel in CMOS 130 nm with analog front-end and 10-
bit ADC in each channel, followed by two fast (5.2 Gbps)
serializers and data transmitters, more specifications for
each component can be found in Table 1.

A beam telescope composed of 6 ALPIDE sensors [8]
was used to measure the tracks of the beam electrons and
predict their entry point on the sensor plane. All 6 tele-
scope planes were set in between a beam collimator and
the sensor plane under test.

3.1 Performance of the sensor planes

The readout channels used for the beam-test were cali-
brated for differences in the pre-amplification. Each chan-
nel was injected a known test-charge and the gain values
were obtained. Gain corrections were applied to the test-
beam data.

The response of the silicon sensor plane to 5 GeV
electrons was simulated using Geant4. The simulation
included the full material of the sensor planes (carbon
fiber frame, flex PCB, sensor, high-voltage flex PCB). As
shown in Fig. 2, the simulation shows a good agreement
with the test-beam measurements around the Most Proba-
ble Value (MPV).

Figure 2. Signal distribution of 5 GeV electrons in the silicon
sensor. Comparison between test-beam data and simulation.

Using the telescope data, the area of each pad was sub-
divided into pixels. The signal distribution of electrons
hitting each section was plotted and the MPV was calcu-
lated using a Landau function convoluted with a Gaussian
fit. The MPV distribution as a function of the pad’s lo-
cal X and Y coordinates shows a drop in the MPV when
approaching the edges of the GaAs sensor pad, as seen in



Fig. 3. As for the silicon sensors, Fig. 4 shows an L-shaped
area with a 1% rise in amplitude with respect to the aver-
age. The same effect was observed for all the pads studied.

Figure 3. Map of the MPV in a pad of the GaAs sensor.

Figure 4. Map of the MPV in a pad of the silicon sensor.

To quantify the edge effects, the pad area was sepa-
rated into thin strips. The MPV of the signal distribution
of electrons hitting each strip area was calculated. At the
very edge of the GaAs pad, the drop amounts to 50% of
the MPV of the center of the pad. The drop in signal is
shown for a typical pad in Fig. 5. A drop of 2 to 3% at the
edges of the pad can be observed in Fig. 6 for the silicon
sensor.

Figure 5. The MPV in a pad normalized to the MPV of the
center of the pad as a function of the local vertical coordinate for
the GaAs sensor.

Figure 6. The MPV in a pad normalized to the MPV of the
center of the pad as a function of the local vertical coordinate for
the silicon sensor.

A study was performed in which the signals from two
adjacent pads were added for events in which electrons are
predicted to enter the detector along the gap between the
two pads. Scanning along the horizontal coordinate for the
GaAs sensor, one observes a maximum drop in signal of
42% with respect to the average, as shown in Fig. 7.

Along the vertical coordinate, the signal decreases
13% with respect to the average. This effect was not ob-
served for the silicon sensor along either coordinate.

Figure 7. Signal of electrons in two neighboring pads as a func-
tion of the local horizontal coordinate for the GaAs sensor.

Lastly, the MPV of the signal distribution was calcu-
lated for every pad in a sensor plane. To discard the edge
effects of the GaAs pads and make a comparison between
the two types of sensors, only the signals generated from
electrons predicted to hit the center area of a pad were
used. The distributions of the MPV are shown in Figs. 8
and 9 for the silicon and the GaAs sensor, respectively.
The results show that the GaAs sensor has an overall larger
MPV than that of silicon, this is due to the higher density
of the material.

The homogeneity of the response of the GaAs sensor
was found to be comparable to that of silicon after discard-
ing electrons hitting the edges of pads. The homogeneity
of the response in all pads is within 3% for both sensors.

4 Conclusion

Individual pad-response studies were possible using the
beam telescope. The GaAs sensors with the aluminium



Figure 8. Distribution of the MPV for electrons hitting the center
of pads for a silicon sensor.

Figure 9. Distribution of the MPV for electrons hitting the center
of pads for a GaAs sensor.

traces present edge-effects involving a drop in the ampli-
tude of signals. The same effect is found for the silicon
sensor in a smaller scale. Gain calibration factors were ap-
plied to the test-beam data. After removing the edges from
the GaAs sensor pads, the homogeneity of the response
was found to be comparable to that of the silicon sensor. A
Monte Carlo simulation of the instrumented silicon plane
was performed and was found to be a good modeling of
the test-beam data.
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