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The LUXE experiment will study laser electron scattering at the European XFEL at DESY to
explore an uncharted domain in quantum electrodynamics. To measure the number and the
energy spectrum of electrons and positrons, produced in the multi-photon Breit–Wheeler process
over a wide range of multiplicity, two electromagnetic calorimeters are foreseen. In Monte Carlo
simulations it was demonstrated that the necessary performance can be matched by highly compact
and finely segmented calorimeters. A design is presented for a sampling calorimeter. Tungsten
plates are used as absorber material, with a Molière radius of about 9.3 mm. They are interspersed
with active pad sensors to form a sandwich. To keep the Molière radius near the one of tungsten,
the gap between tungsten plates must be kept small. Hence, thin sensor-planes are needed. Here,
two technologies for ultrathin sensor planes are investigated based on silicon (Si) and gallium
arsenide (GaAs) pad sensors. In both, thin metal traces guide the signal on a pad to the sensor
edge where the front-end ASICs are positioned. For the GaAs sensors, these traces are made of
aluminium, embedded in the gaps between the pads, and for the Si case, Kapton fan-outs with
copper traces are glued to the sensor. In addition, a dedicated front-end ASIC in 130 nm CMOS
technology is developed for the readout. A full system test of two considered pad-structured
sensors for the LUXE ECAL is reported. The sensors are positioned in a 5 GeV electron beam at
DESY. A pixel telescope is used to measure the trajectory of each triggered electron. The signal
on each pad is amplified and digitised. Data preprocessing is done using FPGAs. Results are
presented on the signal-to-noise ratio, the homogeneity of the response of different pads, edge
effects, cross talk and signals due to the readout traces on the GaAs substrate.
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1. Introduction

The LUXE experiment [1, 2] aims to explore the uncharted regime of strong-field quantum
electrodynamics (SFQED) by measuring the collisions between high-energy leptons, extracted from
the 16.5 GeV electron beam of the European XFEL via the ELBEX project [3], and a highly intense
laser with peak powers between 10 and 350 TW. ELBEX delivers primary electrons at 10 Hz, each
containing 1.5× 109 electrons, which either interact directly with the laser, or are converted to GeV
photons beforehand, corresponding to the LUXE 𝑒-laser and 𝛾-laser running modes. The laser
operates at 1 Hz, allowing a detailed study throughout the data taking of background caused by the
lepton beam. The LUXE detector system (Fig. 1) is designed to detect electrons, positrons, and
photons produced at the interaction point (IP) and to observe processes such as nonlinear Compton
scattering and Breit–Wheeler pair production.

Figure 1: Diagram of the LUXE experiment [1].

Downstream of the IP, a spectrometer based on tracking detectors and an electromagnetic
calorimeter, ECAL-P, are positioned. ECAL-P is designed to be highly compact and granular in
order to minimize the Molière radius and enhance the separation of overlapping showers. It has
20 layers of tungsten absorbers and sensor planes and a cross section around 55 × 11 cm2. The
gap for the sensor in-between neighbouring tungsten planes is limited to 1 mm. Technologies for
the ECAL-P, also applicable to forward luminometers for future colliders, provide high energy and
position resolutions for the incoming particles, effective rejection of diffuse low-energy background,
and the capability for wide-range positron multiplicity expected at LUXE. This article summarizes
the latest status of detector R&D for LUXE ECAL-P, highlights its sensor prototyping and testing
on the DESY test beam facility. Further details of this study can be found in [4].

2. Prototyping

Two types of ultrathin sensor planes (Fig. 2) have been developed for ECAL-P. The first is
based on Hamamatsu Si sensors that are 500 µm or 320 µm thick, and were tested in 2022 and
2025, respectively. They have an active area of around 9 × 9 cm2 segmented into 16 × 16 readout
pads. Kapton films, providing high voltage and fanouts with embedded copper traces, are glued
to the sides of the Si sensor. The GaAs planes are produced by Tomsk State University. They are
500 µm thick and have an active area of 5 × 7.5 cm2 and 10 × 15 readout pads. Aluminium traces
are integrated in the gaps between the pads. In both novel technologies, thin metal traces guide the
signal to the front-end ASICs and require less space than wire bonds. Four sensor planes (two for
each type) were tested in 2022, and 20 additional Si planes were assembled for the 2025 campaign.
The current ECAL-P design uses the Si option due to availability within the LUXE timeline.
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Figure 2: (Left) sensor plane prototypes of Si produced in 2025 and GaAs used in 2022. (Right) block
diagram of FLAME [4].

The front-end ASIC, called FCAL ASIC for Multiplane Readout (FLAME) [5, 6], has 32
channels per chip implemented in 130-nm CMOS technology. It uses 10-bit ADCs operating at
20 MSps (50 ns per sample). It offers two gain options and a linearity better than 5%. The ASICs
are connected to back-end FPGAs and coordinated by trigger-logic units during the test-beam
campaigns.

A new mechanical support was designed for the 2025 campaign. A detector prototype of 2
towers and 11 layers was built. Super-flat tungsten plates (nominal flatness 50 µm) were produced
and inserted into high-precision combs. The sensor planes were suspended from T-frames and
positioned by high-precision pins. The front-end boards, with ASICs packed inside, are installed
to the upper side of the T-frames and cable-connected to the FPGAs located on the top of the stack.

3. Testing

The test-beam campaigns were conducted at the DESY-II facility using electrons, where a
beam telescope of 6 ALPIDE planes provides a prediction of the electron impact point with an
uncertainty of few tens of micrometers, (depending on the beam energy.) The 2022 data were
taken with 5 GeV electrons, and an energy scan from 2 to 6 GeV was performed in 2025. After
data synchronization and alignment, we study the signal distribution of single particles (referred
to as MIPs), the uniformity, and edge effects between readout pads (Fig. 3). The MIP spectra
are fitted with a Landau distribution convoluted with a Gaussian noise to determine their most-
probable values, which are found to be 21.9 and 20.3 least-significant bits (LSBs) for Si and GaAs

Figure 3: (Left) MIP signal distributions from experiment and simulation of Si sensor; and signals from
adjacent pads and their sums over the electron impact position of (central) Si and (right) GaAs sensors [4].
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sensors, respectively. The results match Monte Carlo simulations performed with Geant4. The
response for electrons impacting different locations within a pad is generally uniform except drops
near boundaries. By adding the signal from the adjacent pad, no loss is observed for Si sensor,
whereas for the GaAs sensor a loss up to 40% is found. This is expected due to the larger gap size
(0.3 mm) and the traces in the gap. For the uniformity among different pads, after calibration the
front-end amplifiers, we find the pad-to-pad differences spread within 0.6 and 0.4 LSB for Si and
GaAs sensors, respectively.

4. Conclusion

Ultrathin sensor planes based on the new technologies of fanout- and sensor-embedded traces
are tested in an electron beam and demonstrate very good performance. The results validate the
feasibility of a highly compact and granular sampling calorimeter as required for LUXE and future
𝑒−𝑒+ colliders. A Si-based ECAL-P prototype has been assembled in 2025, and further studies,
including data analysis and tests with LUXE-specific ASICs are ongoing.
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