
What happens if 𝑒!, 𝑒" or 𝛾 propagate in a very strong field? 

High-intensity lasers (of frequency 𝜔!) can provide fields 𝜀! of 1014 V/m 
in the laboratory frame. 
• The field strength will reach 𝜀#$ for highly boosted electrons (𝛾%~10&)

LUXE (Laser Und XFEL Experiment) will investigate the transition 
into the non-perturbative regime of QED for the first time.
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THE SCHWINGER PROCESS
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A new experiment to study non-perturbative QED in 
electron-LASER and photon-LASER collisionsLUXE

Figure 1.1. Schematic diagrams for the Compton process (e+ngL ! e0 + g) and the Breit–Wheeler process
(g +ngL ! e+e�).

the five beamlines are operating. At this location called "Osdorfer Born", there is a part of a tunnel currently unused which
presents an ideal opportunity to install the LUXE experiment. Starting in about 2030 this tunnel will be part of the construction
of a second XFEL.EU fan. Above the tunnel there is also a building which provides access to the tunnel, and has significant
infrastructure. In this building a laser can be installed, as well as service rooms and other necessary infrastructure for the
experiment.

Figure 1.2. Aerial view of the XFEL.EU location. The linear accelerator starts at the DESY site and ends at the Osdorfer
Born location where the XFEL.EU fan starts with five beamlines going to the XFEL.EU main site in Schenefeld. The location
of the LUXE experiment at Osdorfer Born is indicated.

The high electron beam energy, and the chance to access well-defined electron bunches continually at 10 Hz, makes the
XFEL.EU uniquely suitable worldwide for this proposal. While other accelerator-laser combinations can be considered for
similar experiments, they have lower beam energies (e.g. SACLA, SLAC or laser accelerators) and/or less access to continuous
electron bunches, or a significantly lower beam quality and current (e.g. tertiary electron beam at CERN).

The laser envisaged for the initial phase (phase-0) of the experiment has a power of 40 TW, and will be focused to ⇠ 3µm,
achieving intensities of up to 1.3 ·1020 W/cm2. The laser photon wavelength is 800 nm, corresponding to an energy of 1.55 eV. It
will operate with a steady-state amplifier repetition rate of 1 Hz to ensure high stability. An elaborate state-of-the-art diagnostics
system for the laser intensity will be designed with the goal of achieving a precision on the absolute laser intensity below 5%
and an uncertainty on the relative intensity of individual shots below 1%. In a second phase (phase-1) of the experiment a more
powerful laser with 350 TW is envisaged to reach intensities up to 1.2 ·1021 W /cm2. With phase-0 the critical field will be
reached (ce ⇠< 1.2), but only with the full capacity of phase-1 will it be possible to explore the transition to the super-critical
regime thoroughly up to ce ⇠< 3.
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Quantum electrodynamics (QED) is the world’s most 
precisely known (and tested) theory.
• Weak coupling allows for perturbative description

Vacuum polarisation increases coupling with energy.
• At high energies, the perturbative expansion fails
• The Schwinger limit 𝜀#$ = 1.32 , 10'( V/m defines the 

strong-field regime of QED

Schwinger pair production
𝑒!𝑒" pairs are spontaneously created by field-induced 
tunnelling out of the vacuum 

Compton scattering

Breit-Wheeler pair production

𝑒" + 𝑛𝛾! → 𝑒" + 𝛾#

𝛾# + 𝑛𝛾! → 𝑒" + 𝑒$

Federico Meloni (DESY), for the LUXE Collaboration
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The high electron beam energy, and the chance to access well-defined electron bunches continually at 10 Hz, makes the
XFEL.EU uniquely suitable worldwide for this proposal. While other accelerator-laser combinations can be considered for
similar experiments, they have lower beam energies (e.g. SACLA, SLAC or laser accelerators) and/or less access to continuous
electron bunches, or a significantly lower beam quality and current (e.g. tertiary electron beam at CERN).

The laser envisaged for the initial phase (phase-0) of the experiment has a power of 40 TW, and will be focused to ⇠ 3µm,
achieving intensities of up to 1.3 ·1020 W/cm2. The laser photon wavelength is 800 nm, corresponding to an energy of 1.55 eV. It
will operate with a steady-state amplifier repetition rate of 1 Hz to ensure high stability. An elaborate state-of-the-art diagnostics
system for the laser intensity will be designed with the goal of achieving a precision on the absolute laser intensity below 5%
and an uncertainty on the relative intensity of individual shots below 1%. In a second phase (phase-1) of the experiment a more
powerful laser with 350 TW is envisaged to reach intensities up to 1.2 ·1021 W /cm2. With phase-0 the critical field will be
reached (ce ⇠< 1.2), but only with the full capacity of phase-1 will it be possible to explore the transition to the super-critical
regime thoroughly up to ce ⇠< 3.
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LUXE in Strong-Field QED Parameter Space

0.5 1 5 10
0.05

0.10

0.50

1

5

10

�

�
�

LU
XE

~��e
-8/3��

~��
2/3 ?~�3/��

~�2n*

TunnelingMultiphoton

Fully nonperturbative?Linear

• E144: SLAC experiment in 1990’s using 46.6 GeV electron beam  
→ reached χ ≤ 0.25, ξ<0.4, observed  process 
→ observed start of the ξ2n power law  

• LUXE:  - good chance to be first to enter ξ>1 and χ>1 regime! 
            - directly study collisions between LASER and real GeV photons
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Nonlinear Breit-Wheeler

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

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

• 𝜉 ≫ 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.
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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.
[1] LUXE CDR, arXiv: 2102.02032

𝑚∗ = 𝑚' 1 + 𝜉(

Pr
ob

ab
ilit

y 
pe

r l
as

er
 s

ho
t 

https://arxiv.org/abs/2102.02032


Figure 1.1. Schematic diagrams for the Compton process (e+ngL ! e0 + g) and the Breit–Wheeler process
(g +ngL ! e+e�).

the five beamlines are operating. At this location called "Osdorfer Born", there is a part of a tunnel currently unused which
presents an ideal opportunity to install the LUXE experiment. Starting in about 2030 this tunnel will be part of the construction
of a second XFEL.EU fan. Above the tunnel there is also a building which provides access to the tunnel, and has significant
infrastructure. In this building a laser can be installed, as well as service rooms and other necessary infrastructure for the
experiment.

Figure 1.2. Aerial view of the XFEL.EU location. The linear accelerator starts at the DESY site and ends at the Osdorfer
Born location where the XFEL.EU fan starts with five beamlines going to the XFEL.EU main site in Schenefeld. The location
of the LUXE experiment at Osdorfer Born is indicated.

The high electron beam energy, and the chance to access well-defined electron bunches continually at 10 Hz, makes the
XFEL.EU uniquely suitable worldwide for this proposal. While other accelerator-laser combinations can be considered for
similar experiments, they have lower beam energies (e.g. SACLA, SLAC or laser accelerators) and/or less access to continuous
electron bunches, or a significantly lower beam quality and current (e.g. tertiary electron beam at CERN).

The laser envisaged for the initial phase (phase-0) of the experiment has a power of 40 TW, and will be focused to ⇠ 3µm,
achieving intensities of up to 1.3 ·1020 W/cm2. The laser photon wavelength is 800 nm, corresponding to an energy of 1.55 eV. It
will operate with a steady-state amplifier repetition rate of 1 Hz to ensure high stability. An elaborate state-of-the-art diagnostics
system for the laser intensity will be designed with the goal of achieving a precision on the absolute laser intensity below 5%
and an uncertainty on the relative intensity of individual shots below 1%. In a second phase (phase-1) of the experiment a more
powerful laser with 350 TW is envisaged to reach intensities up to 1.2 ·1021 W /cm2. With phase-0 the critical field will be
reached (ce ⇠< 1.2), but only with the full capacity of phase-1 will it be possible to explore the transition to the super-critical
regime thoroughly up to ce ⇠< 3.
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DETECTORS
XS1 annex. Inside the XS1 shaft building additional components are needed to guide and focus the beam to the experiment.
The length of this installation is about 50 m.

Figure 3.2. CAD model of the end of the XFEL.EU accelerator tunnel and the shaft building with the two existing beamlines
XT1 and XT2 to the undulators (SASE1 and SASE2) and the XS1 annex, where the LUXE experiment can be installed. The
beam extraction and the beam line towards the experiment is sketched with the dashed line.

3.2 Lattice Design and Hardware
The design for the beamline is shown in Fig. 3.3. The part until the last septum is termed beam extraction and the part after the
septa is termed beam transfer line. Part of the beam transfer line (40m) is located inside the XTL tunnel, whereas the rest has to
be installed in the XS1 shaft building and the XS1 annex. A combination of fast kicker magnets, septa, dipole and quadrupole
magnets is used for the design of the beam extraction and beam transfer. In the beam extraction part two kicker magnets and
four septa are used. In the transfer line, 11 dipole magnets, 10 quadrupoles and 10 corrector dipoles are needed. In addition, an
array of diagnostic elements are foreseen.

Figure 3.3. Design of the beamline extraction and transfer line. The different magnets (kicker, dipole, quadrupole) are shown
in different colours. The new kicker magnet which kicks out one bunch towards LUXE is indicated. The horizontal and vertical
scales are in units of m. The LUXE experiment starts at the end of the area shown (z = 270 m). The XS1 building starts at
z ⇡ 235 m in this drawing, 30 m upstream from the Septa indicated.

For the kicker magnets, a new design will be used [176] while all other components adopt the designs already used in the
XFEL.EU. Standard XFEL.EU components will be used for power supplies and general infrastructure, e.g. the vacuum system,
beam instrumentation, water cooling, cabling, safety systems.
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Measure fluxes and energy 
spectra of 𝒆!, 𝒆" and 𝜸.
• Particle fluxes vary 

between ~0.01 (𝑒!) and 
109 (𝑒", 𝛾) per laser shot

Expected 𝒆!𝒆" rates 
• 𝒆 −laser 10−2 − 104 pairs 
• 𝜸 −laser 10−3 − 1 pairs

Use different detector 
technologies!

Complementary 
technologies will aid cross-
calibration, understanding 
of systematics, etc. 

multiplicity are not yet available but in progress. However, even with 10,000 signal particles the occupancy per pixel is
⇠ 10�3 and based on experience e.g. at the LHC experiments it seems likely that it will be possible to still resolve the particles.
Furthermore, the combination with the calorimeter will also improve the ability to reconstruct the number of positrons correctly.
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Figure 6.14. Left: Number of reconstructed and selected tracks versus the number of charged particles for the e-laser setup.
Right: Number of true and reconstructed charged particles in the tracking detector for MC simulation.

6.5.2 Integration and Readout
A schematic and conceptual layout of the entire tracker system beyond the staves is shown in Fig. 6.15. The cooling (at 18� ) is
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Figure 6.15. System layout, showing the staves as the end point client of all services and with the power, readout and cooling
interfaces.

provided to the staves at 0.3l/h via small pipes with outer diameter of ⇠ 2mm as shown in Fig. 6.11 (right) to keep the staves
in a temperature of roughly up to 21�.

Each readout unit (RU) serves one stave and has up to three uplinks, and one downlink. The staves are connected to the
RUs with relatively rigid, halogen free TwinAx cables (of about 5m length). The recommended setup is to use two FELIX
boards [202] (Front-End LInk eXchange, essentially a PCIe card) installed on a single PC, with each managing ten staves.

Finally, one DAQ PC can in principle handle 24 staves although some redundancy should be considered. In LUXE, 2 DAQ
PCs are foreseen.
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Figure 6.22. Left - ECAL resolution with and without background as a function of positron energy for g-laser setup. Right -
ratio of the expected energy deposition in the ECAL with background to the one without background as a function of positron
energy for g-laser setup.
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Figure 6.23. (a) Bird’s eye view of the spectrometer. (b) Rendering of the setup as an input for the FLUKA simulations.

measured and compared with the predictions in the e-laser collisions, and is important input for the BSM physics programme.
In g-laser collisions it serves as an independent measure of the flux of bremsstrahlung photons.

Three detector systems are foreseen for this purpose:

• a gamma ray spectrometer (GRS) that determines the photon energy spectrum based on the measurement of the spectrum
of secondary electrons and positrons generated during the interaction of the photon beam with a solid converter;

• a gamma profiler (GP) that measures the energy-integrated spatial distribution of the photons

• a gamma flux monitor (GFM) that measures the relative flux of photons via a backscattering calorimeter.

All detector systems will be placed between the end of the vacuum pipe, after the positron and electron detection systems,
and the end of the tunnel. A top view of the sketch of the spectrometer, together with its rendering for the FLUKA [207]
simulations, is given in Fig. 6.23. For the simulations presented here it is assumed that the vaccum pipe ends before the photon
detection system components, causing significant scattering of particles in air. While it seems that such a setup is workable, it
is not clear if it is optimal. Studies are ongoing to evaluate the advantages and disadvantages of extending the vacuum pipe
further, at least beyond the gamma ray spectrometer.

6.7.1 Gamma Ray Spectrometer
The main purpose of the spectrometer is to measure the spectrum of the electron-positron pairs generated during the interaction
of the photon beam with the window at the end of the vacuum pipe, which is hereafter assumed to be 200 µm of Kapton.
Deconvolution of the electron and positron spectra, as described in Ref. [208] for similar experimental conditions, allows
retrieval of the spectrum of the photon beam, with an energy-dependent resolution at the few-percent level.
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Photon detectors
• Measure up to 109 photons 
summing up to TeV energies.

Three systems:
• Gamma-ray spectrometer

• Gamma-ray profiler 
• Gamma flux monitor

Figure 6.30. Left: Deposited back-scattered energy, Edeposited, as a function of the number of photons, Ng . Each point
corresponds to one bunch-crossing. Right: Average energy deposition versus the mean number of photons.

The radiation dose deposited in the calorimeter per bunch-crossing is estimated from the simulations to be ⇠ 7 ·10�8 Gy
per lead-glass block. For a year with 107 s this corresponds to an annual dose of 0.7 Gy. According to Ref. [216] a dose of
20 Gy can be tolerated with < 1% degradation for a device of 2.8 cm length. For the present device with 45 cm length the
tolerance is 320 Gy. Thus the detector can withstand the radiation expected in LUXE for many years.

6.8 Data Acquisition and Control System
As the maximum data-taking frequency will be 10 Hz and all detectors are relatively small, current data acquisition (DAQ)
solutions are appropriate for LUXE. Calibration data will also be needed, e.g. when there is an electron bunch but no
electron–laser events or when there are no electron bunches, in order to measure pedestals, noise and backgrounds. When
running with electron bunches only, the well-known energy of the electrons will allow their use for detector alignment and
cross checks of the magnetic field. These calibration and alignment data again should not yield large data rates or high data
volume. The DAQ system will need to be bi-directional as control data will need to be sent to the detectors, e.g. to distribute
timing information, to control motorised detector stages, etc..

Typically, the data rate from one tracking detector is expected to be < 0.5 MB/s. This assumes that all chips of all staves see
the same number of hits from 100 background particles at 9 Hz (with no laser) and 500 signal particles at 1 Hz. Under the most
extreme conditions, at the highest laser intensities (and under the same assumption of all chips seeing the same number of
particles) the data rate is expected to reach at most 5 MB/s mainly due to a factor of ⇠ 10 higher signal-particle rate. In reality,
the distribution of hits will not be uniform. Hence, this number should be seen only as an upper bound which would be relevant
for a short period in the overall data-taking. Assuming a camera used to image a scintillation screen has 1 Mpixels with 8 bits,
then at 10 Hz, reading out all pixels gives a rate of 10 MB/s. These rates, < O(10MB/s), are typical of all sub-detectors.

Therefore each detector component, e.g. silicon tracker after the IP or Cherenkov detector can be read out and controlled
by one front-end computer (PC) which is interfaced to the front-end electronics. Note more than one PC may be used for
contingency, although the actual data rates would not require this. Each of the detector PCs will then be connected to a central
DAQ PC, based in the LUXE control room, as well as a trigger and control system. Further PCs will be required in the control
room to display detector information for e.g. data quality and slow control monitoring purposes. The proposed architecture of
DAQ is shown in Fig. 6.31.

The Trigger Logic Unit (TLU) [217, 218] developed most recently within the EU AIDA-2020 project has been designed
to be a flexible and easily configurable unit to provide trigger and control signals to devices employed during test beams and
integrating them with pixel detectors. It has been used extensively at DESY as well as CERN beam lines by a number of
different detectors. The unit can accept signals from some detector and can generate a global trigger for all LUXE detectors to
indicate the start and end of data taking. The unit can also act as a master clock unit, receiving synchronisation and trigger
commands from the software DAQ, as well as a precise clock reference. Therefore the timing from the electron bunch and/or
the electron–laser timing will be fed to the TLU which will then synchronise the LUXE detectors. The detectors can also send
signals back to the TLU to indicate that they are busy and, for example, data taking to be paused until the busy is removed.
Communication between the DAQ system and the TLU uses the IPBus protocol, a well-established and reliable protocol widely
used in the CMS and ATLAS experiments at CERN.

A DAQ software will be required which could be used for individual components or, if they come with their own software,
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The LASER

• for LUXE Phase-0: existing JETI40 (Jena) 
LASER will be used 
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LUXE basic LASER parameters

active medium Ti:Sa

wavelength 
(energy) 800nm (1.55eV)

crossing angle 17.2°
pulse length 30fs

spot size ≥3μm
power 40TW / 350TW

peak intensity  
[1019 W/cm2] 13.3 / 120
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