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Abstract: The forward calorimeter (FoCal) of ALICE, planned to be operational for LHC Run 4, will
cover the pseudorapidity range 3.4 ≤ η ≤ 5.8 allowing to probe the unexplored region of Bjorken-x
down to 10−6. The hadronic section of the FoCal (FoCal-H) will be based on copper capillary tubes
and scintillating fibers inside, with light read out by silicon photomultipliers (SiPM). A “proof of
concept” demonstration prototype was built and tested in the H6 beamline at the CERN SPS in the
beginning of October, 2021, exposing it to an unseparated charged particle beam with energy in the
interval 20 GeV–80 GeV. The design of the prototype as well as the results of the energy reconstruction
are presented and the validation with a GEANT4-based simulation is discussed.
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1. Introduction

The ALICE experiment at the CERN LHC is devoted to the study of the physics
properties of strongly interacting matter and quark-gluon plasma at extreme values of
energy density and temperature in nucleus-nucleus collisions [1]. An ALICE upgrade
phase, to be completed before LHC Run 4, foresees an introduction of a new forward
calorimeter detector (FoCal) [2].

The FoCal is intended to cover the pseudorapidity region 3.4 ≤ η ≤ 5.8, which
will enable measurements of isolated photon yields and correlations of isolated photons
and hadrons in pp and p-Pb collisions. The FoCal is composed of different sections-
electromagnetic and hadronic calorimeters. The electromagnetic calorimeter (FoCal-E) has
a hybrid Si+W sandwich design and is crucial for precise γ/π0 separation. The hadronic
sampling calorimeter (FoCal-H) is a spaghetti type calorimeter and is needed for particle
identification and jet measurements. Ideally, both FoCal-E and FoCal-H should cover the
same region of pseudorapidity. The distance from the nominal beam interaction point to
the FoCal is ≈7 m. In this way the detector is far from the high particle density flux near
the primary interaction vertex and at the same time is close to the beam pipe covering large
pseudorapidity [3].

The construction the FoCal detector requires precise choices of appropriate technolo-
gies which can only be verified in a series of prototype developments and testing.

2. FoCal-H Prototype Design and Readout Electronics

The FoCal-H 2021 prototype is a quadrangular prism calorimeter with dimensions
95 × 95 × 550 mm3. The absorber part consists of 40 × 36 for a total of 1440 Cu capillary
tubes, each with 1.2 mm inner and 2.5 mm outer diameter. Inside the tubes a scintillating
fiber with 1 mm diameter is placed. The downstream end of the fibers are grouped into
48 bundles, each consisting of a 5 × 6 grid of fibers. This grouping pattern allowed to obtain
equal number of fibers per bundle with transverse dimension matching the photodetector
active surface. At the end of each of these groups an Onsemi MICROFC-60035-SMT-TR1
SiPM with a 35 µm cell and active surface of 6 × 6 mm2 [4] is placed, for a total of 48
channels. An image of the FoCal-H 2021 prototype is given in Figure 1.
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Figure 1. FoCal-H 2021 prototype module with 1440 Cu tubes (left), grouped scintillating fibers at the
back of the detector (center) and 16 (out of 48) mounted Onsemi MICROFC-60035-SMT-TR1 SiPMs at
the back of the detector (right).

The readout of the FoCal-H prototype was based on the CAEN A1702 [5] general
purpose board.

The board provides high voltage to each silicon photomultiplier. A common positive
bias voltage is supplied on the cathode with the possibility to adjust the individual channels
within a 5 V range by controlling the zero level of the anode.

The output signals from the SiPMs are taken from the anode and are processed by
a Weeroc CITIROC ASIC. A 12-bit ADC inside a NXP LPC4370 ARM micro-controller
chip [6] digitizes the collected charge in each channel [7]. The fully-digitized data is
transmitted via Ethernet. A modified version of the vendor provided ROOT-based software
FEBDAQMULT [5] was used for the data acquisition. For the present analysis, data taken
at equal gain and high voltage settings were selected.

Two boards were used during the 2021 test. The boards provided signals for two
conditional regions. The first one is the central zone of the detector where the beam spot
was placed. This region corresponded to a single board (B1) with all 32 active channels and
it was the main focus of the 2021 studies. For the second region, which is the outer zone of
the detector, there was the second board (B2) with 16 out of 32 active channels.

3. Test Beam Setup

The constructed prototype was exposed to a non-separated secondary charged beam
containing electrons, muons and hadrons with energy 20, 30, 40, 60 and 80 GeV during a
two-week test beam at the CERN SPS H6 beam line. In this period various configurations
of the FoCal system were tested.

The FoCal-H 2021 prototype was mounted on an adjustable basis, allowing us to
precisely place the beam spot at the central part of the detector. The distance between the
FoCal-H and FoCal-E 2021 prototypes in the test set up was kept at minimum in order to
prevent blow-up of the showers from FoCal-E. A layout of the FoCal-H 2021 prototype
placed on the beam line is given in Figure 2.
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Figure 2. A schematic layout of FoCal configuration for data acquisition during TestBeam 2021.

4. Beam Data Analysis
4.1. Charge Reconstruction

During the 2021 test beam, the FoCal-H 2021 prototype collected data with events for
beam particles with energies 20, 30, 40, 60 and 80 GeV. For the analysis, a reconstruction
environment was developed using ROOT [8] based software. For each channel a pedestal
was determined from events in which no signal from the SiPMs was expected. Such events
are recorded by providing an external signal to any of the two trigger inputs, T0 and T1, of
the readout board. The signal on T0 was with rate 1Hz, while the signal on T1 was with
rate 10 Hz, with a constant offset of ∼25 ms between them. Since no beam signals were
expected in these additional events, they were used as pedestal calculations. The total
charge was reconstructed as the sum of all pedestal subtracted charges qk

i in the channels
belonging to B1, B2 or both.

Due to problems with boards synchronization only the total charge using B1 channels
was used in the subsequent analysis.

The reconstructed charge in ADC counts as a function of the beam energy is shown
in Figure 3. The MIP peak (on the left) is at the same position for different beam energies,
while the second peak is dependant on the beam energy.
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Figure 3. Reconstructed charge in the FoCal-H prototype in ADC counts as a function of the beam
particles energy for beam energies from 20 GeV to 80 GeV.

4.2. Beam Angle Dependence

When the detector is placed parallel to the beam axis, a particle from the beam
can travel through a non-absorber medium in which case it does not start a shower in
the calorimeter.
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When this particle travels along a scintillation fiber, the deposited energy and the
produced scintillation light lead to a saturation in the 12-bit ADC and results in a peak in
the total deposited charge at the position of 4096 ADC counts.

To decrease this effect a small spacer was added at the end of the FoCal-H 2021
prototype. By this, a non-zero angle is achieved between the axis of the beam and the
longitudinal axis of the detector. Two different spacers were used to study the effect
of lowering the saturation in the ADC. Their dimensions of 5.5 mm and 11 mm provide
12.5 mrad and 28 mrad inclination of the detector. The total charge distribution dependence
on the angle of incidence from the FoCal-H 2021 prototype data is given in Figure 4. The
single channel saturation peak decreases significantly for angle of 28 mrad and for the
subsequent results data taken with the 11 mm spacer was used.
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Figure 4. The peak corresponding to a particle traveling along the fiber decreases with the increase of
the angle between the detector and the beam axis and almost vanishes at 28 mrad. For the subsequent
results data taken with a spacer providing 28 mrad inclination was used.

5. Monte-Carlo Simulations

A full Monte-Carlo (MC) simulation of the passage of particles through the detector
volume was performed using the GEANT4 toolkit [9]. The design and the geometry of the
FoCal-H 2021 prototype were implemented and precise studies of the prototype response
were performed. The simulation of the read out electronics was not implemented. A single
parameter was introduced to account for the conversion from deposited energy to collected
charge as part of the analysis of the simulated data. The physics list used for the simulations
was FFTP_BERT, but some of the results were also checked with QGSP_BERT. The energy
deposit in each plastic scintillator fiber was taken as an output from the simulation, while
light propagation, SiPM response and digitization by converting MeV to pC was applied at
the analysis level.

One of the main goals for the MC was to describe the total charge distribution contain-
ment of the data. Simulations with the same number of events for pions (π), muons (µ),
protons (p) and electrons (e) were performed for simulation beam energies of 40 GeV and
60 GeV. The following total charge distributions were summed with weights, where the
total amount of weight of each particle distribution was computed by using the Atherton
parameterization [10]. This parameterization gives the fluxes of the different type hadrons
in the secondary beam produced in a p-Be collisions.

The weighted sum of these distributions for each of these two energies was compared
with the total charge distribution from the data. The data total charge distributions de-
scribed by a weighted sum of Monte-Carlo simulated beam particles for 40 GeV and 60 GeV
are given in Figure 5.
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Figure 5. Total charge distribution in data compared with a weighted sum of MC simulated events
with 40 GeV (top) and 60 GeV (bottom) e, π, µ, p.

A comparison of the dependence of the reconstructed charge from different beam
particle energies between the data and the MC was performed for energies from 20 to
80 GeV. To estimate the reconstructed charge from the data, we assumed that the right
peak in total energy distribution is due to electrons and we took the value of the charge
after we fit it. For the simulation dedicated electron simulations were executed for the same
energies. Again, the electron peak was determined from the total energy distribution in the
simulated detector environment.

Dependence of the reconstructed electron charge (peak value) in ADC counts on the
beam energy can be seen on Figure 6.
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Figure 6. Dependence of the reconstructed electron charge (peak value) in ADC counts on beam
particle energies from 20 to 80 GeV.
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The results of the simulation were found to be consistent with the data acquired during
the test beam. The successful Monte Carlo implementation will also be used in the further
development of FoCal-H prototypes including the final detector.

6. Conclusions

The FoCal detector consisting out of an electromagnetic and hadronic calorimeter
is a planned upgrade of ALICE for Run 4. The first prototype of the hadronic subsys-
tem was successfully assembled and tested on the H6 beamline at the CERN SPS. Beam
energy scanning was performed in the interval 20–80 GeV and the event reconstruction
followed qualitatively the expected trend. A Monte-Carlo model was developed and the
results showed consistency with the acquired data. A larger prototype is currently under
construction and improved performance is expected by the end of 2022.
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