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The performance of the LHCf detectors
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Abstract: The performance of the LHCf detectors was studied at the CERN SPS beam line in 2007 using 50-200GeV
electron, 150-350GeV proton and 150GeV muon beams. Full Monte Carlo calculations of the SPS beam test were
performed by using the Cosmos and Epics MC code and very good agreements were obtained between data and MC.
The detector performance such as the radiation damage were monitored during the 2009-2010 operation by using the π0

mass. In this paper, we will present performance of the LHCf detectors studied at the SPS beam and the LHC condition.
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1 The LHCf experiment

Research on the highest energy cosmic-rays (energy above
1019 eV) has great scientific interest since their origin,
propagation and interactions are unknown and may yield
information about new physics. They are observed by
many air shower experiments such as Auger, HiRes,
AGASA and TA. By analyzing the secondaries in the air
showers using the Monte Carlo simulation with a given
hadron interaction model, the information of primary cos-
mic rays are reconstructed. However, large systematic un-
certainties in hadron interaction models lead to the uncer-
tainly of the shower simulation at the highest energy re-
gion. The physics goal of LHCf is to provide a crucial
calibration point for the hadron interaction models used in
the cosmic ray physics. The detail of the LHCf experiment
is described in [1] [2].

2 The LHCf detectors

LHCf has two independent detectors named Arm1 and
Arm2. Both detectors have two sampling and imaging
calorimeters. These detectors were installed 140 m away
from the interaction point 1 (IP1) and cover almost 0 de-
gree collision angle.
Each calorimeter consists of 16 layers of plastic scintil-
lator and tungsten (44 radiation length and 1.55 interac-
tion length). The transverse sizes of each calorimeter are
20 mm × 20 mm & 40 mm × 40 mm for Arm1 and 25 mm
× 25 mm & 32 mm × 32 mm for Arm2. The detectors
also have the position sensitive layers: SciFi for Arm1
and silicon strip detector for Arm2. Longitudinal struc-
ture is shown in Figure 1. The targets are gamma-rays
E>100 GeV and neutrons E>1 TeV. The calorimeters are
designed to have energy and position resolutions better than
5% and 0.2 mm, respectively, for electromagnetic showers
with energy >100 GeV. At the same time, by reconstruct-

Vol. 5, 27



T.MASE et al. LHCF DETECTOR PERFORMANCE

Figure 1: Longitudinal structure of the LHCf detectors.
Top (Bottom) panel shows the structure of the Arm1 (2)
detector that uses SciFi (Silicon) as the position sensor.

ing the invariant mass of gamma-ray pairs detected in the
two calorimeters, we can identify π0’s.

3 SPS Beam Test

The performance of the LHCf detectors was tested at the
CERN-SPS North Area T2-H4 beam-line from 24th Aug.
to 11th Sep. 2007. The set-up of the beam test is illus-
trated in Figure 2. A microstrip silicon tracker was placed
in front of the LHCf detector to measure the incident parti-
cle position with high precision. This tracking system has
been used for the ADAMO magnetic spectrometer [3] and
is made of five identical detecting modules each of which is
composed of two double-sided microstrip silicon sensors.
Using this tracking system the impact points of particles
on the detector are reconstructed with a resolution better
than 15μm.
The trigger for the data acquisition system was gener-
ated by a coincidence of two small plastic scintillators
(20 mm×20 mm and 40 mm×40 mm) placed at the exit of
the beam pipe. These trigger scintillators were fixed rela-
tive to the beam-line but the LHCf calorimeters and the sili-
con tracker were mounted on a movable stage that could be
scanned through the beam. The electronics for data acqui-
sition was essentially identical to that used in LHC except
for the delay cables of the calorimeter analog signals. For
the SPS 2007 beam tests described here, we used RG58
cables with a total delay of 300 ns while for LHC opera-
tion we used 200 m long low attenuation cables (850 ns de-
lay). Additional tests to determine the different attenuation
of these cables were also carried out during the SPS 2007
beam tests.
Beams of 50-200 GeV electrons, 150-350 GeV hadrons and
150 GeV muons were used in the test. Both detectors were
exposed to these beams. The results of the beam test were
compared with a MC simulation that is used to predict the
performance for the LHC energy range.

Figure 2: Setup of the SPS experiment. Beam enters from
right along the arrow. Two plastic scintillators placed at the
exit of the beam pipe were used to trigger beam particles.
ADAMO is the silicon tracker placed in front of the LHCf
detector The two structures shown in the LHCf detector are
the calorimeters. The detector and ADAMO were placed
on a movable stage.

3.1 Analysis

3.1.1 Monte Carlo set-up

For comparison with the experimental results, we used
the MC simulation package COSMOS7.49/EPICS8.81 [4].
In the analysis of MC events, the beam incident position
was obtained from the MC true value. Meanwhile, the
beam incident position of SPS beam test was calculated
from ADAMO result. Because the position resolution of
ADAMO is high enough (15μm), it can be regarded as a
true incident position.

3.1.2 Corrections

Light collection efficiency of the plastic scintillators and
the fraction of shower particles contained in the small ac-
ceptance of the calorimeters are functions of particle inci-
dent position but independent from energies. These posi-
tion dependencies were corrected by using the light col-
lection and 2-D leakage functions determined in the pre-
assembly calibration and MC simulations, respectively.
Events falling within 2 mm of the edge of the calorimeters
were removed from analysis. More detail of these correc-
tions is found in [2] [5].

3.1.3 Conversion from ADC to energy

The conversion factors from ADC value to deposited en-
ergy were determined channel by channel by comparing
the data of 180 GeV (Arm1) and 150 GeV (Arm2) electron
beams with the MC simulations. For the first scintillation
layer and after the 11th layer, the matching was performed
using the muon data because electron showers do not pro-
duce sufficiently large signals in such layers.
The two histograms obtained from the SPS test beam data
(the value in ADC) and from MC data (energy deposit) of
each layer are compared to get the conversion factor. The
SPS test beam data was scaled by minimizing the χ2 be-
tween two histograms and the conversion factor of the layer
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Figure 3: The distribution of ADC (from SPS results. ADC
is scaled to match the MC results) and the number of par-
ticles (from MC results) of electron showers. The black
dots show the SPS results and the solid lines indicate the
MC results. All 16 layers are shown in this figure. The
scaling factors were determined by minimizing χ2 between
two histograms. The conversion factors of 2-10 layers were
determined using electron data.

was determined. Figure 3 is an example of this analysis in
case of electron.

3.2 Results

3.2.1 Energy determination

After the SPS data was converted from ADC to deposited
energy using the factors determined in Sec.3.1.3, the sum
of the energies deposited in the 2nd to 13th scintillation
layers is used as an estimator of the primary energy. The
distribution of the total deposited energies measured in the
calorimeters are compared with the MC simulations for
each primary electron energy in Figure 4. The experimen-
tal data and the MC result are in a good agreement in all
energies.
The peak values of Figure 4 were plotted as functions of
the beam energy in the top panel of Figure 5. Linear fits
to the experimental data and residuals from the fits are also
shown. We find a deviation from linearity of less than 2%
in the experimental data (filled symbols) and also find a
good agreement between experimental data and MC simu-
lations (open symbols) except at 50 GeV.

3.2.2 Energy resolution

The root-mean-square of the deposited energy distribution
is used as a definition of the energy resolution. The re-
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Figure 4: The sum of the deposited energy for each primary
energy. The black dots show the SPS results and the solid
lines are the MC. The results are for the 20mm calorimeter
of Arm1.
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Figure 5: Plot showing the correlation between primary
electron energy and the sum deposited energy (dE) mea-
sured by the calorimeters. Squares and triangles are results
of the 20 mm or 25 mm and 40 mm or 32 mm calorimeters,
respectively. Filled symbols show the experimental results
while the open symbols show the results of the MC simu-
lations. Dotted lines in the upper panel are linear fits for
the experimental results and the residuals from the fits are
shown in the bottom panel. In the plot of residuals, the
beam energy is shifted by ±5 GeV to avoid overlap.

sults for the energy resolution are shown in Figure 6. Tak-
ing account of the actual noise conditions (ADC pedestal
fluctuations) during the beam test, we obtained very good
agreement between the experiment and MC simulations for
energy resolution. Our target of better than 5% energy res-
olution above 100 GeV is achieved.
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Figure 6: Energy resolution for each tower and arm. The
filled plots show the SPS results and open ones are for
MC. The square plots are for the small tower for each Arm
(20mm and 25mm for Arm1 and Arm2, respectively) and
triangles are for the large tower of each Arm (40mm and
32mm for Arm1 and Arm2, respectively).

3.2.3 Cable attenuation

The results of energy calibration obtained in this beam test
are directly applicable to the measurements done at LHC
except for the difference of the attenuation in the cables
and in the electrical noise. The latter has been carefully
measured at the LHCf experimental site on the LHC and
included in the final LHCf performance simulations. The
difference in cable attenuation was calibrated during the
beam test reported here. One of the long cables used at
the LHC site was brought to the SPS beam test and used to
measure 100 GeV shower signals. The long cable ADC dis-
tribution was compared with the nominal SPS cable setup.
Applying a scaling factor of 0.891±0.017 (95% CL) to the
nominal SPS setup, we could explain the data taken with
the long cable. This factor is used to reconstruct energy
measured at LHC.
An independent calibration of this cable attenuation factor
was carried out at the LHC site. We sent a signal produced
by a pulse generator AFG3252 (Techtronics) from where
the detectors are installed and recorded it in the counting
room. For the comparison, the same measurement was car-
ried out in the counting room using the RG58 cable used
in the SPS beam test. The source pulse shape was gen-
erated using a plastic scintillator and a PMT used in the
LHCf detector excited by fast (0.3 ns) nitrogen laser pulse
using a laser generator KEN-1020 (USHO). The correc-
tion factor (signal amplitude of long LHC cable divided by
signal amplitude of RG58 cable) determined in this test is
0.899±0.004 and consistent with the one obtained above.

4 Monitoring the radiation damage by π0

mass peak

π0 is a main source of electromagnetic secondaries in high
energy collisions. A pair of calorimeters of each LHCf de-
tector allows to measure pairs of gamma-rays generated by
π0 decays and reconstruct the energy, the momentum and
the mass of π0s. The mass peak of the π0 is used as a
calibration source to confirm the detector performance and

Figure 7: The time history of the π0 mass peak position.
The horizontal axis shows the date of LHCf run. The ver-
tical axis indicates the reconstructed π0 mass peak. The
reconstructed π0 mass shifted during data taking due to the
radiation damage of calorimeter.

to estimate the systematic error of energy scale. For more
detail of π0 analysis, see [6].
The LHCf detectors have been exposed to the hard radia-
tion condition during the operation at LHC. Effects of irra-
diation such as a change in the light output from the plastic
scintillators lead to underestimation in the energy recon-
struction. Then, the reconstructed π0 mass was shifted dur-
ing the data taking. Figure 7 shows the time history of the
π0 mass peak position during the 2010 operation at LHC.
The variation of the π0 mass was 3 % for operation of 2010.

5 Conclusions

The performance of the LHCf detectors for electromag-
netic showers was tested using SPS beams in 2007. The
results satisfy the requirements and are well understood by
the MC simulations. The environmental differences be-
tween SPS and LHC were also calibrated. The LHCf de-
tectors successfully started data taking at LHC at the end of
2009 and finished operation in the middle of July 2010. As
a result of the successful SPS calibration, LHCf will pro-
vide fruitful data for calibrating hadron interaction mod-
els [7] and will improve the understanding of the origin of
high-energy cosmic-rays.
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