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Abstract: The Calorimetric Electron Telescope (CALET) is a new space experiment for astroparticle physics,
which will carry out a five-year observation at the Japanese Experiment Module-Exposed Facility (JEM-EF) of
the International Space Station (ISS). The experiment, currently under development by Japan in collaboration
with Italy and the United States, will measure mainly the flux of cosmic-ray electrons (including positrons) to
20 TeV, gamma-rays to 10 TeV, and nuclei with Z=1 to 40 up to 1000 TeV. We have carried out a beam test of
the CALET calorimeter at CERN-SPS by using the Beam-Test Model (BTM), which consisted of the Structure
and Thermal Model (STM) and the Bread Board Model(BBM) of the front end circuits. The model consists of
the same support structure as the CALET flight model and it includes the Imaging Calorimeter (IMC), the Total
Absorption Calorimeter(TASC) and the Charge Detector(CHD). A part of the sensors; the scintillating fibers in
the IMC, the PWO logs in the TASC, and the plastic scintillators paddles in the CHD, was adapted for the test.
We will describe the model, and will report the basic performance obtained in the beam test.
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1 Introduction
The CALorimetric Electron Telescope (CALET) mission
aims to reveal high energy phenomena in the universe by
a space-based observation of high-energy cosmic-ray elec-
trons to 20 TeV, gamma-rays to 10 TeV, and nuclei with
Z=1 to 40 up to 1000 TeV. The detector is planned to be
placed on the Japanese Experiment Module Exposed Fa-
cility (JEM-EF) of the International Space Station (ISS) in
2014 [1].

As shown in Fig. 1, the CALET calorimeter consists
of three components. The top part is the Charge Detector
(CHD), the middle part is the Imaging Calorimeter (IMC),
and the bottom part is the Total Absorption Calorimeter
(TASC).

CALET observes high-energy cosmic rays by measur-
ing the charge of the incident particle with the CHD, re-
constructing the electromagnetic shower image at the early
stage with the IMC, and determining the energy of the in-
cident particle with the TASC. CALET has a depth of 30
radiation lengths (X0) in total, which makes it possible to
measure energy of the incident particle with high resolu-
tion (< 3 %) up to several tens of TeV. Furthermore, the
TASC has an excellent proton-rejection power of 105 nec-
essary for excellent separation of electrons against the co-
pious background hadrons.

We carried out a beam test at CERN-SPS in 2012 to
verify the detector performance such as the energy res-
olution, the angular resolution and the proton rejection
power, using the Beam-Test Model (BTM) composed of
the Structure and Thermal Model (STM) and the Bread
Board Model (BBM) of the front-end circuit. Results of
the beam test are compared to detector performance which

Figure 1: Schematic side view of the CALET calorimeter.
Dimensions in size are presented in unit of mm.

is expected by Monte Carlo simulations [2]. In this paper,
we will briefly report the BTM detector configuration, the
data acquisition system and the trigger system in the beam
test. Basic performance of the BTM is described in an ac-
companying paper [3].

2 Beam Test Model
To demonstrate the performance of CALET, the BTM was
developed by adopting the STM applied for the structure
and thermal tests. The STM is a support structure of the
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detector made of same materials with exact geometry as
the CALET Proto-Flight Model (PFM). The number of
sensors is, however, limited for the beam test, and the
active area of detector is much smaller than the PFM. The
area is defined to contain the shower spread inside of the
detector.

The BBM of front-end circuit electronics for the IMC
and the TASC was adopted inpart to investigate the end-
to-end performance in signal detection. The BBM is inves-
tigated about its performance such as frequency response,
amplifier gains, noise levels, and dynamic range. Figure 2
shows the detector assembly of the STM, the BBM and the
other FECs, which are described in detail in next section.
Table 1 presents a comparison of the number of sensors

Figure 2: Overview of the BTM with the support structure
of the beam test.

between the BTM and the PFM. The results obtained by
the beam tests are presented in comparison with simula-
tion calculations are given by an accompanying paper [2].

CALET FM STM
CHD Plastic Scinti. 14×(X, Y) 3×(X, Y)
IMC SciFi. 448×8layer 256×8layer

×(X, Y) ×(X, Y)
TASC PWO 16×6layer 3×6layer

×(X, Y) ×(X, Y)

Table 1: Difference between the PFM and the STM for
beam test.

2.1 Charge Detector
The CHD consists of two crossed layers of plastic scintil-
lators. Each layer consists of 14 scintillator paddles, and
each paddle has dimensions of 32 mm wide × 450 mm
long × 10 mm thickness. The paddle is read out at one side
through a light guide with a photomultiplier tube (PMT:
R11823, HAMAMATSU). The dynamic range including
the electric circuit is established to measure the charge of
incident nuclei to Z=40 [4].

As presented in Fig. 3, the STM of the Charge Detector
for the beam test consists of 3 scintillator paddles and 11
dummy acrylic bars in each layer. The scintillator paddle
is wrapped in ESR (Viduiti ESR, 3M) for optical isolation
and reflection.

Figure 3: The STM of Charge Detector. Three PMTs are
connected in each layer.

2.2 Imaging Calorimeter
The IMC consists of 8 layers of scintillating fiber (SciFi)
belts. One layer is arranged in the X and Y direction. Each
SciFi belt consists of 448 fibers of 1 mm square × 448 mm
long. SciFi belt is read out with 64ch multi-anode PMTs
(MaPMTs). In addition, 7 tungsten plates are interleaved
between the layers. Total thickness of tungsten plate is 3.0
X0. The top 5 tungsten plates are 0.2 X0, and the lower 2
plates are 1.0 X0. The IMC identifies the incident parti-
cle determines the starting point for the shower, and deter-
mines finally the incident particle trajectory.

As shown in Fig. 4, the STM of the Imaging Calorime-
ter for beam test consists of 448 SciFi(SCSF-78, kuraray)
in each layer. Both the thickness of tungsten and the ar-
rangement of SciFi are the same as the PFM. However, in
the BTM, SciFi of 256 out of 448 are read-out with 8×
64ch MaPMTs (R11824, HAMAMATSU). The fiber belts
are glued by using urethane adhesive on a substrate in each
layer, which is made of Carbon Fiber Reinforced Plastic
(CFRP) . The structures are supported by aluminium hon-
eycomb plates.

Figure 4: The IMC and front-end circuits.

2.3 Total Absorption Calorimeter
The TASC consists of 12 layers of Lead Tungstenate
(PWO) scintillator logs. It is arranged alternately in the X
and Y direction. Each layer consists of 16 logs, and each
log has dimensions of 19 mm wide × 326 mm long × 20
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mm thick. Top layer in the TASC is read out at one side of
PWO with PMT (R11822, HAMAMATSU), and the other
layers of PWO are read out at one side with a dual pack-
age of photo-diode (PD) and avalanche PD (APD). A dual
APD/PD is a 2-in-1 package of APD (S8664-1010) and
PD (S1227-33BR). The TASC has a key role for measur-
ing the energy of incident particles and separating electron
from proton background.

As shown in Fig. 5, the STM of TASC for beam test
consists of 3 PWOs and 13 brass logs as dummy materials
in each layer. We confirmed by Monte Carlo simulations
that the effect of dummy material might bring little differ-
ence on the detector performance. The total width of PWO
in each layer is nearly 6 cm (for 3 PWO logs) is much less
than the Moliere unit of PWO, ∼ 2cm, of PWO. The effect
of leakage of shower particles in lateral spread is estimated
to be very limited. The PWO logs are wrapped by ESR for
optical isolation.

The support structure of TASC is made of CFRP to pro-
tect PWO from the vibration and impact during launching.
The CFRP structure is covered by side panels made of alu-
minum.

Figure 5: The STM of Total Absorption Calorimeter cov-
ered by aluminum panels.

3 Front-End Circuit for Beam-Test Model
3.1 Charge Detector
The FEC to read the CHD consists of 3 circuit units, which
are Charge Sensitive Amplifier (CSA) and Slow Shaping
Amplifier (Slow Shaper) and Fast Shaping Amplifier (Fast
Shaper). This CSA was designed to achieve power-saving
and high dynamic range, which are required for CALET.
The CSA signals are divided and delivered to the slow
shaper and the fast shaper, respectively. The slow shaper
is used to measure the pulse height, and the fast shaper is
used to generate the trigger signal. We made the slow and
fast shapers in our laboratory which were equivalent to the
PFM.

3.2 Imaging Calorimeter
As the FEC to read the multi-anode PMTs in the IMC,
we adopt 2 types circuit. One is BBM and the others are
the FEC which were used for the CALET prototype de-
tector for the balloon-borne experiment (bCALET). The
dynode-sum signal of the 64 multi-anodes is adopted for
the event trigger. The signals added in each layer are sup-

plied for triggering by using a FEC developed by our lab-
oratory (Dynode-FEC). The BBM was adopted to read
the MAPMTs in the bottom layer. The bCALET-FEC was
used to read the MAPMT’s anode signals in the upper lay-
ers.

3.3 Total Absorption Calorimeter
We used 2 types circuits for the TASC APD/PD read out
as well as the IMC PMT. One is the BBM and the other
is the FEC used in the bCALET. For the read-out of the 3
PMT’s of PWOs at the top layer in the TASC, the BBM is
adopted.

4 Date Acquisition System
As shown in Fig. 6, the Data Acquisition System (DAQ)
for the beam test consists of the FECs described above,
the NIM and CAMAC modules, the VME computer, and
the PCs. This DAQ is equipped to employ as DAQ for the
PFM of the Low Voltage Differential Signaling (LVDS)
communication system controlled by FPGA logic for the
BBM. For the LVDS communication, we used the pro-
grammable FPGA board (A1100 VME LUPO, Melex).
For the bCALET-FEC readout, we use the Data Processer
(DP) module developed for the balloon experiment. By
connecting the VME computer and the PC in the control
room by long ethernet cable, this DAQ system is controlled
at the control room, and we established the quick look sys-
tem for event monitoring and the data analysis.

5 Trigger System
For the CALET observation, a trigger system considering
the shower development in each detector will be used . The
shower trigger system is effective to set an energy thresh-
old for each event according the shower particle numbers
at certain depths. For event triggering in the beam tests, we
employed a coincidence of signals from each of the three
components as follows:

• CHD (CHD) : Summation of PMT signals at each
layer

• IMC (Dy) : Summation of the dynode signals of the
multi-anode PMTs at each layer

• TASC (TASC) : Summation of the PMT signals at
the first layer

By combination of three different signals, we made
three different mode trigger patterns, in the beam test, by
adjusting the threshold in each signal. These are the sin-
gle trigger mode (Single), the low-energy trigger mode
(LE), the high-energy trigger mode (HE) . The LE is op-
timized for observation of the particles with a shower en-
ergy higher than 1 GeV. The HE is optimized for the par-
ticles with a shower energy above 10 GeV. The Single is
adopted to detect a single charge particle without interac-
tions in the CHD and the IMC for calibration of the signal
by a minimum ionizing particle (MIP). The trigger thresh-
old level (in MIP unit) for each trigger mode, determined
by Monte Carlo simulations, is summarized in Table 2.

In the beam test, in order to investigate the performance
of this trigger system, we use the programmable logic
module (NIM) to generate the trigger signal same as the
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Figure 6: The schematic side view of detector and Data Acquisition System and front-end circuit for beam test.

PFM. These signals are read by an input register, and a tag
to identify the trigger mode is attached to each event to in-
vestigate the trigger efficiency.

CHD Dy1 Dy2 Dy3 Dy4 TASC
Single 0.7 0.7 0.7 0.7 0.7 0.7
LE 0.7 0.7 0.7 0.7 5 7
HE - - - - 15 55

Table 2: The trigger threshold level determined by Monte
Carlo simulations. The unit of number is Minimum Ioniza-
tion Particle (MIP). The value of Dy1-4 presents the sum-
mation of the dynode signals for each multi-anode PMT
layer ( from top to bottom ).

6 Conclusion
In order to demonstrate the CALET performance and va-
lidity of our Monte Carlo simulation, we carried out the
beam test at the CERN-SPS in 2012 by using the BTM.
The BTM is based on the STM which has the same config-

uration as the PFM except for the number of active scin-
tillators. As for electronics, we used the BBM front-end
circuits in part, and the other parts were read out with the
bCALET-FECs or newly developed circuits.

In the beam test, we used 10-290 GeV electrons, 30-
400 GeV protons and 150, 180 GeV muons. We obtained
expected performance such as high energy resolution, ∼ 3
%, over 100 GeV for electrons and so on as described in
an accompanying paper [2].
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