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Abstract. We are planning a balloon observation of
cosmic-ray electrons, γ-rays and heavy nuclei, using
the CALET prototype detector, named bCALET2. bCALET-2 is 1/12 scale model of the CALET
detector. It is composed Imaging Calorimeter(IMC),
Total Absorption Calorimeter(TASC) and Silicon pixcel Array(SIA). IMC has an area of 256mm×256mm,
and is consisted 8 x-y layers of scintillating ﬁber belts
inserted below tungsten plates (3.57 r.l. in total) for a
ﬁne imaging of shower particles. TASC is made 6 layers of BGO scintillator logs (25mm×25mm×300mm
in each) with an area of 250mm×250mm, for measuring the total energy deposit of incoming shower particles. The geometrical factor, SΩ, is nearly 300cm2 sr.
A part of detector is covered at the top by SIA for
distinction of the charge of primary heavy particles.
We will observe 1 - 100GeV electron and a few
10MeV - 10GeV γ-ray to study the feasibility of
CALET. The balloon ﬂight is scheduled in Sep. 2009
at Taiki Aerospace Research Field, Hokkaido, Japan.
In this paper, we will report the R&D study of the
bCALET-2 detector and a future plan for bCALET-3
and CALET.
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was terminated after the duration of about 6 hours. The
duration of the level ﬂight above 35km was 3.5 hours.
We collected about 3×103 electron trigger events and
4 ×104 γ-ray trigger events in the level ﬂight. We could
conﬁrm the basic performance of the CALET conceptual
design.
The bCALET-2 is increased by four times in detection
area and in the layers of IMC(4 to 8) and TASC (6
to 10). In addition to this improvement we installed a
silicon detector array and an anti-coincidence detector.
We are planning to launch bCALET-2 in 2009 and to
do a test of ﬂight performance. We aim to conﬁrm the
design concept and the actual archetecture work correct
in this ﬂight.
II. E QUIPMENTS
The major part of the CALET detector consists of a
large-mass calorimeter, which is divided into 4 equipments. The top part is Silicon detector array (SIA),
the middle part is an imaging calorimeter (IMC), and
the lower part is a total absorption calorimeter (TASC).
At around IMC, the anti-coincidens detector(ACD) is
installed. A structure of the bCALET-2 as similar with
the CALET structur is shown in Fig.1 and Fig.2.

I. I NTRODUCTION
The CALorimetric Electron Telescope (CALET) mission aims to reveal high energy phenomena in the
universe by space-based observation of the high energy
cosmic rays[1]. The detector is intended to be placed
on the Japanese Experiment Module (JEM) of the International Space Station (ISS). We have researched and
developed elemental components of the CALET such
as BGO scintillators, scintillating ﬁbers and readout
electronics for them. For the veriﬁcation of observation
capability, a balloon-borne experiment with a prototype
of the CALET, bCALET-1 was carried out. We succeeded the ﬁrst campaign of the bCALET observational
ﬂight at May 2006[2]. In this ﬂight, the observation

A. IMC
IMC is composed of eight layers for shown imaging.
Each layer consists of a tungsten plate and two scintillating ﬁber belts arranged in the x and y direction. Each
belt is composed of 256 ﬁbers with a 1mm square cross
section in each. The total number is 4096. The area of
IMC is about 256mm by 256mm. The total thickness
of the tungsten plates is 3.57 radiation length (r.l.). The
shown image observed by IMC is adopted an estimation
of the incident direction and the shower development.
Signals of each ﬁber are detected by 64ch multi-anode
PMTs. The front end circuit developed by using Viking
chip and peak-hold ADC as same as bCALET-1[2].
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Fig. 1. The over view of bCALET-2 payload. The left is the top view of bCALET-2 and right is side view. The detector will be contained in
a vacume vessel.

layer of four pixelated silicon charge sensor and the
sensitive aera is 9cm×9cm. In this time, SIA has two
x-y layers of position sensitive silicon strip detector also.
The pixelated silicon sensor has same performance as
the one used by the CREAM experiment,and it’s charge
resolution is 0.1electron charge unit(e) for (H,He) and
0.35e For (Fe)[5]. These are packed into a metal box,
and covered detection area with acryle plate(Fig.3).

Fig. 2.

The side view of bCALET-2.

B. TASC
TASC is composed of 6 layers of BGO scintillator.
Each layer consists of 10. Each log has 25mm square
cross section. Alternate layers are orientated 90 degrees
to each other to provide an x and y coordinate. The
total thickness of TASC is 13.4 r.l. TASC is used for
measurement of the shower development to determine
the total energy and to discriminate electrons and γ-rays
from protons. To measure BGO signals, a single photodiode is attached to each log. The peak corresponding
to the minimum ionizing particle (MIP) is clearly seen
by measuring a cosmic-ray muon.
C. SIA
SIA owns to measure the charge number of incoming
particle. As shown in Fig.3, the metal box contain one

Fig. 3.

SIA box view

D. Trigger detectors and ACD
Two layers of plastic scintillator are installed as
trigger detector at the top and the bottom of IMC.
Each detector is 1cm(upper) and 0.5cm(lower) thick
plastic scintillators(BC-404) with the wave length shifting ﬁber(WLSF,BCF-92). The signals of two layers of
plastic scintillators and the top layer of TASC is used to
generate a trigger signal.
To obtaine both of electron and γ-ray events, we
provide two trigger modes. This trigger mode can be
changed by preset timer or online command.
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ACD rejects charged particle events coming from out
of the effective area of the trigger detector. It enables to
distinguish electron events incident from out of effective
area and γ-ray events. ACD is composed of 1cm thick
plastic scintillator and 1mmφ WLSFs same as the trigger
detector. The light signal from scintillator is transmitted
to PMT through WLSFs.
III. E VALUATION OF B CALET-2 BY M ONTE C ALRO
S IMULATION
We have evaluated the performance of bCALET-2 detector by using Monte Carlo simulation. We considered
two condition for off-line analysis as following.
1) Standard
Top 3 layer of BGO detected the cosmic-ray
showers
2) Contained
All layers of BGO detected the cosmic-ray showers
The examples of simulated event are shown in Fig.4.

Fig. 5.

Geometrical factor of two incident condition.

Fig. 6.

Trigger efﬁciency of electron

B. Energy resolution
The resolution of incident electron energy is expected below 4% above 10GeV(Fig.7). It is expected
that it improves more than PPB-BETS(12∼20%)[3] and
BETS(14∼17%). Because bCALET has TASC that is
thick active caloriemeter, it is effective not only the
energy determine, but also the rejection of proton event
at the off-line analysis.

Fig. 4. The example of incident events. Each ﬁgures are Electron
10GeV(upper), γ-ray 10GeV(middle) and proton 27.3GeV(lower).

A. Geometrical factor and trigger efﬁciency
2

SΩ is about 320cm sr in the standard condition(Fig.5)
as same as BETS[4]. The electron trigger efﬁciency
become 90% over 1GeV(Fig.6).

Fig. 7.

Energy resolution of electron at each energy.

C. Power of Proton Rejection
For the precise observation of the electron ﬂux, we
need the rejection of proton events. Fig.8 shows a
difference of the shower structure. The data of electron
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is mono energy but protons have a power law spectrum
∝ E −2.7 in this case. Though we still have a room
for optimization of the analysis method, we calculated
that proton rejection power is around 10−4 with the the
electrons remained over 90%.

we realize a good perfomance of the detector. After the
ﬂight, we will have an accereleter beam test at CERNSPS.
We are planning a long duration observation with
bCALET-3. The detector concept of bCALET-3 is same
as bCALET-2, and is enlarged by a factor four in
SΩ. IMC will be extended to 512mm×512mm×18 xy layers. The number of MA-PMT increases to 288.
Moreover, TASK will be composed of 10 layers, and
each layer has 12 BGO logs.
We are proposing a ﬂight of bCALET-3 from Brazil to
Australia, by using a super pressuer balloon. In addition,
a series of long duration ballooning for 50 days in total
in the southern hemisphere and/or in Arctic. In this
observation will be accomplished, we will take nearly
106 electron events over 10GeV; 30 events over 1TeV.
We will be able to conﬁrm the excess reported in the
sub-TeV region[6].
Finaly, we aim to the CALET mission. The research
and development of the bCALET detectors is a base of
the CALET detector. CALET is planned on-board JEMEF on ISSfor the observation over 3 yaers. Scince the
geometrical factor will be 0.7 m2 sr, we can measure the
energy spectrum of electrons at the trans-TeV region.

Fig. 8. The scatter plot is the radius of shower v.s. the maxmum
depth of shower development. Dots and circles denote electron and
proton,respectively
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D. Trigger rate
Scince bCALET-2 is covered by ACD , the rate of
event taking will be decreased to about 20Hz as shown in
Fig9. It does not beyond the ability of data acquisition(∼
30Hz), and we succeed to decrease the dead time of data
taking considerably.

Fig. 9. Trigger rate calcuration. At the ﬂight level(∼34km), the rate
become 1/3.

IV. S UMMARY AND F UTURE P LAN OF B CALET
The bCALET-2 ﬂight is scheduled in Sep. 2009. We
are preparing the detecter and the system to achieve the
balloon ﬂight. By using the Monte Carlo simulations,

We sincerely thank the staff of the department of
scientiﬁc balloon, ISAS/JAXA in Japan. This work is
partially supported by the Grants in Aid for Scientiﬁc
Reserch S (Grant no. 21224006) by Japan Society for
the Promotion of Science.
R EFERENCES
[1] S. Torii et al. , The CALET experiment on ISS, Nucl. Phys. B
(Proc. Suppl.) 166 (2007) 43-49.
[2] Y. Shimizu et al. , Balloon observation of electrons and gamma
rays with CALET prototype, Proc. of ICRC2007 Vol.2(2007) 433436
[3] K. Yoshida et al. Cosmic-ray electron spectrum above 100GeV
from PPB-BETS experiment in Antarctica, AdSpR, vol.42(2008),
1670-1675
[4] S. Torii et al. , The balloon-bone electron telescope with scintillating ﬁbers(BETS), Nucl. Insturum.Methods Phys. Res A,
452(2000), 81-93
[5] P. S. MARROCCHESI et al. , Conceptual design of a charge
identiﬁer array for cosmic ray composition measurements in
CALET Proc. of ICRC2007 Vol.2(2007) 301-304
[6] j. Chang et al. An excess of cosmic ray electrons at energies of
300-800GeV Nature, Vol.456(2008), 362-365

