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Abstract. We have carried out simulation study on the marizing briefly the detector, the sampling imaging calorime-
CALET (CALorimetric Electron Telescope) instrument, es- ter is stacks of 70cm70cm planar scintillating fiber detector
pecially for heavy payload, to optimize the performance for arrays with a 1.0 mm square cross section aligned in X and Y
electron measurement up to 10 TeV. The CALET for heavydirections, interleaved with lead plates. The total thickness
payload consists of a sampling imaging calorimeter broughtof lead plates is 13 radiation lengths (r.l.). The total absorp-
from the balloon-borne electron telescope with scintillating tion calorimeter consists of 2.5cn2.5cmx35cm BGO logs
fibers (BETS) and a total absorption calorimeter with BGO which are placed aligned in X and Y directions layer by layer
log arrays. By the analysis of the simulated events, we havend the thickness is 32 r.I. The total thickness is 45 r.l. and
confirmed the performance of the CALET as follows. The 2.1 nuclear mean free path for protons. From this design, it is
proton rejection power is as much ¥ with the BGO thick-  possible to measure the full shower development of electrons
ness of 35 cm (32 r.l.). The energy resolution is estimated taup to 10 TeV and to detect a considerable part of secondary
be30%/+/E(GeV) and the incident angle is determined by hadrons produced by the nuclear interactions of protons.

the imaging with an angular resolution less than 1 deg. In this paper we present the simulated performance of the
CALET, especially for heavy payload design, which has a ca-
pability to observe cosmic ray electrons in the energy range
from several GeV to 10 TeV. We also report about the per-
formance for measuring the gamma-rays from 1 GeV to 1

The design of the CALET (CALorimetric Electron Tele- Tev.

scope) instrument has two concepts proposed for the obser-
vation of TeV electrons at the Japanese Experiment Mod-2 Simulation Svstem
ule Exposure Facility (JEM/EF) on the International Space imufat y
;t;t\lggrél?)ii/.looagea?lzsiﬂg E?r?etrhﬁa\;v?hgeht/vcgi;rﬁoo?% f50(;(;hke The simulation model detector is slightly different from the
for the heavy payload. The baseline detector for the s:tandar%bove configuratio.n. In order to pptimize the thickne;s of the
payload is brought from the balloon-borne electron telescopt?si(r)r;ggea(;riiygovgz ;?Og??h;er:etﬁg?gfﬂ?}\gjbg\]/ee ﬂjol\ﬁk;ﬁ:
with scintillating fibers (BETS) (Toriet al. (2001a), Tamura range: ger -

etal. (2000)). In order to get an additional rejection power configurations except for this are same as the design of heavy
of a magnitude of 2, the detector for the heavy payload ispayload (Toriiet al. (2001b)).

composed of the BETS-type imaging calorimeter and the to- As an electron enters the instrument, electro-magnetic cas-
tal absorption calorimeter with BGO log arrays. The mission cade shower ensues in the lead plates and BGO logs. The

concepts and scientific objects are described in TEdral. zzg\r,vz:r;lsyslrgi%e:ttgnttjgiz g;rqﬁzséogg ?ggtgrer;;smtl:'lﬁgn dgi-

2001b). . . A

( ) . . rection of the electron is measured by the fiber images and
In order to observe electrons up to 10 TeV, it is requwedthe energy is measured by the fiber and BGO arrays

to achieve a rejection power of 10°. For this purpose, we Monte Carlo Simulations were performed b usi.n the

are considering to put a total absorption calorimeter under ark P y 9

. ) . -~ PICS code developed by one of the authors (Kasahara
I t lar to the standard load. Sum- ) ;
'maging calorimeter simfiar to the standard payloa um (2001)). EPICS is Electron-Photon Induced Cascade Simu-

Correspondence tK. Yoahida lator in a detector and can also deal with hadrons and photo-
(yoshida@kit.ie.kanagawa-u.ac.jp) production of hadrons. In this code, the results of electro-
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magnetic process has been compared with a major simulation We generated electrons with an energy of 0.1 TeV, 1 TeV,
code, GEANT, and the reliability is completely proven. The and 10 TeV at the center of top of detector with the vertical
hadronic interaction model without target fragmentation wasdirection. Protons with an energy three times larger than the
simulated by Nucrin/Hadrin model & < 5 GeV, Fritiof electrons, which have similar shower energy with the elec-
v1.6 model ab<FE < 500 GeV, and the phenomenologi- trons, are compared as the background of electrons. Simu-
cal ad-hoc model aE>500 GeV. The ad-hoc model is fitted lated number of electron eventslis 10 for 0.1 TeV, 1 TeV

to accelerator data including SPS UAS data, which is devel-and 10 TeV. The number of protonslis< 10° for 0.3 TeV,
oped for simulation code COSMOS by K.Kasahara (Kasa-3 TeV and 30 TeV. Figure 1 shows examples of the recon-
hara (2001) and references therein). The simulation resultstructed images of scintillating fibers and BGO logs with X
were also compared with the beam tests of BETS(Taratira and Y directions for 10 TeV electron and 30 TeV proton in
al. (2000),Toriiet al. (2000)). the vertical direction.

EPICS simulation system provides to propagate particles
through a model of the instrument, accumulating energy de-
posits. The simulation model incorporates many fine details
of the instrument, including individual scintillating fibers,
lead plates, and BGO logs, though readout hardware and
electronics are not simulated. Instead of readout hardware
and electronics, the energy deposits in the individual scin-
tillating fibers and BGO logs are recorded. In this simula-
tion, the Landau-Vavilov-Gaussian fluctuation of energy loss
is considered. As a minimum ionizing particle is detected
in the scintillating fiber arrays, electron and gamma-rays are
identified with the imaging capability. The treated minimum
kinetic energy of electrons, gamma rays, and heavy particles
(u, m, K, p, ....) is 100 keV.

Recorded data from the events are analyzed to determine
the scientific performance of the instrument, such as angular

resolution, energy resolution, and proton rejection power. Fig. 1. Examples of the_reconstructed _images of scintillating fiber
and BGO log arrays with X and Y directions. The upper is a

electron-induced shower of 10 TeV and the lower is a proton-
induced shower of 30 TeV. The size is 60gB0cm in one direction.
The energy deposits in each image are presented by gray scale. The

) ) ) fine points in each image show the energy deposits in the fibers and
The simulation system described above has been used to gefie coarse squares, corresponding to a 2.5 cm cross-section, show
erate event data for electrons, protons and gamma-rays. Béhe deposits in BGO logs.

low, we describe instrument performance parameters derived
from these event data.

3 Simulated Results of Performance

We selected electron events and derived the proton rejec-
3.1 Proton Rejection tion power in the following.

Average lateral spread of an electro-magnetic shower in lead 1. The shower starting point selection:

is roughly estimated at1.6 cm (one Moliere unit). On the Since the events with the shower starting point deeper
other hand the proton induced shower should have a wide than a lead thickness of 1 r.l. are easily selected us-
spread due to the spread of secondary pions in the nuclear ing the imaging analysis, we selected the events which
interactions. This difference is clearly observed in the im- have the shower starting point smaller than 1 r.I. depth.
ages of scintillating fibers. As for the BETS, as the method Although almost electron events are selected, proton
for electron selection by the imaging analysis we have used  events are rejected down to 1/20. This proton re-
the ratio of energy deposition within 5 mm from the shower jection power thus becomes20.

axis to the total (RE) for the events of electrons and pro- o ]

tons. However, at higher energies than 100 GeV the proton 2. Discrimination Wlt.h Iqwer and upper threshold levels of
induced shower has a narrower spread and increases the ra- the energy deposits in each BGO layer:

tio of energy. Therefore it is more difficult to reject proton As shown in Fig.1, the electron events smoothly atten-
events in higher energies than 100 GeV only with the RE se-  uate after the shower maximum. On the other hand, the
lection. By using neural network analysis of the images, for proton events do not attenuate after the shower max-

example, proton rejection power is estimated to~bel 0* imum due to the successive interactions of secondary
(Zhang (1998)). To obtain an additional proton rejection hadrons. Figure 2 shows the distribution of the energy
power for the electron observation up to 10 TeV, the total depositions in BGO logs, converted to number of mini-

absorption calorimeter of BGO log arrays is needed. mum ionizing particles, at each depth for 10 TeV elec-
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Fig. 3. Scatter plots of the energy deposition fraction of the total vs.

the thickness for 10 TeV electrons (circle) and for 30 TeV protons

(square) after the shower starting point selection. In the lower, the
Fig. 2. Distribution of the energy depositions in 2.5 cm (2.23 electron-like events are selected with electron surviving rate larger
rl) thick BGO, converted to number of minimum ionizing than 80% at 35 cm BGO thickness.

particles(V.), at each depth for 10 TeV electrons (broken line) and

for 30 TeV protons (solid line).

Log(Ne) Log(Ne)

for 10 TeV in the vertical direction. At larger incident an-
gles the rejection power should become as muck d$)°,
trons and 30 TeV protons. We can see that the separabecause the effective thickness of the calorimeter becomes
tion between electron and proton events becomes largelarger. For example, as the effective thickness is 40 cm at an
as the BGO depth becomes larger. Therefore, by disincident angle of 30 deg, the rejection power becomes larger
criminating with lower and upper threshold levels of the than10°, as shown in Fig.4. At lower energies, the flux ra-
energy deposition in each BGO layer, we can select theio of cosmic-ray protons to electrons is lower, and also the
events which have electron-like development. This pro-rejection power of protons becomes larger. As a result, we
ton rejection method is described in details in Yoshidaoptimized the detector with the BGO thickness of 35 cm.
et al. (2001). Figure 3 shows an example of this se- From this optimization the size of detector was laid out to
lection at 35 cm BGO thickness with scatter plots of the be 70cmx70cm in a restricted weight of the total payload,
energy depositions in each BGO layer and the observe®,500kg.
depth. The proton rejection power of this selection for
10 TeV with electron surviving rate larger than 80% be- 3.2 Electron and Gamma-ray Efficiency
comes2 x 10% at 25 cm,1 x 10% at 30 cm,3 x 103 at
35cm,8 x 103 at 40 cm, and> 2 x 10* at 45 cm BGO
thickness, respectively.

Except for such hadron events as protons, gamma-ray events
are also backgrounds for the electron observation. Electron
has a signal in the incident position at the top layer of fibers
3. Energy shift effect: and gamma-ray has no signals originally. However, gamma-

Since protons with energies three times larger than thoséays have the back-scattered charged particles whose num-
of electrons are compared as the backgrounds, the nunper increases more as the energy becomes higher. Since they
ber of protons at the same energy with electrons is largefave very similar feature of shower development with elec-

by a factor of3'7 than the simulated number. The pro- trons, gamma-rays over 100 GeV cannot completely be re-
ton rejection power is multiplied by 6.5. jected by such plastic scintillator as position insensitive. In

the scintillating fibers, we can measure the back-scattered
The total proton rejection power is derived from these se-charged particles with a position resolution of 1 mm. In the
lections. Figure 4 shows the total proton rejection power forcondition of three hits (signals in three fibers) in the top four
10 TeV with the condition of electron surviving rate larger layers of scintillating fibers within 3 mm from the shower
than 80%, obtained for the different total thicknesses of BGOaxis, the detection efficiencies of electrons and gamma-rays
arrays. are larger than 95% and less than 5% for 10 GeY TeV,
With the BGO thickness of 35 cm, the total rejection respectively. Conversely, this suggests that gamma-rays can
power of protons can be estimated to be as large ad0° be detected with such high efficiency as95 %, rejecting
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Table 1. Detector Performance and Parameter.

Payload Standard Heavy

8 Energy Range(GeV) 10several 10 10-10*
& . SO (m?sr) 0.5 0.5-1.0
§ 10406 | E Proton Rejection Power 10* ~ 10°
;2? . Energy Resolution(%) ~15 30/+/E(GeV)
< . Angular Resolution(deg) 0-+71.2 < 1.0
S 1.0E+05 1 Detector Thickness(r.l.) 13 45
g L]

1.0E+04 S

20 25 30 35 40 45 50

BGO thickness (cm] The detector performance and general characteristics are

summarized in Table 1.
Fig. 4. The BGO calorimeter thickness dependence of the total re-
jection power of protons for 10 TeV with electron surviving rate

larger than 80%. The incident angles are vertical. 4 Summary

The preliminary simulated performance estimations given in

this paper demonstrate that the CALET has a capability to
observe nearly two order of magnitude more electrons above
1 TeV than the present data. In addition to the electron obser-
vation, gamma-ray observation over the GeV region is possi-
ble with excellent energy resolution.

electron events.

3.3 Energy Resolution

The energy of electro-magnetic shower is measured by the\cknowledgementsThis study is funded by a part of "Ground Re-
imaging sampling calorimeter and total absorption calorime-search for Space Utilization” from NASDA and Japan Space Forum.
ter. As a consequence of the use of a very thick calorimeterThis work is also partially supported by Grant-in-Aid for Scientific
it is easily supposed that the energy resolution can be betteResearch (A), the Ministry of Education, Science, Sports, and Cul-
in higher energies. The energy resolution of electrons andure.

gamma-rays in the energy region of 1GeV10TeV is rep-
resented by0%/+/E(GeV), as shown in Fig.5.

In addition to the electron observation, the gamma-ray ob-

servation over the GeV region is possible by a simple im-kasahara,K http:/eweb.b6.kanagawa-u.ac ji{asahara/ 2001.
provement of the trigger system. Especially, the change oframura, Tet al, Adv. Space Re<6, 1397, 2000.

gamma-ray energy spectrum is expected in the energy regiofiorii,S. et al,, Nucl. Instr. and Meth.A 452, 81, 2000.

over 10 GeV for some sources. The excellent energy resTorii,S. et al, Astrophys. J.557, 1, 2001a.

olution for gamma-rays enables us to observe this spectralorii,S. etal, in this volume, 2001b.
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Fig. 5. Energy dependence of the energy resolution of electrons and
gamma-rays. The incident angles are vertical. The errors are less
than the size of symbols. The broken line shows the fitted function
of 30(%)E(GeV) /2,



