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Abstract: The CALorimetric Electron Telescope (CALET) is an imaging calorimeter planned for launch to the Interna-
tional Space Station (ISS) in 2013. The instrument consists of a segmented plastic scintillator charge measuring module,
an imaging calorimeter consisting of 8 scintillating fiber planes with a total of 3 radiation lengths of tungsten plates in-
terleaved with the fiber planes, and a total absorption calorimeter consisting of crossed lead tungstate (PWO) logs with
a total of 27 radiation lengths depth. The primary objectives of the experiment are to measure electron energy spectra
from 1 GeV to 20 TeV, to detect gamma-rays over the energy range from 10 GeV to 10 TeV, and to measure the energy
spectra of nuclei from protons through iron. In this paper we discuss the capabilities of the instrument for measuring the
abundances of nuclei heavier than nickel (Z=28). In particular we will present the maximum charge that can be detected
due to instrument dynamic range, the expected charge resolution, and an estimate of the numbers of events expected in 5

years of space flight in the ISS 51.6 degree inclination orbit.
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1 Introduction

As the name suggests, the CALorimetric Electron Tele-
scope (CALET) is designed principally to measure the en-
ergy spectra of electrons, and the instrument and its prin-
cipal scientific objectives are discussed in greater detail in
[1, 2]. As Figure 1 shows, CALET consists, from top to
bottom, of a charge detection module (CHD), an imag-
ing calorimeter (IMC) with 3 radiation lengths of tungsten
plates read out with 8 planes of scintillating fibers, and a to-
tal absorption calorimeter (TASC) with 27 radiation lengths
of lead tungstate (PWO) logs. The active area of the detec-
tor decreases from 44.8 cm on a side at the CHD and IMC
to 32 cm on a side in the TASC, and has a total instrument
geometry factor of 0.12 m?sr. The great depth of the TASC
enables CALET to resolve electron energies from 1 GeV to
20 TeV, and allows the measurement of gamma-rays with
energies between 10 GeV and 10 TeV. The CHD consists
of two crossed layers of 3.2 cm wide x 1 cm thick x 44.8
cm long EJ204 scintillator segments, which can resolve the
charges (Z) of cosmic ray nuclei with trajectory and energy
corrections from the IMC and TASC [3]. CALET will thus
be able to measure the energy spectra of the more abundant
nuclei with Z < 28.

In this paper we show that CALET can also make signif-
icant observations of the relative abundances of the ultra-
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Figure 1: CALET instrument schematic side view. Dimen-
sions are in mm.

heavy (UH) (Z > 30) galactic cosmic rays (GCR), the
composition of which yields important clues to the source
and acceleration mechanism of the GCR [4]. Previous
space-based UH measurements have lacked either good
charge resolution (Ariel 6 [5], High Energy Astrophysic-
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Figure 2: TIGER data from 2003 flight [4]. Left: Sum of top scintillator signals (S1 + S2) for 5¢Fe events for all energies
(dashed line) and for acrylic Cherenkov signal C1 > 5000 (~ 600 MeV/nucleon) (solid line). Right: Scatter plot of sum
of top scintillator signals (S1 + S2) versus acrylic Cherenkov signal (C1). Curve is 600 MeV/nucleon threshold.

s Observatory-3 (HEAO-3)/Heavy Nuclei Explorer (HNE)
[6]), or statistics (HEAO-3-C2 [7]). The best measure-
ments to date are from the balloon borne Trans-Iron Galac-
tic Element Recorder (TIGER) experiment [4], and more
recently with similar statistics in a complementary lower
energy range with the Cosmic Ray Isotope Spectrometer
(CRIS) experiment on the Advanced Composition Explor-
er (ACE) satellite for elemental [8] and isotopic [9] abun-
dances. The calculations we present below show that for
its anticipated five year mission CALET will have substan-
tially improved UH statistics over previous high resolution
measurements.

2 Scintillator Response to UH Nuclei

The two layers of 1 cm thick scintillator that the CALET
CHD uses are similar to the two 0.8 cm thick scintillators at
the top of the TIGER instrument [4]. Analysis of the CHD
EJ204 scintillator shows that it has a saturated response
proportional to S ~ Z7! [3], while the Saint-Gobain BC-
416 used in the TIGER experiment was found to have a
very similar response S ~ Z':69 [10], so the signal de-
pendence of the TIGER scintillators in the UH region is
expected to be representative of those used in CALET. Ac-
celerator studies of scintillator response have shown similar
saturation results for nuclei up to 47Ag [11].

Examination of the dependence of the scintillator signal-
s from the top two TIGER scintillators as a function of
energy shows that the charge resolution is comparatively
insensitive to energy above a certain threshold. The plot
on the left in Figure 2 shows the histogram of the signal
from the summed scintillators (S1 + S2) for ogFe events

for all energies (dashed histogram), and energies above an
acrylic Cherenkov signal C1 > 5000 (solid histogram) cor-
responding to a threshold of ~ 600 MeV/nucleon. The
energy threshold cut yields a nearly Gaussian distribution
for the charge peak. The corresponding threshold cut for
600 MeV/nucleon in the scatter plot on the right in Figure
2 shows that this cut eliminates the low energy tails from
the charge contours (events to the left of the curve), which
will yield resolvable peaks in the UH region as there will
not be contamination from the tails of the much more abun-
dant lower Z nuclei. The advantage is that the UH charges
can be determined without the need of an energy correction
and the requisite passage through the TASC.

3 Geomagnetic Rigidity Thresholds

CALET is scheduled to be installed on the International
Space Station (ISS) in 2013, which has an orbit at 51.6°
inclination, as shown in the plot on the left in Figure 3. The
geomagnetic vertical cutoff rigidities at 450 km for epoch
1990 are shown in the contour plot in 15° longitude by 5°
latitude bins [12], which are representative of those seen
at ISS altitudes, ranging from 0 GV at the magnetic poles
to over 15 GV near the equator. The dashed white curves
show the rigidity threshold at 600 MeV/nucleon for o6Fe,
and the exact latitude of the threshold is not very sensitive
to the charge of the GCR. The plot on the right in Figure 3
shows the vertical cutoff rigidities for 5gFe as a function of
orbit fraction, and it is clear that for most of its orbit aboard
the ISS that CALET will be above the 600 MeV/nucleon
threshold line, and only for the small fraction of the orbit
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Figure 3: Left: Contour plot of geomagnetic vertical cutoff rigidities at 450 km in 15° longitude by 5° latitude bins. ISS
orbit of 51.6° inclination shown in solid curves. Dashed white lines show rigidity threshold for ogFe corresponding to
600 MeV/nucleon. Right: Histogram of vertical cutoff rigidity as a function of orbit fraction, with 600 MeV/nucleon

threshold for 5gFe shown as vertical red line.

that is below the rigidity threshold will UH events require
energy measurements.

4 Predicted CALET UH Measurement

Spectra have not been measured accurately for UH GCR
given their extremely low fluxes, so the 5¢Fe spectrum s-
caled by relative abundances is used. Calculation of the
numbers of UH events expected to be measured by CALET
is a multi-step process, starting with previous measure-
ments: HEAO-3-C2 for Z < 26 [13], TIGER for 26 <
Z < 40 [4], and HEAO-3-HNE for Z > 40 [6]. The de-
rived elemental fluxes are then adjusted for screening by
the magnetosphere, interaction losses within the instrumen-
t, and for CALET’s response in the UH range. Expected
UH measurements are then derived based on a mission du-
ration of five years.

4.1 Energy Thresholds and Interactions

Given the anticipated launch of CALET in late 2013, the
modulation it will see is likely to be between solar min-
imum and maximum, so calculations use averages of the
results for the maximum and minimum spectra. Integral
spectra are derived from the differential spectra in [14],
and the elemental abundances are calculated for each lat-
itude and longitude bin by evaluating the integral spectra
at the appropriate rigidity threshold energy. The contribu-
tion from each bin is then weighted by total residence time
for the projected five year mission, and then reduced by the
fraction of events that would interact due to the amount of
material traversed as a function of the differential geometry
using total charge changing cross sections [15].

A4S0 T T T T T T T T T

400

(%)
[y
=

o8]
(=3
=

%3
=

T~

—— CHD and 4 IMC layers

—_
(=3
=

...... - 45° limit on one side

10 20 30 40 50 60 70 80 90
Incidence Angle (degrees)

.

W
(=3

Geometry Factor (cm’sr)
13 [ 53
[=3 wn
(=3 (=3
NRBAESRRRE R RSN R RN REEEREEEE R
~

OO

Figure 4: Differential geometry factor for CALET CHD
and top 4 IMC layers (solid line), and with 45° limit on
one side (dashed line).

4.2 Differential Geometry Factor

As noted above, at high enough energies the charges of UH
GCR can be determined based on trajectory corrected scin-
tillator signals without an energy correction, and this only
requires passage through the CHD and the top four layers
(five fiber planes) in the IMC, but not the TASC. This gives
a larger total geometry factor, 0.40 m?sr, than for the to-
tal instrument, 0.12 m?2sr, which significantly increases the
statistics of the UH measurement. There is a further con-
straint that one side of the CALET instrument cannot view
particles with trajectories beyond 45° due to occlusion by
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structural material. The differential geometry factor used
in this calculation is shown in Figure 4 as the dashed line.

4.3 Dynamic Range

The final step in determining the numbers of events that
CALET will see is to account for the limits imposed by the
instrument’s dynamic range. The signal processing chain
in the CHD represents the limiting factor in the dynamic
range, with the limits of the photomultiplier tubes (PMT),
charge sensitive amplifiers (CSA), and analog to digital
converters (ADC) each contributing to the dynamic range,
as shown in Figure 5. Considering the scintillation signal
expected at 45° incidence the limiting factor in the chain
appears to be the ADC with an upper limit of a resolved
charge of Z ~ 46.

10°

T T

10°

Signal
2

Scintillation Signal (PE)
3 _
10 . 3
——— PMT Signal (fC) 3

CSA Signal (mV)

——— ADC Signal (counts)

30 40 50 60 70 80
V4

Figure 5: Charge dependence in CALET signal processing
chain with dynamic range limits.

5 Conclusions

Figure 6 shows the predicted numbers of UH events for
CALET (histogram) and the numbers of events of the com-
bined TIGER dataset (points) [4]. In the 30 < Z < 40
charge range of the UH GCR CALET should obtain num-
bers of events ~ 5x that of TIGER, which is similar to
the numbers of events expected from Super-TIGER for 60
days at float [16]. The advantage of CALET is that the
measurements will be made above the atmosphere, so there
will be smaller corrections for nuclear interactions. In the
40 < Z < 46 charge range CALET can make exploratory
measurements with statistical precision of ~ 25 — 30% for
even-Z nuclei to the highest charge resolved by the dynam-
ic range of the instrument.
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Figure 6: Comparison of anticipated CALET UH numbers
of events compared with TIGER data [4].
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