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Abstract

The CALorimetric Electron Telescope (CALET) was launched to the International Space
Station (ISS) on August 19, 2015, and has been returning science data since October 13,
2015. Through the main calorimeter (CAL), CALET observes the fluxes of high-energy
electrons, gamma rays and nuclei. CALET measures the energy spectra of the more
abundant cosmic-ray nuclei through 2¢Fe passing within the full CAL geometry, and
utilizing an ultra-heavy cosmic-ray (UHCR) trigger, measures the relative abundances
of the rare UHCR nuclei through 40Zr with an expanded geometric acceptance. Pre-
liminary analysis of the 2¢Fe statistics from the first ~ 13 months of CAL data passing
the UHCR trigger have validated the preflight estimate that in a 5 year mission CALET
will observe comparable UHCR statistics to those achieved in the first flight of the
SuperTIGER balloon-borne UH experiment. The CALET UHCR measurements will
complement those by SuperTIGER in a similar energy range without the need to correct
for atmospheric interactions, as well as those at lower energy and with lower statistics
by the space-based ACE-CRIS instrument. CALET is unique as an instrument sensitive
to UHCR in having the dynamic range to measure from 1H to 40Zr. We present the
status of the CALET UHCR analysis.

CALET Instrument and Main Objectives

The CALET instrument and its main scientific objectives are covered at this conference by
Shoji Torii [1]. CALET consists of a Calorimeter (CAL) and a Gamma-ray Burst Monitor
(CGBM) [2], which are shown on the left in Fig. 1. The side view of the CAL is shown on
the right in Fig. 1, and consists of the following detectors:
e CHD: charge detection module composed of two crossed layers of 32 mm wide x
10 mm thick x 450 mm long EJ200 scintillator paddles.

o IMC: imaging calorimeter composed of eight x-y planes of 448 1 mm? scintillating
fibers interleaved with 3 radiation lengths (X,) of tungsten.

e TASC: total absorption calorimeter with twelve crossed layers of 16 PWO logs,
each 19 mm wide x 20 mm tall x 326 mm long, for a total of 27 X, depth.
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Figure 1: Left: CALET instrument package showing CAL and CGBM subsystems.
Right: CAL side-view showing CHD, IMC, and TASC detectors with an ex-
ample image of a simulated 1 TeV electron shower.

CALET measures:

o electrons with energies from 1 GeV to 20 TeV owing to the great depth of the CAL
(30 Xo) [3, 4].

e gamma-rays energies between 10 GeV and 10 TeV [5, 6].
e nuclei 1 < Z <40 up to 1,000 TeV and energy spectra for Z < 28 [7, 8].

Heavy and Ultra-Heavy Cosmic Rays

The left plot in Fig. 2 shows that UHCR yield important clues to the origins of cosmic
rays [9, 10, 11] in:
e source composition including a contribution from material enhanced by massive
star nucleosynthesis.

e acceleration mechanism with preferential acceleration of refractory elements.
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Figure 2: Left: Ratio of measured Galactic cosmic-ray source (GCRS) abundances (Z <
26 from [12] and 26 < Z from [9]) to mixture of 80% Solar System (SS) [13] and
20% massive star outflow (MSO) normalized to Fe=1 plotted against atomic
mass. Right: SS [13] and GCR relative abundances at 2 GeV/nuc (1 < Z < 2
from [14], Z = 3 from [15], 4 < Z < 28 from [12], Z = 29 from [9], and
28 < Z < 40 from [10].) normalized to 14Si= 1.

The right plot in Fig. 2 compares Solar System (SS) and GCR relative abundances (Fe=1)
at 2GeV /nuc, showing that UHCR (Z > 30) are very rare - putting a premium on col-
lecting power.
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UHCR Data Analysis

CALET data undergoes processing prior to distribution at the Waseda CALET Oper-
ations Center (WCOC) that prepares data for the international collaboration [16] and
monitors CALET. Data preparation includes:

o correcting for variations in response over time and as a function of position within
detector elements using minimum ionizing particles (MIPs) [17, 18].

o applying the energy scale calibration [19].

o determining event track reconstructions [20].
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Figure 3: Left: Residual variation in ysFe peak signal with position in the CHD
in the preliminary UHCR analysis. Right: Residual variation in y¢Fe
peak signal with time in CHD in the preliminary UHCR analysis.

Additional steps for the CALET UHCR analysis include:

selecting events passing UHCR trigger, requiring above threshold signals in the
CHD and top 4 IMC layers.

applying detector position dependent calibrations based on fits to the 2cFe peak,
giving the residual variance shown on the left in Fig. 3.

applying detector time dependent calibrations based on fits to the »¢Fe peak, giv-
ing the residual variance shown on the right in Fig. 3.

apply a CHDX and CHDY charge consistency cut to exclude events interacting in
the CHD [8], shown on the left in Fig. 4.

apply a charge assignment accounting for scintillator saturation following the
method in [21], with the resulting preliminary UHCR charge histogram with the
above corrections applied shown on the right in Fig.4.
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Figure 4: Left: CHDX and CHDY charge consistency cut [8]. Right: Preliminary
CALET UHCR charge histogram with 4 bins/charge unit for UH trig-
ger events within 60° of vertical and for a geomagnetic vertical cutoff
rigidity > 4 GV.

Rigidity Cuts for ISS Orbit

Applying a geomagnetic rigidity based energy threshold cut can improve the CALET
UHCR charge resolution by eliminating lower energy events where the scintillation sig-
nal varies most strongly with energy.

o Cutoff rigidity is the critical momentum, pcri(y,A) [22], divided by the atomic
number Reutoff = Perit(7, A)/Z. Critical momentum as a function of geomagnetic
latitude (\) and East-West angle () shown in Fig. 5 left:

2
perit(7, A) = 602 [1*7 \MNW] )

cos(7) cos(\)

o Geomagnetic latitude calculated from vertical cutoff rigidities (Reut = 15 cos*(\)
GV [22]) at 450 km [23] in 1° longitude x 1° latitude bins shown in Fig. 5 right.

o Events above an energy threshold can be selected utilizing rigidity cut based on

critical momentum with: Ecpit = /P2, /A2 + MZmu — Mamu-

e Using an East-West angle based threshold cut will allow CALET to realize the
potential of the larger UHCR trigger acceptance: geometry factor 0.44 m?sr versus
0.07 m?sr for events contained in the TASC.
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Figure 5: Left: Cutoff rigidity (critical momentum per charge). Right: Contour plot of
geomagnetic latitude at 450 km in 1° longitude and latitude bins derived from
[23]. ISS orbit of 51.6° inclination is shown in black curves.

Preliminary CALET UHCR Results

The preliminary analysis of the first 18 months of data shows that CALET can measure
the UHCR.

o Fig. 6 left shows the charge histogram from Fig. 4 right with a multiple-Gaussian
fit with fixed o = 0.35 and integer means.

o The preliminary analysis has residual contamination from more-abundant lower-
Z peaks that should be resolved with an improved angle-dependent geomagnetic

energy threshold cut.
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Figure 6: Left: Preliminary CALET UHCR charge histogram with 4 bins/charge
unit for UH trigger events within 60° of vertical and for a geomag-
netic vertical cutoff rigidity > 4 GV with multiple-Gaussian fit with
fixed o = 0.35 and integer means. Right: Even-Z relative abundances
(26Fe=1) for CALET (red points) with statistical errors only compared
with SuperTIGER (black points) [10].

o Fig. 6 right shows the CALET UHCR even-Z relative abundances determined by
summing events within £0.5 charge units (cu) of each element charge and deduct-
ing the background from Gaussian fits to the adjacent peaks compared with those
from SuperTIGER [10].

Preliminary CALET even-Z measurements agree to within the CALET statistical
errors, but odd-Z abundances are still contaminated by spillover from more abun-
dant adjacent elements.

Predictions for CALET observing similar UHCR statistics to the first SuperTIGER
flight in 5 years [24] validated by 26Fe statistics from preliminary analysis of the
first ~ 13 months of CAL data passing the UHCR trigger agreeing with those
predicted by the model to within 10%.
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