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The CALorimetric Electron Telescope (CALET) on the International Space Station (ISS) has
made cosmic-ray observations since shortly after its launch in August 2015. The heart of CALET,
its main calorimeter (CAL), continues to make the direct measurements of the highest energy
cosmic-ray total electron spectrum it was designed for. The CAL has also observed gamma rays
and cosmic-ray (CR) nuclei, and it has measured energy spectra as well as secondary to primary
ratios of the more abundant CR nuclei through 26 Fe. In addition, the CAL has measured the
ultra-heavy cosmic ray (UHCR) nuclei heavier than 26 Fe, and it has demonstrated the dynamic
range to measure CR nuclei from 1 H to 40 Zr. Using the main high energy (HE) CAL trigger
mode particle energies can be reconstructed from the energy deposition in the total absorption
calorimeter (TASC), and there is also a high duty cycle (∼90%) UHCR trigger providing an
expanded geometric acceptance that is ∼6× that for events fully contained by the CAL. In ∼5
years the UHCR trigger will collect a data set comparable to that so far collected by the balloonborne SuperTIGER instrument. Preliminary CALET results presented at the last ICRC were in
reasonable agreement with SuperTIGER relative abundances of even charge UHCR nuclei in a
similar energy range. Both of these measurements are complemented by the ∼1/3 smaller lowerenergy space-based ACE-CRIS measurements. We present the current status and future plans for
the CALET UHCR analysis.
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1. Introduction

Figure 1: Left: CALET instrument package showing CAL and CGBM subsystems. Right: CAL side-view
showing CHD, IMC, and TASC detectors with an example image of a simulated 1 TeV electron shower.

The CAL is comprised of three detector systems, shown in more detail in a side view in the
right plot of Fig. 1. At the top is the charge detector (CHD), comprised of x and y layers of 14
scintillator paddles, each 32 mm wide by 10 mm thick by 450 mm long. Below that is the imaging
calorimeter (IMC), which is 156.5 mm tall and made of 8 layers of x and y scintillating fibers (1
mm square and 448 mm long) interleaved with 3.0 radiation lengths (X◦ ) of tungsten (5 layers 0.2
X◦ thick above 2 layers 1.0 X◦ ). At the bottom is the total absorption calorimeter (TASC), made
of 6 x and y layers of 16 lead tungstate (PWO) scintillator logs (19 mm wide by 20 mm tall by
326 mm long) having a depth of 27 X◦ . The CHD, along with the IMC in some cases, provides
the primary particle charge identification. The segmented nature of all three detectors is utilized
in track reconstruction, which relies primarily on the IMC. Particle energy is determined from the
calorimeters, relying mostly on the TASC.

2. Ultra-Heavy Cosmic Rays
The ultra-heavy cosmic rays (UHCR), 30 Zn and higher charge elements, provide insight into
the origins of the galactic cosmic rays. Fig. 2 shows the relative abundances of elements (1 ≤ Z ≤
40) for cosmic rays with energies of 2 GeV/nucleon compared with Solar System (SS) abundances
1
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The CALorimetric Electron Telescope (CALET) on the International Space Station (ISS) is
a Japanese-Italian-US astroparticle observatory that was launched on August 19, 2015 and has
been collecting scientific data since October 13, 2015 [1]. As its name suggests, the principal
science objective of CALET is to directly measure the total cosmic-ray electron flux (e− + e+ ) to
the highest energies (1 GeV to 20 TeV) [2, 3, 4] with the main calorimeter (CAL), shown in the
CALET instrument package in the left plot of Fig. 1. The CAL is also cable of measuring gamma
rays (10 GeV to 10 TeV) [5, 6] and cosmic-ray nuclei (up to 1,000 TeV) [7, 8, 9, 10]. In addition
to the CAL, left plot of Fig. 1 also shows the CALET Gamma-ray Burst Monitor (CGBM) [11],
which can make simultaneous observations with the CAL.

Brian Flint Rauch

CALET Ultra Heavy Cosmic Ray Observations on the ISS

Relative Abundances (Si=1)

105
104
103
102
10
1
10-1
10-2
10-3
10-4
10-5
10-6
10-7
10-8

H
GCR

He
C O

SS
Ne Mg

N

Si S

Na Al
F

Li

B

Fe
Ar Ca

Ni
Cr
Ti
Zn
Mn
P Cl K
Co
Ge
Se Kr Sr
Cu
V
Zr
Sc
Ga
As Br Rb Y

Be
0

5

10

15

20
Z

25

30

35

40

Figure 2: Solar System (SS) [15] and Galactic cosmic-ray (GCR) relative abundances at 2 GeV/nuc (1 ≤
Z ≤ 2 from [16], Z = 3 from [17], 4 ≤ Z ≤ 28 from [18], Z = 29 from [12], and 28 ≤ Z ≤ 40 from [13].)
normalized to 14 Si= 1.

CALET observations will contribute significantly to the statistics of the UHCR data set and
complement existing measurements. The ultra-heavy (UH) event trigger on CALET, which requires events only pass through the CHD and top half of the IMC, will collect in ∼5 years UHCR
statistics similar to those achieved in the first flight of the balloon-borne SuperTIGER instrument
[19]. CALET observes a similar energy range to TIGER/SuperTIGER, but requires corrections
for different systematic effects. The balloon observations must be corrected for energy losses and
nuclear interactions occurring in the atmosphere, while the ISS based measurements in a 51.6◦
inclination orbit are subject to screening by the geomagnetic field. The ACE-CRIS UHCR observations occur in space outside of the geomagnetic field in a complementary lower energy range.
Finally, CALET has the unique capability to measure cosmic-ray abundances in the 1 ≤ Z ≤ 40
2
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normalized to 14 Si. These two samples of galactic matter are generally consistent, with most of
the differences accounted for by cosmic ray spallation while traveling from their source and by
acceleration efficiencies. In the cosmic rays we see that 26 Fe is ∼ 5 × 103 times less abundant
than 1 H, and that the UHCR with charges 30 ≤ Z ≤ 40 are ∼ 105 times less abundant than 26 Fe.
Single-element resolution UHCR measurements have so far only been made up to 40 Zr by the
TIGER [12] and SuperTIGER [13] balloon-borne instruments at GeV/nuc energies, and by the
ACE-CRIS [14] space based instrument at hundreds of MeV/nuc. The UHCR composition shows
enhancement from material produced in massive stars, both in stellar outflows during the stars’
lives and in supernova ejecta. This suggests that a significant fraction of the cosmic rays originate
in OB associations, which is where the majority of supernova that are believed to accelerate the
galactic cosmic rays occur. The fact that the cosmic-ray source appears to be enhanced in massive
star material compared to SS suggests that UHCR observations could help constrain the relative
contributions of supernovas and binary neutron star mergers to the heavy r-process elements.
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charge range with a single instrument, which provides a check of the cross calibrations used in
other measurements.

3. Analysis
3.1 Previous Results
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Figure 3: Left: Preliminary CALET UHCR charge histogram with 4 bins/charge unit for UH trigger events
within 60◦ of vertical and for a geomagnetic vertical cutoff rigidity > 4 GV. Right: Even-Z relative abundances (26 Fe=1) for CALET (red points) compared with SuperTIGER (black points) [13].

3.2 Current Status
Analysis since the last ICRC has focused on increasing the CALET UHCR charge resolution
through improved data corrections and selections. The primary time and position response corrections for CALET are based on 2 He and 1 H, and to improve resolution in UH-range we have
supplemented these corrections in the CHD with ones using 26 Fe nuclei. For each CHD paddle the
26 Fe peak is fit in time intervals where there are a minimum of ∼500 events in each peak. For each
time step the paddle signals are multiplied by the ratio of the overall 26 Fe peak mean to the one for
3
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Preliminary CALET UHCR results reported at the last ICRC were consistent with those published for SuperTIGER[20]. This analysis was based on ∼13 months of data passing the CALET
ultra-heavy (UH) trigger, which provides an increased acceptance by requiring events only pass
through the CHD and the top four layers of the IMC to give a geometry factor of 0.44 m2 sr. Figure
3 shows the charge histogram for this analysis on the left plot, and on the right is a plot comparing
CALET and SuperTIGER even-Z elemental abundances. The data shown are for UH trigger events
that had reconstructed trajectories, were within 60◦ of vertical, passed CHD charge consistency
cuts, and which had a geomagnetic vertical cutoff rigidity > 4 GV. The rigidity cut is used in UH
trigger event analysis to compensate for the lack of information on event energy from the TASC
to screen out lower energy particles below minimum ionization that would confound the charge
determination. The abundances were determined by a multiple-Gaussian fit with integer charge
means and fixed σ = 0.35.
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the paddle’s mean. The left plot of Fig. 4 shows the 26 Fe peak mean time dependence for a sample
of CHDY paddles, and the histogram on the right shows the 26 Fe means for all paddles before and
after the UH-analysis time correction is applied.
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Figure 4: Left: Time dependence of 26 Fe means in half of the CHDY paddles before UH-analysis corrections. Right: Histogram showing all CHD paddle 26 Fe means before (Iteration 1, black) and after (Iteration
2, red) UH time corrections are applied.

The UH-analysis position-dependent corrections similarly rely on both 14 Si and 26 Fe mean fits.
Each CHD paddle is divided into 42 segments with 1/3 the width of a paddle. For each segment
14 Si and 26 Fe peaks are fit for the histograms of UH-analysis data with the time corrections applied.
Initially, the position corrections were applied with 26 Fe mean ratios as with the time corrections,
but now a linear correction is applied using both 14 Si and 26 Fe segment means. The left plot of
Fig. 5 shows the CHDX segment 26 Fe means before (Iteration 1, black) and after (Iteration 2, red)
the UH-analysis position-dependent correction is applied. The middle plot in Fig. 5 shows CHDX
segment 14 Si peak means before and after the 26 Fe ratio position correction is applied, and the right
figure shows the same 14 Si means when the 14 Si and 26 Fe based correction is applied. The linear
correction was used so that all of the paddles will have more uniform gain responses, which will
improve charge consistency selections and charge assignments.
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Figure 5: Left: CHDX segment 26 Fe peak means before (Iteration 1, black) and after (Iteration 2, red) 14 Si
and 26 Fe dependent position corrections are applied. Middle: Histogram of CHDX segment 14 Si peak means
before and after 26 Fe dependent position corrections are applied. Right: Histogram of CHDX segment 14 Si
peak means before and after 14 Si and 26 Fe dependent position corrections are applied.
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Figure 6: Left: CHD layer 2σ total signal charge consistency cut on ∆Z = (ZCHDX − ZCHDY )/(ZCHDX +
ZCHDY ). Middle: CHD highest two paddles 2σ charge consistency cut on ∆Z12 . Right: CHDX selection
limiting relative strength of third highest paddle.
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Figure 7: CALET UHCR charge histogram for present analysis with 10 bins/charge unit for UH trigger
events within 45◦ of vertical and for a geomagnetic vertical cutoff rigidity > 4 GV.

The present analysis also uses a ≤ 45◦ incidence angle cut selection, which is more restrictive
than the ≤ 60◦ cut used in the previous ICRC analysis. One final selection applied is a minimum
threshold for the average signal from the top four layers of the IMC, which cuts most of the nuclei
below 26 Fe and helps reduce the low-energy tail in the UH-range. Figure 7 shows the CALET
charge histogram for the present analysis on ∼34 months of data. This histogram has 10 bins per
charge unit, which is finer than the 4 bins per charge unit in the 2017 ICRC histogram. The peaks
5
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After time- and position-dependent corrections are applied, selection cuts are made to optimize
the UHCR resolution. These are quite similar to those used in the previous ICRC analysis, by also
requiring trajectory reconstruction and having the same > 4 GV vertical cutoff rigidity threshold
requirement. In the present analysis two charge consistency cuts were employed, with Fig. 6 left
showing that for CHDX and CHDY charges derived from the total layer signals and the middle plot
showing that for charges derived from the highest paddle signals in each layer. The charges used in
the former selection include more signal from backscatter, while the latter is more focused on the
signal from the primary particle track. Another selection that screens out events with high signal
contributions outside of the primary particle track, shown in the right plot of Fig. 6 for CHDX, sets
a limit on the relative strength of the third highest paddle signal in each CHD layer.
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are better defined, showing that improved charge resolution can be achieved with stronger selection
cuts. Spillover from the tails of lower-Z high statistics peaks is mostly confined to below 32 Ge.
3.3 Ongoing and Future Work

4. Conclusions
Preliminary CALET UHCR abundances are consistent with previous measurements, and work
continues toward final results. CALET continues to return excellent data from the ISS, and it
is expected to continue operations for several more years. This will allow CALET to contribute
significantly to the total UHCR data set, as well as complement the measurements of other balloonand space-borne instruments.
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