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Heavy Cosmic Rays with CALET Caterina Checchia

1. Introduction

CALET is a space experiment aboard the International Space Station (ISS), designed for long-
term observations of charged and neutral cosmic radiation [1]. The instrument is managed by an
international collaboration led by the Japanese Space Agency (JAXA) with the participation of the
Italian Space Agency (ASI) and NASA. It was launched on August 19, 2015 with the Japanese
carrier H-1IB, delivered to the ISS by the HT'V-5 Transfer Vehicle, and installed on the Japanese
Experiment Module Exposure Facility (JEM-EF). The science program of CALET addresses several
outstanding questions of high-energy astroparticle physics including the origin of cosmic rays (CR),
the possible presence of nearby astrophysical CR sources, the acceleration and propagation of
primary and secondary elements in the galaxy, and the nature of dark matter. Although the design
of CALET is optimised for high precision measurements of the electron+positron spectrum with an
accurate scan of the energy interval already covered by previous experiments and its extension to
the region above 1 TeV, it can identify cosmic rays with individual element resolution, carrying out
direct measurements of the spectra and relative abundances of light and heavy cosmic nuclei [2—7],
from proton to nickel, in the energy interval from ~ 50 GeV (for the lighter nuclei, 10 GeV/n for the
heavier) to several hundred TeV. The abundances of trans-iron elements up to Z ~ 40 are studied
with a dedicated program of long term observations [8].

2. The CALET detector

CALET is based on a thick calorimetric instrument (30 radiation lengths), designed to achieve
electromagnetic shower containment and a large proton rejection capability (>10°). It is longitu-
dinally segmented into a fine grained imaging calorimeter (IMC) followed by a total absorption
calorimeter (TASC). The TASC is a 27 Xj thick homogeneous calorimeter with 12 alternate X-Y
layers of lead-tungstate (PWO) logs. The IMC is a sampling calorimeter longitudinally segmented
into 16 layers of scintillating fibers (with 1 mm? square cross-section), readout individually, and
interspaced with thin tungsten absorbers. Alternate planes of fibers are arranged along orthogonal
directions. It can image the early shower profile in the first 3 Xy and reconstruct the incident
direction of cosmic rays with good angular resolution (0.1° for electrons and better than 0.5° for
hadrons) [9]. The overall thickness of CALET at normal incidence is ~1.3 proton interaction
lengths (A7 ). The charge identification of individual nuclear species is performed by a two-layered
hodoscope of plastic scintillators (CHD), positioned at the top of the apparatus, providing a mea-
surement of the charge Z of the incident particle over a wide dynamic range (Z = 1 to ~ 40) with
sufficient charge resolution to resolve individual elements [10] and complemented by a redundant
charge determination via multiple dE/dx measurements in the IMC. The overall CHD charge res-
olution (in Z units) increases linearly, as a function of the atomic number, from < 0.1 for protons
to ~0.3 for iron. For the IMC, although the photostatistics available for a single fiber is about one
order of magnitude lower than in the case of a single CHD layer, the charge measurement — thanks
to the multiple sampling — achieves an excellent performance. The interaction point (IP) is first
reconstructed [11] and only the dE/dx ionization clusters from the layers upstream the IP are used
to infer a charge value from the truncated mean of the valid samples. The geometrical factor of
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CALET is ~ 0.1 m?sr and the total weight is 613 kg. The instrument is described in more detail
elsewhere [12, 13].

3. Flight Operations and Calibrations

The commissioning of CALET aboard the ISS was successfully completed at the beginning
of October 2015. Since then the instrument has been taking science data continuously with no
major interruptions [14]. The on-orbit operations are controlled via the JAXA Ground Support
Equipment (JAXA-GSE) in Tsukuba by the Waseda CALET Operations Center (WCOC) at Waseda
University, Tokyo. As of February 28, 2023 a total observation time of more than 2696 days was
integrated with a live time fraction ~86% of the total time, and ~3.9 billion events were collected
above 1 GeV. An exposure of ~235 m? sr day was achieved with the high-energy (HE) trigger mode,
designed to maximize the collection power for electrons above 10 GeV and other high-energy
shower events. Energy calibrations of each channel of CHD, IMC, and TASC are performed with
penetrating proton and He particles selected in-flight by a dedicated trigger mode. Raw signals
are corrected for light output non-uniformity, gain differences among the channels, position and
temperature dependence, as well as temporal gain variations [12, 15]. The four gain ranges of each
TASC channel are calibrated with flight data and linked together to provide a seamless response
spanning more than six orders of magnitude and allowing observations from one minimum ionizing
particle to PeV showers.

4. Direct measurements of heavy cosmic ray nuclei

The energy spectrum of cosmic ray nuclei is obtained after an accurate selection of events: high
energy trigger events are considered for all nuclei spectra. An additional off-line trigger confirmation
is applied for B, C and O applying an higher threshold with respect than the onboard trigger. Since
the trigger is fully efficient for Fe and Ni an offline trigger confirmation is not necessary for these
nuclei because the HE trigger threshold is far below the signal amplitude expected from an ion at
minimum ionization (MI). However, in order to select interacting particles, a deposit larger than 2
standard deviations of the MI peak is required in at least one of the first four layers of the TASC.
A combinatorial Kalman filter algorithm is used to reconstruct the particle trajectory [16]: only
events with a good reconstructed track are selected for the flux. Also, the trajectory of incident
particles defines the acceptance: only events crossing the instrument from top of CHD to bottom
of TASC (clear from the edge of TASC by 2 cm) are considered. At last, the charge selection is
applied after requesting a consistency of the charge reconstructed from the two layers of CHD and
the IMC for C, O and B. For Fe and Ni only the CHD can be used to reconstruct the charge (and to
request the consistency) because of the saturation occurring in the IMC fibers for ions heavier than
silicon. For B, C and O the events entering the detector from the lateral sides are rejected from the
final sample through a dedicated selection [3]. In order to take into account the limited calorimetric
energy resolution for hadrons (of the order of ~30%) an energy unfolding algorithm based on a
Bayesian approach, is applied to correct for bin-to-bin migration effects. The flux of each nuclear
specie is defined as

o(E) = —E)

" €(E)AESQT M
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N(E) = U[Nops(Er asc) — Npg(Er asc)]

2

where €(E) is the total efficiency, AE is the bin width, SQ is the geometrical factor, T is the total
live time, U is the unfolding operator, N,ps(ET Asc) is the number of observed events in each

energy bin of deposited energy E7asc and Ny (ET asc) is the number of contaminating events.

4.1 Carbon and Oxygen fluxes

The spectra of cosmic-ray carbon and oxygen and their ratio were published by CALET in [3].
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Figure 1: CALET (a) carbon and (b) oxygen flux
(multiplied by E>7 ) and (c) ratio of carbon to oxygen
fluxes, as a function of kinetic energy E. Error bars of
CALET data (red) represent the statistical uncertainty
only, while the gray band indicates the quadratic sum
of statistical and systematic errors. Other direct mea-
surements [17-25] are also plotted.

They are shown in Fig. 1 in the energy range
from 10 GeV/n to 2.2 TeV/n where uncertain-
ties, including statistical and systematic errors,
are represented by a gray band. CALET carbon
spectrum is consistent with PAMELA [25] and
with most previous experiments [17-23]. No
oxygen spectrum was published by PAMELA.
AMS-02 carbon and oxygen spectra [24] differ
in the absolute normalization, which is lower
for CALET by about 27% for both C and O.
However they have very similar shapes as con-
firmed by the good consistency of the respec-
tive measurements of the C/O flux ratio. Fig. 2
shows the fits to CALET carbon and oxygen
data (blue solid line) with a Double Power-Law
(DPL) function

Y
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where C is a normalization factor, y the spectral

if E < E
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index, and Ay the spectral index change above
the transition energy Eg. A single power-law
(SPL) function (Eq. 3 with Ay = 0), fitted to the
data in the energy range [25, 200] GeV/n and
extrapolated above 200 GeV/n, is also shown
for comparison (dashed line). The effect of sys-
tematic uncertainties in the measurement of the
energy spectrum is modeled in the y? mini-
mization function with a set of 6 nuisance pa-
rameters [3]. The DPL fit to the C spectrum
yields a spectral index y¢ = —2.663 = 0.014
at energies below the transition region Eg

(215 + 54) GeV/n and a spectral index increase Ayc = 0.166 + 0.042 above, with y?/d.o.f. = 9.0/8.
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Figure 2: Fit of the CALET (a) C and (b) O energy
spectra with a DPL function (blue line) in the energy
range [25, 2000] GeV/n. The flux is multiplied by
E?7 where E is the kinetic energy per nucleon. Er-
ror bars of CALET data points represent the sum in
quadrature of statistical and systematic uncertainties.
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Figure 3: Energy dependence of the spectral
index calculated within a sliding energy window
for CALET (a) C and (b) O data. The spectral
index is determined for each bin by fitting the
data using =3 bins. Red curves indicate the
uncertainty range including systematic errors.

The dashed blue lines represent the extrapolation of
a SPL function fitted to data in the energy range [25,
200] GeV/n. Ay is the change of the spectral index
above the transition energy Eg, represented by the
vertical green dashed line. The error interval for Eg
from the DPL fit is shown by the green band.

For oxygen, the fit yields yo = —-2.637 + 0.009, EOO = (264 + 53) GeV/n, Ayp = 0.158 + 0.053,
with y?/d.o.f. = 3.0/8. The SPL fits gives yc = —2.626 +0.010 with y?/d.o.f. = 27.5/10 for C, and
Yo = —2.622 + 0.008 with y?/d.o.f. = 15.9/10 for O, respectively. A frequentist test statistic Ay?
is computed from the difference in y? between the fits with SPL and DPL functions. For carbon
(oxygen), Ay = 18.5(12.9) with 2 d.o.f. (i.e. the number of additional free parameters in DPL fit
with respect to SPL fit) implies that the significance of the hardening of the C (O) spectrum exceeds
the 30 level. In order to study the energy dependence of the spectral index in a model independent
way, the spectral index v is calculated via a fit of d[log(®)]/d[log(E)] in energy windows centered
in each bin and including the neighbor +3 bins. The results in Fig. 3 show that carbon and oxygen
fluxes harden in a similar way above a few hundred GeV/n. The carbon to oxygen flux ratio is well
fitted to a constant value of 0.911 + 0.006 above 25 GeV/n, confirming that the two fluxes have the
same energy dependence [3].

4.2 The Boron spectrum and B/C ratio

The boron spectrum was published by CALET in [4]. It is reported in Fig. 4 as a function of
kinetic energy per nucleon from 8.4 GeV/n to 3.8 TeV/n. Also, the carbon spectrum based on a
larger dataset but consistent with our earlier result is shown. They are compared with results from
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space-based [17, 25-28] and balloon-borne [22, 23, 29, 30] experiments. The boron spectrum is
consistent with that of PAMELA [25]. The isotopic composition is assumed to be 70% of 'B and
30% of 1°B.

Different values of the ''B abundance (+10%)

8y Boron T eAMELR cause a ¥1.7% difference in the boron spectrum.
= o © AT CALET result is well consistent with PAMELA,
s RN but lower than AMS-02 as in the cases of carbon,
% 4§§?§*F2{’Iw§fﬂm ‘ %EA%EC?R oxygen and iron spectra [3, 6]. The bottom panel
b ez et T , CALET uncertainty band| - of Fig. 4 shows the measurement of the B/C ratio
% 2; | f Oéf%ﬂ’éﬁ,% " as a function of kinetic energy per nucleon from
% F o épi Py % + 8.4 GeV/n to 3.8 TeV/n compared with the previ-
;L” 1;_ t F | ous observations. CALET result is well consistent
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b | * PAMELA and AMS-02. The Fig. 5 shows the
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T E ‘ t % + ondary CRs, and the fit results seem to indicate,
T : BT R albeit with low statistical significance, that the flux
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hardens more for B than for C above 200 GeV/n.
Figure 4: CALET (a) boron and (b) carbon flux A similar indication also comes from the fit to
(multiplied by E>7) and (c) ratio of boron to carbon, the B/C flux ratio (Fig. 6). In the energy range
as a function of kinetic energy per nucleon E. Error  [25 3800] GeV/n, it can be fitted with a SPL

bars of CALET data (red) represent the statistical function with spectral index I' = —0.366 + 0.018

uncerta%nty only, Whll(? tl.le yellow band 1nd.1(:ates the (X2 /d.o.f. = 9.4/13). Within the “leaky-box”
quadratic sum of statistical and systematic errors.

Other direct measurements [17, 22, 25-31] are also
plotted.

(LB) approximate modeling of the particle trans-
port in the Galaxy [30], the B/C flux ratio can be
expressed as

®p(E) _ A(E)Ag 1 ®o(E) 1

- 4
®c(E)  ANE)+15 | lean | ®c(E) los “)

where Ap is the interaction length of B nuclei with matter of the ISM and A¢c_,p (1o—p) is the
average path length for a nucleus C (O) to spall into B. The LB model describes the diffusion of
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Figure 5: CALET B (red dots) and C (black dots) en- Figure 6: The CALET B/C ratio fitted to different
ergy spectra are fitted with DPL functions (magenta functions. The error bars are the sum in quadrature
line for C and blue line for (B) in the energy range of statistical and systematic uncertainties. The data
[25, 3800] GeV/n. The B spectrum is multiplied by are fitted to a DPL (solid blue line) and a SPL (dashed
a factor 5 to overlap the low-energy region of the C blue line) function in the energy interval [25, 3800]
spectrum. The dashed lines represent the extrapo- GeV/n. The red and green lines represent the fitted
lation of a SPL function fitted to data in the energy functions from a leaky-box model [Eq. 4] with the ¢
range [25, 200] GeV/n. Ay is the change of the spec- parameter left free to vary and fixed to zero, respec-
tral index above the transition energy EOC (from the fit tively.

to C data), represented by the vertical green dashed

line. The green band shows the error interval of EOC .

CRs in the Galaxy with a mean escape path length A(E) which, according to presently available
direct measurements, is parametrized as a power-law function of kinetic energy E as follows:

AE)=kE™%+ 1 %)

where ¢ is the diffusion coefficient spectral index. A residual path length A¢ is included in the
asymptotic behavior of A. Fitting our B/C data to Eq. 4 (Fig. 6), the best fit values without the source
grammage term (1o = 0) are k = 11.2 + 0.5 g/cm2 and 6 = 0.50 + 0.02 (y?/d.o.f. = 13.6/13).
Leaving instead A free to vary in the LB fit, we obtain k = 12.0 £ 0.9 g/cm2, 0=0.71=+0.11, and
Ao = 0.95 + 0.35 g/cm? (y2/d.o.f. = 9.6/12). These results suggest the possibility of a non-null
value of the residual path length (though with a large uncertainty) which could be the cause of the
apparent flattening of the B/C ratio at high energy.

4.3 The Iron flux

The spectrum of cosmic-ray iron was recently published by CALET [6]. The iron flux (multi-
plied by E?-%) is shown in Fig. 7 (red filled circles) in the interval 10 GeV/n to 2.0 TeV/n. In com-
parison with other recent measurements, the CALET iron spectrum is consistent with ATIC02 [22]
and TRACER [21] at low energy, and with CRN [18] and HESS [32] at high energy, while the
absolute normalization is higher than NUCLEON [33] and lower than Sanriku [34]. AMS-02 [35]
iron spectrum has a ~20% higher absolute normalization than CALET flux. However, when the
latter is multiplied by E>7 (as in [35]) and normalized to the AMS-02 flux, the two spectra show
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Figure 7: CALET iron flux (multiplied by E 2.6 ) as a function of kinetic energy per nucleon. Error bars of
the CALET data (red) represent the statistical uncertainty only, the yellow band indicates the quadrature sum
of systematic errors, while the green band indicates the quadrature sum of statistical and systematic errors.
Other direct measurements [17, 18, 21, 22, 32-34] are also plotted.

a very similar shape and comparable errors (more details in the Supplemental Material of [6]).
Fig. 8 shows a fit to a SPL function from 50 GeV/n to 2.0 TeV/n. The fit gives a spectral index
y = —2.60+0.03 with y?/dof = 4.2/14. The result is stable when the binning is changed from 10 to
4 bins/decade (y = —2.59 £ 0.04). The energy dependence of the spectral index v is also calculated
by a fit of d[log(®)]/d[log(E)] inside a sliding window centered in each energy bin and including
the neighboring +3 bins.

The results in Fig. 8 show that the iron flux

? CALET 4 bins / decade is compatible, within the errors, with a single
B e — { power law in the fit region between 50 GeV/n
and 2 TeV/n. The systematic error related to

charge identification was studied by varying
the semiaxes of the elliptical selection result-
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w
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fluxes show a maximum discrepancy around
Figure 8: Fit of the CALET iron energy spec- 10% below 40 GeV. The uncertainty on the en-
trum to a SPL function (black lines) in the energy ergy scale correction is £2% and causes a rigid
range[50, 2000] GeV/n with 4 bins/decade (top) and  shift of the measured energies, affecting the ab-
10 bins/decade (bottom). Both fluxes are multiplied
by E>° where E is the kinetic energy per nucleon. The
error bars are representative of purely statistical errors
whereas the green band indicates the quadrature sum
of statistical and systematic errors.

solute flux normalization by 33277‘;, but not the
spectral shape. The uncertainties due to the
unfolding procedure were evaluated with dif-
ferent response matrices computed by varying
the spectral index (between -2.9 and -2.2) of
the MC generation spectrum, or by using the Singular Value Deconvolution method, instead of

the Bayesian approach. The contributions due to the beam test model (not identical to the in-
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strument now in orbit) and to the shower event cut were evaluated and included in the systematic
uncertainties [6]. The systematic errors due to off-acceptance events, tracking efficiency, back-
ground contamination and HE trigger efficiency are negligible. Energy-independent systematic
uncertainties affecting the flux normalization include live time (3.4%), long-term stability (< 2%),
and geometrical factor (~1.6%).

4.4 The Nickel flux

The nickel spectrum was recently published by CALET in [7] and it is reported in Fig. 9 in
the energy range from 8.8 GeV/n to 240 GeV/n where current uncertainties including statistical
and systematic errors are bounded within a green band. The CALET spectrum is compared with

@ o3
Tossf Nickel Flux
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Figure 9: CALET nickel flux (multiplied by E 2.6 ) as a function of kinetic energy per nucleon. Error bars
of the CALET data (red) represent the statistical uncertainty only, the yellow band in- dicates the quadrature
sum of systematic errors, while the green band indicates the quadrature sum of statistical and systematic
errors. The measurements from Balloon 1975 [37], CRISIS [38], HEAO3-C2 [17] and NUCLEON [39] are
also plotted.

the results from Balloon 1975 [37], CRISIS [38], HEAO3-C2 [17], and NUCLEON [39]. CALET
and HEAO3-C2 nickel spectra have similar flux normalization in the common interval of energies.
CALET and NUCLEON differ in the shape although the two measurements show a similar flux
normalization at low energy. The most important systematic uncertainties comprise the charge
selection (different elliptical semi-axes give a flux variation lower than 4% at low energy increasing
to ~8% at high energy), the MC model (using GEANT4 instead of EPICS we obtain a flux that
differ by ~5% below 40 GeV/n and ~10% between 100 GeV/n and 200 GeV/n), the background
contamination (between 1% below 100 GeV/n and 3% at 200 GeV/n) and the atomic mass of
nickel isotope composition (that reduces the normalization by 2.2%). The other contributions
considered also for the iron spectrum (energy scale, unfolding procedure, shower event selection,
off-acceptance events, tracking, beam test configuration, long term stability, geometrical factor and
live time) contribute up to a maximum of ~5% and are considered in the sum in quadrature of the
total systematic uncertainty. The Fig. 10 shows a fit to the CALET nickel flux with a SPL. The fit
is performed from 20 to 240 GeV/n and gives y = —2.51 + 0.07 with a y?/d.o.f = 0.3/3. Below
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Figure 10: Fit of the CALET nickel energy spectrum  Figure 11: Nickel to iron flux ratio measured with
to an SPL function (blue line) in the energy range [20, CALET (red points). The errors bars are representa-
240] GeV/n. The flux is multiplied by E 2.6 where E  tjve of statistical errors only. Data are fitted with a

is the kinetic energy per nucleon. The error bars are  constant function giving Ni/Fe = 0.061 + 0.001. Also
representative of purely statistical errors. plotted is the result from HEAO3-C2 [17].

20 GeV/n the observed Ni flux softening is similar to the one found for iron and lighter primaries.
To better understand the nickel spectral behavior we report also the nickel to iron ratio as a function
of kinetic energy per nucleon (see Fig. 11). Our measurement extends the results of previous
experiments (i.e., HEAO3-C2) up to 240 GeV/n. The fit, performed from 8.8 to 240 GeV/n, gives
a constant value of 0.061 + 0.001 with the y? = d.o.f. = 2.3/6. The experimental limitations of
the present measurement (i.e., low statistics as well as large systematic errors for the highest energy
bins) do not yet allow one to test the hypothesis of a spectral shape different from a single power
law in the region above 20 GeV/n.

4.5 The Ultra Heavy Cosmic Rays

Ultra Heavy Cosmic Rays (UHCR) with charges 30 < Z < 40 are ~10° less abundant than
iron. In order to collect these rare events, CALET implements a special ultra-heavy trigger which
provides an increased acceptance by requiring event trajectories to traverse the CHD and the top
half of the IMC. This corresponds to an acceptance angle of +75°, which gives an enhanced
geometry factor of ~4400 cm?sr (almost x 4 the total acceptance with the HE trigger). To date,
single-element resolution measurements of UHCR have only been made by TIGER [40] (up to
407r) and by SuperTIGER [41] (up to *°Ba) balloon-borne instruments at GeV/n energies, as well
by the ACE-CRIS [42] space based instrument (up to *°Z) at lower energies (hundreds of MeV/n).
The balloon based observations must be corrected for energy losses and nuclear interactions in the
atmosphere, while ISS based measurements are subject to screening by the Earth’s geomagnetic
field. Comparatively, UHCR observations made by ACE-CRIS (sitting near the L1 libration point)
occur outside the geomagnetic field and cover a complementary lower energy range. While ACE-
CRIS and SuperTIGER instruments only measure charges down to B and Ne, respectively, CALET
measures cosmic-ray abundances in the 1 < Z < 40 charge range providing complementary
measurements and a check of the cross calibrations of other instruments. Improved analyses of
CALET UHCR, based on 5 years of data are reported in Figs. 12 and 13. The results shown
are consistent with previous CALET findings [43] based on a smaller statistics, and are in good
agreement with SuperTIGER. The lower energy interval covered by ACE-CRIS has to be taken
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into account when comparing with CALET data. A preliminary comparison shows an approximate
agreement.
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z Figure 13: Comparison of the relative
abundances measured by CALET with
SuperTIGER [44] and ACE-CRIS [42]
for Z between 27 < Z < 40. Errors bars
are statistical only.

Figure 12: UHCR TASC analysis histogram with multiple Gaus-
sian fitting, bin size in 0.1 units of charge.

5. Conclusions

The CALET space-based experiment installed on the International Space Station is collecting
data smoothly since October 2015. At this workshop we presented the results published during the
first seven years of operation. The carbon and oxygen spectra show a spectral hardening at several
hundreds GeV/n excluding the hypothesis of a single power law by more than 30-. Their ratio is
compatible with a constant function in all the energy range with a value of 0.911 +0.001 confirming
that they have the same energy dependence. The boron spectrum, recently published by CALET,
shows a stronger hardening with respect to the carbon one above 200 GeV/n, as expected for primary
and secondary cosmic rays. Their ratio can be fitted by a single power law with a spectral index
I' = -0.366 + 0.018. The interpretation through the leaky-box model was considered, suggesting
the possibility of a non-null value of the residual path length which could explain the apparent
flattening of the B/C ratio. The uncertainties given by the present statistics and large systematics of
the iron spectrum do not allow us to draw a significant conclusion on a possible deviation from a
single power law thus the spectrum above 50 GeV/n is compatible with a SPL with a spectral index
v = =2.60 £ 0.03. The nickel spectrum, published by CALET extends the previous measurements
up to 240 GeV/n with a better precision. The spectrum is compatible with a single power law with
a spectral index y = —2.51 + 0.07 in the energy range between 20 Gev/n and 240 GeV/n. The
comparison of its behavior with respect to the iron spectrum shows that they have a similar energy
dependence since their ratio is compatible with a constant function of value 0.061 +£0.001. CALET
provides also the relative abundances of elements more highly charged than nickel up to Z = 40,

11



Heavy Cosmic Rays with CALET Caterina Checchia

thanks to a dedicated trigger mode that enhances the geometrical factor. These results, although
preliminary, are very promising and will be published soon.
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DISCUSSION

Matteo Bachetti: There is often a discrepancy between the CALET spectra and the ones from previous
experiments. How do you interpret this?

Caterina Checchia: The agreement between CALET and other experiments is generally good. However we
have a discrepancy in fluxes normalization with AMS-02 although the shapes are very similar. The different
normalization between the CALET and AMS-02 spectra (concerning carbon, oxygen, boron and iron) is still
under study. We are investigating whether there are sources of systematic errors that have not been taken into
account and the effect that different Monte Carlo simulations have on the fluxes.
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