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The CALET Payload

- Launched on Aug. 19t 2015 I\S/.Ias.s: (15;;08 kg (iEll/ISS;?)nda“\jNPa)\(’liggé y
by the Japanese H2-B rocket P'Ze- | mm(5)07 " Enm( ) ) mm(H)
= Emplaced on port #9 of JEM-EF OwWer: max

on Aug. 25t - Telemetry: Medium 600 kbps (6.5GB/day) / Low 50 kbps

CGBM (CALET FRGF (Flight Releasable
Gamma-ray Grapple Fixture)

Burst Monitor) \

ASC (Advanced
Stellar Compass)

Calorimeter

GPSR (GPS
Receiver)

MDC (Mission
Data Controller)
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Overview of the CALET Calorimeter

Plastic Scintillator
+PMT

Yosui Akaike

CHD/IMC

A 30-radiation length deep calorimeter designed to detect electrons and gamma-rays to 20 TeV and cosmic rays up to 1 PeV

PMT
CHD-FEC

ASC-FEC

APD/PD

electron 1TeV
CHD

> IMC

> TASC

CHD — Charge Detector

- 2 layers x 14 plastic scintillating paddles

- single element charge ID from p to Fe
and above (Z=40)

- charge resolution ~0.1-0.3 e

IMC — Imaging Calorimeter
- Scifi. + tungsten absorbers: 3 X,
- 8 x 2 x448 plastic scintillating fibers (1Imm)
readout individually
- tracking ( ~0.1° angular resolution) + Shower imaging
- angular resolution: 0.2° for gamma-rays > ~50 GeV

TASC — Total Absorption Calorimeter
- 6x 2 x 16 lead tungstate (PbWO,) logs: 27 X, 1.2 A,
- energy resolution: ~2 % (>10GeV) fore, vy
~30-35% for p, nuclei
- e/p separation: ~10~

FXIZXESR iy

Scintillating Fiber
+ 64anode PMT

HAYEFS F81EFERKE(20265)

Scintillator(PWO)
+ APD/PD
or PMT (X1)




Examples of Event Candidates

Electron, E=3.05 TeV Proton, Eqpsc=2.89 TeV
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Orbital Operation for the first 11 years

Time [hr]
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High-energy trigger (> 10 GeV) statistics:

» Orbital operations : 3945 days
as of July 31, 2026

« Observation time : 3.34 X 108 sec

Live time fraction: ~86%

Total number of triggers: ~5.92 x 109

[151013-260731] High Energy Trigger (3885 days)

Total Observation Time (3.34x10%sec)
Live Time (2.87x10%sec)

Dead Time (Fraction 14.2%)
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Energy deposit (in TASC) spectrum: 1 GeV-1 PeV
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Capabilities of nuclei measurements

6
Charge measurement 10°F c0°
. . . . o e . B L s ° imi
- CHD enables individual charge identification from Z=1 — 40 163 At CALET Preliminary
- Charge resolution ranges from 0.15e to 0.3e in p - Fe zs
Energy measurement =
- High dynamic range read out from 1 GeV to 1 PeV — 102
- Energy resolution for nuclei: 30 — 35% > -
© otk
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b -
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e e 10°F
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Spectral analysis for BCNO

* Cand O fluxes harden similarly

L o Oxygen
60+ e Carbon x 1.1 above 200 GeV/n
ig i ? ﬁﬁ:ggexni 4.6 (significance 70)
30 |-

L , 1 * B hardens ~twice as much as
o0 L —— I e C, O (significance 2.50)

AR I s ol s as expected from propagation of
a purely secondary element.

E%’ x Flux [m2 sr's? (GeV/n)']

10 — P ooy

- .g,g:gi : : :

- T ¥ * N consistent with a mixed
6 - LI0R0 oSsorsseletetosie " )
5 Ayeo= 0.23+0.03 > OIS composition of primary and
4+ Ayny = 0.36 £ 0.06 .~ AY g secondary: hardens more than C,
35 Ayg = 0.39 4 0.12 5 RN O but less than B,

. ' 5 RS A (significance 50)
2 o | L1 11 ||||2 Lo 11 ||||3 ] L1 11 ||||4 ] ] W|th harden|ng Start|ng atlower
10 10 10 10 energy than for C, O and B.

Kinetic Energy [GeV/n]
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Boron flux ratios
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o . 1
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Nitrogen flux ratios
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Energy spectra of Fe and Ni
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Energy spectra of Ti and Cr, and their ratios to Fe
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SPL fit for CALET data
Yri/Fe = —0.39 £ 0.03,x%/ndf = 1.9/5
Yerspe = —0.24 £ 0.03,%%/ndf = 0.8/5

SPL fit for CALET + HEAO3-C2
YTi/Fe

= —0.30 + 0.01,x%/ndf = 15/17
Ycrpe = —0.24 £ 0.01,x*/ndf = 17/17

Dependence of the spectral indices of flux

ratios to iron vs atomic number Z
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Ne, Mg, Si spectra

L 1oNe Ne | 12Mg Mg | 14Si Sj
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- The Ne, Mg, and Si spectra measured by CALET indicate spectral hardening above a few 100 GeV/n.
= The flux normalizations are lower than those measured by AMS-02, as also observed for other heavy nuclei.
* Pure °Ne, 2*Mg, and 28Si compositions are assumed.

- The AMS-02 data are converted from rigidity to kinetic energy per nucleon
assuming pure 2°Ne, 2*Mg, and 28Si compositions
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All-particle spectrum

CALET closes the gap with indirect measurements from ground experiments

E*° Flux [m'sr's'GeV']
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E>® Flux [m?sr's'GeV']

MC events are weighted to reproduce the fit
results of each energy spectrum by CALET.
The response matrix from MC is based on a
weighted mixture of nuclei from Z =1 to 28

Smoothly broken-power law fit:

wo=c(eiy) [+ ()] (&)

—_
o
S

-] | Ay; =-0.17 £0.04

«l.s1 = 10 (Fix)

1
Energy [GeV]
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Summary

0 CALET has been operating stably since October 2015 for 11 years.
O High dynamic range from MIPs to the PeV scale
O Direct, high-precision measurements of cosmic-ray nuclei from proton to nickel

0 CALET has precisely measured the energy spectra of individual cosmic-ray nuclei,
extending the measurements beyond 100 TeV

O In addition, to B, C, N, O, sub-Fe, and Fe, analysis of Ne, Mg, and Si are currently in
progress

[ A preliminary all-particle spectrum in the range of 316 GeV — 1 PeV has been derived by
combining events over a wide charge range.

0 Further refinement of systematic uncertainties is ongoing.

] Extended operations have been approved by JAXA, NASA, and ASI through the end of 2030.
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