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Calorimetric Electron Telescope (CALET) Science Goals
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A.K. Harding et al 2018 ApJL 869 L18

X-ray superbubble, SNR 
.лронҍтмΦлΣ ŀƴŘ h. 
associations LH 66 and LH 69

V. Ramachandran et al. 2010 A&A 615, A40

Vela Tevatron Model

ÅSearch for nearby sources of trans-TeV e±, i.e. Tevatrons, dark matter
ÅMeasurement: All-Electron observation (1 GeV ς 20 TeV)

Å Instrument: Design optimized for electron detection with highly effective 
electron/hadron separation and nuclei measurement capability

Electromagnetic shower containment with 30 radiation length depth                
Ҧ  Fine energy resolution

versus 1.3 proton interaction length depth
Ҧ  Effective electron/hadron separation

with good charge measurement from Z=1 thru Z=40
Ҧ  Efficient measurement of cosmic ray nuclei

ÅUnravel CR acceleration and propagation 

ÅMeasurement: Cosmic-ray spectra  for light & heavy nuclei  (10 GeV ς 1 PeV)

ÅMeasurement: Abundances of UHGCR (Z=30 thru Z=40)

ÅDetection of astrophysical/solar/magnetosphere transient phenomena
Å Gamma-ray bursts
Å Gravitational wave counterparts
Å Solar modulation of electrons and protons
Å Space weather phenomena



Calorimetric Electron Telescope (CALET) Science Measurements
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Scientific Objectives Observable Quantity Energy Range

Cosmic-ray origin and 
acceleration

Electron spectrum 1 GeV ς 20 TeV

Elemental spectra 10 GeV ς 1 PeV

Ultra-heavy abundances > 600 MeV/n

Gamma rays (diffuse & point 
source)

1 GeV ς 1 TeV

Galactic CR 
propagation

B/C and sub-Fe/Fe ratios Up to some TeV/n

Nearby CR sources Electron spectrum 100 GeV ς 20 TeV

Dark matter
Signatures in electron/gamma 
spectra

100 GeV ς 20 TeV

Heliospheric physics Electron flux 1 GeV ς 10 GeV

Gamma-ray transients LE gamma rays and x-rays 7 keV ς 20 MeV
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Science Measurements require CALET to be well calibrated
Carmelo Evoli (GSSI)
DOI 10.5281/zenodo.1468852

https://doi.org/10.5281/zenodo.2360277


The CALET Payload
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Mass: 612.8kgה
:JEM Standard Payload Sizeה
       1850mm(L) × 800mm(W) × 1000mm(H)
ה Power Consumption: 507 W max
ה Telemetry:
       Medium 600 kbps (6.5GB/day) / Low50 kbps

Launched on Aug. 19th, 2015
by the Japanese H2-B rocket

Attached on JEM-EF port #9
on Aug. 25th, 2015

Kounotori (HTV) 5

JEM/Port #9

FRGF (Flight Releasable 

Grapple Fixture)

CGBM (CALET 

Gamma-ray 
Burst Monitor)

ASC (Advanced 

Stellar Compass)

GPSR (GPS

Receiver)

MDC (Mission 

Data Controller)

Calorimeter



The CALET Calorimeter

CHD ς Charge Detector
- 2 x 14 plastic scintillating paddles
- /ƘŀǊƎŜ ƳŜŀǎǳǊŜƳŜƴǘ ½ Ґ л Ҧ плҌ

IMC ς Imaging Calorimeter
- 8 x 2 x 448 plastic scintillating fibers
- 7 tungsten sheets
- Shower development and imaging
- 3 electron radiation lengths normal incidence depth

TASC ς Total Absorption Calorimeter
- 6 x 2 x 16 lead tungstate (PbWO4) logs
- Electromagnetic shower absorption
- 27 electron radiation lengths normal incidence depth

ÅGeometrical Factor:
   1040 cm2 sr for electrons, light nuclei
   1000 cm2 sr for gamma-rays
   4000 cm2sr for ultra-heavy nuclei

Åɲ9κ9Υ
  ~2 % (>10GeV) for e , ɹ
  ~30-35% for protons, nuclei

Åe/p separation: ~105

ÅCharge resolution: 0.15-0.3 e (p-Fe)
ÅAngular resolution:
  0.2° for gamma-rays > ~50 GeV  
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Image: simulated 1 TeV electron event in CALET
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CHD IMC TASC

PMT +
plastic scintillator

MaPMT +
scintillating fiber

PMT or (A)PD +
PbWO4 scintillator

on launch palette

flight
model

HTV (Kounotori) 5

The CALET Calorimeter
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Pre-launch calibration of the TASC
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Asaoka et al. 2017, Astropart. Phys. 91, 1τ10 

Crosstalk causes 
increase in PD signal 
when APD saturated

UV laser injection to calibrate adjacent gain ranges

Analyzed on orbit to characterize changes from new environment:

Laser-injected energy distribution in a TASC log

APD-H/L:

d H 0.1%

PD-H/PD-L:

d H 0.1%

APD-L/PD-H:

d H 0.7%

dynamic range:106



CERN calibration of the calorimeter
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Asaoka et al. 2017, Astropart. Phys. 91, 1τ10 

ELECTRONS

Absolute energy scale 
calibration for electrons 
using rigidity cutoff + beam 
calibration at CERN-SPS

HADRONS

Simulated energy dependence
of electron energy resolution:
< 2% above 20 GeV
using both TASC and IMC
Including the calibration errors

Beam calibration at CERN-SPS with
Ion fragments at 13, 19, 150 GeV/n

Linearity assessed up to ~6 TeV
with primary beam of 40Ar
at 150 GeV/n

Energy resolution ~30%
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On-orbit calibration of the calorimeter

SuGAR 2024 - CALET Mission & Science ResultsOctober 14, 2024 10

Asaoka et al. 2017, Astropart. Phys. 91, 1τ10 

Positional dependence

Temperature dependence



HE trigger observation summary Comparison to LE g Trigger
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Energy deposit (in TASC) spectrumAccumulated observation time (live, dead) High-energy trigger statistics:

Operational time: >3250 days

Live time fraction: >85%

Exposure of HE trigger: ~300 m2 sr day

Number of HE events: ~2.15 billion

Total number of >GeV triggers: ~4.77 billion

HE-gamma point source exposure:

~5.5 m2 day (for Crab, Geminga)
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Trigger Rate : ~ 8.7 Hz

(EHE ṃ 10 GeV) 
(ELEg ṃ 1 GeV) Asaoka et al. 2018, Astropart. Phys. 100, 29τ37 



Observed events in CALET flight data
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Electron,  E = 3.05 TeV Proton,  ETASC = 2.89 TeV

Gamma-ray, E = 44.3 GeV Fe, ETASC = 9.3 TeV
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Cosmic-ray all-electron spectrum
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Continued observation has reduced statistical and 
systematic errors in the all-electron spectrum.

Systematic discrepancy between CALET/AMS-02 and 
DAMPE/Fermi-LAT persists beyond tabulated error.

At ~1 TeV ŜƴŜǊƎƛŜǎΣ ŜƭŜŎǘǊƻƴǎ ƘŀǾŜΧ
Å diffusion length ~ 1 kpc
Å characteristic lifetime ~ 100 kyr
(both decreasing with energy)

Ą Expected cutoff around 1 TeV 
based on decrease in number of 
contributing sources significant in 
measurement

ÅNearby accelerators could leave 
observable features in the 
spectrum in the TeV region
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PRL 131, 191001 (2023)Corr: S. Torii, Y. Akaike, 
 H. Motz, N. Cannady 

All-Electron Flux x E3



CALET TASC ERes and e/p Separation
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PRL 131, 191001 (2023)Corr: S. Torii, Y. Akaike, 
 H. Motz, N. Cannady 

Energy deposit resolution in the TASC 
is better than 2% above ~8 GeV

12.04 TeV electron candidate

Energy dependence of systematic 
uncertainties for electron spectrum



Cosmic-ray all-electron spectrum
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PRL 131, 191001 (2023)Corr: S. Torii, Y. Akaike, 
 H. Motz, N. Cannady 

All-Electron Flux x E3

Broken Power Law Fit favored by 7.6 s 
over Single Power Law 

g = -3.14 ° 0.01, Dg = -0.81 ° 0.20, Eb = 755 ° 107 GeV 



Cosmic-ray all-electron spectrum
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PRL 131, 191001 (2023)Corr: S. Torii, Y. Akaike, 
 H. Motz, N. Cannady 

Spectral fit over the whole region of the CALET 
observation without  the contributions from nearby SNRs.

Spectral fit over the whole region of the CALET 
observation with the contributions from nearby SNRs.



Observed events in CALET flight data
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Electron,  E = 3.05 TeV Proton,  ETASC = 2.89 TeV

Gamma-ray, E = 44.3 GeV Fe, ETASC = 9.3 TeV
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Energy spectrum of cosmic-ray protons
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ICRC 2023 Update
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PRL 129, 101102 (2022)Corr: P.S. Marrocchesi,
 K. Kobayashi

Proton

E0=553+44-38 GeV

E1=9.8+3.2-2.1 TeV



Energy spectrum of cosmic-ray Helium
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PRL 130, 171002 (2023)
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‎ ςȢχπσ Ȣ Ȣ
Ȣ Ȣ
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ί σπ

Corr: P. Brogi,
 K. Kobayashi

Energy dependence of power index

Fitting by Double Power Law (DBPL) function

ɔ = -2.70

ɔ = -2.45

ɔ = -2.67



Cosmic Ray Proton/Helium Ratio
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PRL 130, 171002 (2023)

20

Corr: P. Brogi,
 K. Kobayashi

The p/He ratio decreases as a function of Kinetic Energy (GeV/n) and Rigidity (GV)  



Observed events in CALET flight data
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Electron,  E = 3.05 TeV Proton,  ETASC = 2.89 TeV

Gamma-ray, E = 44.3 GeV Fe, ETASC = 9.3 TeV
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Observations of Cosmic-Ray Nuclei
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Dedicated analysis of cosmic-ray nuclear fluxes and 
flux ratios into the TeV region ongoing.

This conference



Energy spectra of cosmic-ray BCO
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B: PRL 129, 251103 (2022)

23

C&O: PRL 125, 251102 (2020)Corr: P. Maestro,
 Y. Akaike

Boron flux Carbon flux Oxygen flux

Boron / Carbon Boron / Oxygen Carbon / Oxygen

ICRC 2023 Update



Energy spectra of cosmic-ray Fe & Ni
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Fe: PRL 126, 241101 (2021)Corr: C. Checchia, F. Stolzi
 Y. Akaike, G. Bigongiari

ICRC 2023 Update Ni: PRL 128, 131103 (2022)Charge peaks 
separated and 

well-
reproduced by 

MC data

Well-represented by 
single power law

ICRC 2023 Update

Well fitted with constant



Measurement of the Ti/Fe Ration
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The Ti/Fe ratio as measured by HEAO (red) and CALET (blue) as a function of kinetic energy. CALET 
uncertainties are statistical only. The red line is a power law fit to the HEAO data.


