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共同利用研究概要 (2022)
p 共同研究内容

l CALET観測最適化のためのシミュレーション計算及びデータ解析
p 発表概要

l CALET概要
l 観測現状

l 観測データ解析

l まとめと展望

p 予算: 旅費 190千円➡全額繰越予定
p 共同利用: 計算機(シミュレーション計算)
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FRGF (Flight Releasable 
Grapple Fixture)

CGBM (CALET 
Gamma-ray 
Burst Monitor)

ASC (Advanced 
Stellar Compass)

GPSR (GPS
Receiver)

MDC (Mission 
Data Controller)

Calorimeter

・ Mass: 612.8 kg
・ JEM Standard Payload Size:

1850mm(L) × 800mm(W) × 1000mm(H)
・ Power Consumption: 507 W（max）
・ Telemetry:

Medium 600 kbps (6.5GB/day) / Low 50 kbps

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

Emplaced on JEM-EF port #9
on Aug. 25th, 2015
(JEM-EF: Japanese Experiment
Module-Exposed Facility)

Kounotori (HTV) 5

JEM/Port #9

CALET Payload 

2018/9/15 3JPS 2018 Autumn  - 60 years of 
PRL -第21回 宇宙科学シンポジウム（2020年度）
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Observations with High Energy Trigger (>10GeV)
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Accumulated observation time (live, dead)

Trigger Rate: 1.38 x106 / day
(~ 7.5 Hz)

Distribution of deposit energies (ΔE) in TASC  

All Particles

LE-
Trigger
region HE-

Trigger
region

1 PeV

Only statistical errors presented

Observation by High Energy Trigger  for 2,673 day : Oct.13, 2015 – Dec. 31, 2022
Over 7-year observation has been achieved !!

p The  exposure, SΩT, has  reached to ~230 m2 sr day for electron observations
by continuous and stable operations.

p Event number of HE triggered events (>10 GeV)  is ~1.73 billion with a live time
fraction of about 86 %.  Total event number triggered over 1 GeV is ~3.77 billion.



Electron Spectrum
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CALET Observations: Oct.13, 2015 - Nov.30, 2017 (for 780 days) 

PRL 122 , 101101 (2019)

PRL 120, 261102 (2018)



Electron Spectrum
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PoS(ICRC2021) 105

CALET Observations: Oct.13, 2015 - Sep.30, 2020 (for 1,815 days) 

Sta7s7cs increased x 2.3
n CALET  2021 

uncertainty band (stat.+syst.)

l AMS-02  2019

DAMPE  2017

Fermi-LAT 2017 (HE+LE)



Electron Spectrum
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PoS(ICRC2021) 105

CALET Observations: Oct.13, 2015 - Sep.30, 2020 (for 1,815 days) 

Sta7s7cs increased x 2.3
n CALET  2021 

uncertainty band (stat.+syst.)

l AMS-02  2019

DAMPE  2017

Fermi-LAT 2017 (HE+LE)

Low energy region: solar modula7on
➡ beJer consistency with AMS-02 (2019)



Electron Spectrum
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PoS(ICRC2021) 105

CALET Observations: Oct.13, 2015 - Sep.30, 2020 (for 1,815 days) 

Sta7s7cs increased x 2.3
n CALET  2021 

uncertainty band (stat.+syst.)

l AMS-02  2019

DAMPE  2017

Fermi-LAT 2017 (HE+LE)

CALET observes a flux suppression above 1 TeV
With a significance >6.5σ, a considerable improvement 
with respect to the result published in PRL2018 (~4σ)



Publica2ons of Nuclei Spectra by CALET
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Proton:            PRL 122 181102 (2019)
PRL 129 101102 (2022) New!

C, O and C/O: PRL 125 251102 (2020)
Fe:                    PRL 126 241101 (2021)
Ni and Ni/Fe:  PRL 128 131103 (2022) New!
B and B/C:       PRL 129 251103 (2022) New! CALET Preliminary

Under
analysis

CALET is exploring the Table of Elements in the mul7-TeV domain 
with excellent charge-ID of individual elements

Other nuclei analysis is now ongoing

Charge distribu7on with CALET



Proton Spectrum
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PRL 129, 101102 (2022)

CALET Observations: Oct.13,2015- Dec.31,2021 (for 2,272 days) 



Proton spectral index
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PRL 129, 101102 (2022)

-2.83±0.02
60 < E/GeV < 300

-2.56±0.01
1 < E/TeV < 8

-2.89±0.07
10 < E/TeV < 60

Sliding Energy Window: 5bins



C, O and Fe spectra
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γ = −2.60 ± 0.02(stat) ± 0.02(sys) 
with  χ2/d.o.f. = 4.2/14 [50 GeV/n-2.0 TeV/n]

PRL 125 251102 (2020)
PRL 126 241101 (2021)

Iron

- C and O spectra indicate the 
spectral hardening

- Fe spectrum is compa7ble within 
the errors with a single power law



Nickel spectrum
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PRL 128 131103 (2022)

- Similar normalizaYon with  HEAO3-C2 and NUCLEON,
through different spectral shape

- A single power-law fit:
γ = -2.51 ± 0.07   E > 20 GeV/n

- Ni/Fe raYo gives a constant value; 
0.061 ± 0.001

The nickel flux, above 20 GeV/n, is compa7ble within the errors with a single power law



Boron spectrum
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- The B spectrum is consistent with that of PAMELA and most of the earlier experiments,
but the absolute normalizaYon is in tension with that of AMS-02 like C, O and Fe fluxes.

DPL fit  
gC=-2.670±0.005
ΔgC=0.19±0.03
E0C= (220 ± 20) GeV/n
gB=-3.047±0.024
ΔgB=0.25±0.12

The energy spectra are clearly different as expected for primary and secondary CRs, albeit
with low sta7s7cal significance, that the flux hardens more for B than for C above 200GeV/n

PRL 129 251103 (2022)



Boron-to-carbon ra2o
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Boron in cosmic rays are produced by the spalla7on reac7ons of primary CRs such as carbon
⇨ The B/C (primary-to-secondary) ra7o includes a history of the propaga7on in the Galaxy.

SPL: Γ=-0.366±0.018 (χ2/ndf=9.4/13)
DPL: ΔΓ=0.09±0.05 (χ2/ndf=8.7/12)

- The B/C raYo with CALET is consistent with the one measured by AMS-02
- A DPL funcYon provides a beher fit, suggesYng a trend of the data toward a flaing of 

the B/C raYo at high energy
- “Leaky-box” (LB) approximate fit suggests the possibility of a non-null value of the 

residual path length

= 0.95±0.35 g/cm2

PRL 129 251103 (2022)



Diffusive Gamma-ray Flux
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COSPAR(2022)
Diffusive emission:
On-plane and off-plane (Nov.2015 – Feb.2022)



GRB Observa2ons
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Map of the sky above 1 GeV observed by CAL

90% confidence level upper limits observed by CAL in the energy range 1-10 
GeV during the interval ±60s around the Gme of GW 190408an reported by 
LIGO/Virgo. Red and blue circles are the HXM and SGM FOV, respecGvely

Astrophys. J 933, 85 (2022)

Time histories of counts observed in HXM1,
HXM2, and SGM for GRB 200521A



Solar modula2on
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2016          2017           2018            2019           2020          2021          2022           2023 

Count rates of electrons

• ConYnuous observaYon has achieved over 7 years 
and monitored the solar modulaYon

• Solar minimum in ~2020 was clearly observed in 
electron count rates

• Chare-sign dependence of the solar modulaYon of 
GCRs, predicted by drim-model is also observed.



Summary

p CALET has been accumula1ng scien1fic data for over 7 years with excellent 
performance since October 13, 2015

p Linearity in the energy measurements established up to 106 MIP and 
con1nuous on-orbit calibra1on updates

p Following results have been achieved by now
・ Cosmic ray spectra 

・ Electron and positron: 11 GeV – 4.8 TeV
・ Proton: 30 GeV – 60 TeV
・ Helium: 40 GeV – 250 TeV
・ Carbon, oxygen and C/O raIo : 10 GeV/n – 2.2 TeV/n
・ Iron: 10 GeV/n – 2.0 TeV/n
・ Nickel: 8.8 GeV/n – 240 GeV/n
・ Boron and B/C raIo: 10 GeV/n – 2.2 TeV/n
・ Study on solar modula1on over 7 years
・ Observa1on of diffuse and point sources (+Sun) of gamma-rays
・ Gamma-ray burst detec1ons and follow-up observa1on of GW events

p CALET mission was approved to be extended un1l the end of 2024 (at least) 
by JAXA/NASA/ASI
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