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Nuclei observa.ons with CALET
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p CALET measures energy spectra of nuclei from proton to Iron
- Energy spectra of proton, C and O indicate the spectral hardening at a few 100 GeV/n,   

while less in iron spectrum.
- Measurement of secondary CRs can constrain the theoreFcal models

➡ Boron spectrum and B/C ra1o will be presented in this presenta1on
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Instrument of CALET
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CHD: Charge Detector
Charge measurements (Z=1-40)
- Plas7c scin7llator paddles 14 x (X, Y) 
Unit size: 32mm x 10 mm x 450 mm
ΔZ/Z = 0.15 for C, 0.30 for Fe

IMC: Imaging Calorimeter
Arrival direc7on, Par7cle ID
- Scin7lla7ng fiber belts 448 x 16 layers
Unit size: 1 mm2 x 448 mm

- Tungsten plates 7 layers
3 X0 (=0.2 X0 x 5 + 1.0 X0x 2)
ΔX at CHD = 200μm, ΔZ/Z = 0.20 for C

TASC: Total AbsorpFon Calorimeter
Energy measurement, Par7cle ID
- PWO logs 16 x 12 layers
Unit size: 19 mm x 20 mm x 326 mm
27 X0 for electrons
1.2 interac7on length for protons
Dynamic range ; 1 – 106 MIP (1GeV – 1PeV)

A 30-radia*on length deep calorimeter designed to detect 
electrons and gammas to 20 TeV and cosmic rays up to 1 PeV

Since the start of opera1on on the ISS in October 2015,
CALET has been accumula1ng scien1fic data without any major interrup1on
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Data analysis
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Analyzed Flight Data
1,815 days (Oct. 13, 2015 – Sep. 30, 2020)
Tlive=3.69 x 104 hours

Analysis procedure
• Field of view cut

Remove shielded region by ISS structures
• High energy trigger + offline shower trigger

E>10GeV
• Tracking with IMC
• Acceptance cut

CHD, TASC top and bottom layers
• Charge identification

Charge consistency among CHD and IMC layer
Track width selection

• Estimate efficiency and background
• Apply energy unfolding
• Calculate flux and the ratio

An example of Boron candidate (X-Z view)
ETASC = 475.8 GeV

ZCHDX =

ZIMCX1 =
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A5er applying charge 
consistency cut with 
CHDs only

Event selec.on
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ZIMC vs ZCHD of flight data

Sum of 7 SciFis Sum of 3 SciFis

u Charge consistency u Track width

• 1/1.10 < ZCHDY/ZCHDX < 1.10
• 1/1.15 < ZCHD/ZIMC < 1.15 
• |ZIMC12 – ZIMC34| < 1
• |(ZIMC12 + ZIMC34)/2 – ZCHD| < 1

A5er applying 
charge consistency 
with CHDs only

with each CHD and upper 4 IMC layers

Major possible background source is events interacting in CHD or upper surface materials

Track width of the backgrounds spread wider

Track width distribuFon
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Charge distribu.ons with MC
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MC data
- EPICS v9.22, Cosmos8.02, DPMJET-III
- proton – Ni in 1 GeV – 1 PeV

Digi7za7on of signals in simula7on are modelled 
and tuned by beam test results and flight data;
quenching of light yield, noise and satura7on.

● data
ーMC total
■MC Be■MC B
■MC C  ■MC N
■MC O
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Efficiency and background for Boron
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ー Total ー Carbon ー Nitrogen ー Oxygen

4%

Efficiency Background

Efficiency is evaluated by MC simula1ons
・ Isotope abundance ra1o is assumed as

10B : 11B = 30 : 70
・ The difference of the efficiency

between pure 10B and 11B is 1%

Background is evaluated by MC simula1ons
・ the main source is carbon
・ total background is at most 4%



37th International Cosmic Ray Conference, Berlin, Germany(online) 12-23 July 2021

Energy measurement and unfolding

8

150GeV/n Carbon

Energy distribuFon with beam test

u IteraFve Bayesian unfolding
・ Ini7al assumed spectrum: f(E)=A x E-2.60

A: normaliza7on constant
from charge distribu7on in CHD

・ Response func7on is made by MC simula7on
ΔE [GeV] vs E0 [GeV]

Response matrix of Boron

u Beam test at CERN-SPS
・ Accuracy of the energy measurement of MC simula7on 

is tested with ion fragments beam (Z/A=2)
at 13, 19, 150 GeV/n
・ The energy response derived from MC simula7ons was 

tuned using the beam test results
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Sta.s.cs and systema.c uncertain.es
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Uncertain7es of boron spectrum

Uncertain7es of B/C ra7o

SystemaFc uncertainty sources
Energy dependent:
- trigger efficiency
- charge idenFficaFon
- background subtracFon
- energy unfolding
- MC model
(EPICS:DPMJET3 and Geant4:FTFP-BERT)

Energy independent
- live Fme
- long-term stability

Energy scale
- beam test calibraFon
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Preliminary energy spectrum of Boron

10

CALET preliminary result is consistent with PAMELA, but lower than AMS-02

Boron isotope ra1o is assumed as
10B : 11B = 30 : 70
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Preliminary energy spectrum of Boron
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Boron isotope ra1o is assumed as
10B : 11B = 30 : 70

●
10B : 11B = 40 : 60

● 10B : 11B = 20 : 80

Assump7ons of ±10% isotope ra7os
make 2% differences in fluxes.

CALET preliminary result is consistent with PAMELA, but lower than AMS-02
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Preliminary result of B/C ra.o
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CALET preliminary result is well consistent with CREAM-1, PAMELA and AMS-02 
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Fit with a single power law func.on
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The B/C ra1o is fiZed by a single power law func1on: 

sta7s7cs and energy dependent 
systema7c uncertain7es

,
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Summary

• CALET was launched in August 2015 and is successfully carrying out 
observa>ons of CR nuclei with stable opera>ons.

• Preliminary result of boron spectrum is obtained from 16 GeV/n to 2.2 TeV/n.

• Preliminary result of B/C ra>o is presented from 16 GeV/n to 2.2 TeV/n.
– single power law fi[ng: Eδ gives δ = -0.344 ± 0.012 (E>20GeV/n)

• CALET has capabili>es to measure not only the B/C ra>o, but also sub-Fe/Fe 
ra>o, and the analysis is ongoing

• Further observa>ons un>l December 2024 are approved. We will collect 
higher sta>s>cs and achieve a further reduc>on of the systema>c errors.
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