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CALET Payload n I

CGBM (CALET
Gamma-ray

Burst Monitor)

FRGF (Flight Releasable
Grapple Fixture)

< ——— | ASC (Advanced
== Stellar Compass)

GPSR (GPS
».

Recel
{  Launched on Aug. 19%, 2015 il
by the Japanese H2-B rocket

Emplaced on JEM-EF port #9
on Aug. 25t, 2015

MDC (Mission
Data Controller)

- Mass: 612.8 kg
- JEM Standard Payload Size:

1850mm(L) x 800mm(W) x 1000mm(H)

- Power Consumption: 507 W (max)
= Telemetry:

Medium 600 kbps (6.5GB/day) / Low 50 kbps
Yosui Akaike
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Overview of the CALET Calorimeter

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

CH

)/IMC PMT
37 'A = .

R CHD-FEC

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 x 448 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~

Scintillating Fiber
+ 64anode PMT

FXIZX XL iy
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Scintillator(PWO) =
+ APD/PD
or PMT (X1)




Examples of Event Candidates

Electron, E=3.05 TeV Proton, Etasc=2.89 TeV
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Capabilities of the electron measurements

N
o

- Energy calibration in space has been performed with % 185_ c Lt e TASC only (w/Calb. Error)
penetrating cosmic-ray protons and helium nuclei S e nergy resofution TASC+IMC (w/Calib. Error)
. . o £ 16-°
- High dynamic range readout of energy deposited in TASC £ . °  TASC only (Ideal)
. — 14— ° 5
was calibrated by a UV pulse laser on the ground S .© TASCHME (ideal
. . 125 .
= The energy resolution of electrons is <2% above 20 GeV 22 o G
. - . . . . I 8
- Imaging capability with thick calorimeter provides powerful f - s
. .o . ~ 8j:| ] o
electron/proton identification S e . .,
= The total BG protons are less than 10% up to 7.5 TeV 45 St °,
. . . . - = n 2
with 70% electron efficiencies - L "ty
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All-electron spectrum

Preliminary update: statistics increased by 42% Expected cutoff around 1 TeV based
+ 3 years w.r.t. PRL131, 191001 (2023) on the decrease in the number of

sources significantly contributing to
the all-electron spectrum

250

200—
. B CALET observed a flux suppression
(g
Z B above 1 TeV with a significance ~6.7c0
9 150
w—m B
I’E : + %ily %..‘.‘o
E 100— | < 1021
= -
e T 8
M - . CALET 2026 B A T i
— B uncertainty band (stat. + syst.) ;L ++ rTE e CALET2026 ¢
50 __ ® AMS-02 2021 i B e | T & n'l:—n' —_— I?il;:ov'\(.;E:;;eernt?avl\;yﬁéut—oﬁ Power Law
| i DAMPE 2017 3, ,_{j-‘;{_f_ = —— Single Power Law Fit
—i ‘
B & Fermi-LAT 2017 (HE+LE) L= 10%4
0 | | | | | 111 | | | | L 111 | | | | | 1 |
10 10° 10° 107 102 103

E [GeV]

E [GeV]

Yosui Akaike TeVPA 2026, Tendo, Japan 7



Fit with/without nearby sources

 In the TeV region and above, nearby accelerators may produce observable features in the spectrum.
- The all-electron spectrum is modeled as combination of e* fluxes from pulsars, secondaries and distant SNRs
- Fit with and without nearby sources yield similar X?/d.o.f., but including nearby sources provides a better spectral

agreement in the TeV region

Fit WITH local SNRs Fit WITHOUT local SNRs
— all-electron flux —— positron flux —— all-electron flux —— positron flux
----- secondaries and distant SNRs  ----- secondaries ----- secondaries and distant SNRs  ----- secondaries
----- all-electron flux from all pulsars ----+ paositron flux from all pulsars ==+« all-electron flux from all pulsars ----+ positron flux from all pulsars
______ electron flux from local SNRs: g,
T = Combined local SNR o=
~~~~~ Vela R hang
1024 T —— Cygnus Loop 1024 T
~ —— Monogem ~
> > }
8 @ CALET all-electron flux 8 ® CALET all-electron flux +
— AMS positron flux — AMS positron flux
P _ b 4
a1 e, " -
? 7
E ........ E ;(/
T . p T At o
0 10— 0 10t o
T P ™ m o T Tt
L L v TTT—ll
- -
100 : - - 100 —— S
101 102 103 104 10! 102 10*
E [GeV] E [GeV]
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Dipole anisotropy measurement

Measurement of the dipole amplitude as a function of lower threshold energy

E>1TeV;n=332

(Ilnqcux - (I)rni11
100 4 6 ~

] Cbmax + q)min
w0
Q
©
-}
+ 10714
=1
=
$ E > 5 TeV, number of events = 14
©
o
Q@ 1072

—— Measured Dipole Amplitude
| Expected Amplitude 1o Region
Expected Amplitude 20 Region

10734 — . e
102 103

threshold energy [GeV]
* Dipole amplitude within 2o band expected from white noise,

 — ——
but close to upper boundary above ~2 TeV = B B8 s 0 s
* Highest energy events cluster in one part of the sky with ; E—
dipole direction close to the direction towards the Vela SNR e
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Capabilities of nuclei measurements

An example of Carbon event
ZCHD = 6.0

Charge measurement
- CHD enables individual charge identification from Z=1-40
- Charge resolution ranges from 0.15e to 0.3e for protons to iron

Energy measurement

. . ] 1 [T
- Capable of measuring nuclei over a wide energy range: 1 GeV to 1 PeV. S
- Energy resolution for nuclei: 30 — 35% . —
I O I | 1\I [TT1T 11
w10 B I ) I O
c - T
Sk 151013-260331 © DBEmpsc=1.3TeV
5.0 - LE- tricoer — 5.71x10° Events g 05p R -
S0 s LE-trigger 2 oust Energy resolution. -
= — u - ! E
g1 . - g o4t by beam-test g
Z 108 HE trigger . CR.- T ; o -
___ X ; i Ma Si A ;
o = | LPev - b 3
10° 02 :
1= Energy distribution ‘“f
. + 0.1: =
e of all triggered events ty st i
e 1 ||\|‘\| 1 ||||\|1||0 I |H||1|$2 1 IIIH1II{‘)3 I |||||1|:)4 1 \IIH‘I\I{;S 1 |||1||(|)i-| \H||1|\0? 007 : 11000‘ L ‘2000‘ L ‘300(.)‘ : ‘ 1‘1000‘ L ‘5000‘ L .‘6000‘ L ‘7600
20 GHD-Y Charge TASC Energy Deposit Sum [GeV] Kinetic energy per particle (GeV)
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Proton Spectrum
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Helium Spectrum
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Proton and Helium Spectra

* P and He spectral break positions scale well with RIGIDITY.
* The energy dependence of p/He ratio is consistent with a single power law with index of -0.1 up to 10 TV.
* A double power law is favored with a significance of 4.8c compared to SPL from 60 GV to 100 TV.

* Further analysis are ongoing to confirm this results.

2.6 HPC x s i e
P and He spectra X R“° [ Rigidity] p/He ratio [Rigidity]
8
—$— CALET [202412] AMS-02 (2015) = —4- CALET [ ]syst. + stat. error
S 1o B, —4- AMS-02 (2021)  —4— PAMELA P PAMELA (2011) —4— AMS-02 (2015)
“'> T 3 DAMPE-2026 E 3 AMS-02 (2021)
O e K
0 £ sE
P x =
o g
g o
S S 3 C=7.16 +/-0.23
X = |y =-0.097 +/- 0.006 e
© 21— Ay
S = | R, = 6595 +/- 1865
n | Ay = -0.23 +/- 0.08
: | 1 ||||||| 1 |||||||| 1 |||||||| L L ||||||| 1 D: 1 Illlllll 1 1 |I|I||l 1 1 IIIIIII 1 1 111 111
102 10° 10° 10° 10° L 10° 10°
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Energy spectra of B, C, N, and O
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Spectral analysis for BCNO

C and O fluxes harden similarly
above 200 GeV/n
(significance 70)

B hardens ~twice as much as
C, O (significance 2.50)

as expected from propagation
of a purely secondary element.

N consistent with a mixed
composition of primary and
secondary: hardens more than
C, O but less than B,
(significance 50)

with hardening starting at lower
energy than for C, O and B.
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Boron flux ratios
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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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CALET closes the gap with indirect measurements from ground experiments

E*® Flux [m'sr's'GeV'”]
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E*® Flux [m?srs'GeV' ]

All-particle spectrum

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:
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Summary

O CALET was launched on Aug. 19th, 2015. The observation campaign started on Oct. 13th, 2015.

Excellent performance and remarkable stability of the instrument have been confirmed for over 10 years.

O Accurate calibrations have been performed in the energy measurements established in 1 GeV-1PeV.

O Following cosmic-ray spectra have been measured so far:

* Electron + positrons: 10 GeV — 7.5 TeV.

* Protons and Helium: 50 GeV — 100 TeV and 250 TeV, respectively

« BCNO group: 8.4 GeV/n —19 TeV/n (C, O) and up to 5.7 TeV/n (B, N)
* lron and Nickel: 10 GeV/n — 1 TeV/n and 240 GeV/n

» sub-Fe (Ti, Cr): 10 GeV/n — 250 GeV/n and ratios to Fe

» All-particle spectrum: up to 1 PeV

O Continuous all-sky monitoring of gamma rays, GRBs, solar modulation and REP events is ongoing.

O CALET observation has successfully been carried out over 10 years and is extended to 2030
with the approval of JAXA.

Yosui Akaike TeVPA 2026, Tendo, Japan
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Study on the normalization

CALET have been investigated several areas where potential sources of systematic error
could affect flux normalization

The main studies carried out to data include:
* Monte Carlo models
= EPICS (reference), FLUKA, Genat4

* Efficiency
* Trigger
=> Studies with different trigger logic and energy threshold
* Cross-sections in MC
=> Check by varying cross sections in MIC
* Event election criteria
=> various selection criteria were tested and compared

* Energy scale calibration
=> Validated through beam test results;
corresponding uncertainties are included in the systematic errors
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Monte Carlo models
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MC simulations, reproducing detector
configuration, physics processes and detector
signals, where developed based on three
simulation packages

° EPICS9.21 w/ DPMIJET-III
° FLUKA 2011 2x.6 w/ DPMJET-III
* Geant4 10.5 w/ FTFP_BERT

MC simulations were tuned using beam test data
and flight data

They are used to estimate selection efficiencies and
response matrix.

The fluxes obtained using different MC simulations
show consistent normalization and spectral shapes.
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Efficiency: Trigger
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Efficiency: cross-section

Survival probability in IMC
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Energy scale: beam test
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* Beam test calibration at CERN-SPS with ion fragments (Z/A = 2)

* Good linearity up to max available beam energy (6TeV)

* The energy response derived from MC simulations was tuned using the beam test results,
and the errors have been included into the systematic uncertainties.
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    δ ≈    Φ  m a x −  Φ  m i n   Φ  m a x +  Φ  m i n


  ×    E  2 . 7


    γ = − 2 . 86


     E 0 =   672  − 40  + 45   GeV


      Δ γ 0 = − 0 . 37


     E 1 =   9 . 6  − 1 . 7  + 2 . 4   TeV


    Δ  γ 1 = − 0 . 49


  ×    E  2 . 6


    γ = − 2 . 70


     E 0 =   1276  − 219  + 273   GeV


      Δ γ 0 = 0 .


     E 1 =   34 . 6  − 8 . 2  + 7 . 3   TeV


    Δ  γ 1 = − 0 . 22


  ×    R  2 . 6


  Δ Γ ~ 0 . 2


   Φ N P =  n P  Φ O  


   Φ N S =  n S  Φ B


   n P = 0 . 074 ± 0 . 003    (  stat ) ± 0 . 02   ( sys )


   n S   = 0 . 74 ± 0 . 02    (  stat ) ± 0 . 05   ( sys )


   γ  Ti / Fe = − 0 . 39 ± 0 . 03 ,    χ 2 / ndf = 1 . 9 / 5


   γ  Cr / Fe = − 0 . 24 ± 0 . 03 ,    χ 2 / ndf = 0 . 8 / 5


   γ  Ti / Fe = − 0 . 30 ± 0 . 01 ,    χ 2 / ndf = 15 / 17


   γ  Cr / Fe = − 0 . 24 ± 0 . 01 ,    χ 2 / ndf = 17 / 17


  γ = − 2 . 65   ± 0 . 03


   E 0 = 1 . 57 ± 0 . 58   TeV


  Δ γ = 0 . 09   ± 0 . 03


  s = 6 . 6   ( Fix )


   E 1 = 30 . 6   ± 7 . 4   TeV


  Δ  γ 1 = − 0 . 17   ± 0 . 04


   s 1 = 10   ( Fix )

