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

L. . | ASC (Advanced
T Stellar Compass)

Burst Monitor)

Calorimeter

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

Emplacedon JEM-EF port#9
on Aug. 25™, 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)

Q,EM/ ort #9 = Telemetry:

- Medium 600 kbps (6.5GB/day) / Low 50 kbps
2024.2.22 THAFERFARFFEHRARFTERFMAARRERRS 3



CALET calorimeter and capability

Field of view: ~ 45 degrees (from the zenith) Geometrical Factor: ~ 1,040 cm?sr (for electrons)
CHD-FEC PMT SCIN 1 TeV electron shower

S CHD —Charge Detector
: } CHD

_ ' - 2 layers x 14 plastic scintillating paddles
MAP_MT - single element charge ID from p to Fe and above (Z = 40)
X‘:;:‘;ly - charge resolution~0.1-0.3 e
> IMC
IMC-FEC S IMC — Imaging Calorimeter
- by =5 - Scifi + Tungsten absorbers: 3 X, atnormalincidence
G - 8 x2 x 448 plastic scintillating fibers (1mm) readout individually
- Tracking (~0.1° angular resolution) + Shower imaging
§ TASC-FEC g == TG . .
TASC — Total Absorption Calorimeter 27 X, 1.2 &,
PD/APD - 6x 2 x 16 lead tungstate (PbWO,) logs
= - Energy resolution: ~2 % (>10GeV)fore,y ~30-35% for p, nuclei
NN o - e/p separation: ~10°>
PW
Electron, E=3.05TeV Gamma-ray, E=44.3GeV Proton, E;,5c=2.89 TeV  Iron, E;xsc =9.3TeV  Event Display: Electron Candidate (>100 GeV)
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Accumulated observation time (live, dead)

= 70000
= - [151013-240131] High Energy Trigger (3033 days)
g . = Total Observation Time (2.57x10%sec)
= - Live Time (2.21x10%sec)
50000 Dead Time (Fraction 14.2%)
40000 —
30000]
20000 — Trigger Rate : ~ 8.7 Hz
10000 —
: | | | ‘ | | | ‘ | | | | | | | | | | | | | | | | | | | |

960101 161231 171231 181231 200101 201231 211231 221231 240101
Date [yymmdd UT]

High-energy trigger (> 10 GeV) statistics:
» Operational time: 3033 days as of Jan. 31, 2024
» Live time fraction >85%
« Exposure of HE trigger
~265 m?2 sr day
 HE-gamma point source exposure
~5.2 m2 day (for Crab, Geminga)
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CALET observations on the ISS

Energy deposit (in TASC) spectrum: 1 GeV-1 PeV

—— - |

— 2015.10.13-2024.01.31
= Total # of events: 4.4x10°

g LE-Trigger -

%— HE-Trigger _‘—_

3 All particles ™
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Direct Measurement of the Spectral Structure of Cosmic-Ray Electrons +
Positrons in the TeV region with CALET on the International Space Station

— Physical Review Letters 131, 191001, 2023
Direct Measurement of the Cosmic-Ray Helium Spectrum from 40 GeV to 250
TeV with the Calorimetric Electron Telescope on the International Space Station
— Physical Review Letters 130, 171002, 2023
Charge-sign dependent cosmic-ray modulation observed with the Calorimetric
Electron Telescope on the International Space Station
— Physical Review Letters 130, 211001, 2023

ICRC2023F & (§12244)

— Highlight talk (invited): Highlights from the CALET observations for 7.5 years on the
International Space Station (S. Torii)



Cosmic-ray all-electron spectrum (PRL 131, 191001 (2023))

Data: Oct. 2015 — Dec. 2022 (2637days)

o [10.6 GeV, 7.5 TeV] Statistics has increases by ~3.4
v from PRL 2018 and also energy
region has expanded up to 7.5

TeV with proton contamination

200

P-}_, E <10%.
=150
i = CALET observes a flux
= = L suppression above 1 TeV
5 1001 | ) - with a significance of 6.9 o,
- i *  Thiswork ’}%[4 M» l a considerable improvement
' | % uncertainty band (stat. 4 syst.) : JF _
5ol .  AMSO22021 i';TL 'L TL e with respect to the result
- ¢ Fermi-LAT 2017 (HE+LE) 1 J H i
1 1 1 1 L1 1 1 | ] 1 ] 1 L 1 1 I
10 10 10°
E |GeV]
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Fit in 30-4.8TeV
— Broken power law

* y=-3.15%*0.01->3.92 at 761 x115GeV

(x%2/NDF=3.6/27)

— Exponentially cut-off power law
* y=-3.10%0.01 at 2854+ 304GeV
(x%/NDF=12/28)

— Single power law
e y=-3.18+0.01 (¥?/NDF=56/29)

Possible spectral fit in whole energy region
— Positron contribution is fitted using AMS flux

with secondaries + pulsers.

— CALET electron+positron flux is fitted with

secondaries + pulsers + SNRs.

— The best fit: 0.8x10%erg in E>1TeV for each

nearby SNR.
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'_l:n Broken Power Law Fit

.- —— Fit w/ Exponentially Cut-off Power Law

£ — Single Power Law Fit

10t
10* 10° 103
E [GeV]
all-electron flux positron flux
- secondaries and distant SNRs  ---- secon daries
===+ all-electron flux from all pulsars ----. positron flux from all pulsars
h electron flux from local SNRs:
TS0 Combined local SMNR
Tme- vela

—_— 102’ ——— Cygnus Loop
rE> Monogem

8 - CALET all-electron flux
— AMS positron flux
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Helium energy spectrum PRL 130, 171002 (2023)

Data: Oct. 2015 — Sep. 2020

ajm
£ [40 GeV, 250 TeV]  \We observe the spectral hardening
- e starting at
= Vo=-2.45 4 | 0.113 0.267
3 F (Vo = v+ AV)‘*?H';{' \l | E, = 1319503 (stat) Zg124 (sys) TeV
:ﬁ = . N aritan Be= This is consistent with DAMPE result
£ v= -2 70 et ‘ | (PRL 2021)
E J= * We also observe spectral softening
= . starting at
- AMS-02 (PRL-2015) % CREAM-| (ApJ-2011) =267 _ +9.8 +1.8
' 1 DAMPE(PRL-2021) ¢ | CALET (this analysis) \(</1=vo+ Avy) Ex 33'2_6'2(Stat)_2'3(sy s)TeV
Kinetic Energy [GeV]
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Proton/He ratio

PRL 130, 171002 (2023)

Spectral hardening in

_ Energy/nucleon rigidity rigidity are consistent
ﬁ 4 GALEI < GREAMI o 4-pCALET 4 He CALET .
> b I L - . pANSOZ - He AMSZ between proton and helium.
O 10 3 1 "'*-r...“ * NUGLEON A_TIC'DE 9 - fdw %%% . & p PAMELA % He PAMELA . .
7 et nipdbddy ho[ £ Flhae et p/He ratio in
HL N?_‘?T HL __:?5 ++ .
i ‘]’ L4 - 60GV/n<E<60TV/n is
X", ,,;,iw%.. X" consistent to previous
E [ E o F measurements.
(Ij-l — I "":}2 II“”II3 = I”I;" - I””é;s e ‘& 1 II‘IllD l|] Hllj3 ”1llll‘I HII‘JE 10°
1 " 1 Kinetic En;c:gy [GeVin] 1 1 " Rigidity [GV]
o= e = Loumr [ Jomeemem hardening | softening
ot v i3 Pueta oy - stz (GeV) (TeV)
o “E i g Pl He ratio +61 +1.4
% 16; p/He ratlo "'[E: 55 ‘W%_“‘“X‘*hz-h,:.c ] p/ PrOton 584—58 9'3—1 1
1 ]E P — Helium 1660258 *35%(16.6237 193
Ry = Wy, bl L] . g +
o= ] ’_i i l 3 Yy (E/2)
61— 1= .
i3 o | |Helium| 33028 671 8.3+23 +0.5
" Kinetic En1e0rgy [GeV/n] " " F{igic;i?; [GV] ¢ v ( E / N )
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Sunspot Number

Normalized Count Rates, C.- and C,, [%]
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Charge-sign dependent solar modulation (PRL 130, 211001, (2023))

CALET electron rate reached
minimum 6months after the
beginning of solar cycle 25 in
Dec. 2019. Now the electron
count rate is decreasing.
Good correlation of neutron
monitor counting rate at Oulu
station (black line) with
CALET proton rate.

The count rate increase of
electron is found to be larger
than that of proton. This is
consistent with numerical drift
model (colored solid lines)
which expects CHARGE
SIGN dependence of the
solar modulation.
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CALET:. Summary and Future Prospects

O CALET has taken morethan 8 years of data withrexcellent performance
and remarkable stability of the instrument since the start of data taking on
Oct. 13, 2015.

O HE trigger operational for >3300 days with >85% live time fraction
O Total number of > GeV triggers ~4.4 billion

CI\We have achieved the followingiobservations:

CCosmic ray spectra: electran/proton/He/B/C/O/Fe/Ni/more

CSolar modulation/diffuse.and point source gamma-ray/GRB/GW follow up
CONew results

Celectron (PRL131, 191001 (2023))

OHelium (PRL130, 171002 (2023))

CSolar modulation (PRL 130, 211001 (2023))

Extended operations-were approved by JAXAINASA/ASI until the end
of 2024 (at least and plan to operate until 2030).
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