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CALET Payload 2K | =

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

ASC (Advanced

Stellar Compass)

Calorimeter
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B Launched on Aug. 19", 2015 = : S
by the Japanese H2-B rocket ==

Emplaced on 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)
Telemetry:
Medium 600 kbps (6.5GB/day) / Low 50 kbps ,
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CALET Calorimeter and Capability

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

N CHD - Charge Detector
} CHD

‘ T A T - 2 layers x 14 plastic scintillating paddles
MAPMT - single element charge ID from p to Fe and above (Z = 40)
VA Chip - charge resolution ~0.1-0.3 e
Assembly >__ IMC
IMC-FEC s IMC — Imaging Calorimeter
- e < - Scifi + Tungsten absorbers: 3 Xy at normal incidence
S = - 8 x 2 x 448 plastic scintillating fibers (1mm) readout individually
e - Tracking ( ~0.1° angular resolution) + Shower imaging
§ TASC-FEC § R . .
TASC — Total Absorption Calorimeter 27 X, 1.2 A
PD/APD - 6x2 x 16 lead tungstate (PbWO,) logs
: e - Energy resolution: ~2 % (>10GeV) fore,y ~30-35% for p, nuclei
sk N - e/p separation: ~10
PWO
Electron, E=3.05 TeV Gamma-ray, E=44.3 GeV  Proton, E;p5c=2.89 TeV  Iron, E;asc =9.3 TeV  Event Display: Electron Candidate (>100 GeV)
f X-Z View | [ X-Z View f X-Z View | X-Z View Mp
o seen T samg % s 1o
- i - : - e = N
19 o e 10 mom ‘oj mn ek A: - #4‘:‘-‘““?‘#.% w': E
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”‘LLA-—&L&».--;.“,-,A--,-,-,.,-l---A,,,A,,< 7'_:;0‘ -:UJ ------------ ey zlolnl 110 L OIAA A‘lclllel o
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CALET Performance of Observations on the ISS

Accumulated observation time (live, dead)

E 60()00:— [151013-230228] High Energy Trigger (2696 days) Energy d@pOSlt (In TASC) SpeCtrum: 1 GeV-1 PeV
) B Total Observation Time (2.29x10%sec)
& u Live Time (1.96x10%sec) = - T
=~ 50000— ive I'ime (1.96x10'sec c = _—__ -
- Dead Time (Fraction 14.2%) q>') 10° LE- — 1N?Jr: l‘.()) er1 O3f |3 g tr? gzgezrss
40000 - Trigger - ~1.77 billion
- o10’ - Total number of >1 GeV triggers
u — - ~3.86 billion
30000 — 8 HE-Trigger
: e 10° —
20000 {— Trigger Rate : ~ 8.9 Hz = - All particles
- <10 -
10000 — Cut-off -
: it Rigidity ~ Knee
2 e R NI B SEE B R | | <€ —=- >

Q60101 161231 171231 181231 200101 201231 211231 221231 ~ 1PeV
Date [yymmdd UT)] 10° 1GeV g €

~9 orderof -

High-energy trigger (> 10 GeV) statistics: 102 ) .
« Operational time 2696 days (> 7 years)() magnitude L
(*) as of Feb. 28, 2023 10 +Jr
« Live time fraction ~ 86% Jp[
» Exposure of HE trigger 1 | A | | |
~235 m2 sr day 111 L 1L L L LI L L L1 Liin L L1
] ] : 1 10 102 10° 10° 10° 10° 10’
HE-gamma point source exposure TASC Energy Deposit Sum [GeV]

~4.2 m? day (for Crab, Geminga)
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New Major Publications in FY2022

O Direct Measurement of the Nickel Spectrum in Cosmic Rays in the Energy Range from 8.8 GeV/n to 240
GeV/n with  CALET on the International Space Station, O. Adriani et al. (CALET Collaboration), Physical
Review Letters 128, 131103 (2022)

O Observation of Spectral Structures in the Flux of Cosmic-Ray Protons from 50 GeV to 60 TeV with
CALET on the ISS, O. Adriani et al. (CALET Collaboration), Physical Review Letters 129, 101102 (2022)
(highlighted by Editors’ Suggestion)

O Cosmic-ray boron flux measured from 8.4 GeV/n to 3.8 TeV/n with the Calorimetric Electron Telescope on
the International Space Station, O. Adriani et al. (CALET Collaboration), Physical Review Letters 129,
251103 (2022)

O CALET search for electromagnetic counterparts of gravitational waves during the LIGO/Virgo O3 run,
O. Adriani et al. (CALET Collaboration) , The Astrophysical Journal, 933:85 (16pp) , 2022 July 1

O EMIC-Wave Driven Electron Precipitation observed by CALET on the International Space Station,
A.Bruno, L. W. Blum, G. A. de Nolfo, R. Kataoka, S. Torii, A. D. Greeley, S. G. Kanekal, A. W. Ficklin,
T. G. Guzik and S. Nakahira, Geophysical Research Letter 49, e2021GL097529
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&y Cosmic-ray All-electron Spectrum (update: as of May 30, 2021)

(]
N
-

200

—_—
n
-

E> flux[m2srls '1Ge V]

- . - *"u,,’“ Prelamunary
« High energy region: statistics increased x 2.6 ~ o
since PRL2017 &
'Tg ; ;AL:T 2:21 L Fi Ep = 914 GeV
W \\
.. \
_____________ o & L ) =
i R ’| 107561 102 103
R et ool '3'3:?:_'::: . ¥ E [GeV]

_______ s O CALET observes a flux

100 LR EL - suppression above 1 TeV with
B CALET 2021 a significance > 6.5 0, a
s uncertainty band (stat.+syst.) considerable improvement with
® AMS-02 2019 respect to the result published
50 in PRL2018 (~4 o).
A DAMPE 2017 O No peak-like structure at 1.4
[a Fermi-LAT 2017 (HE+LE) TeV in CALET measurement
[ irrespective of binning.
0 | | | | | I | | | | | | 1 1 1 1 | | | |
10 102 10° Statistics x 3.4 as of Dec. 2022
Energy [GeV] => Updated results coming soon...
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Cosmic-ray Proton & p/He Spectrum 24pW2-8: K Kobayash

Proton = "““°F PRL 129, 101102 (2022) : : ST
S ool Editors’ Suggestion Proton/Helium ratio vs Rigidity
- = 8
6,7 12000:— — +CALET Dsyst.+stat. error
p= - 7 i
Energy = 10000%1 = Preliminar — PAMELA (2011) —}— AMS-02 (2015)
Spectrum | = - =R Y
X 8000 o [
" o0 PO B o g CF
- inty band o+ ) = —
4000~ b Al\ljlgc.(ca)rztamty and (stat. + syst) '-(’]-J 45
- ¢ CREAMMI 50 GeV - 60 TeV T LB "
2000~ 4 DAMPE a -
- uncertainty band (DAMPE) — ¢ $
0 [ | Lol Lol Ll 2_— + +
10 10? 10° 10* 10° —
Kinetic Energv [GeV 1=
16X10° —
;_ E1=9_3+1.4-1_1TeN 0_ I Lol I Lo I Lol I T I B B
15: \l/ V= 2 89 10° R d103 av 10°* 10°
"L E,=584+61-58GeV (V1 = Yo+ Ayy) e
Fitting 3 Yo= -2.55 The relative flux of proton to helium decrease with
Results ¥ g (Yo = v+ Av) rigidities, and no clear structure is not seen in the flux.

= The helium spectrum seems to have a similar
structure with the proton spectrum.

E27xFlux [m'sr's'GeV-7]

The helium energy spectrum will be published soon.

GIIAAAI | 1 llAAlll 1 1 lllll‘l
102 10° 10*
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Observations of Cosmic-ray Nuclei from C to Fe

Preliminary Spectra of Carbon —ron Charge Distribution from Proton to Nickel

6 . .
10°F, ( periodic table of elements by CALET)
— %ey,  ® CALET Preliminary
10°
T ey 20t g B T
- 105 ............
T 10°E .
% — 10 ........
(O "
R7) 10 [ 10 AR M (aNe AN a4 - RS
® = Tea,, Y, T, R ENENEH IR R ELEEE B
wE 10—9:: 10228
< —
=102 i
1075 4 ATIC 4 CREAM 0
~ ¢ TRACER % RUNJOB e,
10-'8 ¥ CRN ¥ HEAO 3-C2 30
— § AMS-02 4 PAMELA harge 5 10 12 =
o2 4 JlACEE | | | ; 00 GHD-Y Charge

10 10° 10° 10° 10° 10°
Kinetic Energy per Particle [GeV]
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) Spectra of Cosmic-ray Nuclei from C to Ni

Carbon and Oxygen energy spectra
PRL 125, 251102 (2020)[10 GeV/n, 2.2 TeV/n]

(a) Carbon
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T Spectra of Cosmic-ray Nuclei from C to Ni 24pW2-0: Y. Akaike

Carbon and Oxygen energy spectra  ° The spectra of Carbon and Oxygen show

PRL 125, 251102 (2022)[10 GeV/n, 2.2 TeV/n] a clear hardening around 200-300 GeV/n.
* |t is consistent with hardening observed

£ gf (@ Carbon § e 00 in p and He within errors, in the energy
£ L wcAET : 7 =0 ~ .
> F Zrinon : (per charge) region of 400-600 GeV/z.
[0} == Fitwith SPL, extrapolation with Ay=0 &
= 30— I
& o5~ i
e F v = —2.663+£0.014 i
5 20f- 1 SR -
x : p it ?
N 15 Eo = (2154+54) GeV/n
w C :

L . . | DR |
:’E g5 (D) Oxygen Ay = 0.158+0.053
S [ = CALET
© [ —Fitwith DPL
g 30_— = = Fit with SPL, extrapolation with Ay=0 Ay
"-U) -
& o5 -
) - v = —2.622 + 0.008
E L
5 20
LI_? C T ']' i :
" 15:_ f Eo = (264+£53) GeV/n,
(\I‘.I.I C :

| | ! i ool

10 102 10°

Kinetic Energy [GeV/n]
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Spectra of Cosmic-ray Nuclei from C to Ni 2ACW2-9: Y Akaike

Carbon and Oxygen energy spectra * The spectra of Carbon and Oxygen Nickel energy spectrum
PRL 125, 251102 (2020)[10 GeV/n, 2.2 TeVin] show a clear hardening around 200-  PRL 126,131103 (2022) [8.8 GeV/n, 240 GeV/n]
300 GeV/n. o3

~ : | _ _ _ S o CALET Nickel Flux
5 g (@ Carbon ; « Itis consistent with hardening Gomf- 8 CALET T Statistcal uncensinies
< 351 ® CALET : A~ = 0.166+0.042 . gyt . — 0.24 Systematic inties Total (stat ) inties
3 [ —FiwihopL s observed in p and He within errors, in BonE s uncena! +Syst) uncertat
O .F == Fitwith SPL, extrapolation with Ay=0 . ® F T CRISIS (1977) #  Balloon (1975) - G. Minagawa
S sof | energy region of 400-600 GeV/Z. % J2E ¥ HEAOIC2Uo7w10-196005)  §  NUCLEON
T C § . . 50‘16
w B estoon ; * However, the hardening is not observed = o I _’/'}/{
£ F ] Y o R - in Iron spectrum, and Nickel spectrum  §,°" gt IS ——
3 20F- Pl - : ; }
S EEY. : shows a similar structure up to 240GeV/n. o= o P
. 15'_T Eo = (215454) GeV/n oo %
b P ; Iron energy spectrum -

L A Lol TR | : L A Ll
N C i 2
% s (b) Oxygen | sy = o005 5 PRL 126, 241101(2021) [10 GeV/n, 2 TeV/n] 10 et Eveey o eiace S
S L m CALET - @ CALET —3— Suatistcal ucertantes Iron
Q  — Fitwith DPL o Systematic uncentainties || Total (stat.+syst.) uncertainties I ° -
9 30— - - Fitwith SPL, extrapolation with Ay=0 Ay B : i‘;::";“z'm) - LRU‘;‘EEZN(KLEM_M Eom;— Ni/Fe Ratio
N Tipaes e g o
w: 25:_ ~ = —2.622 4 0.008 - i St ; z°'°7§_ } +
b ogtd . ; SpA T ke w3 PP ?
" 151_T T Eo = (264453) GeV/n, g %l f‘?’f‘—*ftﬁfgﬁ O-mf—‘} } :
W F ’ v R SV L R L S

e L AR U R | 3 — ConstrtFa

inefi - y=-2.60 % 0.02(stat) = 0.02(sys)’ pEE § CALET
finetio Eneray (G - in region of 50 GeV/n, 2.0 TeV/n g o F HEAG-C2 (197910-1980106)
0 | ! PR TR 10 T 1 0 VA L M ST BT 1 1 - 1l 1 IR R N A A W |

10 10?

—
o

0
Kinetic Energy per :wcleon [GeV/n]
2023.3.24 BAYMEFZR2023FEFEFRE(FI1Y) 24pW2-7

10°
Kinetic Energy per Nucleon [GeV/n)



B/C flux ratio

Boron/Carbon Ratio from 8.5 GeV/nto 3.8 TeV/n  s4,w2-9: v. Akaike

PRL 129, 251103 (2022)

B/C ratio as a function of kinetic energy per nucleon Comparison of energy spectra of Boron and Carbon

- 50 | :

- (c) B/C flux ratio +  PAMELA o Carbon (updated) : Aye =0.19 £0.03
02s5pr o ATIC 40 o Boron x5 : re

k2 + CREAM <" 30

il HEAO3-C2 = Ay

yud &) l " CEN < yc = —2.670 + 0.005 C
“F T“\g | . TRACER 320r B =~ R

. % :I:'} o AMS-02 = LR SN

- 250 & e CALET o ®
015 b CALET uncertainty band L

C e, | + 10 Ayg =0.25+0.12

B e ; | | £, "

0.4 r 3%%6 ’ r X TF yp=-—3.047+0.024
2 i F., ‘6,' I o 6 F

- l ?’l ? 4 6 X 5 -

3 L TR . W o4t A
0.05 UL L - | | Y

L # l E§ = (220 £20) GeV/n

:l L1 ll 1 1 N 1 Ll I N 1 N L1l l l N 1 111 II 1 1 1 11 1 11 I lE 1 1 11 1 11 I 1 1

10 102 103 10 102 10°
Kinetic Energy [GeV/n] Kinetic Energy [GeV/n]
First precise measurements of B/C ratio up to the TeV region. Boron and Carbon energy spectra are fitted by Double
*) DAPME published a similar result at same timing. Power Law functions. Ay is the change of spectral index

above the transition energy of Carbon, Ey°.
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Energy Spectrum of Diffuse Component

- Effective area: ~400 cm? above 2 GeV, decreases above 100 GeV => Improvement by 24pW2-10: M. Mori

» Angular resolution: < 0.2° above 10 GeV - Energy resolution: ~5% at 10 GeV
Diffuse Gamm-ray Spectrum Compared with Fermi-LAT Preliminary
LE-y + HE November 2015 — February 2022
10~ - Averaged Fermi data [on plane]
: -+« Averaged Fermi data [off plane]
— e s - I)  (CALET) on plane
- o NEE D (CALET) off plane
107 R }
) - v D At .
£ —a * 1--I-~F‘L+'~!
v — ; T
> \‘\*.‘__ o —
W s
2 107 - ——— " —:
X : Qr-*,-;-:-'r T " S
g ] R e tie i
(TN . Izt‘il}. -v ﬁ ""--.--..!
1077 1 : & |
10° 10? 102 10°
Energy [GeV]

“On-plane”: |/| < 80° & |b|< 8°, “Off-plane”: |b|> 10°
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Exposure map for GRB 200101A (LEG) cm?serg”

«10°

Candidate of GeV gamma-ray detected e

by CAL, associated with GRB
® GRB position

04

A6:0.59° 03

E: 4.92 GeV
AT: 105 s N,

01

0

CGBM: dedicated Gammay-Ray Burst Monitor
with energy range 7 keV-20 MeV

from 2015-10-05 to 2022-1-31
314 GRBs (~44 GRBs / year)
247 Long (89%) 33 Short (11%)

- Follow-up of LIGO/Virgo GW observations during O3
« X-ray and gamma-ray bands
* high-energy gamma-ray in the calorimeter

published in Astrophysical Journal 933:85 (2022)

50

200

0
500

200

Gamma-ray Bursts and GW Follow-up

Time distribution (7T¢9) of GRB durations

[ CGBM
Long burst
Short burst

1 BATSE

ﬁ —

[ Fermi-GBM F
—'—'_'_‘4_,_ —1__

1 Swift-BAT

j_‘—

0.01 0.1 1 10 100 1000
Too [S]
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Solar Modulation 24pW2-11: S. Miyake

« The low energy (<10GeV) electron and proton observations have being carried out since
the start of CALET operations (Oct., 2015) on the International Space Station.
* The results for solar modulation are now interpreted by a drift model by S. Miyake (ICRC2017).

Time profile of the count rate of CR Correlation with count rate of CR
protons and corrected e~ protons/corrected e~ and HCS tilt angle

140

140

— 3.8 GV e (drift model)

P -t SN TR %' o ——3.8GVp (drift model)

120 120+

-1105

A D

=

100

&

~495

0
(=}
T T
[e.2]
(=}

O CALET corrected e

-490

Normalized NM Count Rate Cny [%]
Normalized Count Rates, C,- and C), [%]

O CALET corrected e =+ ©

Normalized Count Rates, C,- and C), [%]

sl O CALET Proton ol
- Neutron Monitor (Oulu) O CALET Proton
0160 20170 20180 20190 20200 0210 > 0 3 10 15 20 25 30 35
Year HCS Tilt Angle [deg]
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Space Weather Phenomena with CALET

Research using the public data archived at ISAS/DARTS
https://data.darts.isas.jaxa.jp/pub/calet/cal-v1.1/CHD/level1.1/obs/

EMIC-Wave Driven Electron Precipitation observed by

CALET on the International Space Station The REP events observed simultaneously by
( Geophysical Research Letters 49, €2021GL097529 ) CALET and the Arase satellite (ERG)
Observations by CALET and Van Allen Probes ERG mlat-r at REP (2017 ~ 2021)  ERG Lm-mlt at REP (2017 ~ 2021)
45 Q
3//,,// . > “x.,\ \_2\]:
/ - ] \
Guosynehioneus Orbit (GS0) 6 | 0 I| 18
Oy 1':::‘:5 h‘l‘:lt"\'ﬂl ory II 1 I|
- 22,000 mbns 2 a
. 3
: o x /
Low-Earth C"ft/.'. {LEQ) & :E:UDSHIIL - 5 ,/
 ISS/CALET ¢ & 3 | 15
6 - ——— - -
4> MLAT[deg] 12 MLT[hour]

24pW2-12: M. Teramoto
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CALET: Summary and Future Prospects

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.

O As of Feb. 28, 2023 with live time fraction close to 86%.
Nearly 3.86 billion events collected with low energy trigger (> 1 GeV) and 1.77 billion events with high energy
trigger (> 10 GeV).

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

O Following results of the cosmic-ray spectra have been obtained by now.

 Measurement of electron + positron spectrum in 11 GeV- 4.8 TeV.

» Direct measurement of proton and Helium-in 50 GeV ~ 60 or 50 TeV energy range, and of Carbon and
Oxygen spectra in 10 GeV/n--2.2 TeV/n: Spectral hardening was consistently observed around a few
hundred GeV/n. B/C flux is precisely measured up to 3.8 TeV/n.

* lron and Nickel spectra were measured to energies beyond those covered by previous experiments.

O Continuous observations of GRBs, Solar Modulation and REP events have being carried out.

v' We greatly appreciate JAXA staffs for perfect support of the CALET operation at the TKSC of JAXA !!
v' This work is partially supported by JSPS KAKENHI Kiban (S) Grant Number 19H05608 (2019-2023FY).



Main Science Goals and Status of the Analysis

Cosmic-ray origin
and acceleration

CR propagation
Nearby electron sources

Dark matter

Gamma rays

Heliospheric physics
Gamma-ray transients

Space weather

2023.3.24

Electron spectrum

Proton spectrum

Helium spectrum

Carbon and Oxygen spectra
Iron/Nickel spectrum

Elemental spectra of primaries
Ultra-heavy abundances (< z=40)

B/C and secondary-to-primary ratios
Electron spectral shape

Signatures in e/y spectra

Diffuse & point sources

Solar modulation
GW follow-up and GRB analysis

Relativistic electron precipitation
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to 2 TeV/n

to 100 TeV
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> 1.5 MeV
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11 GeV — 4.8 TeV

50 GeV - 60 TeV
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10 GeV/n-2.2 TeV/n
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8.8GeV/n - 240GeV/n

10 GeV - 100 TeV
> 600 MeV/n

8.4 GeV/n-3.8 TeV/n
to 4.8 TeV

to 4.8 TeV
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> 1 GeV (ECAL)
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Cosmic Ray Observations with CALET on the ISS

Fluxes of Cosmic Rays Overview of CALET Observations

(1 portic)s par ri=second) O Direct cosmic ray observations in space at highest

energy region
CR Observation at ISS ) g

O Cosmic ray observation at world-record level using a
large-scale detector at the ISS over a long-term more
than 5 years.

O Electron observation in 1 GeV - 20 TeV is achieved with
high energy resolution due to optimization for electron
detection

= Search for Dark Matter and Nearby Sources

2017.8.22

O Observation of cosmic-ray nuclei will be performed in

~2019.2.12 X Ground :
~19 % Observations energy region from 10 GeV to 1 PeV
ke - - o = Unravelling the CR acceleration and propagation
; > )
10—22 <€ ' mechanism
- O Detection of transient phenomena in space by stable

1 O_ particle per km*—year) \ observations

o | [2015.8.25 ~| v & = Gamma-ray burst, Solar flare, EM radiation from GW
10 E ol il o g sources etc.
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Energy (eV)
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CALET Instruments

C $ill

GPSR-ANT

N

-

‘ ). 4
HXM#1, #2 [CGBM] CHU(buffle{)[ASC] DPU[ASC]

F

CHD/IMC [CAL]

TASC [CAL]

N | GBM-EBOX[CGBM]
- HV-BOX SGM [CGBM]



Cosmic-ray all-electron spectrum (update: as of May 30, 2021)

= 250 ; :
N =2 O Below 1 TeV: CALET spectrum is consistent
- . with AMS-02
9 TR ’ O Present measurements cluster into 2 groups:
7 - i, S
< 200 - AMS02 + CALET and FERMI + DAMPE
& - I \(\,OK\O possibly indicating the presence of unkown
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ol - TR systematics
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5 - N Preliminary spectrum is
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