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

ASC (Advanced
Stellar Compass)

—Th.

Roce,
b"' s | Launched on Aug. 19t", 2015 e)
by the Japanese H2-B rocket

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

- Mass: 612.8 kg
- JEM Standard Payload Size:

1850mm(L) x 800mm(W) x 1000mm(H)
- Power Consumption: 507 W (max)

QI‘E‘Ml Port #9 - 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 cmsr (for electrons)

EHD'FE'_":_____P i s 45cm YW1 ToV eleftron o CHD — Charge Detector
; e ,7 } CHD - 2 layers x 14 plastic scintillating paddles
MAPMT = o . ——— - single element charge ID from p to Fe and above (Z = 40)
I‘:S‘;:ﬂly o '"h ' L N - charge resolution ~0.1-0.3 e
IMC-FEC 2 IMC — Imaging Calorimeter
el - < - Scifi + Tungsten absorbers: 3 X0 at normal incidence
S - 8 x 2 x 448 plastic scintillating fibers (1Imm) readout individually
- Tracking ( ~0.1° angular resolution) + Shower imaging
§ TASC-FEC § pe i : :
TASC — Total Absorption Calorimeter 27 X, 1.2 A,
PD/APD - 6 x2x 16 lead tungstate (PbWO,) logs ’
—

- Energy resolution: ~2 % (>10GeV) fore,y ~30-35% for p, nuclei
- e/p separation: ~10~

BASE PANEL

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)
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o O~ mom 3
T sl - oEEE T s
.: R T il : . r m - - o E
| Sam | r L B
ol rET— i a0 o - = =
.":: m i = i i " = !E! V‘/ - n - - B e T R T : =
[ FETI WTTT ek - - . —— e P = e =
[ E d_-_-HL-Lh_—.LLh_-_ | [ === v [ m . O - B eI TEET T T EEE EEE
,2.;:_ m - - = -20 S ! il.‘?_ n P & il . EE CN N NOEECEEE JE
| L HE EOEEE N | | —
[ _NERERORSERREES EEEES EEsEEEEE = |
r ' m | _SENEN EEEEEEDC] | "= - mEE = L]
e | NEEEE _ EEESEEG |- 3 = [ B-NESN BRGNS EEEEE  EEEEEEEE | S
1 | I [ [ I | o EE N
[ o EEEEEE SEssEEE F | NEEERES SEEEEE EEEEEE  EEEEEEE |
- "7 EEEEEE R ) .40:— a3 [ SEEmsWN e [ -
I .
[ EmEnEENNES N RN F [ _"SERSEERE - WES O T T T T ITTT
| [ B [ [ CENEESENE N [EEEEEEEE EEESNS
50 |, -50— ! o
C.o i L.l PR PP PRI EPEPUPIA PSR I P P Ll P lag el
._.;&_ J_J...;:l__._..;i__l__.a.a__ r ﬁ]_ e lz_":l.l...._ ‘_30‘ e 20 0 0 T 20 ] 0 £

2023.1.5-6 BWBEFERFE RV L



Accumulated observation time (live, dead)

CALET Observations on the ISS (2015.10.13—2022.11.30)

Geometrical Factor:

. 1040 cm? sr for electrons, light nuclei
. 1000 cm?sr for gamma-rays

. 4000 cm?sr for ultra-heavy nuclei

.E 60000? [151013-221130] High Energy Trigger (2606 days)
QE) B Total Observation Time (2.21x10°sec)
= 20000 Live Time (1.89x10%sec)
- Dead Time (Fraction 14.3%)
40000 —
30000 —
20000 —
C Trigger Rate : ~ 8.7 Hz
10000 —
: | | | | | | | | | | | | ‘ | | | | | | | ‘ | | |
(i60101 161231 171231 181231 200101 201231 211231
Date [yymmdd UT]
High-energy trigger (> 10 GeV) statistics:
« Operational time > 2606 days(’)
(*) as of November 30, 2022
« Live time fraction > 85%
» Exposure of HE trigger
~229 m? sr day
« HE-gamma point source exposure
~4.4 m? day (for Crab, Geminga)
2023.1.5-6

f Events
=Y

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

- — 2015.10.13 — 2022.11.30
- Number of HE triggers

- L - ~1.71 billion

= Trigger — Total number of >GeV triggers

= — ~3.72 billion

§_ HE-Trigger _—__

3 All particles -

% +++

= +.|_
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TASC Energy Deposit Sum [GeV]
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Cosmic-ray Proton Spectrum

Published: PRL 129, 101102 (2022)
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Kinetic Energy [GeV]

We also observed a spectral softening over 7 TeV.

2023.1.5-6

Published at PRL 126 241101 (2022.4.1)
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Fitting function (double broken power, law):

-2.83+0.01-0.02

ay Ay,
s

.y £\S N S 2.4+0.8-0.6
P =E"" xCx X (1 + (5—0) ) X (1 + (E_l) ) Ay | (2.8+0.4-0.2)x10
hardening softening E, | (5.84+0.61-0.58)x10?
. . Ay, (-3.4£0.6)x101
Softening is much sharper and the s; £ | (9.3+14-1.1)x10°
becomes higher with a large uncertainty. | s ~30
6
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Cosmic-ray Helium spectrum

_Preliminary

S AMS-02 (PRL-2015) —&— CREAMH (ApJ-2011)

¥ DAMPE {PRL-2021} i CALET (this analysis)

* We observe the spectral hardening
starting at 1.3+0.3TeV. This is
consistent with DAMPE result (PRL

{— statistical error 11111 syst. + stat, emor

w
(=
(=4
(=

4000__ - - i - ) 2021).
3000«

= Proc. Sci., ICRC2021 (2021) 101
100—— v v onl 0 0 il -

10° 10° 10 10°

Kinetic energy [GeV/particle]
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(a) Boron flux
(b) carbon flux
(c) Ratio of boron to carbon

Error bars of CALET data
represent the statistical
uncertainty only, while
yellow band indicates the
guadratic sum of statistical
and systematic errors.
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) Cosmic-ray Boron and Carbon Flux Published at PRL 129, 251103 (2022.12.16)

CALET B and C energy
spectra are fitted with
double power law
functions.

Ay, =0.19+0.03
Ay, =025+0.12

The CALET B/C ratio fitted
to a single power law
function (SPL), a double
power law (DPL) function.

DPL provides a better fit,
Suggesting a trend of
the data toward a
Flattening of B/C at high
energy.



Cosmic-ray Nickel Spectrum Published at PRL 128, 131103 (2022.4.1)

30 03F ...
i 02 = Nickel Flux
297 S’E 0.26 ;— ! CALET I Statistical uncertainties — 0.26 ;— CALET Nickel Flux Total Error
S 0.24 = Systematic uncertainties Total (stat+syst) uncertainties ‘_;E 024 £ # CALET - stat errors
S °PE ¥ cRisis(1977) F  Balloon (1975) - G. Minagawa = 0'022 = —— SPL it
~ 02 .2 —
28 —'G 018 E- *  HEAO3-C2 (1979/10 - 1980/06) ¥ NUCLEON % 018 ;_
% h w 0.16 = 2 016 -
N E & 014
27 | EVE o ® ¢ + + E onf- —4—/“"/*—’—/*—/*-
=< 0.12 & ° < = .
- S B x b 3 oif- //"—\
B LL — - [V E
- =" X 008 %} ¢ 1}' } o 2225_
26 | o © = N .06 —
B it E'gj - +* % u 0.042—
B 0.02 SR L o
25 L L L & L L 1 Lol Il I ' 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 |2 1 1 10 102
2 26 2 7 28 2 10 10 Kinetic Energy per Nucleon [GeV/n]
CHDX Kinetic Energy per Nucleon [GeV/n]
N|cke! candl.dates are stelected msu.je - The measurement improves considerably, both in 000 F Ni/Fe Ratio
an ellipse with semi minor an(_j major energy reach and in precision, the present data. 008 =
axes 1.4 o, and 1.40, , respectively, - Below 20 GeV/n: The observed nickel spectrum e }
H 2 0.06 =
rotated clockwise by 45 deg. was found to decrease with energy following a £ oo 5_{ . tt -
general trend also observed for primaries lighter =P t
The maximum and the minimum than nickel. 008 - — Constant it
. L. . . . . : 0.02 - $ CALET
elliptical selection (depending on the Aboye 20 Ge\.//n.. The present Pbservatlon§ are E E HEAGS.C2 (1676/101580/08
energy ) are indicated by the yellow consistent, within our uncertainty band, with the = " e
. . . 1 10 10°
and the orange ellipses. hypothesis of a Single Power Law spectrum up to Kinetic Eneray per Nucleon [GeV/n]

240 GeV/n.
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Ultra Heavy Nuclel COSPAR (2022) : W. Zober

UH TASC Abundances for 11 = Z = 25

m This analysis uses ~6.5 years of CALET UH-trigger data o
from 10/2015 through 02/2022. 4 : L i:;:;rg(:;ﬁ;:g:élg/s Z = 25)
. . — 10° 4 -3- J eV/nuc
m \We constrain the analysis to events that pass through the . HEAO-3-C2 1.60 GeV/nuc
- s HEAO-3-C2 2.25 GeV/nuc
TASC. (~38 million events). s . ’
: G o . 3 = A %

m This reduces statistics but the energy information allows B 4 .
for an improved charge assignment. Allowing us to trade -y . - 30 il
statistics for better resolution. = : r . ¢

10° 10° & |

agpe o]
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10° 1\ o 10° 10-2 . . . . . . .
4, : 12 14 16 128 20 22 24
i { \ \ vAY \/ ‘ o o - UH TASC Abundances for Z=27
10% | \/ ‘ 10 10
\ M e 4 { CALET
! ‘ _ " SuperTIGER (TOA)
18 [1]1 [ |\ 303 B I ACE-CRIS
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{ | \ "810_54 { # i{ { 1 I{
| | | | N/ ‘ 2 f
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Rate Rate Rate Rate Rate Rate
[counts / s] [counts/s] [counts/s] [counts/s] [counts / 5]

[counts / s]

Rate
[counts / s]

Rate
[counts / s]

' GRB Observation Published at The Astrophysical Journal, 933:85 (16pp), 2022.7.1

Electromagnetic Counterparts of Gravitational Waves during the LIGO/Virgo O3 Run

—— HXM1 7-50 keV
—— HXM2 7-50 keV

—
o
o
o

[ mMrk 421 e Mrk 421
PG 1553+113 OMrk841 ©3c279

Mrk 5010 © (©Qs0 11512-0906

OH 17224119

5001 —— HXM1 50-100 keV
—— HXM2 50-100 keV

[
o
o
(=]

—— HXM1 100 - 300 keV 180P

—— HXM2 100 - 300 keV Onccizrs  OBLlac 3FHL 1833

Q50 J0457-2324

3C 454.30@ CTA 102 3FHL J0449.4-4350 O
3FGL 10348.6-27480)

o

OPKS 2155-304
PKS 2247-131

1000 —— HXM1 300 - 3000 keV
—— HXM2 300 - 3000 keV

60

6

-60

O f lnrhrfld _'l._ L T Al ] \ - . JHA oo (R o tlegse v iiond A i N 5 ° =
5000 —— SGM 40 - 450 keV = e * » | [d;gree] = e o
Ww Map of the sky above 1 GeV observed by CAL (Cannady et al. 2021).

90% U.L.

2008i —— SGM 450 - 1000 keV Incident angle distributuion of 3 ‘”"""4:::]
GRBs in the SGM FOV. Black '
10031 SR — points are QRB positions in the . Bl
SGM coordinate. Gray shaded 310
0l regions show the ISS fixed 2107
10001 T SCM2600-28000kev stuctures viewed from CALET.
O_quwwww )
-2 -1 0 1 2 3 j
Time [s] since 2020/05/21 12:16:40.80 5x10°°
Time histories of counts observed in HXM1, 90% confidence level upper limits observed by CAL in the energy range 1-10
HXM2, and SGM for GRB 200521A GeV during the interval 260 s around the time of GW 190408an reported

by LIG/Virgo. Red and blue circles are the HXM and SGM FQV, respectively.
2023.1.5-6 EREFEHEL RO L ;




Diffuse Gamma-ray Flux COSPAR (2022) : N. Cannady

Diffuse emission:
on-plane and off-plane (11/2015 — 02/2022)

-+ Averaged Fermi data [on plane]
— = -+« Averaged Fermi data [off plane]
o, - ! [)  (CALET) on plane

1074 1

L )\ L] @ (CALET) off plane
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CALET: Summary and Future Prospects

0 CALET was successfully launchedon Aug. 19t, 2015. The observation campaign started on Oct. 13t 2015.
Excellent performance and remarkable stability of the instrument were confirmed.
0 As of November 30, 2022, with live time fraction close to 86 %.
Nearly 3.72 billion events collected with low ( > 1 GeV) & high (">.10 GeV) energy. triggers.
[0 Accurate calibrations have been performed with non-interacting p & He events + linearity in the energy
measurements established in 1 GeV — 1 PeV.
O Following results have been obtained by now (works published in.2022 are presented in this presentation).
* Measurement of electron+ positron spéctrum in 11 GeV — 4.8 TeV
* Direct measurement of proton and Lehlium 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 observed at ~600 GV,
* Heavy primary cosmic—ray elecmnts up-to-Iron.and Nickel are successfully observed, and these spectra are
published in PRL.
 Continous observations of gamma-ray bursts, solar modulation and REP events are successfully carried out.

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