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CALET Payload n I S —

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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Overview of the CALET Calorimeter

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 (1mm)
readout individually
- tracking ( ~0.1° angular resolution) + Shower imaging

TASC — Total Absorption Calorimeter
- 6x2x 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°
- angular resolution: 0.2° for gamma-rays > ~50 GeV

Scintillator(PWO)
+ APD/PD
or PMT (X1)




Examples of CALET Event Candidates

Electron, £=3.05 TeV Proton, Eqpsc=2.89 TeV
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Energy Measurement: a wide dynamic range 1-10¢ MIPs

“MIP” peak in PWO: Obs. vs. MC

h tascrend 0 1.7

APD(100mm?) g+ -
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(| MIP calibration determines

[ 5 the conversion factor from
Sy - J \ ADC unit to the energy
| APD gain ~50 " / 9
“am — o a0 8% Ic:gcpm.v-]
>ﬂgh Gain Shaper = 2 “s 8 it
APD > The whole dynamic range was calibrated by UV laser irradiation on ground :
“_Low Gain Shapel4 1) The linearity of each gain range is confirmed in the range of 1.4-2.5 %.
PWO CSA el 2) Each channel covers from 1 MIP to 108 MIPs.
__High Gain Shaper N
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=
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Energy Measurement: energy scale and resolution
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Duration [hr]

Geometrical Factor:
« 1040 cm? sr for electrons, light nuclei
%)
« 1000 cm?sr for gamma-rays E
« 4000 cm?2sr for ultra-heavy nuclei o
(N
High-energy trigger (> 10 GeV) statistics: ‘S
» Orbital operations : 2818 days (>7.5 years) ¥
as of June 30, 2023 O
« Observation time : 2.39 X 108 sec g
 Live time fraction: ~ 86% =z
« Exposure of HE trigger : ~250 m?2 sr day
me duration of observation (day by day)
T T T 11T T
J | 20.6 hours
1% per day
i on average

. CALET Orbital Operations (during the first 7.5 years)
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Electron Flux x E3- vs. Energy

Cosmic-ray All-electron Spectrum up to 7.5 TeV

uncertainty band (stat. + syst.)
AMS-02 2021
A DAMPE 2017
0 Fermi-LAT 2017 (HE+LE)

O Upto 2 TeV: CALET spectrum is consistent
with AMS-02

O Below 1 TeV : Present measurements cluster
into 2 groups:
AMS02 + CALET and FERMI + DAMPE
possibly indicating the presence of unkown
systematics

Preliminary spectrum is
updated using 2637 days of
CALET observations:

Oct.13, 2015 — Dec. 31, 2022
7.02 million events > 10 GeV

Interpretation of the spectrum by
Dark Matter and Astrophysical

O | | | | I | | | |
2 3
10 10 Energy (GeV) 10

Shoji Torii

Sources
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Dy Cosmic-ray All-electron Spectrum up to 7.5 TeV

Electron Flux x E3-? vs. Energy

Energy loss due to Synchrotron

. High energy region: statistics increased x ~3.4 an% IbnversebICompton 1 d]!:'/:l‘ =I-b52
: = servable sources of the electrons
since PRL2018 in the TeV region should be located at
a distance < ~1 kpc and produced at
.t TeV region a year < ~109yr.
e, PR = Softening of the spectrum is
s expected above 1 TeV since only

B 5% a few SNRs are observed to keep this

200

i T i condition.
V_: i'i?' . ’% H»+

| L CALET observes a flux
=t suppression above 1 TeV with a

e - significance > 6 o,
vt »H‘ /U a considerable improvement with
e % =
— T oat =

respect to the result published

100

J E*? [m2srls1Ge V)

- uncertainty band (stat. + syst.)
o AMS-02 2021
A DAMPE 2017

0 Fermi-LAT 2017 (HE+LE) R =
0 | | Lo | | L1 |||| | | I PCRD2'13 PCRD3-06

10 10? 10° Advanced analysis is going on for
Energy (GeV) electron identification above 5 TeV.

Shoji Torii 38th ICRC-CALET-HIGHLIGHT TALK 10
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Cosmic-ray Proton Spectrum PRL 129 101102 (2022) + CRD1-01

Flux x E27 vs. Kinetic energy [Oct.2015- Apr.2023] ., Fitting by DBPL Function
= 0001 —E o
E 6 = Proton :; - Proton E,=9.8+3.2-2.1 TeV
~. 14000 =M $
E - z [ Y o= -2.55
CTIE 12000 — 5 12— (Yo=Vv+AYy)
= ¥ 1 E
= 10000 .
;_T:: = 10— .
¢ sooof [ v--284q o
i ~ Proton Spectrum n _
6000~ " CALET-2023 [statistics X 1.2] i E(=553+44-38 GeV
= uncertainty band (stat. + syst.) oL
4000 — } AMS-02 10° 10 10‘;(. _ Gev]
- CREAM-III - mefle encray T
2000C  +  DAMPE [50GeV-60TeV] Energy dependence of power index
— Q unCIertainty band (DlAMPE) | | § —2.42— Sliding Energy Window: 5 bins
0 | | N I | | | [ | | | I I | | | | I | E 2 E_
10 10? 10° 10* 10° E _2_23_
Kinetic Energy [GeV] ;2_ Lk
Double Power Law Function: HARDENING SOFTENING oE
Ay Ayy 3E
E Y Byl = E\si]52 3E
P(F) = Cx XL} = X [14+ | —= l SE
1 GeV EO El —3.25— ¥ CALET 2023 (statistical error only)
_3.3;_ - CALIET 202.3 (sYstelmaltit?elrrlml' included)l . L

| 10 10° R [0
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Cosmic-ray Helium Spectrum

Flux x E26 vs. Kinetic energy [Oct. 2015 - Apr. 2022] Fitting by Double Power Law (DBPL) function
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W 2 i .
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Proton & Helium Spectrum vs Energy/nucleon

;'Comparison of Proton and Helium Spectrum [gEErAT-elrE)Ee iR

Proton & Helium Spectrum vs Rigidiy

Kinetic Energy [GeV/n]

Rigidity [GV]
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» Both of proton and helium spectrum have a similar structure of hardening and softening
around same region of rigidities.
* The softening of p & He spectrum around 10 TV indicates a possible relation to the
energy limit of shock wave acceleration in SNR.

Shoji Torii
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p/He Flux Ratio
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Proton / Helium Ratio

PRL 130 171002 (2023) + CRD1-02

Proton/Helium Ratio vs. Energy/nucleon Proton/Helium Ratio vs. Rigidity
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— § CALET =
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« The spectral index of helium is harder than that of proton (by ~0.1) in the whole
rigidity range.

« Possible change of the spectral index of p/He ratio seen above 10 TV will be
carefully checked by analyzing higher statistics data in future.
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Single element identification for p, He and light nuclei is achieved by CHD+IMC charge analysis.

G F
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Observations of Cosmic-ray Nuclei from C to Fe

Preliminary spectra of Carbon — Iron With excellent charge-ID of individual elements CALET is
10°F 570 exploring the Table of Elements in the multi-TeV domain
- ®e,,  ® CALET Preliminary —
10° e .
= Charge distribution from Proton to Nickel
1 ( periodic table of elements by CALET)
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Kinetic Energy per Particle [GeV]
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Flux x E27 vs kinetic energy per nucleon [8.4 GeV- 3.8

50

:, Carbon, Oxygen and Boron Energy Spectra [P PP AP ) ERe by a:

TeV]

50
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A T = o = [ Boron
S 451 HEACS.C2 Carbon S asE o Oxygen S . (H:::E{;:IOZB—CZ
5 FE . . % |8 E « TRACER — @ 5 . . .
S 055 e statistics x 1.8 S [statistics x 1.8 ;L o | (statistiesx1.1] s
S E o - S . < C e CALET
Nb’ 35 = > 82::5 uncertainty band ,{j Nb’ 35 = gﬁtg uncertainty band %’ % ‘ | H & q‘m 4 —_Q Qégéié%@ CALET uncertainty band
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S50 . .
C-O fit S wf o 2een 5 » C and O fluxes harden in a
_rr . - (] arpon x 1. ' . .
Fitting with double y=-2.66 + 0.02 8 30F « Boronx5 § similar way above 200 GeV/n.
power law function Eo = (260 £ 50) GeVin | gl - .
Ay =0.19 £ 0.04 5 gt ; * B spectrum clearly different
2 - E S : _
¢ % ) E<E, B /dof = 23/25 E : frqm C-0O as expected for
O(E) = oy [\ : © 10|~ primary and secondary CR.
c (£ (_) E > E, |§=hit 5 7L
(ov) |5 y=-3.03+0.03 . or » The flux hardens more for B
Eo f"‘g‘; gO"(‘) ?;10 .l than for C and O above 200
= + H H
EAN by b GeV/n, albeit with low
y2/dof = 5.2/11 L .
N N Ll statistical significance.
10 102 10°
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B/C flux ratio
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B/C, B/O and C/O Flux Ratio

B/C flux ratio

0.3

B/O flux ratio

PRL 125 251102 (2020) + CRD4-04

C/O flux ratio

Kinetic Energy [GeV/n]
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°

Flux ratios of B/C and B/O are in agreement with AMS02 and lower than DAMPE result above

300 GeV/n, although consistent within the error bars.
C/O flux ratio as a function of energy is in good agreement with AMS-02.

At E > 30 GeV/n the C/O ratio is well fitted to a constant value 0.90+0.03 with x2/dof = 8.1/13.
= C and O fluxes have the same energy dependence.

At E < 30 GeV/n C/O ratio is slightly softer.
= secondary C from O and heavier nuclei spallation

Shoji Torii
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Spectral Fit of B/C and B/O PRL 125 251102 (2020) + CRD4-04

é'mo.s
5021 fa, . SPL and DPL fit Simultaneous fit to B/C anq B{O (E>25 GeV/n) with same
: parameters except normalization
01—
0.07 I SPL fit ['=-0.376 + 0.014 (y?/dof = 19/27)
0.06 -
g:gi: DPLfit AI' =0.22 +£0.10 (ledof = 15/26)
0.03
. . Bo | Leaky-box model fit [ApJ 752 69 (2012)]
| :Eégﬁ?tﬁ Op(E)  A(E)Ap L ®o(B) 1 | O5(E) A L ®c(E) |
.. 13/0 SPL flit I | (I)C(E) B /l(E) + A | Ac—B (DC(E) Ao—B (DO(E) /l(E) + A |do-B (D()(E) Ac—B
0.01 111 L1111 L —
10 102 1o Energy [GeV/M A(E): mean escape path length :
o 03 ke Box Model f HE) =FE" 20, : See detills Qf
x 02| S eaky Box Model Tit . |:> assumption in
* ™ /(1‘0 . (r:le'::fldsu' Zlnch:)t:ﬁI‘iecr?eg:: spectral inde CRD4-04 by
: . anrusi | | X
o1 Paolo Maestro
0.07 [ Fit parameters =0 fixed Ao free
e Significance of A;#0 > 50
05 | 2) 0
ggi - < (g Uk 302 LD = Residual path length
003 | g d 0.61 £ 0.01 0.81 £0.04 || could explain the flatten-
o B/O IR . .
0.02 - —— B/C Leaky-box fi_t with free 2, \\:::\\ 2 |ng Of B/C, B/O ratIOS at
o l0 Leakyboxfhin fee 1, R ho(g/em?) 0 1472016 1 high energies.
0.0q L PO teaybox Wi | R e yv2/dof 58.3/38 17.9/37
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iy Flux Ratio between Light Nuclei Primary Elements

C/He and O/He ratio with constant fitting O/C ratio with constant fitting
o 0.050E o 2.0¢
'ﬁ 0.045F- & C/He CALET — Constant Fit to C/He = 18F ¢ O/C CALET x*/ndf  5.042/5
5c 0-040E- © O/He CALET — Constant Fit to O/He “ 16F  — Constant Fit PO 1.14 £0.01313
3 0.035¢ 3 14
L. 0.030F 1.2 . ¢ 4
0.025F- & § S o o e o 4 g 1.05 ¢« o o * 0 * ¢
0.020F- 0.8F-
0.015E PRELIMINARY 2/ na 4.2264/ 4 0.6F- PRELIMINARY
= p0 0.0256 + 0.0002 0.4
0.0105— e
0.0055- He ratio 0.2 0/9 ratio | .
=T L 1 PR TR T T B | L L 'R S T A | L 0.0_"" . . it L : i
T 107 10° 10 102 10°

. .10
Kinetic Energy per Nucleon [GeV/n] Kinetic Energy per Nucleon [GeV/n]

The flux ratio between light nuclei (He, C, O) is constant above 100 GeV/n.
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Iron Energy Spectrum PRL 126 241101 (2022) + CRD2-05

Flux x E2% vs kinetic energy per nucleon (Nov.2016-Dec.2022) Fit from 50 to 800 GeV/n, with SPL & DPL
'_;>- 4.55_ ® CALET —} Statistical uncertainties [10 GeV/n, 1 TeV/n] f’; 3'52_ [ ] CALET total error
8 g Systematic uncertainties [:]Total (stat.+syst.) uncertainties g 3l I CALET stat. error
;: 40~ TRACER ATIC 02 (2003) % | —— DPLfit
,T: 3_5;_ ¥ CRN - spacelab2 (\’ I AMS02 ;: 2,5? — SPL fit M”#
£ 0oF T . —
3 25F S r .
= L 1504
gx 2.05— v E a(q
L 1_5?5 11— ‘\(\
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= Y 0.5/
osE- CALET Iron Flux |statistics x 2 - ?(
e, ] . Lol . P S . . ol— ' \ Ll
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250 : ®(E) = C<l va )y DPL Fit
g L €
> L e CALET Geomag (this work) E \Y
Low energy (< 1(_) GeV) S o Prelminary * = —2.56 + 0.01(stat) & 0.03(sys) o(E) = ¢ (Gev) N E < Ey
measurement using tr - % */DOF = 2.7/5 C(%)Y(Ego) E > E,
geomagnetic cut-off bt H . .
Wor e '] The significance of the fit * ~=—260 =+ 0.01(stat) + 0.08(sys)
(Oct. 2015 to May 2021) : A6P8 .4 , , ,
- P o with the DPL in the studied * x ?/DOF = 0.8/3
05 e energy range is not sufficient * Ay =029 £+ 0.27
PCRDO0-25 - to exclude the possibility of a » E= (428 £314) Gev/n

_O
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Nickel Energy Spectrum PRL 128 131103 (2022) + CRD2-05

Flux x E2%® vs kinetic energy per nucleon Fit from 20 to 240 GeV/n, with a SPL
=% CALET Nickel Flux [8.8 GeV/n, 240 GeV/in] | = .|
% 0.28 = §0-25 i CALET total error
Qo026 @  CALET statistics x 1.3 T  statistical uncertainties 3
" 0.24 i— Systematic uncertainties [:] Total (stat.+syst.) uncertainties :; - I CALET siat. griaf
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© 0.12F- 0.1—
W o.10 — | &
0.08 = o r
0.06 =— 0.05—
0'04E _I | 1 | | | | | | |
002 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 10 H . 102
10 102 Kinetic Energy per Nucleon [GeV/n]
Kinetic Energy per Nucleon [GeV/n]
“F % 10° 5 120.2 < E, [GeV] < 197.2 —Fe
Pl e =" SELEIE From 20 to 240 GeV/n
Charge : 3 o T 4 E the nickel flux is
separation ;" £ 10 » Y ®E)=C . :
between = e | GeV consistent with the
Fe and Ni TW * ~ =249 4 0.03(stat) + 0.07(sys) | hypothesis of an SPL
W) |« 5 2DoF =013 Spectrum.
ZCHD
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Flux Ratios of Iron to Primary Elements

Fe ratios to He, C and O Fe ratios to He, C and O normalized at 100 GeV/n
o 1VE . 2/ ndf 5.666 / 4 '70'35: . .
= [ Fe Ratios 50 0476 +0.003 | 3 -Flux Ratios normalized at 100 GeV
E N 3 Fe/C CALET 2 e oo l088 14 « 0.30
P . +0. e’ —
x_ 15§ Fe/OCALET 2/ ndf 20337/4 | O 0.253_ + Fe/O x 1.00 + Fe/C x 0.88 + Fe/He x 33.75
I.qI.J - + Fe/He CALET po 0.0046 =+ 0.0001 ﬁ =
10_1- R s e oc 0.201 i
3 X - o
- PRELIMNARY | 3 015 pae gt
1021 0.10/ - T
§ P S S 0_05; PRELIMINARY
] I L L 1 N o
10 10 10° 10° 0.00 162 163

—t
o

Kinetic Energy per Nucleon [GeV/n] Kinetic Energy per Nucleon [GeV/n]

Fe/O, Fe/C and Fe/He are compatible with a constant above 100 GeV/n within errors.
= Fe, O, C follow similar propagation
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Flux Ratios of Nickel to Primary Elements

Ni ratios to He, C, O and Fe

; ° ] ° ° ° L ®
= . R N ® s s '
) PRELIMINARY
- } Ni/He - CALET $ Ni/C - CALET
' Ni Ratios $ Ni/O - CALET ¢ Ni/Fe - CALET
Loy | ! ! ! L ! | ! !
10 107
Kinetic Energy per Nucleon [GeV/n]
3 . 2/ ndf .
= & NiFe CALET X " 0,063 2 0.001
;— —— Constant Fit
5: v % % +
= Ni/Fe ratio

10 10?

Flux Ratio

Ni ratios normalized at around 10 GeV/n

- Ni Ratios normalized to the first point
=4 Ni/Fe x 1.00 § Ni/O x 9.38 § Ni/C x 9.05 ¢ Ni/He x 370.94
é— l - s g i i
z_ ° ° e ° . ¢ ¢
= PRELIMINARY
10 ?

1
Kinetic Energy per Nucleon [GeV/n]

The Ni/Fe flux ratio is constant in all the energy range
thus Ni and Fe have very similar behavior.

The present energy range of nickel flux does not allow
to fit the Ni/* ratios with a constant above 100 GeV/n.
At low energy the Ni/O, Ni/C, Ni/He flux ratio show an
increasing trend also visible in Fe/* ratios.
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@&y  Ultra-heavy Cosmic-ray Nuclei (26 < Z < 44)

UH CHD charge histogram with TASC filter in Pass4.3

« A special UH CR trigger uses the Charge histogram —; T T
CHD and the first 4 layers of the e
IMC to achieve an expanded x 4
geometric factor GF ~ 4400 cm?sr | ../
without energy information. ' TETITA
(~260 million events) S
+ A subset of events pass through
the top of the TASC (~65 million ‘
events) with energy information, R 5 32 T ——_
Mesurement of the relative abundances of the elements above Fe through 4Ru (Fe =1)
R 1] R, dd 1o
T , SipememRao) | 70 odd-even pairs | s
S : -
210, g Preliminary 210- . Preliminary
Q | e : ]
G0 r T %10_4_ % %
e L] : L 3 i g
§10‘5 B *f* % I %r ¥ {; ¥ 1 { I EIO‘S % ? I ]
2 ! I i I J i3 [ - e ]
107 ! L J 10°#
28 30 32 34 23'5 38 w0 a2 1 2728 2930 31132  33-34 35;36 3738 3940 4142 4344

The CALET UH element ratios relative to Fe are consistent with Super-TIGER and ACE abundances.
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e CALET y-ray Sky Map and Energy Spectra

- Effective area: ~400 cm? (>2 GeV) = Angular resolution: < 0.2° (> 10 GeV) * Energy resolution: ~2% (> 10 GeV)

Gamma-ray sky map LE-y trigger (E >1 GeV) Gamma-ray sky map HE trigger (E>10 GeV) Gamma-ray spectrum Preliminary
: e Nov. 2015 — Dec. 2022 ’ ——— Observed vs. Fermi data
104 A Averaged Fermi data [on plane]
—++ Averaged Fermi data [off plane]
L (CALET) on plane
b D (CALET) off plane
T 107 5 i
=== |
> el
LY ‘—-‘.;_.x_h
2107 ; 'F;‘.;s,.-_?,r'r‘.
S s bid
: : - L1 LEwy (31 Gev)
Energy spectra for bright point sources | Preliminary 107
—— arameterization H — arameterization ; N arameterization 103 101 102
10-° Crab =] II::-Tmema ‘ 10-¢ Gemlnga 2] ll__::;‘;mma ' 10-° Vela =) té;zmma ' Energy [GeV]
= EEE amma 95% limits < HE- amma 95% limits 5%!‘ s amma 95% limits
10-7 + HE%S% limits o ﬂ’“i_‘“;' =] hi%smm?i 107 %\@ ] r:i%s% “mE[)tSs.n 10-* - Averaged Fermi data [on plane]
E?‘im - L= *Ij% —+ - Averaged Fermi data [off plane]
T & T ! T h — D (CALET) on plane
g P g = g U i+ L D (CALET) off plane
i Wi 3 v 3 S 1070
S 107 S : £ 10 \\+ £ 10 \}"i—‘ w107 355
; X E 5 § 7\ lE | T
10710 H}jd_' 107 == 107%° ":__I-* ; i l ! =
'\—.}—4\ - S + Y - |
B 3 3 2 1070 T ——
10-11 ‘T}\_‘ 10-1 \‘ i, HE 10-11 \\ . ] I é 20 ?'M.‘.\
T \ ‘,\ = L paws '\.\. 1
T X "\v 7 A h P =i
e 5 4o s 13 o R = - | HE (>10 GeV) ok i
E [GeV] E [GeV] EIGev] 1077 1 {r I l
The spectra for point sources and diffuse components are found 10° 10° 10°
. . . Energy [GeV]
to be consistent with those by Fermi-LAT . “ " |1] < 80° & | b|< 8°, “Off-plane”: |b|> 107
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Gamma-ray Bursts and GW Follow-up  FYAREEENPIZZ R Ve ST,

CGBM Specifications

m e

CGBM has detected 327 GRBs as of June 2023.

Crystal LaBr3(Ce)  BGO Duration distribution measured by SGM (40 — 1000 keV)
60 .
Number of 2 1 Lon
detectors g
50 - mean = 16.36 s
Diameter 66.1 (small) 102
78.7 (I
[mm] (large) 40
Thickness 12.7 76
[mm] 30 |
E{:z\r/g]y range 7-1000 40-20000 31 short GRBs. ,4
201 ,,'/
Field of view ~3sr ~8 sr Short i
10{ mean=0.50s A
- Follow-up of LIGO/Virgo GW observations during O3 & O4 ‘_rr_fj' “~
° - - 0 T - t — - ‘\"T T =
X-ray and gamma-ray bands _ 001 01 1 10 100 1000
* High-energy gamma-ray in the calorimeter Too [S]

O We developed automatic pipelines to process CGBM and CAL data to analyze O4 events with higher event rates.
O 169 events have been reported via GCN Notice in ER15 and O4, and the developed pipelines have been
triggered by LVC NOTICE and processed CALET data, and enabled us to check many GW events.

Shoji Torii 38th ICRC-CALET-HIGHLIGHT TALK 27



Solar Modulation and Drift Model PRL 130 211001 (2023) + PSH3-05

Solar Modulation during Solar Cycles 24-25 Transition

140

5

' ' ; r ' 3 'ET preliminz T & [ CALET preliminary ' ‘

CALET preliminary ] € o CALET preliminary 1= prefimunary o
_ I ¢¢¢ 110 & (a) gwt S (b) . ?;4@»:
° KR o P ~ AR 8 120f ~ ¢
~ B poatron L, cEmmam . oA%T o) sounEE o8,
U 120+ OtOIl 2 = 100+ % *‘M 4 g o g’
2 | Drift Model ’ 158 3 JECR I o J 1o Tew

= -
. | — Electron g Ew 7 & g T e
U“ & ‘E o & é) sl R NN ¢+ :;fo
g 100r 1©E E o M t+ i L - &t"ﬁ
& 5 g proton 3 |~ electron
O £ ¢ E ool «~ w+ *
b= s 5] g 60 -
3 ~ . . . . . . z . . . . . .
8 195 E 7%0 92 94 96 98 100 102 104 920 92 94 96 98 100 102 104
E 80 g Normalized NM Count Rate Cxy (%] Normalized NM Count Rate Cxm [%]
N S .
E —— Count flate of a neutron £ CALET proton (a) and electron (b) count rates at the average rigidity of 3.8
g i B
2‘5 monitor: at the Oulu station 1™ 2 GV as a function of neutron monitor count rates at the Oulu station during
607 - the descending phase in the 24th solar cycle (closed circles) and the
85 ascending phase in the 25th solar cycle (open circles).

P T (T A O B A i A T (O Y, | B 0 T N el S S S
2016.0 20170 2018.0 2019.0 2020.0 20210 2022.0 20230
Year

* We have observed a clear charge-sign dependence of the solar modulation of GCRs, showing that variation
amplitude of C.- is much larger than that of C, at the same average rigidity.

 We also have succeeded in reproducing variations of C,- and C, simultaneously with a numerical drift model of the
solar modulation, which implies that the drift effect plays a major role in the long-term modulation of GCRs.

- We also find a clear difference between ratios, C,/Cny, during the descending phase of the 24th solar cycle and the
ascending phase of the 25th solar cycle.
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Space Weather Phenomena with CALET [ R e et

Relativistic Electron Precipitation (REP) Events with CALET

O To identify relativistic electron precipitation (REP) in ]
the CALET dataset an algorithm was developed R
which use self organizing maps (SOM), an E
unsupervised machine learning technique, to both

Counts/s
=
o
-3

| | T T T :
—— CHDX|3
A ‘ ;

2 5
b N
%

detect and categorize potential REP events.

(=)}

O For a period from October 2015 to October 2021
this method found a total of 1448 rapid REP events
and 21301 smooth profile events.

Counts/s
F-S

N

CALET and Radiation Belt Science Probes (RBSP)

mixed between rapid and smooth smooth

| ey : O 664 events were identified in RBSP-A data and 443 events for RBSP-B

GPS Satellites Distribution of REP Events in MLT and L Shell (Smooth Events Removed) Distribution of EMIC Events in MLT and L Shell
_— 12,500 miles 6 6

Geosynchronous Orbit (GSO)

. Low-Earth Orbit (LEO)

ISS/CALET

Van Allen Probe-A

Spatial distribution in terms of magnetic local time
(MLT) and L shell for observed REP events (left) and

observed EMIC wave events (right).
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Coincident REP/EMIC Events
3

0

Spatial distrib:jtion of coincident
REP/EMIC wave events in MLT

and L.
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ICRC2023 ~ Nagoya Summary and Future Prospects

CALET was successfully launched in August 2015 and installed on the JEM-EF module on the ISS
* Operational over 2800 days with 86% live time, total triggers approaching 4 billion

Continuous on-orbit updates from ground calibration Astropart. Phys. 91, 1 — 10 (2017)
Stable operations over a range of observing modes continue Astropart. Phys. 100, 29 — 37 (2018)
* Analysis of CR events continues, extending to higher energies and charges

All-electron spectrum in the range 11 GeV — 4.8 TeV PRL 120, 261102 (2018)
Proton spectrum in the range 50 GeV — 60 TeV PRL 129, 101102 (2022)
Carbon and oxygen spectra in the range 10 GeV/n — 2.2 TeV/n PRL 125, 251102 (2020)
Iron spectrum in the range 50 GeV/n — 2 TeV/n PRL 126, 241101 (2021)
Nickel spectrum in the range 8.8 GeV/n — 240 GeV/n PRL 128, 131103 (2022)
Boron spectrum in the range 8.4 GeV/n — 3.8 TeV/n PRL 129, 251103 (2022)
Helium spectrum in the range 40 GeV — 250 TeV PRL 130, 171002 (2023)
Preliminary analysis of ultra-heavy cosmic-ray abundances see W.Zober CRD3-06 (ICRC2023)  preliminary

* Analysis of gamma-ray sources and transients continues

Calorimeter instrument response characterized AplJS 238:5(2018)
GW follow-up and GRB analysis with CGBM & CAL ApJL 829:L20 (2016)
Counterpart search in LIGO/Virgo O3 with CGBM & CAL AplJ 933:85 (2022)

e Analysis of transient heliospheric and space weather phenomena underway
Charge-sign dependence of Solar modulation PRL 130, 211001 (2023)
Solar energetic particle and relativistic electron precipitation events see A.Ficklin PCRD2-14(ICRC2023)

Extended operations approved by JAXA/NASA/ASI in March 2021 through the end of 2024 (at least)
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List of CALET Talks at ICRC2023 +12 Posters

* JAXA

Presenter Title
| D | Presenter | _ Ttle | Date_

CRD5-02 Y. Akaike Energy spectrum of cosmic-ray electron and positron measured with CALTE on the International July 29
Space Station

CRD1-01 K. Kobayashi Observation of spectral structures in the flux of cosmic ray protons with CALET on the July 26
International Space Station

CRD1-02 P. Brogi Helium flux and its ratio to proton flux in cosmic rays measured with CALET on the International  July 26
Space Station

CRD4-04 P. Maestro Boron flux in cosmic rays and its flux ratio to primary species measured with CALET on the July 28
International Space Station

CRD2-05 F. Stolzi Iron and Nickel fluxes measured by CALET on the International Space Station July 27

CRD2-02 C.Checchia Fluxratios of primary elements measured by CALET on the International Space Station July 27

CRD3-06 W. Zober Results of the Ultra-Heavy Cosmic-Ray Analysis with CALET on the International Space Station July 27

GA17-06 M. Mori Results from CALorimetric Electron Telescope (CALET) Observations of Gamma-rays July 31

DM5-03 H. Motz Dark Matter Limits from the CALET Electron+Positron Spectrum with Individual Astrophysical Aug. 2

Source Background
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Towards an Interpretation of the CALET All-electron Spectrum

Preliminary results using ICRC2021 data are presented for :
O Interpretation of the electron + positron spectrum by astrophysical sources at

O Dark Matter limits with individual astrophysical source background at[[SIYEREIN

An example of Dark Matter limits in annihilation An example of fit by astrophysical sources (pulsar & SNR)

Scanned parameters: Ecun= 79432823 GeV
Ecugpuisan= 6309 G
Fixed parameters: Treiease= 15 kyr

aries , AMS y?=22.16 ndof=62

10—20_ . ——— = P
VERITAS limits: Phys. Rev. D, 95(8):082001, 2017 Highest limit from i CALET ICRC2021 preliminary
Fermi-LAT limits: Phys. Rev. Lett., 115(23):231301, 2015. 80 samples used 5 =

for each mass

— =184 =
©6=0.01 GV ©;=0.76 GV Rye=0.81 GV
-=- secondary positrons
SNRs-+all pulsar-+secondaries , CALET x?=21.20 ndof=32
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