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

ASC (Advanced
Stellar Compass)

Calorimeter

GPSR (GPS

Launched on Aug. 19, 2015 Receiver)

%, { by the Japanese H2-B rocket

Emplaced on JEM-EF port #9
on Aug. 25, 2015
. (JEM-EF: Japanese Experiment
% Module-Exposed Facility)

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




J Observations with High Energy Trigger (>10GeV)

Observation by High Energy Trigger for 2,241 day : Oct.13, 2015 — Nov. 30, 2021
Over 6-year observation has been achieved !!
O The exposure, SQT, has reached to ~200 m? sr day for electron observations
by continuous and stable operations.
O Event number of HE triggered events (>10 GeV) is ~1.4 billion with a live time
fraction of about 86 %. Total event number triggered over 1 GeV is ~3.2 billion.

Accumulated observation time (live, dead) Distribution of deposit energies (AE) in TASC
= - 3] E —_
— -2 High E Tri 22 S - T
—% 50000 - [151013 1113:] ig nergy. rlgg.;er( 41 da);s) q>_, 108 S - 151013-211130
= = otal Observation Time (1.91x10"sec) L e : e g
= C Live Time (1.63><1085ec) o0 E Trlgger HE- = 3.16x10" Events
40000 — . . 5 E region : -
- Dead Time (Fraction 14.3%) 0108 = Trigger —_ -
B % = region - All Particles
- Z10° =
30000_— E —___
N 10iE .
20000 — 1° L —
C Trigger Rate: 1.38 x10°/ day = - 1PeVv
5 (~ 7.5 Hz) 10°E i
10000 — = ++
- 10 }
B 1 E Only statistical errors presented Jfﬂ]t
0_ . : - : ; | . : : | L : . | ! : - l . : : 1 llllllll 1 llllIlII Il IllIl[l[ 1 II]Il]lI 1 llllll[l 1 llllllll L L1

160101 161231 171231 181231 200101 201231 L > 3 " 5 s .
Dat dd UT 1 10 10 10 10 10 10 10
ate [yymm ] TASC Energy Deposit Sum [GeV]

4



Main Science Goals and Status of the Analysis

Scientific Objectives Observables Energy Reach ICRC2021

Cosmic-ray origin
and acceleration

CR propagation

Nearby electron sources

Dark matter

Gamma rays

Heliospheric physics

Gamma-ray transients

Space weather

Electron spectrum

Proton spectrum

Helium spectrum

Carbon and oxygen spectra

Iron spectrum

Elemental spectra of primaries

Ultra-heavy abundances

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

1 GeV—-20TeV

10 GeV -1 PeV

10 GeV — 1 PeV

10 GeV -1 PeV

10 GeV —1 PeV

10 GeV -1 PeV

> 600 MeV/n

Up to some TeV/n

100 GeV — 20 TeV

100 GeV-20TeV (e)
10 GeV-10TeV (y)

1 GeV-10TeV

1 GeV -10 GeV

7 keV—20MeV (CGBM)
1 GeV-1TeV (ECAL)

> 1.5 MeV

to 4.8 TeV

to 10 TeV

preliminary

to 2.2 TeV/n

to 2 TeV/n

to 100 TeV

> 600 MeV/n

to 200 GeV/n

to 4.8 TeV

to 4.8 TeV (e)
to 600 GeV (y)

1GeV-1TeV

1 -10 GeV

7 KeV-20MeV

> 1.5 MeV

PRL 120, 261102 (2018)

PRL 122, 181102 (2019)

preliminary

PRL 125, 251102 (2020)

PRL 125,241101 (2021)

ICRC 2019, 034

ICRC 2019, 130

ICRC 2019, 034

ICRC 2019, 142

ICRC2019, 533

ApJS 238:5 (2018)

ICRC 2019, 1126
ApJL 829:L20 (2016)

Geophys.Res.Lett,43 (2016)

11 GeV-4.8TeV

30 GeV - 60 TeV

50 GeV - 50 TeV

10 GeV/n-2.2 TeV/n

10 GeV/n -2 TeV/n

10 GeV - 100 TeV

> 600 MeV/n

16 GeV/n—2.2 TeV/n

to 4.8 TeV

to 4.8 TeV

1GeV-1TeV

1 -10GeV

7 keV—-20MeV (CGBM)
> 1 GeV (ECAL)

> 1.5 MeV



Main Science Goals and Status of the Analysis

Scientific Objectives Observables Energy Reach ICRC2021

Cosmic-ray origin
and acceleration

CR propagation

Nearby electron sources

Dark matter

Gamma rays

Heliospheric physics

Gamma-ray transients

Space weather

S X X X

v

v

4
4

Electron spectrum

Proton spectrum

Helium spectrum

Carbon and oxygen spectra

Iron spectrum

Elemental spectra of primaries

Ultra-heavy abundances

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

v : report in this presentation

1 GeV—-20TeV

10 GeV -1 PeV

10 GeV — 1 PeV

10 GeV -1 PeV

10 GeV —1 PeV

10 GeV -1 PeV

> 600 MeV/n

Up to some TeV/n

100 GeV — 20 TeV

100 GeV-20TeV (e)
10 GeV-10TeV (y)

1 GeV-10TeV

1 GeV -10 GeV

7 keV—20MeV (CGBM)
1 GeV-1TeV (ECAL)

> 1.5 MeV

to 4.8 TeV

to 10 TeV

preliminary

to 2.2 TeV/n

to 2 TeV/n

to 100 TeV

> 600 MeV/n

to 200 GeV/n

to 4.8 TeV

to 4.8 TeV (e)
to 600 GeV (y)

1GeV-1TeV

1 -10 GeV

7 KeV-20MeV

> 1.5 MeV

PRL 120, 261102 (2018)

PRL 122, 181102 (2019)

preliminary

PRL 125, 251102 (2020)

PRL 125,241101 (2021)

ICRC 2019, 034

ICRC 2019, 130

ICRC 2019, 034

ICRC 2019, 142

ICRC2019, 533

ApJS 238:5 (2018)

ICRC 2019, 1126
ApJL 829:L20 (2016)

Geophys.Res.Lett,43 (2016)

11 GeV-4.8TeV

30 GeV - 60 TeV

50 GeV - 50 TeV

10 GeV/n-2.2 TeV/n

10 GeV/n -2 TeV/n

10 GeV - 100 TeV

> 600 MeV/n

16 GeV/n—2.2 TeV/n

to 4.8 TeV

to 4.8 TeV

1GeV-1TeV

1 -10GeV

7 keV—-20MeV (CGBM)
> 1 GeV (ECAL)

> 1.5 MeV



Electron Spectrum

E*? flux[m?2sris'GeV??|

N
o)
o

N
o
o

—
o)
o

100

50

- O

CALET Observations: Oct.13, 2015 - Nov.30, 2017 (for 780 days)

i
W PRL 120, 261102 (2018)
B =  CALET 2018
. uncertainty band (stat. + syst.)
B ® AMS-02 2019 PRL 122, 101101 (2019)
B A DAMPE 2017
— & Fermi-LAT 2017 (HE+LE)
| | | | L1 11 | | | | | I I I | | | | |
0 10 10°

Energy [GeV]



Electron Spectrum
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CALET Observations: Oct.13, 2015 - Nov.30, 2017 (for 780 days)

1. CALET’s spectrum is consistent with AMS-02 below 1 TeV.
et 2. There are two group of measurements:
AMS-02+CALET vs Fermi-LAT+DAMPE, indicating the
presence of unknown systematic errors.

PRL 120, 261102 (2018)

o CALET 2018

3. CALET observes flux suppression consistent with
DAMPE within errors above 1TeV.
4. No peak-like structure at 1.4 TeV in CALET data,

irrespective of energy binning.
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Electron Spectrum

CALET Observations: Oct.13, 2015 - Sep.30, 2020 (for 1,815 days)
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Electron Spectrum

CALET Observations: Oct.13, 2015 - Sep.30, 2020 (for 1,815 days)

s 250
L . Low energy region: solar modulation
G E = better consistency with AMS-02 (2019)
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Electron Spectrum
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CALET Observations: Oct.13, 2015 - Sep.30, 2020 (for 1,815 days)

CALET observes a flux suppression above 1 TeV

With a significance >6.50, a considerable improvement

With respect to the result published in PRL2018 (~40)

POS(ICRC2021) 105 | " i,

Statistics increased x 2.3

B CALET 2021
uncertainty band (stat.+syst.)

® AMS-02 2019
DAMPE 2017
Fermi-LAT 2017 (HE+LE)
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Proton Spectrum

PRL 122, 181102 (2019)

CALET Observations: Oct.13,2015- Aug.31,2018 (for 1,056 days)
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Proton Spectrum

PRL 122, 181102 (2019)

CALET Observations: Oct.13,2015- Aug.31,2018 (for 1,056 days)

< 3x10*
- 1. Subranges of 50—500GeV, 1-10TeV can be fitted with single power law
% function, but not the whole range (significance > 3a).
() 2. Progressive hardening up to the TeV region was observed.
T 2 04 - 3. “smoothly broken power-law fit” gives power law index consistent with )i
'ED AMS-02 in the low energy region, but shows larger index change and
'(7) higher break energy than AMS-02.
o
E
L - e el '
X i Se— o
i Proton Spectrum 2 Spitnt i Pl
o 8x1 03 - iE%SéTeV :2 — 2,068 £ 0062, &y = 0.303 £ 0.081
3_ 4‘ o NW 089 = 0,733, R, - 496.1x 175.1 GV
7x10 i CREAM-| - iy H*HH/
3 i PAMELA (gt Hy
X1 =10 }
Ll b AMS-02 S T
5x1 03 — { CREAM-III I smooth transition of the power-law
4 NUCLEON (IC) _ spectral index from -2.87 + 0.06 (including
30 Y NUCLEON (KLEM)  solar modulation effects in the lower
4x10 P CALET-2018 energy reglon) to —2 56 + 0 04 (1—10 TeV)
uncertainty band (stat. + syst.) for C/ i7 e T
3x103 | | [ e (1| lII | | S I lI | | | [ [ 5 9 A | | | L1 11 IlllKinenCEne'qy{GeV]
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Proton Spectrum
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CALET Preliminary
[30 GeV, 60 TeV]

PoS(ICRC2021) 98

Proton Spectrum
+ CALET-2021 (preliminary)

t  AMS-02
t  CREAM-III
+ DAMPE

[ | uncertainty band (DAMPE)

uncertainty band (stat. + syst.)

- DAMPE reported a spectral index softening
Ay =-0.25 £ 0.07 from ~-2.60 to ~-2.85.
above 10 TeV at Eyep = 13.6741 TeV
with ~30% error.

- DAMPE flux is consistent with AMS-02 and
CALET up to 200 GeV. Above, the flux is higher

(close to the limit of the systematic error band)

10

10° 10°

10* 10°
Kinetic Energy [GeV]
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Helium Spectrum

y/ndf= 0877

C = 0.264 +/- 0.010
Y= -2.71 +/- 0.02
E, = 1295 +/- 262

Ay = 0.25 +/- 0.05

s = 0.09 +/- 0.08

syst. + stat. error

~I— statistical error

© 9000

5

(“5’ 8000 -

PoS(ICRC2021) 101 o Fl

() =

£ 6000 f—

: 5000 E
: 4000 f
E ~— AMS-02 (PRL-2015) % CREAM:-I (ApJ-2011) o
- 2000 [
}— DAMPE (PRL-2021) —§— CALET (tis analysis ok

ITTTT

ITTTT

CALET Preliminary

TTTT

[50 GeV, 50 TeV]

| lIIIIII| | IIlIllll

1

| I I T I |

102 10°

10*
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Kin. En. (GeV)

107 10° 10° 10°
Kin. En. (GeV)

“Smoothly broken power-law fit”
gives power law index (y), Ay and
break energy (Eo) consistent with
the recent results from DAMPE.
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PRL 125, 251102 (2020)
Carbon and Oxygen Spectra POS(ICRC2021) 93
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PRL 125, 251102 (2020)
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Carbon and Oxygen Spectra POS(ICRC2021) 93

50 :_ (@) Ca’%ﬁ‘gpzet al. (1980) PRL 125, 251102 (2020)
- ¢ PAMELA CALET Observations:

sl - TRACE 71 Oct.13,2015- Oct.31,2019 (for 1,480 days)
C NUCLEON .
L . LET YEET 1261

30— uncertainty band (stat. [+ syst.) for CALET » I :ﬁ R (c) C/O flux ratio
B |4 1.4 :—

o T 3] ¥l 1l o P S 12 1

E'q 't% 1 ?M@géé

10— 3 E
B 6 0.8 :— 0

(| 1 1 I B B B | 1 I T N | 1 1 45 | 0.6 T & HEAO3-C2 a

50— (b) Oxygen -+ CREAM-II O/ CDO"O'Zg 21 ifo;ogg(E;;SGeV/ n)
- 04— o AMS-02 x*/dof.=83/

40 - 0.2 :_ Ctﬂ!:_e%;my pand (stat. J+ syst.) for CALET
[ _I 111 1 1 1 1 111 II 1 1 1 1 111 II 1 1
E 28 10 10 10°

30 . Kinetic Energy [GeV/n]
. The carbon to oxygen flux ratio is well fitted to a

constant value above 25 GeV/n, indicating that the
two fluxes have the same energy dependence
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lron Spectrum

E?® x Flux [m2 s sr' (GeV/n)']

PRL 126, 241101 (2021)
PoS(ICRC2021) 109

@ CALET —J— Statistical uncertainties Iron
Systematic uncertainties [____| Total (stat.+syst.) uncertainties

$  Sanriku TRACER

#  ATIC02(2003) ®  NUCLEON (KLEM - 2019)

A CRN-spacelab2 9  CREAM-II

¥ HEAO3-C2 0 Awms-02
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10bins/dec: y=-2.60 = 0.02 (stat) + 0.02 (sys)
4bins/dec: y=-2.59 = 0.02 (stat) + 0.04 (sys)

= stable when larger energy bins are used

The iron flux, above 50 GeV/n, is compatible within the errors with a single power law

Analysis for the nickel spectrum is ongoing
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Boron Spectrum and B/C ratio
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PoS(ICRC2021) 112

CALET y-ray Sky (>1GeV), GRBs, GW follow-up | 731202 9%

PoS(ICRC2021) 1619

Gamma-ray sky map LE-y trigger (E >1 GeV) o Exposure map for GRB 200101A (LEG) cm*serg

«100 1

® GRB position

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

from 2015-10-05 to 2021-07-23
259 GRBs (44.9 GRBs / year)
228 Long (88%) 31 Short (12%)

* Follow-up of LIGO/Virgo GW observaticns in:
e X-ray and y-ray bands
* high-energy y-in calorimeter

e DM limit

- Limits on DM annihilation into yy: <ov> < 10%%-102°cm-3s-!

- Limits on DM decay X - YV etc.: tpm > 10%% (mpn,>100 GeV)
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Solar Modulation

PoS(ICRC2021) 1270
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Summary

O CALET has been accumulating scientific data for over 6 years with excellent
performance since October 13, 2015

O Linearity in the energy measurements established up to 10 MIP and
continuous on-orbit calibration updates

O Following results have been achieved by now

= Cosmic ray spectra
- Electron and positron: 11 GeV — 4.8 TeV
= Proton: 30 GeV — 60 TeV
* Helium: 50 GeV — 50 GeV
- Carbon, oxygen and C/O ratio : 10 GeV/n— 2.2 TeV/n
* Iron: 10 GeV/n —2.0 TeV/n
* Boron and B/C ratio: 10 GeV/n — 2.2 TeV/n

- Study on solar modulation over 5 years
= Observation of diffuse and point sources (+Sun) of gamma-rays
- Gamma-ray burst detections and follow-up observation of GW events
0 CALET mission is planed by the end of 2024 by approval of JAXA/NASA/ASI
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