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

ASC (Advanced
Stellar Compass)

P .

GPSR (GPS
Beon
b" y Launched on Aug. 19t, 2015 eer)
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
2021.10.25-29 TeV Particle Astrophysics 2021
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Overview of CALET Payload

CGBM

CAL

»Charge Detector (CHD)
*Imaging Calorimeter (IMC)
*Total Absorption Calorimeter (TASC)

CGBM

*Hard X-ray Monitor (HXM) x 2
LaBr; : TkeV~1MeV

*Soft ¥ -ray Monitor (SGM)

BGO : 100keV~20MeV

Data Processing & Power Supply

*Mission Data Controller (MDC)
CPU, telemetry, power, trigger etc.

*HV-BOX ([talian contribution)
HV supply (PMT:68ch, APD:22ch)

HV-BOX MDC

Support Sensors

»Advanced Stellar Compass (ASC)
Directional measurement

*GPS Receiver (GPSR)
Time stamp of triggered event({1ms)

2021.10.25-29 TeV Particle Astrophysics 2021



CALET Calorimeter and Capability

Field of view: ~ 45 degrees (from the zenith) Geometrical Factor: ~ 1,040 cm?sr (for electrons)
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|, -0
|, -20
|, -30
| -0

. -50;

0

BASE PANEL

PWO

X-Z View

Proton, E;,5:=2.89 TeV

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 Xy at normal incidence
- 8 x 2 x 448 plastic scintillating fibers (1mm) readout individually
- Tracking ( ~0.1° angular resolution) + Shower imaging

TASC — Total Absorption Calorimeter 27 X, 1.2 A
- 6x2x 16 lead tungstate (PbWO,) logs

- Energy resolution: ~2 % (>10GeV) fore, vy
- e/p separation: ~10°>

~30-35% for p, nuclei

Iron, Eqpgc =9.3 TeV

X-Z View F

X-ZView

10 0 10 2
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Energy Measurement in a Wide Dynamic Range 1-10° MIPs

“MIP” peak in PWO: Obs. vs. MC

himoead 0 1 7

APD(100mm?) e= =
7 - 8 ‘“.'; —— [ z’fs..“ au:
- | MIP calibration determines
1o f \ the conversion factor from
RSk o [ . ADC unit to the energy
| APD gain ~50 i h k\\
>mh Gain Shaper Rt -
APD >_ The whole dynamic range was calibrated by UV laser irradiation on ground :
™ Low Gain Shaper s 1) The linearity of each gain range is confirmed in the range of 1.4-2.5 %.
PWO CSA e 2) Each channel covers from 1 MIP to 10 MIPs.
~_High Gain Shaper
PD_>_ L~ APD-H | APD-L | PD-H | PDL
|~ Low Gain Shaper 1.4% 1.5% 2.5% 22%
=
The correlation between adjacent H APDL — Example of energy distribution in one PWO log
gain ranges is calibrated by using APD-L PD-H PD-L g —
in-flight data in each channel. 0.1% 0.7% 0.1% o : ¥3-CHO3
- g 0
3 § m:_ o APD-Low
2 3 2 w10
3 : 3 = :
£ ool w 1 'w_l
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T T T eolammomspely 10 . I e~ A R
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CALET Observations on the ISS

Accumulated observation time (live, dead) Geometrical Factor:
= 50000: [151013-210731] High Energy Trigger (2119 days) * 1040 cm?sr for electrons, light nuclei
g B Total Observation Time (1.80x10%sec) * 1000 cm?sr for gamma-rays
2 40000 — Live Time (1.55x10%sec) * 4000 cm?sr for ultra-heavy nuclei
- Dead Time (Fraction 14.3%)
- Energy deposit (in TASC) spectrum: 1 GeV-1 PeV
30000 —
- wn
- S108 - — _'-—__ ﬁ01 5.10.f13E— 2021.7.31
B > - - i
S _ w LE- - 238 bilion 9961
N Trigger Rate : ~ 8.7 Hz a1l Trigger 3 Total number of >GeV triggers
10000|— g 1of — | ~2.96 billion
C = HE-Trigger ™
- = e
P — PR S (U G U N ST G T S NS Z10° E =
0160101 161231 171231 181231 200101 201231 _—_
Date [yymmdd UT] 10* -
High-energy trigger (> 10 GeV) statistics: 103 : e
« Operational time > 2119 days() All particles -
(*) as of July 31, 2021 102 e
« Live time fraction > 85% T
« Exposure of HE trigger L T
~186 m2 sr day 1 m
* HE-gamma pOint Source eXposure Illll || IIIIIll L llIIIIl | | IIIIlll || IIlIIII | | IlIIlIl | | IIlIllltl RN
~3.6 m2 day (for Crab, Geminga) 1 10 10? 10° 10* 10° 10° 107

TASC Energy Deposit Sum [GeV]
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Electron Measurement with CALET: Accurate Measurements Constrain Systematics

1. Acceptance =) well defined SQ
- Geometrical factor because of reliable tracking

2. Detection efficiency = £~70%
- Losses in the detector (after electron selection, E>30 GeV)
keeps mostly constant up to 5 TeV

3. Energy determination = AE/E < 2% (E>20 GeV)
- Energy resolution Absolute energy scale calibrated
- Calibration by beam tests and rigidity cutoff

4. Particle ldentification = Pge <95 % (E<1TeV)
- Proton contamination Psg ~ 10-20 % (1 TeV<E< 5 TeV)

==) Minimize the effects of unforeseen systematics,
combined with detailed systematic studies ( see PRLs and SM)



Electron Identification

Simple Two Parameter Cut Boosted Decision Trees (BDT)

Fe: Energy fraction of the bottom layer sum to the " :
£ 9y y In addition to the two parameters in the left,

whole energy deposit sum in TASC TASC and IMC shower profile fits are used
Re: Lateral spread of energy deposit in TASC-X1 as discriminating variables.

Cut Parameter K is defined as follows:
K =logo(Fg) + 0.5 Re (/cm)

*g 1400~ Acceptance:A
” o B ) CALET Preliminary
= C _ 7 i
§ soo[[151013-170331] T, =3.89 x 107sec (10812.2hr) W ool 126.2< E/[GeV] <200.0 | Flight Data
w - 126.2< E/[GeV] <200.0 o u @ MC Electrons
g 700 { Flight Data 2 B EJE_ £ MC Protons
-g E MC Electrons g 1000 B g;
2 600 Emc protons =z - —
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1
K=log (F)+R/2 BDT Response
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BDT Response Distribution at Higher Energies

In the final electron sample, the resultant contamination ratios of protons are:
<5%uptol1TeV;5%-20 % inthe 1—-5TeV region
, While keeping a constant high efficiency of 80 % for electrons.

476 < E <599 GeV

~  475.5< E/[GeV] <598.6 { Flight Data

E_ v?/d.o.f. =0.94 for-0.5< Rgpr < 0.5 MC Electrons

- £ MC Protons

_ —— MC Total

- e
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o
w
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1196 < E <4755 GeV (highest energy bin )

= 1194.3< E/[GeV] <4754.7 t Flight Data
- y¥d.of.=1.21 for-0.5<Ry,;; <0.5 MC Electrons
B = MC Protons
—— MC Total
3 %ﬂa
- 4t +
B :F""J;i
i T 4 t
B it f
- =]
—_— | 4—'7[’ |
1 05 0 05 1
BDT Response (R__)
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10



Cosmic-ray All-electron Spectrum
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100

o CALET 2018

[11 GeV, 4.8 TeV]

20, 261102 (201 8) Below 1 TeV: CALET spectrum is consistent with AMS-02

* Present measurements cluster into 2 groups:

- AMSO02 + CALET and FERMI + DAMPE
possibly indicating the presence of unknown systematics

e Above 1 TeV CALET observes
a suppression of the flux
consistent with DAMPE
within errors

* No peak-like structure at 1.4
TeV in CALET measurement
irrespective of binning

50 i uncertainty band (stat. + syst.)
° AMS-02 2019
. DAMPE 2017
0 g | Ferfni-lLATl 29 17 (HE+LE)
10 10°
Energy [GeV]
2021.10.25-29
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Cosmic-ray all-electron spectrum (update: as of Sep. 30, 2020)

z T : Preliminary spectrum is
« Low energy region: solar modulation
3 iy ST - => better consistency with AMS-02 (2019) updated after 1815 days of
" 200 : CALET observations:
T ey Oct.13, 2015 - Sep.30, 2020
g Ly 1
< | LT
= 150+ -
= r o\
(n = C/Pg\_/
100 —
| H CALET 2021
| [ uncertainty band (stat.+syst.)
- | o ]
50l AMS-02 2019
~ A DAMPE 2017
(3 Fermi-LAT 2017 (HE+LE)
0 B I TR R A | I L
10 10°

Energy [GeV]
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« High energy region: statistics increased x 2.3

2 200 [11 GeV, 4.8 TeV]
=

e
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™

100

Cosmic-ray all-electron spectrum (update: as of Sep. 30, 2020)

CALET observes a flux
suppression above 1 TeV
with a significance > 6.5 o,
a considerable improvement
with respect to the result
published in PRL2018 (~4 o)

n CALET (51 _live208_bind_try13_hs_EShift1035)
unrcertainty band (stat, + <yst.)
50 L3 AMS-D2 2019
£ DAMPE 2017
Fermi-LAT 2007 (tHE+LE)
O | | | | i D ]| II | |
10 107

Energy [GeV]
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- Towards an interpretation of the CALET all-electron spectrum

O Fits of the CALET all-electron spectrum in 55 GeV - 4.8 TeV,
using the same energy binning as DAMPE [Nature, 2017]

» Broken power law used in DAMPE

y=-3.151 = - 4.024 (x?2 /INDF=11.64/29)
« Exponential cut-off power law [PRL, 2018]

y= - 3.054 with E.= 2.17 TeV (x2 /INDF=11.25/29)
 Single power law

=-3.197 (x2 /INDF=54.50/30)

The significance of both fits of softening spectrum is considerably
improved: 4 o ( PRL2018) => nearly 6.5 0,

O Tentative spectral fit in 11 GeV-4.8 TeV including pulsars and a
possible Vela SNR contribution.
 Positron flux(AMS): secondaries+ nearby pulsars
 Electron flux (CALET-AMS):
Secondaries + Distant SNRs (black dashed line)
+ Vela SNR (green line).
A possible contribution from the Vela SNR:
Energy output of 2.08 x 1048 erg in electron CR above 1 GeV.

2021.10.25-29 TeV Particle Astrophysics 2021
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-—— Broken Power Law Fit at E, = 914 GeV
— Fit w/ Exponentially Cut-off Power Law
—— Single Power Law Fit
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10? 102 103

10—2 4

1074
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. ® CALET total flux
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Prelaminary

positron
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Charge Identification with CHD and IMC

Single element identification for p, He and light | P Eeomem | 17F
. . . E ;::: [ZIEPICS p
nuclei is achieved by CHD+IMC charge analysis. L3 e
03— 5°°_ 1’
Oq L i 3 4
Charge separationinBtoC:~70c ok ’t
o.zsi g e Fe f:; Y
T7 g q ‘1,5 2 25 3 35 4
021 Si/ =k Ca Zac Zao
[ Ne ,»(// i S 2 Z1000 + Flight
g & g r 4 EPICS (al)
€ g™ e fuf ZEhy
[ He 2h 0 . = E =
. l; CHD charge resolution Y o -;'f’
o1l (2 layers combined vs. Z) : nf f-,
Lp ‘ ‘ ‘ ‘ ; : ; 4
o 2 4 s e e e e e T s e isz ; , M 20| . f ;
Atomic number Z . 4 X X q 15 2 25 3 3,52“:4
(TQ 0.4 f - PR
. . -~ 105 B e B ) ]
Charge separationinBto C:~50 . s
03 O g L i e e 104 - SRS e =
- o B e g g
o .- T VYT B N TYPeWWE e - .
- =i 102
B e A
I 10 e
Lo i) IMC charge resolution with multiple
' dE/dx sampling in scintillating fibers -
b R o v S 2 § N R SN e o i ung 30

15 =

z hake” 25
i QU 10
Atomic number Z e 30 o =

CHD-Y Charge
Deviation from Z2 response is corrected both in CHD and IMC using a core + halo ionization model (Voltz)
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2] Cosmic-ray proton spectrum

— 3x10" 2018: CALET confirms proton spectral hardening
> CALET Collaboration, Phys. Rev. Lett. 122, 181102 above a few hundred GeV with a deviation from a
8 Highlighted as “Editor’s Suggestion” single power law at >30
4
_"’ =410 CALET covers the whole range [50 GeV, 10 TeV]
7 with the same instrument
N
é ¥
>
L; 104 Rt o ok P 25532 ::S::
Proton Spectrum SR
N 8x10° - ??.%S'Jev
3L 2 -
7x10 ¢ CREAM
3l - PAMELA
10 : AMS-02
3l + CREAM-III
5x10 +  NUCLEON (IC)
3 Y NUCLEON (KLEM)
4x10° - b CALET-2018
uncertainty band (stat. + syst.) for CALET
1 1 lllllll | | llllll[ | 1 Illllll 1 | lllllll
3x10°
10 107 10° 10* 10°

Kinetic Energy [GeV]
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Cosmic-ray proton spectrum

— 310" 2018: CALET confirms proton spectral hardening
*5 CALET Collaboration, Phys. Rev. Lett. 122, 181102 above a few hundred GeV with a deviation from a
8 Highlighted as “Editor’s Suggestion” single power law at >30
. 4
o ex10 * Energyranges 50 GeV —500 GeV and 1 TeV - 10
% ] TeV can each be fitted with single power laws
q'E * Progressive hardening up to TeV energies
= R I W e,k * Smoothly-broken power law fit gives low energy
TR e M e index consistent with AMS-02, but larger change
X Proton Spectrum e A A 4 in index and higher break energy
N 8x10° - BESS-TeV -
7 103 L & AT|C'2 —> Speciral Fil Resudls
X ; CREAM-| 3 S e
3 B & PAMELA {, { -2 : 0002, &y - 0,203 £ 0,081
6><10 + AMS-02 ._:‘g 5= 00000133, F, - 48612 1-'&|:;H+’ﬁ-//
5x10° - 4 CREAM-III = —Hy
, NUGLEON (IC) i
4x10° - \ NUCLEON (KLEM) ;?‘m; Pttt
X b CALET'ZQ"S w smooth transition of the power-law
uncertainty band (stat. + syst.) for CALET I spectral index from -2.87 + 0.06 (including
3)(103 Lol Lol Lol Lo i solar modulation effects in the lower
10 10° 1 03 10* 1 05 energy region) to —2.56 + 0.04 (1-10 TeV)
Kinetic Energy [GeV] BT I =
Kinetic Energy 1[C7;ev]
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16000 CALET Preliminary
u [30 GeV, 60 TeV]
14000—
12000—
.
10000
8000—
6000:— Proton Spectrum
- +  CALET-2021 (preliminary)
- uncertainty band (stat. + syst.)
4000~ AMS-02
~ CREAM-II
2000— 4+ DAMPE
- uncertainty band (DAMPE) | |
O | IIIIIIII | IIIIIIII | | I I | | | I I I |
10 10° 10° 10* 10°
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Cosmic-ray proton spectrum (update: as of Sep.30, 2020)

2o DAMPE® Sci. Adv. 2019;5 (2019)
18,000} ]
T 14,000%—

% 12,000F

Flux x E27(m?2sr's™' GeV'7)
%
&
e
b

i 10,000} N
x + 4
8000 —e— DAMPE | /I
; a— AMS-02 (2015) -
6000 - PAMELA (2011) ]
; ATIC-2 (2009)
4000 CREAM | + 11 (2017)

[ 4#— NUCLEON-KLEM (2018)
2000(; PRSP | PR PEPETIT | NPT | MEEPEEPEIPI
10 102 10° 10* 10°

Kinetic energy (GeV)

- DAMPE reported a spectral index
softening |Ay = —0.25 + 0.07 from
~-2.60 to ~-2.85. above 10 TeV at

Ebreak =|13.675 3 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 ).
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B AMS-02 (PRL-2015) CREAM-| (ApJ-2011)

u - + [50 GeV, 50 TeV]
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T CALET preliminary helium flux is consistent with DAMPE

—  within the errors from ~60 GeV to ~60 TeV.

B (present analysis: ~ 50% reduced acceptance inside fiducial region ~ 510 cm? sr)

B | llIIIIII | IIIIIII| | lIIIIII| | | I I A |

102 10° 10

10
Kin. En. (GeV)
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8> = y/ndf = 0.8/7 statistical errors only
8 8000 :-_ DR IGI RS ATV NN ... ....c....ouuiiisomminseisnisssmssisesssssvissssmaiodiosn
w Y = -2.71 +/- 0.02 PRELIMINARY
L 7000 :_ EO T RN PR SN ... . v siinsaiananisasiopsearisvonuscaianiovasnniodsn
& F Ay = 0.25 +/- 0.05
£ 6000 = 82000+-008 [
sooof—
40005—
30005._ ............................................................. grenesenenes R SAGeee LI LLL LT L LU LN geseassessiessaneens greeeessennaanns
- a spectral hardening is observed with helium
2000=ground ~1.3 TeV total kinetic energy
:1 Lo 1ol Lol L1l L1
ey 10? 10’ 10¢ 10°
Kin. En. (GeV)
2 -
21t~ energy dependence of the helium spectral index
*2E fitting the spectrum inside a sliding window
23
24f- )
2.6;—
72‘72— ‘-—"/"_/‘
72.82—
2sf- PRELIMINARY
= 1 Lol 1 Lol 1 Lol
) 10° 10° 1

o¢ 1
Kin. En. (GeV)
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Spectra of Cosmic-ray Nuclei from C to Fe

With excellent charge-ID of individual elements CALET is
exploring the Table of Elements in the multi-TeV domain
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Carbon and Oxygen Energy Spectra

50~ @ “"8hmonetal. (1980) CALET C is consistent with PAMELA and most of the
< [ T  PAMELA revious experiments. PAMELA did not publish oxygen.
= [ s [10 GeV/n, 2.2 TeV/n] l P P P yo
> .+ TRACER .
e . GREAM-I The spectra show a clear hardening around 200 GeV/n.
~ N NUCLEON
P B = CALET < L.
. 30| C== uncertainty band (stat. [+ syst,) for CALET } They have shapes similar to AMS-02 but the absolute
o L l normalization is significantly lower ( ~ 27%)
% B o 50F |
= 20 - g 45 o Awms-o2 1
TR : “F ; }
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Carbon and Oxygen: Spectral Analysis

(a) Carbon

m CALET
— Fit with DPL
- - Fit with SPL, extrapolation with Ay=0

DPL fit
y=-2.663 +0.014
Eo = (215 + 54) GeV/n
Ay =0.166 + 0.042
y2/dof = 9.0/8

—m
—
|_._|
—

PRL 125 (2020) 251102

SPL fit
y = —2.626+0.010
y2/dof = 27.5/10

(b) Oxygen

m CALET
— Fit with DPL
- - Fit with SPL, extrapolation with Ay=0
Systematic uncertainties are modelled

in the %2 minimization function with a
set of nuisance parameters.

-

DPL fit
) ,} o - y = -2.637+0.009
T : SPL fit E, = (264 + 53) GeV/n
! ¥ = —2.622+0.008 M b 5380’780-053
x2/dof = 15.9/10 x7aor = o.
1 I 1 1 1 1 1 1 1 1 I 1 ] 1 1 1 1 1 1 I 1 1
10 10?2 10°

Kinetic Energy [GeV/n]
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Carbon

CALET

uncertainty band (stat. + syst.) for CALET

Spectral Index y
o
(o]

Spectral Index vy
o
()]

'102
Kinetic Energy [GeV/n]

Double power-law
(DPL) fit

—_
o
w

Single Power Law hypothesis excluded at

3.90 level for C and 3.2c0 for O
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C/O flux ratio

1.6 2 16
[ (c) /O flux ratio [10 GeV/n, 2.2 TeV/n] S
1.4 2 14— Fit to a constant
N @) - 0.911+£ 0.006 @ E> 25 GeV/n
— & L] O L
121 12 \
§e) E -
© 1?"“%“ = ", \l
% - B !.'._i_i_iiiirrfl_lrill
S Anal u EERBE T l
= 0.8 0.8— [T
o [ -
Cosf 06
- . CALET -
04F o A  PRL 125 (2020) 251102 0af | o
B A HEO3-C2 -
0.2 — CREAM-I| 0.2 |~ —— Fitwith a constant value
_lllll 1 1 L1l 1 1 L 1 1 _|||| 1 1 Lol 1 1 Lol 1 1 1
10 10° 10° 10 102 103
Kinetic Enerav [GeV/nl Kinetic Energy [GeV/n]

The C/O flux ratio as a function of energy is in good agreement with the one reported by AMS
Above 25 GeV/n the C/O ratio is well fitted to a constant value of 0.911 £ 0.006 with c?/dof = 8.3/17

- C and O fluxes have the same energy dependence.
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Boron Spectrum and B/C Ratio (preliminary)

Boron energy spectrum B/C ratio
5 1
ith + 10% variation of | ic rati e dB
4.5 ;w:he-l-ﬂux ch\:aar:éaetslobr;/ an\llsit;‘;:c e Ll B/C F(E) =l = -~ EUOLIE > 20 Gevj)

X2 /ndf = 5.6/15

flux normalization is consistent
with PAMELA
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Iron — Analysis (Charge Selection)
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Iron Spectrum

Flux x E%® vs kinetic energy per nucleon [10 GeV/n, 2 TeV/n]
analyzed data: Jan, 2016 — May 2020

&= 5 Iron Single Power Law fit:
- - @ CALET —J— Statistical uncertainties Iron
(< — Systematic uncertainties | | Total (stat.+syst.) uncertainties L
> L b s by e 5 ; 50 GeV/n, 2.0 TeV/n
__ #  ATIC 02 (2003) %  NUCLEON (KLEM - 2019) ! E = —/. :I: . :I: .
g 4 | A CRN-spacelab? gp  CREAM-II : : y . 2 60 O OZ(Stat) O Oz(sys)
— L ¥ Heaosc2 0 Avs02 I ! with Xz/ d.o.f. =4.2/14
D L & HESS. (2004-2006) ' :
7) : —
o __ >.—2.35._.
E T s -24F
© =
§ | = —2.455—
™ — © -25F
© I Q oeE ° o o °
11— -2.7 é—
= -2.75
- | —2.8F
—  PHYSICAL REVIEW LETTERS 126, 241101 (2021) E _085E
B ! o oE. , . .
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Iron Spectral Shape and Normalization

AMS-02 Phys. Rev. Lett. 126, 041104 (2021)

CALET

Phys. Rev. Lett. 126, 241101 (2021)
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Iron
CALET (normalized to AMS-02) [10 GeV/n, 2 TeV/n]

AMS-02

x E27 normalized to AMS-02(*)

1
1
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0
.
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1
a (*) please note that the flux is multiplied by E>’ an not x E2®as in the previous slide
] I ] WA | l 1 1 L 1 1 1 1 l | 1 L 1 | I = | l 1 L
10 102 10°
Kinetic Energy per nucleon [GeV/n]
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Flux normalization:

e consistent with ATIC 02 and TRACER at low
energy and with CNR and HESS at high energy
* in tension with AMS-02 and SANRIKU

(balloon)

Spectral shape:

* CALET E27 x Flux vs kinetic energy/n
normalized to AMS-02:

- similar spectral shape
- comparable errors above 200 GeV/n

Spectral hardening:

e CALET iron data are consistent with an SPL
spectrum up to 2 TeV/n.

* Beyond this limit, the present statistics and
large systematics do not allow to draw a
significant conclusion on a possible deviation
from a single power law.
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Ultra-heavy cosmic-ray nuclei (26 < Z <40)

Onboard trigger for UH events

IMC-1+2

A special UH CR trigger
uses the CHD and the
first 4 layers of the IMC
to achieve an expanded
X 4 geometric factor
GF ~ 4400 cm? sr

105 4

104-

103 4

102 1

101 .

100,

above Ni: Z-even
304N, 3,Ge, 5,Se
are resolved

2021.10.25-29

TeV Particle Astrophysics 2021

Abundance relative to 107 Fe

Measurement of the relative abundances
elements above Fe through 4Zr

1 ! I ! I ! I |

a CALET

i = SuperTIGER :
"“Zn e ACECRIS ]
- Ge CALET Preliminary
i i Se
E #

Kr §Sr Zr

¥

1
—a—
—aEH
L

The CALET UH element ratios relative to Fe
are consistent with Super-TIGER and ACE
abundances.
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CALET y—ray Sky (>1GeV) ,GRBs, GW follow-up, DM limits

Gamma-ray sky map LE-y trigger (E >1 GeV)

Exposure map for GRB 200101A (LEG)

o4

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%)

® GRB position

» Effective area:
~400 cm? above

2 GeV
« Angular resolution:

10 GeV

* Energy resolution:
~5% at 10 GeV

- Follow-up of LIGO/Virgo GW observations
* X-ray and 7y-ray bands
* high-energy v-in calorimeter

- Limits on DM annihilation into yy: <ov> < 107%8-202>°cm3s-1
- Limits on DM decay X - YV etc.: tpy > 103% (migy,>100 GeV)

< 0.2° above |dentified brlght point-sources (E >1 GeV) I
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4] Solar modulation

. _Since the start of observations in 2015/10, a steady increase in the 1-10 GeV all-electron flux has been observed.
* In the past two years the flux has reached the maximum flux observed with PAMELA during the previous solar minimum.

Differential Flux [m s 'sr 'GeV ']

50

CALET prellmlnary

Long-term variation
of all-electron flux

; ==
IOK . : observed by CALET
ISE= =5 =S

%
iﬁ

® PAMELA e
2006-6-1 ~ 2009-12-31
(Adriani et al., ApJ, 2015)

® AMS-02 e +e*

> 2011-5-15 ~2017-5-9

(Aguilar et al., PRL, 2018)

o

o
W

® CALET ¢ +e*
2015-10-13 ~ 2015-10-30
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Energy [GeV]
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Proton/Electron Normalized Counting Rate [%]
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13700
: ® CALET e+e?
* £ ® CALET Proton
# —— Neutron Monitor (Oulu)
o 2016 2017 2018 2019 2020 2021
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Good correlation of
NM counting rate at
Oulu station (black
points) with the CR
e +e* flux increase
in the 1-10 GeV until
~half a year after the
beginning the new
solar cycle 25.

The flux has now
started decreasing.

The count rate
increase of CR e +
e* is found to be
larger than that of CR
protons. Consistent
with the expected
CHARGE SIGN
dependence of the
solar modulation.
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Space Weather Phenomena with CALET

4 In addition to the aforementioned astrophysics goals, CALET
is able to provide a continuous monitoring of space weather
phenomena affecting the near-Earth environment, including

& solar energetic particles (SEPs) at high geomagnetic latitudes
@ inner-belt protons in the South-Atlantic anomaly (SAA) region
™ relativistic electron precipitation (REP) events in the inner boundary

of the outer radiation belt Kataoka et al., 2016, Geophys Res Letter, 43, 4119
Ueno et al., 2020, Space Weather, 18

0.55 7 T [ 7 7 T T [ 1 T T [ T T T 1
O.u(er Belt — -
12,000 — 25,000 miles 6 —
GPS Satellites =, 05— O
_— 12,500 miles -O : I
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Dyna::(?:(;bss‘;ﬁratory G) 04 __ j = O
= 22000 miles C _ & o O
T o ] c
Foss- N.3
I — -
s | W
Van Allen Probe-A (_U E E 'wl
S 025 & = =
1 B I ’ il 10°
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1 2 5 6

3 4
L-shell [R ]
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Main Science Goals and Status of the Analysis
| | | eepoted |  Refeence |  Present

Cosmic-ray origin
and acceleration

CR propagation
Nearby electron sources

Dark matter

Gamma rays

Heliospheric physics
Gamma-ray transients

Space weather

2021.10.25-29

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

TeV Particle Astrophysics 2021

1 GeV - 20 TeV

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-20QTeV (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

AplS 238:5 (2018)
ICRC 2019, 1126

ApJL 829:1L20 (2016)

Geophys.Res.Lett,43 (2016)

11 GeV -4.8 TeV

30 GeV - 60 TeV

50 GeV - 50 TeV

10 GeV/n-2.2 TeV/n
50 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
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CALET: Summary and Future Prospects

O CALET was successfully launched in August>»2015 and installed on
the Japanese Experiment Module — Exposure Facility on the ISS.

1 More than 6 years of excellent performance and remarkable stability
of the instrument since the start of data taking on Oct 23, 2015.

O Linearity in the energy measurements established up to 10 MIP
> [Astropart. Phys. 91, 1= 10/(2017)]

[0 Continuous on-orbit calibration updates
Ll HE trigger operational for > 2100 days' with >85% live time fraction

O Total number of > GeV triggers ~3.0 billion

Extended operations are approved by JAXA/NASA/ASI in March 2021
through the end of 2024.

* ) We greatly appreciate JAXA staffs for perfect support of the CALET operation
at the Tsukuba Space Center of JAXA !!



