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CALET Payload

Kounotori (HTV) 5

CGBM (CALET
Gamma-ray
Burst Monitor)

Launched on Aug. 19, 2015
{ by the Japanese H2-B rocket

Emplaced on port #9 of JEM-EF
(Japanese Experiment Module
' Exposed Facility) on Aug. 25"
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MDC (Mission
Data Controller)

FRGF (Flight Releasable
Grapple Fixture)

ASC (Advanced
Stellar Compass)

Mass: 612.8 kg JEM Standard Payload

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

Telemetry: Medium 600 kbps (6.5GB/day)
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Cosmic Ray Observations aboard the ISS and CALET program

Main CALET science objectives:

<~ Electron observation in 1 GeV - 20 TeV range.
Design optimized for electron detection: high energy
— resolution and large e/p separation power + e.m.
Y August 14,2017 shower containment. Detailed study of spectral shape.
Viny Search for Dark Matter and Nearby Sources

‘\: L {1+ {- Observation of cosmic-ray nuclei in the energy
ARG JEEJ T region from 10 GeV to 1 PeV.
Unravelling the CR acceleration and propagation

) mechanism(s)

5\

N’

»" | y ' <~ Detection of transient phenomena in space
CALET L h |
August 18, 2015 Gamma-ray bursts, e.m. GW counterparts, Solar
flares, Space Weather

Scientific Objectives Observation Targets Energy Range

\’&;‘4“. AT
<58
o)

Q \

Electron spectrum 1GeV - 20 TeV

CR Origin and Acceleration Individual spectra of elements from proton to Fe 10 GeV - 1000 TeV
9l ! Ultra Heavy lons (26 < Z < 40) > 600 MeV/n

Gamma-rays (Diffuse + Point sources) 1 GeV-1TeV
Galactic CR Propagation B/C and sub-Fe/Fe ratios Up to some TeV/n
Nearby CR Sources Electron spectrum 100 GeV - 20 TeV
Dark Matter Signatures in electron/gamma-ray spectra 100 GeV - 20 TeV
Solar Physics Electron flux (1GeV-10GeV) <10 GeV
Gamma-ray Transients Gamma-rays and X-rays 7 keV - 20 MeV
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CALET instrument in a nutshell

Field of view: ~ 45 degrees (from the zenith)

CHD-FEC

\ . 1 TeV electron shower

MAPMT

i |

IMC-FEC ——

yr=—qy

% TASC-FEC

APD/PD

Gamma-ray 10 GeV

Simulated
Shower
Profile
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-SciBar }‘ CHD

= - v?i

> IMC

Geometrical Factor: ~ 1,040 cm?sr (for electrons)

CALET: a unique set of key instruments

O CHD: a dedicated charge detector + multiple dE/dx
sampling in the IMC allow the identification of
individual nuclear species (charge resolution
~0.15-0.3 e).

O IMC: high granularity (1mm) imaging pre-shower
calorimeter to accurately reconstruct the arrival
direction of incident particles ( ~0.1°) and the
starting point of electro-magnetic showers.

Scifi + Tungsten absorbers: 3 X, (=0.2 X, x5 + 1.0 X, x 2)

O TASC: thick (27 X,) homogeneous PWO calorimeter
allowing to extend electron measurements into the TeV
energy region with ~¥2% energy resolution.

O Combined (30 X, 1.2 \;) they separate electrons
from the abundant protons (rejection > 10%).

Proton 10 TeV
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CALET Instrument overview

Plastic Scintillator

T scintillating Fiber |

+ PMT B + 64anode PMT

A"-. o
XX 1‘;
r g ‘ 1 \

(Charge Detector)

Measure Charge (Z=1-40)

Plastic Scintillators: 28 paddles

Geometry 14 paddles x 2 layers (X,Y)
(Material) ]

Paddle Size: 32 x 10 x 450 mm?3
Readout PMT+CSA
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(Imaging Calorimeter)

Tracking , Particle ID

Scintillating Fibers: 448 x 16 layers (X,Y)
Scifi size: 1 x 1 x 448 mm?3

7 Tungsten layers : 0.2X, x5 + 1X,x 2
Total Thickness: 3 X,

64-anode PMT+ ASIC

Pier S. Marrocchesi

TASC
(Total Absorption Calorimeter)

Energy, e/p Separation

PWO logs: 16 x 12 layers (x,y): 192 logs
log size: 19 x 20 x 326 mm?3
Total Thickness: 27 X;, ~1.2 A,

APD/PD+CSA
PMT+CSA (for Trigger)@top layer




<> CALET tracking takes advantage of the IMAGING capabilities of IMC thanks to its granularity of

1 mm with Sci-fibers readout individually

Example:

File |
Previous event Next event

A multi-prong event due to an interaction of the primary particle in the CHD

is very well imaged by the IMC.

Calet event viewer (Level2)

Filter Autoplay | Hits Visualization Trigger conf.

Event info

Go to event: | 60121

XY view I Histos | Event dump |

Save event Save image Save dump Save settings
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CAL event ID: 60121

File entry: 622

UTC time: 2016-04-25 02:16:30
UTC time: 1461550590.665
Reconstructed event

IMC track type (TRecEvent):

--- Kalman (X)

--- Kalman (Y)

TASC track type (TRecEvent):
--- Shower axis

N EEENESE EOEEEE

 HEE ENEFE & NN

lllllli Elllll

4

/
/

/

HEES FENEEEE EN

I
-

XSCRC19 Nov 14, 2019 - CERN

Pier S. Marrocchesi




Energy Measurement in a wide dynamic range 1-10° MIPs

“MIP” peak in PWO: Obs. vs. MC

APD(100mm?) 2= r e
“Ob4 (3 1800 aom b | -‘ ::’c'e- "":
o ‘ 1 Owrtow )
- - | MIP calibration determines
[ \ the conversion factor from
R . | . ADC unit to the energy
| APD gain ~50 . f \\
02w C— 4o oo 8n I(:g:”n;
> High Gain Shaper A S R S -
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 |~ 2) Each channel covers from 1 MIP to 108 MIPs.
~_High Gain Shaper >
L |~ APD-H | APD-L | PD-H | PD-L
PD N
LowGain Shaper 14% | 15% | 25% | 22%
/
The correlation between adjacent APD.H APDL —T) Example of energy distribution in one PWO log
gain ranges is calibrated by using APD-L PD-H PD-L g o
in-flight data in each channel. 0.1% 0.7% 0.1% e > ¥3.CHO3
scose ) 10°
3 3 N w g scen |- - g APD-Low
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_ Observations with High Energy Trigger (>10GeV)

s )/

Observation with High Energy Trigger for 1327 days : Oct.13, 2015 — May 31, 2019

O The exposure, SQT, has reached ~116 m? sr day for electron observations
under continuous and stable operations.

O Total number of triggered events is ~1.8 billion with a live time fraction of ~84 %.

Accumulated observation time (live, dead) Distribution of deposit energies (AE) in TASC
= = 2 . [
£.30000 [ | High Energy Trigger (1327 days) c10° - — —
ué - Tatal Observation Time (1.13x10%sec) |_q>|j , - ____ 1 51 01 3'1 90531
[ - o -
25000 - Live Terle [9...65><1.0 sac) 6 10 EE LE- HE — 1 -78X1 09 EVentS
- Dead Time (Fraction 14.7%) 5 10° r_Trigger Trigger —
- -g E region region .
200001 210 —_ | All Particles
15000— o 3 _—_—_
i 10°
10000 — . . B -
- Live Time 102 - 1 PeV
- i . o e L
5000 Fraction:  84.2% 10 Only statistical "t 4
- 1 % errors presented m
Lt | | | | | | | | | | | | | | | | L L1 L L1 pLit | IIIIIII| | IIIIIII| | III|||| L1 iit
0360101 160701 161231 170702 171231 180702 181231 1| 1|0 1(|)2 1(|)3 10° 10° 10° 107
Date [yymmdd UT] TASC Energy Deposit Sum [GeV]
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Proton, AE=2.89 TeV

Examples of Observed Events X2 View : Y-z View
o— o—
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'-% —$— before correction
oc 1.4 X3-CHO7 —§— after correction
o correction curve
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Examples of temperature change correction

B Angle [deg]

MIP Ratio

MIP Ratio

4
©

0.9

15/12/01 15/12/31 16/01/30  16/02/29  16/03/30  16/04/29  16/05/29  16/06/28

Before correction

i o HA
e Hh
'-t "Ht: L2 2] P s
et m
i

After correction

III|I|||||IIIIIIEII [IIIIIIIIII
i

?
?

IIIIIIlII

15/12/01 15/12/31  16/01/30  16/02/29  16/03/30  16/04/29  16/05/29  16/06/28 T Q SC

— Beta Angle

Active Thermal Control
System (ATCS) on ISS
provides very stable
thermal condition during
Long-tem observations:
At ~ a few degrees

0 5 10 15 20 25 30
Distance from APD/PD(cm)  15/12/1 UTClyy/mm/dd] 16/6/28
Energy Resolution for Electrons by On-orbit Calibration
< 20 < 151
f_‘\ 18:— *  TASC only (w/Calib. Error) '0_4'1 u Measurement Accuracy
=S = = | TASC+IMC (w/Calib. Error) S
GE) 16— | . | w10 ———- Systematics on Energy Scale
c c . ©  TASC only (Ideal) §' C
g4 . o TASC+IMC (Ideal) Y o
8wk, 7, - __
X E o . . - T ===
Q10 Fine energy resolutonof | o~
woe L T, 2% or better was obtained - TTTTTm T
4 sE° ® . above 20GeV for electrons 51—
— o n o} _
4:_ o L v Y.Asaoka, Y.Akaike, Y.Komiya, R.Miyata, S.Torii et al.,
- R ey — 5_8 ta — -10[— Astroparticle Physics 91 (2017) 1.
2:_ %o E] - 8-8 2 . [ l_. .—-T l_' .| _
- ®ogQ BEman 5 e s H Gegenanal o =
0 Lol L ||H\|\|DD\DFF\D|\D||E; Ll 15 Ll Lol Lol Lol
1 10 10 10° 10* 1 10 10
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10° 10*
Energy Deposit Sum (E, ) [GeV]
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Electron / Proton Discrimination (v.asaoka, cospar 2108 £1.5-0023-18]

Simple Two Parameter Cut Boosted Decision Trees (BDT)
Fe: Energy fraction of the bottom layer sum In addition to the two parameters on the
to the whole energy deposit sum in TASC left, TASC and IMC shower profile fits are

Re: Lateral spread of energy deposit in TASC-X1 used as discriminating variables

Cut Parameter K is defined as follows: ]
- - —_—- - = . BDT Response using 9 parameters

o F L 1400
5 goo[[151013 - 170331] T =3.89 x 10’sec (10812.2hr) § - Acceptance:A CALET Preliminary
w - 126.2< E/[GeV] <200.0 (T - 126.2< E/[GeV] <200.0 { Flight Data
S C : w— 1200—
5 700:— { Flight Data S - 1] MC Electrons
-g C @ MC Electrons 8 - Et_ E MC Protons
2 600 - ) E MC Protons £ 1000— -
- i S -
- H z |
500 :— i;ﬂ 800
400[- 7 e i
: 7B :
n % = 600—
- —, -
300 o — -
: I = ook
200— /"n . " i
- O — B
[ L ————— 1
100 :_ %Fﬁ 1 200 N ]
:I [ L"‘AJ = e e e i, S R - 7,
0 = | I T I T T 77T /ﬁ“l
3 2 -1 0 1 2 05 05 0 0.5 1

K=log (F)+R/2 '
og,,(Fg) + R/ BDT Response
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Cutoff Rigidity Measurements and Comparison with Calculation

BEFORE CORRECTION « Performed in three different cutoff

— 1 - . e g .
S o i’ 100<L<1.14 Il Idlt re |OnS.
(O] - %Qg% $  Low Rigidity Cutoff g y g
(\:03 I~ ' 'am’ 4 Primary Extracted .
Ero'h "y, | T  Correction factor was found to be
S o Ry E (Tracer)=12.97 GeV . .
. T, e a2t Gov 1.035 compared to MIP calibration.
102 4 ““;"‘ : !
E / \ ]
.“"‘ \‘\\ " ‘6 — A . .
ol | | Y"t_,,;% g 1151 © < CALET Preliminary
- 1 \ rqw w C v -
B Fermi-2017 (HE+LE) \“«\ %@% % 1 1__ < é
- AMS02-2014 \ 6 [m] L ~ o
104 ° IPA[\‘HEI‘_A | 1 I\\ | L1 |ér g B ~ F
10/ 102 8 L 0.95<L<1.00
Secondary component is Energy [GeV] o 1.05}- 1 1
estimated using azimuthal g g L
distributions o 1
AFTER CORRECTION g L
S C
— 1 . S 095
3 tﬁ@m N Low Pty Gutor é - t Cutoff Energy Ratio (Tracer/Data)
s = = ' E] -
£ 0= " _} primary Exracted & 09 Correction Factor: 1.035 + 0.009 (stat)
E N o) & L
- B ¥ ‘?:g%j g 0.85F- MIP Calibration: 1.000 + 0.013 (sys)
- \\ . -i\ i ] o C
102 W/r/?\ %*g- Covv v v v v v v v v v v b by gy
F & 10 11 12 13 14 15 16
C P! -, -
r \ 4-&**} Calculated Rigidity Cutoff [GV]
ot / "
T, \ Y [Y.Asaoka, COSPAR 2018 E1.5-0023-18]
F o \M\A; 2014 '\\-\ Lﬂw
T [S.Miyake, COSPAR 2018 E1.5-0027-18]

Energy [GeV]
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Systematic Uncertainties in Derivation of Energy Spectrum

The stability of the measured flux [Y.Asaoka, COSPAR 2018 E1.5-0023-18]
is intensively studied in the large Systematic uncertainty in electron selection by BDT

parameter space of analysis
selection criteria, including:

Flux Ratio

 Normalization:;

— Live time
— Radiation environment
— Long-term stability "'t independent training: 100sets Stddov: 000
— Quality cuts D
BDT-Cut Efficiency [%)] Number of Trials
. Energy dependent: Total systematic uncertainty vs Energy
— TraCking EZ;_ Total Systematic Uncertainty
£ E ¥  BDT-cut Stability
— charge ID
£ 02—
— electron ID (K-Cut vs BDT) o ﬁ_
— BDT stability Of_j" """"" ““”"‘”ii‘ii‘_ """ { """
(vs efficiency & training) = \
— MC model 03 total systematic uncertainty band
04 considering all items listed on the left.
(EPICS vs Geant4) 9 S STt " |
x102  3x10° 10 EE;L%[G;}TO

N.B. Energy scale uncertainty is not included in this analysis.
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ELECTRONS + POSITRONS
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Comparison of CALET with DAMPE and other experiments in space

250

ra
(=
o

150

100

90—

CALET: PRL 119 (2017) 181101, 3 November 2017
DAMPE: Nature 552 (2017) 63, 7 December 2017

first published spectrum by CALET (red points)
in restricted (fiducial) acceptance SQ= 570.3 cm?3sr
~ 55% of full acceptance Live time =T=4.57 x 10" s

CALET 2017 E
uncertainty band (stat. + syst.)

DAMPE 2017

PAMELA e +e* 2017

Fermi-LAT 2017 (HE+LE)

AMS-02 2014

HESS 2008+2009

0
10

102 10°
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Extended CALET measurement of electron spectrum

A Approximately doubled statistics above 500GeV by using full acceptance of CALET

250
o CALET: Phys. Rev. Lett. 120, 261102, June 2018

'-‘- : DAMPE: Nature 552 (2017) 63, 7 December 2017
(19

[11 GeV, 4.8 TeV]

-
>

Q

O

k%) %
N“T) 200
E,

>

=
T

150

e CALET spectrum is consistent with AMS02 data below 1 TeV.

* Present measurements cluster into 2 groups:

AMSO02 + CALET and FERMI+ DAMPE
possibly indicating the presence of unkown systematic errors.

e Above 1 TeV CALET observes a flux reduction consistent with
DAMPE within errors.

* No peak-like structure at 1.4 TeV is observed in CALET data
irrespective of energy binning. |

10 107
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All Electron Spectrum:

Pucy Comparison between updated AMS-02 & CALET

Exactly the same analysis applied, data up to the end of May 2019 are used.

& 29
°'> [ S. Torii ICRC2019 Jul. 30 (CRD2c)
) L
) B Very good agreement obtained just by adding data:
,;CD 200— « Low energy region: solar modulation
— — - - . -
RZ n * High energy region: statistics matters.
E L
>
5 150— : |
> L m"*’éﬂ%%
™ - 1 1 ~
Ll B Fr ol
100—
B ] CALET Preliminary (Statistical Error Only)
e AMS-02 2019
50—
— 4 DAMPE 2017
: & Fermi-LAT 2017 (HE+LE)
O B | | I I | | | | |
10 10°
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PROTONS
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Direct measurement of proton spectrum by CALET

— 3x10*
"> CALET covers the range 50 GeV to 10 TeV with THE SAME INSTRUMENT
8 confirming the existence of proton spectral hardening with a deviation
,-.w 2%10% from a single power law by more than 3o. l
— A
w
o ¢
g W 8 ‘
> S .
2 [ 8 13 IR - x| |t et R —d | )
I-L 4 17 s ._:‘_‘
> 10°— e REeerr] '_‘_'::;::
"~ Proton Spectrum
N, 8x1 0% BESS-TeV
7X1 03 - # ATIC-2 gray band: statistical + systematic errors in quadrature
+ CREAM-I
6x1 03 - t PAMELA . —
; AMS-02 CALET Collaboration, Phys. Rev. Lett. 122, 181102
5x1 03 | 4 CREAM-III Highlighted as “Editor’s Suggestion”
A NUCLEON (IC)
3 Y NUCLEON (KLEM)
4x107 - b CALET-2018
uncertainty band (stat. + syst.) for CALET
3 | | IIIIII| | | IIIIII| | | IIIIII| | | lIllII|
3x10
10 10° 10° 10* 10°
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E27 x Flux [m2sr's'GeV""]

Spectral Index

Spectral Behavior of Proton Flux

- Spectral Incexas for Single Power-Law
y. =-2811%
1

Illllll 1 1

10t~ 1 I‘Y\H\HHH

Ats

0.032 for 50.0 «< E/GeV < 500.0 (x*/NDF = 0.15/8)

— ———————— 1y, ~-256440.039 100 1.0 < ETaV < 10.0 {; /NDF - 0.458)

v, =-2891% 0.011 10r50.0 GeV < E < 10.0TeV ('/NDF - 48.1321.p__-8.6x10%)

lllllll 1 1 lllllll

1

10? 10° 10*
Kinetic Energy [GeV]
_.4[Sliding Energy Window: 5 bins (b)
-25F-
-26F
27F
-28F
29F
-3 5_ ¥ CALET 2018 (statistical error only)
-3.1 (IJALET 2018 (systematic error inclluded) |
10? 10° 10*
Kinetic Energy [GeV]
XSCRC19 Nov 14, 2019 — CERN

Pier S. Marrocchesi

E27 x Flux [m?srs'GeV'7]

Spectral Fit Results

B Y =-2.868 + 0.062, Ay = 0.303 + 0.081

s = 0.089 = 0.133, Ro =496.1+ 175.1 GV

| smooth transition of the power-law
 spectral index from -2.87 + 0.06 (including
solar modulation effects in the lower

energy region) to -2.56 + 0.04 (1-10 TeV)

IIIIII| | IIIIIII| 1 IIIIIII| |

10° 10° 10
Kinetic Energy [GeV]

Subranges of 50—500GeV, 1-10TeV can be
fitted with single power law function, but not
the whole range (significance > 30).
Progressive hardening up to the TeV region
was observed.

“smoothly broken power-law fit” gives power
law index consistent with AMS-02 in the low
energy region, but shows larger index change
and higher break energy than AMS-02.
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New era of precision spectral measurements:

<> p and He below 100 GeV: % level agreement of magnetic spectrometers (BESS-TeV, PAMELA, AMS02)
<> good agreement of PAMELA and AMS-02 on p and He spectra below a few hundred GeV

% 14000 PAMELA Z A= PAMELA
k)? AOYT TPTP006 ‘{31:1.230:2'844 002 E - : - Vennen — 2753+0.03
SO T ot £t - A =0.104 80-250
> Y =2706+0.07 >
912000 = ©
E E : L
;10000 ,? 2.743£0.006 1 1,0 = 26392 001
-1 -4
: 1, o ) 816 +0.006 i
E )
= 80000 =
2 2
= 11 n =
& 4 solar modulation+ é
5 g
= 09 E
§ 08 §
o -

7 o=
£ Y4 s 61800 20 30 4050 100 200 300 1000 2000 5:’ 075 678010 20 30 4050 100 200 300 1000 . 2000

Rigidity [GV] Rigidity [GV]
[M.Boezio @LNGS Jul 2016]
O. Adriani et al., Phys. Rep. 544 (2014) 323; M. Aguilar et al., PRL 114 (2015) 171103 _ 0. Adriani et al., Science 332 (2011) 6025 ; M. Aguilar et al., PRL 115, (2015) 211101
fit range Y fit range Y
p He
proton He
PAMELA 80-230 GV -2.844+0.02 80-250 GV -2.753+0.03
AMS-02 45-330 GV -2.816+0.006 45-250 GV -2.743+0.006
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Direct measurements of p spectrum before Sept 2019

— 3x10* -
:'> The next challenge is the region from 10 TeV to 100 TeV being explored
[b) by balloon experiments (e.g.: ATIC, CREAM) and space instruments
9 4 _(CALET, DAMPE, NUCLEON). To date, published _
w» 210 results in this region have large errors. \ _ 1
l(?)
o
£
>
=
L
X |
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Flux x Ekin®’ [m? s1 GeV']

RECENT direct measurements of proton spectrum

Recent paper by DAMPE collaboration (Sept 2019) from 40 GeV to 100 TeV:

e flux higher than AMS02 and CALET above 200 — 300 GeV
e flux higher than CREAM-III (and CREAM-I) in the region 1 TeV to 10 TeV approx.
e flux reduction above 13.6 TeV (spectral index changes from ~2.60 to ~2.85)

3
0010 é é | \
AMS02 proton (2011/05-2013/11)

18 CREAM-| proton (2004/12-2005/01) N\ |l ——
CREAM.-III proton (2007/12/19-2008/1/17)

16 . CALET (PRL 122,181102 2019)
. DAMPE (Science Advances 2019) :
14 :_ ........................... .................................................................................................. ................................................................................................... ...... PRSI S — .............................................
I .

12_ ........................... ................................................................................................. ........................................... } ....... §§ ....... ....... .} ...................... ..................................................................

PP S ™ RV ST gtm T R - P -

ol 1 111 | Ll 11 L0 | Lol 10 |
10? 10° 10* 10°
Ekin [GeV]
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Charge Identification of Nuclei with CHD and IMC

Single element selection for p, He and light

nuclei is achieved by CHD+IMC charge analysis.

03—
O . . —
@ Charge separationinBtoC:~7 ¢ A
o _///// Fe
- /)
ozi Si //)/ Ca
Ne /‘///! S
C c , % Mg
0.15— _— .
T He 0 CHD charge resolution
0.17(,./ B (2 layers combined vs. Z)
\P\'\\\‘\\\‘l\ R | o Lo Lea o |l
[ 2 4 6 8 10 12 14 16 18 20 22 24 26 28
r4
Atomic number Z
O, |
04— R .
. Charge separationinBtoC:~5¢
- Ne //
03— o //L///
- 5 C ///4///
0.2+— / v
C p He - 3
/v'///'/ E
0= . . .
- IMC Charge resolution using multiple dE/dx
B measurements from the scintillating fibers.
oOAﬁ‘ 1 IHZ‘ ‘(‘l H“‘I - ;‘ Hé‘ H7H 8””‘9 1‘0”11‘

z
Atomic number Z

Deviation from Z? response is corrected both in CHD
and IMC using a core + halo ionization model (Voltz)
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Combined CHD-IMC proton-Helium charge-ID
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Observation of Light Nuclei

e CALET can identify individual elements thanks to the redundant charge determination
in CHD and IMC and the excellent charge resolution.

Left: well resolved charge peaks from Be to Fe (all plots are in units of atomic number Z7)
Right: Scatter plot of IMC vs CHD charge

Events undergoing
T T H - — 1 charge changing
see P.Maestro’s talk interactions

at ISCRA 2019 - upstream IMC

1
|
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|
|
|
[
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|
o
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|
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Light Primaries: Carbon and Oxygen

fluxes vs Rigidity from PAMELA and AMS 2018
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above ~10 GV AMS
carbon flux is ~15 %
higher than PAMELA

no published data
for oxygen flux
by PAMELA

Rigidity (GV)
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Preliminary Energy spectra of Carbon and Oxygen (;independent CALET analyses)
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Broken Power Law fit
C=13.23+0.37

y = -2.604 £ 0.008
Ay = 0.200 = 0.057
E,=232+55

s= 0.020
x2/ndf = 18.5/16

Single Power-Law fit
C=12.55+0.30
y= -2.588 + 0.006
x2/ndf = 38/19
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Boron-to-carbon flux ratio  (Preliminary)

[Y. Akaike, APS April 14, 2019]

QD#UDQ-C 1OB:1lB=3:7

Source of systematic uncertainties

* Trigger efficiency
* Charge consistency cuts
- * Track width selection

8 o AMS-02 * Window range for charge identification
L ATIC-2 * Background model of p and He spectra

— E. CA&ET I:\rellnsl?.atry | | o CREAM-| * Initial assuming spectra for energy unfolding
"_Or ars show statistical error only v PAMELA * Energy correction base on beam test results

B > SEAUSHGS + Sysiematics TRACER » Difference of beam test model and flight model
10g .11 = 3:7 | 06 * Long term stability

1 1 1 1 1 1 1 1 I 1
10 10°

Energy [GeV/n]
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10° 6

103 e CALET Preliminary
Flux measurements: 10 =
N(E =
@(E) — ( ) 10—1 -
5Qe(E)TAE o
— 10°F
N(E) : Events in unfolded energy bin % 10 -
50 : Geometrical acceptance 55 —
g(E) : Efficiency ,-E 107
T :Live Time N o
AE :Energy bin width e 1071
5 10"F
Observation period: Lo E
Oct.13 2015 — May.31 2018 -15 i \\ o
(962 days) 10 :_ b ATIC $ CREAM "H %%}'_.135,
10—17 — & TRACER | pAMELA | T
5.6 x 10° events (C-Fe, AE>10GeV) o treee fom
[Y. Akaike, APS April 14, 2019] 10 T bamsaz o sanaiy T‘ﬁ
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Preliminary Spectra of Z-even Nuclei from Neto S (z=10-16)

[Y.Akaike, COSPAR 2018 E1.5-0028-18]
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A Preliminary Spectra of Z-even Nuclei from Ar to Ni (Z=18-28)

M- 2 [Y.Akaike, COSPAR 2018 E1.5-0028-18]
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| Ultra Heavy Nuclei (Preliminary Measurements for 26 < Z < 40)

[B.Rauch, APS April 14, 2019]
CALET measures the relative abundances of nuclei above Fe through ,,Zr

CALET has a special UH CR trigger utilizing the Onboard trigger for UH events
CHD and the top 4 layers of the IMC that: O Ip R ——— 1
— has an expanded geometry factor of ~4000 cm?2sr 'l'\l\//'lg'_;i P

— has a very high duty cycle due to low event rate

I0OOCICI00OOCDOCCIC!

Data analysis 0000000000000
O Event Selection: Vertical cutoff rigidity > 4GV & Zenith Angle < 60 degrees _—
O Contamination from neighboring charge are determined by multiple-Gaussian fit

O0DOO00C000O0000
b b

< The CALET UH element ratios relative to ,.Fe show good agreement with SuperTIGER and ACE abundances.

100000

T T T T T T T T T T T T T T T
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CALET y-ray Sky (>1GeV)

Instrument characterized using EPICS simulations

* Effective area ~400 cm? above 2 GeV

* Angular resolution < 2° above 1 GeV (< 0.2° above 10 GeV)

* Energy resolution ~12% at 1 GeV (~5% at 10 GeV)
Simulated IRFs consistent with 2 years of flight data
Consistency in signal-dominated regions with Fermi-LAT

Residual background in low-signal regions

) ) ) N.Cannady, COSPAR 2018 E1.17-0009-18
Flux validation with pulsars (under investigation)

Geminga

4 CALET (EM Track) 4 CALET (EM Track) 4 CALET (EM Track)
4 CALET(CCTrack) & CALET(CCTrack) |~ ¢ CALET(CCTrack)
- Fermi-LAT = - Fermi-LAT = = -= FermiLAT

nts cm~—2 s~ 1

Flux [cour

diff [frac.] diff [O]

See also: E1.17-0022-18 (Mori & Asaoka)

Energy [GeV] Energy [GeV] Energy [GeV]
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CALET Sky Map w/ LE-y Trigger (E>1GeV)

Equatorial coordinate Galactic coordinate

While exposure is not i
uniform, we have I l

clearly identified the

galactic plane and v
bright GeV sources. pe—
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CALET Gamma-ray Burst Monitor (CGBM)

Hard X-ray Monitor (HXM) Soft Gamma-ray Monitor (SGM)

IR

Detector (Crystal) LaBr;(Ce)
Number of detectors 2

Diameter [mm)] 61

Thickness [mm] 76
Energy range [keV] 100-20000
Energy resolution@662 keV ~15%

Effective area [cm?]
=

Field of vi ~) 10 100 1000 10000
ield of view TSI Enorgy [koV]
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408-
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CGBM Observations Summary

CGBM long
CGBM short

1 40 — 1000 keV ﬁ_/—'J
—

BATSE

25 — 350 keV

a
A L

T sGM40-1000 kev|

Fermi-GBM “\_L‘L

Swift-BAT
15 — 350 keV

50 — 300 keV
0.01 0.1 1 10 100

Tao [S]
< As of June 2019:
159 GRBs detected

140 Long (88%)

1000

19 Short (12%)
Average rate ~ 43 GRBs/year
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Examples of Light Curves

GRB151107B GRB151212B
- HXM150-2500 keV] [~ |SGM 40-1000 ke\

m HXM2 50-2500 keVj

'GRB151225A GRB151227B
it | SGM40-1000 keV | ..

HXM1 7-100 keVi

'SGM 40-1000 keV.

Raw count spectra of GRB 160625B
i e ' '
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normalized counts s ' keV !
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GW151226: O. Adriani et al. (CALET Collaboration), ApJL 829:L20 (2016).

HXM: 7-500 keV | All 01 & 02: O. Adriani et al. (CALET Collaboration), ApJ 863 (2018) 160.
: Event Type | Mode Sum. Obs. time Upper limits
LIGE Ene. Flux Lum.
prob. ergecm?s? ergs!
GW150914 | BH-BH Before operation
O
~ GW151226 | BH-BH | LE 15%  Ty-525— To+211 | 9.3x10% 2.3 x10%
S HXM 1.0x 107 .
L SGM 1.8x10% 3°x10
% GW170104 | BH-BH | HE 30% Ty-60 — T,+60 6.4 x 10 6.2 x 103
GW170608 | BH-BH | HE 0% Ty-60 — T,+60 Out of FOV
GW170814 | BH-BH | HE 0% Ty-60 — Tp+60 Out of FOV
GW170817 | NS-NS | HE 0% Ty-60 — T,+60 Out of FOV

* CALET can search for EM counterparts to LIGO/Virgo triggers

» All O1 and 02 triggers checked — no signal in CGBM or CAL

* Upper limits set for GW151226 for CGBM+CAL in 2016 paper

* Upper limits for the CAL set using refined LE selection for
triggers to-date in the 2018 paper

~ CAL: 10-100 GeV

’
5

GW170104

|
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CALET: Summary and Future Prospects

CALET was successfully launched on Aug. 19th, 2015. The observation campaign started on Oct.
13th, 2015. Excellent performance and remarkable stability of the instrument.

As of May 31, 2019 total observation time is 1327 days with live time fraction to total time close to
84%. Nearly 1.8 billion events collected with low (> 1 GeV) + high energy (>10 GeV) triggers.

Accurate calibrations have been performed with non-interacting p & He events + linearity in the
energy measurements established up to 10® MIP.

O Measurement of electron+positron spectrum in 11 GeV - 4.8 TeV range using full acceptance
Observation of a flux reduction above 1 TeV.

O Direct measurement of proton spectrum in 50 GeV — 10 TeV energy range. Spectral hardening
observed above a few hundred GeV.

O Preliminary analysis of primary elements up to Fe and secondary-to-primary ratios.
O Preliminary analysis of UH cosmic rays up to Z=40.

O Study of diffuse and point sources with gamma-rays. Follow-up observations of GW events in X-ray
and gamma-ray bands. CALET’s CGBM detected 159 GRBs in the energy range 7 keV-20 MeV.

O After aninitial period of 2 years CALET observation time has been extended to 5 years at least.
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