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CALET is taking data on the 1SS ! %*A

@ August 25th:

CALET is emplaced on port #9 of the
JEM-EF and data communication
with the payload is established.
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@ August 19th: After a successful launch of the Japanese
H2-B rocket by the Japan Aerospace Exploration
Agency (JAXA) at 20:50:49 (local time), CALET started
its journey from Tanegashima Space Center to the ISS.

-
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@ August 24th:

The HTV-5 Transfer
Vehicle (HTV-5) is
grabbed by the ISS
robotic arm.

@ August 24th:

The HTV-5 docks to
the ISS at 6:28 (EDT).
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CHD-FEC

PMT

}CHD'

CHarge Detector (CHD)

MAPMT | (Charge Measurement Z=1-40)
VA Chip &z
Assembly = T > mc - Imaging Calorimeter (IMC)
IMC-FEC [ (Particle ID, Direction)
! L A Total Thickness of Tungsten (W): 3 X,, 0.1 A
T ' 0 1
Layer Number of Scifi Belts: 8 Layers x2(X,Y)
PMT
4 —— g ~ TASC - Total Absorption Calorimeter (TASC)
g § (Energy Measurement, Particle ID)
PD/APD PWO 20mm x 20mm x 320mm
ol : I — Total Depth of PWO: 27 X, (24cm), 1.2 A,
BASE PANEL
CHD IMC TASC
(Charge Detector) (Imaging Calorimeter) (Total Absorption Calorimeter)
Function Charge Measurement (Z = 1 - 40) Arrival Direction, Particle ID Energy Measurement, PID
. L. Scintillating Fibers: 16 layers PWO logs: 12 layers
Sensor Plastic Scintillators: 2 layers inal 1 2y a4 it size- 1 > 5
(+ Absorber) Unit Size: 32mm x 10mm x 450mm single readout: 1mm? x 448 mm Unit size: 19mm x 20mm x 326mm
Total thickness of Tungsten: 3 X, Total Thickness of PWO: 27 X,
APD/PD+CSA
Readout PMT+CSA 64-anode MAPMT+ ASIC PMT+CSA ( for Trigger)
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14 x 1 layer (x,y) = 28
32mm X 10mm x 450mm
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448 x 8 (x,y) layers = 7168
1mm?2 x 448 mm

CALET: a unique set of key instruments.

O TASC: a thick, homogeneous calorimeter allows to
extend electron measurements into the TeV energy
region with ~2% energy resolution.

O IMC: a high granularity (Imm) imaging pre-shower
with tracking capabilities identifies the starting point
of electromagnetic showers.

16 x 6 (x,y) layers = 192
19mm x 20mm x 326mm

QO TASC+IMC provide a strong rejection power ~10°
to separate electrons from the abundant protons.

U CHD: a charge detector combined with multiple dE/dx
samples from IMC identifies individual elements.
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X2
7keV-1MeV

Standard Payload Size
Mass: 612.8 kg
Power: 507 W (Max)

Telemetry:
Medium rate: 600 kbps
Low rate: 50 kbps

FRGF( Flight
Releasable
Grapple Fixture)

ASC (Advanced
Stellar Compass)

MDC (MlSSlon
Data Controller) N

(HV Power
System)
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Geometric Factor:

1200 cm?sr for electrons, light nuclei
1000 cm?sr for gamma-rays

4000 cm?sr for ultra-heavy nuclei
AE/E :

~2% (>10 GeV) for e, gamma

~30-35 % for protons, nuclei

e/p separation : ~10°

Charge resolution: 0.15-0.3e
Angular resolution :

0.2° for gamma-rays > ~50 GeV




Observations with High Energy Trigger

High Energy Observation for 171 days: October 13, 2015 — March 31, 2016

Accumulated observation time (live, dead) Accumulated triggered event number

E 4000[— — _ 2 -
;‘ _ High Energy Trigger q>) 100 —
E C Total Observation Time (1.47x107sec) n -
= 3500 — Live Time (1.23x107sec) 8 =
C ) ' . [} -
3000:_ Dead Time (Fraction 16.5%) § 80— ~1'1 X 108 events
= . . . ~OrO = - - _
- Liveime ratio ~86% 5  triggered in total
2500 — 2 B
o 4 60—
o c L
2000 — £ L
15003— 40_—
1000 B
o 20—
500 - 6.7x10° events /day (~7.8Hz)
G e N T S R B
0 151101 151‘201 151|231 160‘130 160|229 1eo|330 0 151101 151201 151231 160130 160229 160330
Date [yymmdd UT] Date [yymmdd UT]
-:- Pedestal data
g acquisition
* Single He trigger (for calibration)
Concept of Schedule file:
on-orbit sejuence of (’;lme
. anda comman
operations

e Low energy electron
. . . . 0 350 q ..
High energy trigger is always active | Lo e shower data acquisition
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data selection is NOT representative of elemental abundances
e L B I LB B

CHARGE IDENTIFICATION

IIII‘IIII|||II|I||[|III|‘IIII|||II|I

Atomic

0.5 ] 15 2 2.5 3 35 4 NumberZ

TR Using multiple dE/dx measurements from
b"ﬁr;;—::_r'.;"‘j‘ - "E the IMC scintillating fibers (upstream the
B B interaction point), a complementary charge
measurement from IMC is plotted vs the
CHD charge assignment (abscissa).

A clear separation between p and He
can be seen from preliminary data analysis.
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data selection is NOT representative of elemental abundances
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File

Calet event viewer (Level2)

9 Number Z

XY view l Histos | Event dump |

|| Previous event Next event Filter Autoplay | Hits Visualization Trigger conf. Eventinfo | Save event Save image Save dump Save settings

CAL event ID: 59022

File entry: 251

UTC time: 2016-01-05 05:18:49
UTC time: 1451971129.104

| Reconstructed event

IMC track type (TRecEvent):

-
=
g2
G

--- Kalman (x)

--- Kalman (v)
- TASC track type (TRecEvent):

--- Shower axis

[RERTIIT

Carbon
candidate

Z=6

CAL Energy deposit
~6.6 TeV

E
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data selection is NOT representative of elemental
—_—

abundances
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Go to event: [285

XY view I Histos ] Event dumpl

30 Number?Z

|||||
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CAL event ID: 38667

File entry: 284

UTC time: 2016-01-04 23:22:56
UTC time: 1451949776.926
Reconstructed event

IMC track type (TRecEvent):

--- Kalman (x)

--- Kalman ()

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

Fe
candidate

Z2=26

CAL Energy deposit
~15.6 TeV

Vulcano Workshop May 22-28, 2016

P. S. Marrocchesi

11



O - 1000MIPs

1w O Si

10°

Number of Events

-
ow

10°

10 ==

j| ot v p v v

600

flieage emevee iR eemewae waann

|
800 900
(CHD-X + CHD-YY/.

g

Go to event: [192

XY view I Histos | Event dump |

ADC
Upper
limit

J1000
IP)

80 [BP] B

] IIIIII
-

[T [T T T [

ke

CAL event ID: 26796

File entry: 193

UTC time: 2016-01-03 12:57:20
UTC time: 1451825840.004

Reconstructed event

IMC track type (TRecEvent):
--- Kalman (x)

--- Kalman (Y)

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

Ni
candidate

Z2=28
CAL Energy

deposit
~768 GeV
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CALET Main Target: Identification of Electron Sources

Some nearby sources, e.g. Vela SNR, might have unique signatures
in the electron energy spectrum in the TeV region (Kobayashi et al. Apd 2004)

> 10 GeV ~ 2.7 x107 )
e gl Expected Anisotropy
xpected flux >100 GeV ~2.0x 10 from Vela SNR
for 5 year mission 100 , ,
>1000 GeV ~1.0x 103 Ee= =, T=0yr
Do=4x10"(cm?s!)
- E_=20TeV, r = 5x10%yr T ) &
_ 210% ers 4 Calculated results normalized A 107 ~10% @1TeV
- Do=2q07cms gl L I,%, to the observed at 100 GeV > @ f
— Original flux x 0.65 8 +t
o tter ? 3
r g w2l
o <
O
[0}]
w
@ 107 . =
= # CALET (5yrs)” Vela 102 10°
—_ J Electron Energy (GeV)
— © PPB-BETS * Fermi 1.10U E. (.)y . - - :
o I = %, T=0yr
L A ATIC & Pamela Dy=4x10(cm?s™)
T + ECC ® AMS-02 s 100y
E.S.S. (usf © 000
10 Lol 1 I B A | 1 [ é :
102 10° 10* 5
Energy [GeV] ~ 0950 |
|dentification of the unique signature from nearby SNRs,
such as Vela in the electron spectrum by CALET 000 s 100 S0 D 50 100 150

Galactic longitude (deg)
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Dark Matter or Pulsar with Electrons

Decay of Dark Matter (LSP) Single Pulsar (Geminga or Monogem)
0.03 | T T
E; . : *  AMS-02 2014
LLE;| Ibe et al., JHEP 1303 (2013) 063. T I CALET expectation (5yr) i PamlLErwW, syt &
I T - Y Pamela
70,02 } I 32 N
s .
- u — B otz et al., JCAP
» i S T 12(2015) 047
(a\] - . Ntn {
£ ' [
O A A 0 I N R b SN
I m 107} [ g |
(¢ 001~ ... = :
? —eo— PAMELA (¢) . : —— AMS/AMS Fit with Ecy = 1000 GeV
i ~ ¥ Fermi 4 F ~ - - AMS/AMS Fit background \
v | A = DRAGON result (background) \
D —4&— ATIC e+ DRAGON result (Geminga) \
L HES.S. =—m—= DRAGON result (Monogem) >
syst. error in H.E.S.S. . \
0.005 - —®— CALET expectation (5yrs) = +10%
L1 I 1 7I7 I . '10%
100 1000
e* Energy[GeV] E [GeV]

Best fit results for the single pulsar extra source
(E.i = 1TeV) to AMS-02 positron fraction data
and AMS-02 total flux data compared with the
results of the DRAGON simulation.

Expected e*+e” spectrum by Lightest
Super Symmetry Particle (LSP) (black
line) with CALET measurement after 5-

year (red dots), consistent with present In the | | the fractional dual
data of positron excess and e++e- n the lower panel the fractional residuals are
P plotted, showing an agreement better than 10%.

spectrum in the most relevant energy range.
14

Vulcano Workshop May 22-28, 2016 P. S. Marrocchesi



Gamma-ray Detection Performance Indirect Dark Matter Search with Gamma rays

Energy Range 4 GeV-10 TeV (or > 1GeV 20 — » ‘ - - .
gy & ( ) Neutralino annihilation (Moore hale profile, BF=5)
gamma-ray (£,-820GeV)

Effective Area 600 cm? (10GeV) ; .
1| Gamma-ray Line shape
Field-of-View 2sr

Pointing Accuracy 6’ +
Point Source Sensitivity 8x10° cm2s?t i++ﬂ Hh
0 — !
Observation Period (planned) 2015-2020 (5 years) 200 300 400 500 600 700 800 9S00 1000
Gamma-ray Energy(GeV)

Geometrical Factor 1100 cm?2sr

2 year observation

Photons/bin

Energy Resolution 3% (10 GeV)
Angular Resolution 0.35° (10GeV) ]G

Simulation of Galactic Diffuse Radiation

~5,700 photon* are expected per one year

Detection of High Energy Gamma-rays

Simulation of point source observations in one year
' Energy Spectrum|

R — ~1,700 photon* from extragalactic gamma- ray
Position ’
f background (EGB) each year

i i *) Trigger efficiency included below 10 GeV
**) 100 % efficiency over 5 GeV

0 i 6.2 9.3 12

Vela: ~ 300 phot@ above 5 GeV**

Vulcano Workshop May 22-28, 2016 P. S. Marrocchesi




High Energy Electron Candidate : 4.2TeV

INRREARRA

CEEECTOE -8
EEEE]

YYMMDDHH:15122207 EventID:1134804481-48459 UTCTime:2013/12/22/07:30:24.07514 KE 4018.73[GeV] RE 1.9037[cm] FE 0.0046 Entry: 83443

No. dirx diry dirz posx posY posz Chi2 x MNp x Chi2 y Np_y Zenith[deg] Azimuth{deg] Color ID
3 -0.49 0.46 0.78 23.38  -23.30 0.00 0.03 ] 0.78 8 42.01 -85.13 5
G RunMode Trig.Pat Presl IDc Energy Ecorr ' E R E K K(30%) RA DEC G6CLon GCLat IMCX7X8 IMCY7¥Y8 TASCX1 INCX8 IMCY8 ConcX8 Conc¥8 IncX-EM IncY-EM L IncX-SI IncY-SI L
3 101 1 11111 110 4.1880+03 1.042e+00 4. sue-oa 1781 -1.428 -1.395 121.7 -81.2 293.8 -24.0 2.23c+03 2.13c+03 6.18c+03 4.767c+02 4.427e+02 0.3122 0.5184 6.284c+00 2.333c+00 0 0.0000+00 0.000e+00 -1
EntryNum 83445 || A
2 [ <l Tracking Energy
. ~ L}
MDCTime ( 1134804481 2| Itgl ’ ‘ ‘ } ‘ ‘ ‘ ‘ } ‘ Save ‘ ‘ Stop H Quit J
2 =)
EventID ( 48459 |2 Prescaling [ =
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21 -
S Sr

Flux p2'7F(p). GV'em

Measurements of cosmic nuclei spectra

O PAMELA detected a spectral break [ The break also appears in the
in PROTON and HE spectra at R ~ 240 GV spectra of NUCLEI measured by
CREAM up to several TeV/n
T T v i LB LA | LU L) | LR | i |l lTllllI] | |1U""[ 1 ll”l"] 1 II”T”] 1 l|””1 :
1 YOREAM = 2.58 £0.0¢1
[ g A
V- He ¥ .
{7 g
3 Yams.o1 = 2.74 £ 0.01 !
107" : > s | 1:
m— Calculation P 3.mzﬁgl —
O CREAM E L L ;
A ATIC-2 e [ CREAMC-Fe ]
o PAMELA iy f x ]
1 10 10% 10° 10* 10° g | |
Rigidity p, GV | v 00 cevn = 2.77 £ 0.03
10F ., | oo cov = 2.56 £0.04 E
B 11 illllll | lllllll[ | lIIIIlll | llllllll I} llllllrl

The slope of Z>2 NUCLEI at high energy looks similar 10 ¢ 100 10t
to He and different from protons Energy (GeV/nucleon)

A single power-law seems inadequate to fit the spectra of nuclei
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 Measurements by AMS-02 with p and He below MDR ~ 2 TV seem to confirm
the presence of a spectral break in the same region as reported by PAMELA and CREAM.

<> CALET is carrying on an accurate scan of the energy region around the spectral break
with an energy resolution ~30 — 40 % and larger GF ~ 0.12 m? sr

]

14

¢ AMS-02 (PRL114, 171103 2015)
» CREAM-1 (APJ728.122 2011)
. PAMELA (APJ765, 91 2013)

;-I—I—<|IIIIX
- 2

-
N
llll|llll|llll|llll._*$|:1

. —1
m}—{.-—i

e,

s |
R

[
=

bt

Pl

8 1 | | ll 1 1 1 -_l 1 1 1 l 1 1 1 1 1 11 1
1072 10° 10*
Rigidity [GV]

[[II|IIII|IIII|IIII|IIII|IIII
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<> After one year on the ISS, CALET is expected to close the gap between AMS02
and CREAM above 1 TV. It will also extend the investigation on the spectral shapes
of proton and He to the multi-TeV region.

14

13

>
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»

£ 11

e

X

5 10
9
8

Vulcano Workshop May 22-28, 2016

Illlllllllllllllll

N
;:

|

lllllll I I L

AMS-02 (PRL114, 171103 2015)
CREAM-1 (APJ728,122 2011)
PAMELA (APJ765, 91 2013)
CALET expected (1yr in GF/3)

}{{1

III|IIII|IIIl|IIII|IIII|III

10?

10° 10°
Rigidity [GV] [P.S. Marrocchesi, arXiv:1512.08059]
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Exploration of the sub-PeV region

O INDIRECT MEASUREMENTS BY AIRSHOWERS: hints of a proton cutoff below 1 PeV?

- Gradual change of the slope starting around 700 TeV

ARGO YBJ: (P + HE) SPECTRUM . Agreement with other two ARGO-YBJ independet analyses
- Consistent with previous hints (MACRO, CASA-MIA, Chacaltaya, EAS-TOP, YAC Tibet... )
- Overlap with direct measurements at low energy

Superposiﬁon with CREAM ,_1: [ IS L N N 1 I Y |4
- _fh
direct measurements A E_cutoff (p+He) ~ 700 TeV ? -
-
/ = ICRC2015
'O Sl — aBtaags Py O -
— ehopmoat il § o= b S =
: i ¢ %’ C e ® 8 g o ® . /\9\9@, =
—
> Z 3 — L] @’Q —]
g oot i agme— g The o
O 104 : < %
JCR TS ) T
;: E H+He : - 10° - ®  ARGO-YBJ Analog (p+He) G| 4 \\\ L Ox/ys —
0 - :F}ti‘s [\i-grk 3 ; = — ®  ARGO-YBJ Analog (p+He) G1 B 4 Y -
7)) L ef. [15] & l — \ B S mima b —
o i Iéﬁg%; %{ 3] R Horandel 2003 (p + He) "\_0'29 B
= KASCADE P+He QGSJET 01 B Horandel 2003 {p+He) ! \?o'@ N
g L KASCADE P+He SIBYLL B knee at Z 1 PaV & A
© Iﬁﬁfﬁa‘fﬁ?{e g%i%&}ﬁ} ----- Gaisser et al. 2013 (p+ He) | EITOT bars: statistical uncertainty "ﬁgé
W 3 Tibet-Phase I BD P+He QGSJET 102 — Shaded area: systematic uncertainty Y =
X 10°F e e = 10% on energy scale not included : %, H
= Eact il o wowgoal oo gl eoaw e 05 "1""'1!5-“';”“2‘\5‘.,‘:\a....a!s..wj‘w‘.4.15‘“4.5
L 104 E1 05 G 1\(}6 107 logm( E/TeV)
nergy ( € ) RC-2015 |. De Mitri: All particle and p+He energy spectra with ARGO-YBJ

In 5 yrs CALET can perform DIRECT measurements of p and He fluxes in the multi-TeV region.
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CALET explores the Multi-TeV region

Elemental spectra Proton and He

CALET expected in 5 yrs (red points)

& CAPRICE9S8
AMS-01

¢  BESS-TEV
ATIC-2

28 JACEE

T  RUNJOB
CREAM-|
CALETin5y

CALET Energy reach in 5 years:

—
=
3

<> Proton spectrum to = 900 TeV
He spectrum to = 400 TeV/n
Spectra of C,0,Ne,Mg,Si to # 20 TeV/n
B/C ratioto 4 - 6 TeV/n

Flux x E*” [m? s sr! (GeV/n)" 7|

Fe spectrum to # 10 TeV/n

Energy per nucleon (GeV/n)

Xo Requirements for proton calorimetry:

(normal incidence)
20

* proton interaction requires > 0.5 A\t

30
« at 100 TeV energy scale, longitudinal containment

17 of the e.m. core of the shower requires > 20 X,
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Secondary to Primary ratio (B/C and Fe/Sub-Fe)

IIIIIII| T IIIIIII| T T T T TTTT

* Energy dependence of the diffusion
constant: D ~ E¢

T T
Ll

6~0.6 below 100 GeV/n. At higher energy
the ratio is expected to flatten out
(otherwise CR anisotropy should be larger
than observed)

AMSO01 (1998)
ATICO02 (2003)
y  Balloon - Orth et al. (1972)

B/C ratio
. 1

Balloon - Simon et al. (1976)

=
Lol

Observation up to several TeV/n free from CREAM-I (2004)

the atmospheric production of boron by g HEAO3-C2 (1979/80)
heavier cosmic nuclei CALET (expected 5 yrs)

1 L1 1111 | 1 1 11 1111 I 1 1 L1 1111 [
10 10 10°
Energy (GeV/n)

HTTTT

5 h UH Composition to Z=40
T ﬁ;ﬁ Dedicated UH trigger: larger trigger acceptance
: - 0.4 m?sr

Average Modulation : Sta ti Stcs : :

Solar Max

Soalr Min 5 = 10 x TIGER (with UH trigger)
; = 4 x TIGER (with full geometry and energy reconstruction)

Cleaner measurements (smaller corrections for hadronic
interactions above atmosphere)
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Currently active missions able to detect GRBs

Swift =
& TE=

Suzaku |
: - |
®

-

Fermi
| INTEGRAL
Konus-WIND
b RE _

CALET
LN B

I

=

1996 2000 2004 2008 2016 2020
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HXM x2

\ 7keV-1MeV

LaBr,(Ce)

SGM x1
0.1-20MeV

Vulcano Workshop May 22-28, 2016

Hard X-ray Monitor (HXM)
(LaBr,(Ce), 7 — 1000 keV)

CALET’s CGBM has measured the light-
curves of 20 GRB’s as of May 15, 2016

Soft y-ray Monitor (SGM)
(BGO, 100 keV — 20 MeV)

P. S. Marrocchesi
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l‘OO

B0

100 | Konus-Wind (50-200 keV)

00 F P Fermi-GBM BGO (0.1 — 50 MeV )]

S o

CGBM GRB light curve gallery

GRB 151006A

GRB 151107B

GRB 1512108B

GRB 151212B

E M SGM High (40-1000 keV)I

1 HXM1 Low (50-2500 keV) |

SG Tow (0,630 VeV)

E Fermi-GBM Nal (7-2000 eV)-

« HXM2 Low (50-2500 keV)

SGM High (40-1000 keV)

Fermi-GBM Nal (7-2000 kev) 3
Micsrane :

Swift-BAT (15-150 keV)3
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Summary

<> CALET was successfully launched on HTV-5 from Tanegashima Space Center on
August 19, 2015 berthing to the ISS on August 25. After functional check-out,
CALET completed a calibration and initial operation phase on November 17,
2015, and standand operation mode began.

It is an instrument primarily dedicated to the observation of electrons in the TeV
region to provide crucial information on nearby sources and valuable
information for indirect DM searches. From Oct.13, 2015 - March 31, 2016
nearly 1.2 x 10° electron candidate events above 10 GeV have been observed
among 1.1 x 102 triggered events. Electron event candidates were observed
above 1 TeV.

Cosmic rays from proton to Fe and Ultra Heavy ions (26 < Z < 40), as well as
astrophysical gamma-rays have been observed. Energy spectra, relative
elemental abundances and secondary-to-primary ratios are being measured.

<> CALET’s CGBM has measured the light-curves of 20 GRB’s as of May 15, 2016.

<> 5 year observations are planned.
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Data Downlink Using TDRSS and DRTS

Scientific Operations and
Data Analysis in Collaboration
White Sands Complex,

with International Team at
NASA Link NM, USA Waseda CALET Operations
Real-Time Connection Center
> 50 % (max. 17 hriday)
TDRSS

| JAXA Link ==
@ ma Waseda CALET
uskKuba o
(Data Relay Test Satellita) Space Center, Operations Center
JAXA ICS Link
Real-Time annaclion Tsukuba ISS Operation t
~20 % (5 hriday) Space Center, Building
J :
Japan =2pan International
Il i
Operation at Tsukuba Space %)rgaal:‘olzr::z?‘
Center for monitoring
(Italy, USA)
TAUP - Torino, September 8, 2015

P. S. Marrocchesi 27



