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Mass: 612.8 kg  (JEM Standard Payload) DI SIENA

L 2
; ¢ Size: 1850mm (L) x 800mm (W) % 1000mm (H) 1240
Launched on Aug. 19%, 2015 = i ” . ]
by the Japanese H2-B rocket fom N e ) Power: 507 W (max)
' ¢ Telemetry: Medium 600 kbps (6.5GB/day)

FRGF (Flight
CGBM (Calet Gamma Ray Releasable Grapple
Burst Monitor) Fixture)

ASC (Advanced
Stellar Compass)

Main
Telescope
Emplaced on port #9 of JEM-Ed

>

‘Experiment Module Expose ¥
Aug. 25t 4

GPSR
(GPS receiver) MDC (Mission

Data Controller)

Continues stable observation since Oct. 13, 2015 and collected >2.7 billions
events so far.
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cintillating Fiber™

: Scintillator(PWO) +
+ 64anode PMT

Py

2PD or PMT (X1)
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CHD IMC TASC
(Charge Detector) (Imaging Calorimeter) (Total Absorption Calorimeter)
Measure Charge (Z=1-40) Tracking , Particle ID Energy, e/p Separation
Plastic Scintillator 448 Scifi x 16 layers (X,Y) : 7168 Scifi
Geometry 14 paddles x 2 layers (X,Y): 7W la)fe.rs.(SXo): 0.2X, x 5 + 1X, x2

(Material) 28 paddles Scifi size : 1 x 1 x 448 mm?

Paddle Size: 32 x 10 x 450 mm?

Readout

16 PWO logs x 12 layers (x,y): 192 logs

log size: 19 x 20 x 326 mm3

Total Thickness : 27 X,, ~1.2 A
PMT+CSA

64-anode PMT+ ASIC

APD/PD+CSA
PMT+CSA (for Trigger)@top layer
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Analysed flight data:

* 1815 days (October 13, 2015 to
September 30 2020)

3,

* live time fraction ~85% of the
accumulated observation time

MIPs
MIPs

3

Selection criteria:

~IMC/TASC

o CHD
S

HE shower trigger + off-line trigger confirmation

IMC reconstructed track + track quality cut

acceptance cut (events crossing CHD, TASC top and bottom layers within 2 cm from the edge)

off-acceptance rejection cuts (additional cuts to remove contamination from mis-reconstructed off-acceptance events)
charge ID (identification of the primary particle through the dE/dx measurements in CHD and along the IMC track)

MC simulation:

Two detailed MC simulations of the instrument were developed based on Fluka and Epics (w/ DPMJET-III).
Digitization of signals and trigger were modelled accurately in simulation and tuned using beam test results and flight data.
MC is used to estimate: tracking and selection efficiencies; the energy response (“smearing”) matrix.
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Robust track finding, through combinatorial Kalman Filter algorithm, that exploits the IMC fine
granularity and imaging capability.
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Tracking provides:

mmz_ soo0 * CR arrival direction
mmf_ mf_ * the geometrical acceptance of
B r reconstructed events
E 5000/~ * the CHD paddles and IMC scifi’s
6000 — - crossed by CR particle (for particle ID)
- 0000 — /
4000 [~ -
- - c~0.13° .
2000 . // | s * Angular resolution: ~0.13°
T oy o5 i s * IP resolution on CHD: ~400 pm
8, (deg) 29, (deg)
AX = X"5-xMC
10 5,
- C LT e
14000 — FD; Lol e
C - MC; C 0.8 =
12000~ - B —+Tracking eff.
10000{— . 06 —+—Acceptance rec. eff.
8000 |— wr -
6000 — o 0.47
4000 [— B 02
2000 s c ~ 403 pm B
- - | 7 | ol il . Y
2% ) 40 s~ 22 0 02 . 10° 10° 19" £n. (Gev)
x {cm) Ax {cm)
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700

Deviation from Z2response is corrected both in CHD and IMC using a “Voltz”
ionization model.

Z CHD: (753.9,1372.2] GeV
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Almost flat helium selection efficiency
is achieved via an energy dependent
cut, that follows the energy
dependence of the peak position and
the asymmetric (Left and Right)
Width at Half Maximum of the charge

distributions.
o
- —4- CH.SEL.eft,
0.8
0,6_ o
0,47 3*¥IWHM<Zuc<5*RWHM
B &
B 3*LWHM<Zchp<5*RWHM
0.2
0_ 1 1 |
1o 10 1o* En. (GeV)
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=¥+’ The main background in the He selected sample (dN/dE) is charge contamination from misidentified
[ UAYA protons, followed by off-acceptance contamination from mis-reconstructed protons and helium events. D! 511250NA
The number of contaminating events (dB/dE) is estimated using both MC (to evaluate the background
ratio) and the FD (to evaluate the helium and proton abundances) and then subtracted.
- Smearing Matrix
E_ .,_'_‘ mFD—cor g 108 _ - w % i -
= 35 F dE ;10 =
o 8 F LoE
§ 10° = —S—E -unfolded| &
C = 1045_
? 104§ ;
;— E 1033—
E 103? ;
3 - 102;—
- 10°E -
? 10l 10e
IHH.;L] ‘ 'HH1|‘02 ‘ IIIH;;B ! IIIIII1I(|]4 I = E"""‘ Lol Lol Ll L1l E||H\| Lol Lol Ll Lol 1
0 0® 0* o? 2 3 4 5
Dep. En.(GeV) 1 1 1 " En (cev) 10 10 10 O kines Gev)

* The smearing matrix is computed using Epics MC.
* The unfolding is performed by an iterative method based on the Bayes theorem.
* Energy bins are commensurate with RMS resolution of TASC (~30% for nuclei).
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Flux measurement:

__ NE)

- SQe(E)TAE
N(E): events in unfolded energy bin

SQ: geometrical acceptance (510 cm?sr)
e(E): efficiency

D(E)

T: live Time
AE: energy bin width
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Preliminary Helium Flux x E2°

4% AMS-02 (PRL-2015) ﬁ% CREAM-| (ApJ-2011)

........ + DAMPE (PRL-2021) + CALET (this analysis)

—I— statistical error

syst. + stat. error

10° 10°
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10° 10°
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Yy Preliminary results, only the statistical errors have been taken into account. o1 SIENA
.-_JAXP‘«.E-;> 9000 - ¥indf = 0.8/7 9000 1240
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_2_55_ ¢ Sub-ranges of 80-600GeV, 2-20 TeV can be fitted with single power
- law function, but not the whole range.
_26;_ ,\TA/'J * Progressive hardening up to the multi-TeV region was observed.
'2'?;_ _ * “Smoothly broken power-law fit” gives power law index (y), Ay and
sl break energy (E,) consistent with the recent results from DAMPE.
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* background subtraction

* tracking
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‘ Breakdown of systematic uncertainties (preliminary). 1240
< 05 Energy dependent:
g - totalsyst. e shower energy corr. syst. * shower energy correction (Beam test
E 0.4 :_ OAR cut syst. chargecutsyst. | calibration)
03 unfolding syst. ——— BKGsubsyst. o * off-acceptance rejection cuts
0.2 E geom. accept. + TRK quality syst. trigger syst. ¢ charge cut
E En. ind. syst. MC model (Fluka) * unfolding

* trigger
* MC model (Fluka)
T Energy independent:
= * live time
_04__ ............................................................................................................................................................................................................................................. .
- * long term stability
_05 1 111 | | | | 1 111 | | | N I | | | | ° radiation enVironment

10° 10° 10*
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Energy scale:

* beam test calibration
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* CALET measure light nuclei in CRs from few tens of GeV up to tens of TeV.

* Excellent performances and remarkable stability of the instrument have been achieved.

* Preliminary measurement of the He flux has been carried out up to 50 TeV of particle energy with ~60 months
of data.

* Preliminary results demonstrate CALET capability to resolve spectral features in the CR spectra.

* Independent analyses were carried out using different event selection and background rejection procedures,
preliminary results are consistent within the errors.

* Further study to increase statistics at high energies and to carefully assess the systematic uncertainty are
ongoing.

* In this presentation we don’t include *He contribution.
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Thanks for your attention!
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