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

Burst Monitor)

ASC (Advanced
Stellar Compass)

GPSR (GPS
Launched on Aug. 19, 2015 Receiw(ar)

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
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CALET Capability

* JAXA

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

Geometrical Factor: ~ 1,040 cm?sr (for electrons) = CHD — Charge Detector
- 2(X,Y) x 14 plastic scintillating paddles

CHD-FEC PML 2cIN Charge measurement Z = 0 — 40+
1 TeV electron sh ; ! D
-y 45 cm 1 TeV electron shower } CHD - Charge resolution AZ=0.15- 0.3
T e === _ ,
VAChip | - - | IMC — Imaging Calorimeter
Assembly =~ i ‘ > IMC - 8 x2(X,Y) x 448 plastic scintillating fibers
McFEC L == ’ | - 7 tungsten sheets
{ 1 SciFi< - 3 Xp at normal incidence
------------------ = - Tracking ( AB ~0.1 degree) +Shower imaging

i ASCrEC e 3 . tasc | TASC — Total Absorption Calorimeter
: - : - 6x2(X,Y) x 16 lead tungstate (PbWO,) logs
- 27 Xy at normal incidence
PD/APD

) - Energy resolution:~2% (>10GeV) for e,y
- elp separation: ~10°

CHD Paddle Size: 32 x 10 x 450 mm?3 IMC Scifi size : 1 x 1 x 448 mm3 TASC Log size: 19 x 20 x 326 mm?

Scintillator (PWO)
+ APD/PD or PMT (X1)

scintillating Fiber
+ 64anode PMT

Plastic Scintillator
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Examples of Event Display

Electron, E=3.05 TeV Proton, AE=2.89 TeV

i X-Z View r Y-Z View MIP r X-Z View C Y-Z View MIP
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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 <5 % (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)
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High-quality observations and Detection efficiency

Observation time Energy vs. Efficiency by event selection
by high-energy (>10GeV) trigger 10 GeV - 5TeV
—_— > 1
émoooé [151013-200930] High Energy Trigger (1815 days) 5 F ,++++H~‘|++++++++++.L.L+++++4,—,L P
QEJ = Total Observation Time (1.55x10%sec) % 0 95_ +++T T T'H++
= 35000 Live Time (1.32x10%sec) o8 ,* |
= Dead Time (Fraction 14.5%) -+ e A LN e R L
300007 o.7ng ?ﬁ# #ti#_,#
25000 — 0.6 a
- 0.5
20000 — iy
- o.4ri — Pre-Selection
15000 0.3 Efficiency including pre-selection
- E — K-cut
10000 =
F 0.2; — BDT
5000 — 01E
0: | L 1 1 1 I L L L ] 1 1 | l 1 0E 1 1 [llllll 1 L IIll[lI L L 1
160101 161231 171231 181231 200101 10 102 10°
Date [yymmdd UT] Energy [GeV]
Very stable operations more than 5 years » Detection efficiency after cut of electron
(at present) selection is mostly constant (€ ~ 70 %) in
» Loss of the observation time due to 30 GeV -5 TeV.
accidents : <1% « The efficiency below 30 GeV decreases
» Live time fraction : ~85 % due to the threshold energy (> 10 GeV)
« Exposure of HE trigger for electrons : although it is very well controlled by
~160 m2sr day (in this report) confirmation using lower threshold

observations (> 1GeV).
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* Very-wide range
readout of energy
deposited in TASC
calibrated by a

UV pulse laser on
the ground

* Observed
distribution of the
energy deposited
in TASC: Linearity
of readout signals
is kept up to 1 PeV

» Simulated energy
dependence of

the energy resolution:
< 2 % above 20 GeV
for energy measure-
ments using both
TASC and IMC
including the cali-
bration errors,
presented by red dots

Shoji Torii

Cosmic Ray

High Gain Shaper

APD high gain

| scintillation
| Light

“ APD low gain
PWO |
“.’ PD high gain
Scintillation Light PD PD low gain
2 S
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X E .
= 18— *  TASC only (w/Calib. Error)
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Four readout signals of PWO calibrated by UV laser

(\JV Pulse Laser

Energy Determination: Resolution and Calibration

Example of beam test results
of shower development in TASC

1000:I T T T | 1 T T T | 1 T T T | 1 1 T T | 1 1 T T | 1 1 T I:
= 900F- : =
o 8005 + electron 100GeV 3
— — ? -
= g Run# 211 E
» 700E b4 E
o) = 3
S 600F- E
= = R =
g 500§ X —— Exp E
S 400E —— MC E
@ 300F ¢ =
Q0 - 3
£ 200 X E
Z 100F- x =

= X =

) S R B A T A =

0 5 10 15 20 25 30
Depth [r.l.]

c

Energy Scale Correction Factor (Tracer/Data E_Ratio)

1.15

—_
-

-
=)
o

Ollllll\}\l\\‘l\l\\Illllllllllll‘l\

-

0.95

o
©

0.85

—_

Absolute energy scale calibration
by rigidity cutoff

3.5 % higher than measured energy

>

I
Y
L

t

Cutoff Energy Ratio (Tracer/Data)

Correction Factor: 1.035 + 0.009 (stat)

MIP Calibration: 1.000 + 0.013 (sys)

11 1 | | I I ‘ L1 11 | L1 11 ‘ I I | L1 11
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Particle Identification

3TeV Electron Corresponding
Candidate Proton Background 1. Reliable tracking
well-developed
g V-Z View F Y-Z View P shower core
o #M::: o ﬁ=== 10I‘I
s wr—— [ wm | B 2. Fineenergy
10— A ITEE - IT W SRS LL 0 " . NI N — .
A r—r—r————_— i R v B = resolution
\u Lol gty G dy g g L = - Lo bl 1 L H — f ” nt inment
- ‘“ i ll w [ [ 3 IS : . :
K T PRI B - VI | = ull conta
- - = of TeV showers
30— — - 10X, 30— —
i BT [T i 10 = . . e
I - o 17X, F - — 3. High-efficiency
“r eSO o Hemontowia | electron ID
- BN T I T T - : 30X, thickness,
S0 EEQXEH 30Xq o
L | v v b e b s L | L | Closely paCked |Ogs

S 1 =
20 10 0 10 20 30 10

(Flight data; detector size in cm)

— CALET is best suited for observation of possible fine structures
in the all-electron spectrum up to the trans-TeV region.
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Electron Identification

Simple Two Parameter Cut Boosted Decision Trees (BDT)

In addition to the two parameters in
the left, TASC and IMC shower profile
fits are used as discriminating

Fe: Energy fraction of the bottom layer sum
to the whole energy deposit sum in TASC

Re: Lateral spread of energy deposit in TASC-X1

variables.
Cut Parameter K is defined as follows:
K= |Og10(FE) + 0.5 Rg (/Cm)
2 - [151013 - 170331] T. =3.89 x 10 10812.2h *3 14001~ Acceptance:A
o 800_—[ ) 1T,,,=3.89 x10°sec ( -2hr) 0 N CALET Preliminary
i - 126.2< E/[GeV] <200.0 L 12000 126.2< E/[GeV] <200.0 { Flight Data
g 700 { Flight Data § i 771N Electrons
'g E MC Electrons 8 : E% E MC Protons
= 600 % E=IMC Protons g 1000~ g
- i zZ L =
5001 A 800 —
- %ﬂ -
- /| “é i - )
4001 7 i B :
- é s 600— ‘J
— e — — -
300 ; = i -
200F / n—— 400 ——t o,
E i / I1' 11 11:,*1 : ﬂ::":_ % le_
100~ e 200~ oy | %
0 :I T R 1.'.: "’?‘;'1 T B | '-'u"'-"-r'--..--...J. [T e e ——————— & o //41}:‘4
3 2 1 0 1 2 0 5 0.5 0.5 1
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BDT Response Distribution at Higher Energies: New

In the final electron sample, the resultant contamination

ratios of protons are:
<S5%uptol1TeV;5%-20%inthe 1 -5 TeV region
, While keeping a constant high efficiency of 80 % for

electrons.
1196 < E <4755 GeV
476 < E <599 GeV (highest energy bin )
0
< I 478s< E/[GeV] <598.6 { Flight Data %103 = 1194.3< E/[GeV] <4754.7 } Flight Data
L 3 x¥/d.o.f.=0.94 for-0.5<Ry;;<0.5 MC Electrons o F  ¥d.of.=1.21 for-05< Rgpr <0.5 MC Electrons
"é - £ MC Protons 5 = MC Protons
8t —— MC Total 3 — MC Tota
E vl + EVE
2" %w 2 - =
: Pty st i S
¥ Uittt : =R ; +
10 — I 0 %Mi +
é iz - E i
1 ___|1 ols (IJ Wﬁ £ 0'/5 : 1T 1 1 r_)r 14 Al
BDT Response (RBDT) B o ’ OEDT Response (R1BDT)
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Comparison of all electron spectrum as of 2018

AAAAA

250
CALET: Phys. Rev. Lett. 120 261102 (2018)

150 *

. |
E>? flux[m?sr-'s'GeV>?)
N 43
o
(@]

m CALET 2018
sz uncertainty band (stat.+syst.)

100_ ...........
- e AMS-02 2014
— A DAMPE 2017
~ O Fermi-LAT 2017 (HE+LE)
- PAMELA 2017
50—+ HESS 2008+2009
0_ | | | | [ | | | | | I I | | |
10 10? 10°

Energy [GeV]
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Comparison of all electron spectrum as of 2018

& « CALET observes flux

o _ suppression above

2 CALET: Phys. Rev. Lett. 120 261102 (2018) 1 TeV consistent with

O . DAMPE within errors

0 e Bt * No peak-like structure at
R 200 1.4 TeV in CALET

= . measurement irrespective
= of binning

=

‘w 10— e

............

m CALET 2018

100— wEEEs uncertainty band (stat.+syst.) A
— ® AMS-02 2014 -
— A DAMPE 2017

~ O Fermi-LAT 2017 (HE+LE)

| « CALET results appear to be consistent with AMS-02
50

| below 1 TeV.

| + The differences from Fermi-LAT and DAMPE over the
| allowance for error indicate the presence of unknown

| systematics in the energy region from 50 GeV to 1 TeV.

0 1 T l | | |
10 102 10°
Energy [GeV]
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All Electron Spectrum:
Comparison between Recent Direct Measurements

CALET Observations: Oct.13, 2015 - Sep.30, 2020 (for 1815 days)

(] (S
S N
- -

h
S

3.0 010w [een- 2,
E* flux[m?srls '1Ge V*?)

100

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

® AMS-02 2019

50
~ A DAMPE 2017
- O Fermi-LAT 2017 (HE+LE)

0 I Lo I L 1 L
10 10 10}

Energy [GeV]
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All Electron Spectrum:
Comparison between Recent Direct Measurements

CALET Observations: Oct.13, 2015 - Sep.30, 2020 (for 1815 days)

s 250
L | Preliminary spectrum is especially updated in :
3 Ly - * Low energy region: solar modulation
= 0k => better consistency with AMS-02 (2019)
- 2000 High energy region: statistics improved (x 2.3)
?‘ -
= 150
H-[E]_] :
100 —
~ W CALET 2021
N uncertainty band (stat.+syst.)
s @ AMS-02 2019
~ A DAMPE 2017
- < Fermi-LAT 2017 (HE+LE)
0 | | | | | III‘) | | | | S :
10 107 1O

Energy [GeV]
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GeV - 4.8 TeV, using the same energy binning h”*mm.
as DAMPE [Nature, 2017]: .
« Broken power law used in DAMPE > 1072
y=-3.151 = - 4.024 (x2 INDF=11.64/29) 53
» Exponential cut-off power law [PRL, 2018] o
= - 3.054 with E;= 2.17 TeV (x2 /NDF=11.25/29) 5 b gl
+ Single power law & = e
y=-3.197 (x? INDF=54.50/30) =
The significance of both fits of softening spectrum is
nearly 6.5 o, which is considerably improved
comparing to ~4 ¢ obtained in PRL2018. E 102
O Tentative spectral fit in 11 GeV-4.8 TeV include-
ing pulsars and a possible Vela SNR contribution:
» The positron flux of AMS-02 is shown with expected
contributions (red line) from secondaries (red dashed £ 0
line) and sum of several pulsars (red dotted line). 78
* The electron flux is shown with contribution from by N?’
secondaries + distant SNRs (black dashed line) and E
the Vela SNR (green line). ,;Lﬂ 107
 The fitted model includes a possible contribution from
the Vela SNR , consistent with an energy output of
2.08 x 108 erg in electron CR above 1 GeV. N |
[See Poster #492 for details and other possibilities] 10 10?

Shoji Torii

—— Fit w/ Exponentially Cut-off Power Law \

Predamanacy

E [GeV]

103

® CALET total flux
[ Shift by fitted syt. uncert. weights

AMS-02 positron flux
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Summary anMProsI)’éb & '

O CALET was successfully launched on AlUgust 19tm015 ﬁ,_ ey

successfully carry ; g ut observations sxtable__ig W__?
performance. I Wi R ’

O The all-electron ? : e’) spectrum in the e ;,a”..,
to 4.8 TeV observédd by the end of Sep+'20
stat ¢ ctor of 2.3 since last publica
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' R
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! gies present suppressial
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erable signifiganceyof-~6:5 ¢

CAL 1K fan )
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— g v TR
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O The spectrum below onsistent ANC e =

reproduced by the positro on the F“Tf tion OfFe 8trophysical
origin of the positrons. R i

~. 4

O Further observations until Dec. 2024 (at least) are oved by
JAXA, and we will improve the measurements with highe S
and a further reduction of the systematic errors, especially i -',5;1,;

TeV region.
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