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Galactic cosmic rays
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Features of cosmic-ray electrons

B BEFIIRANGETRICEBICIRILE—%2K57-0, E2ADREHIOHIERICE, AU
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5 3 S Asano et aI ApJ 926 5 (2022)
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Features of cosmic-ray electrons

B EFEEANGERICRBICIRILT—%2K57-0, BEAHDRELSHERICEL AL
B MERICE K TeVUL EDEFIZ. EENMER (R<lkpc, t<10H%E) ICRS>N S

® ik AFREX HEKIZHITHEF3TeVD FERE
—~ 0 —~ | Kobayashi et al. (2004)
- - 2 _— 2 10° . : :
atf(t,ee,x) D(ge)V ST e [bgef]* q(t,ge,x) Dy=2x10%(cm?s™!)
*Eﬁ&IE = ~ - ‘j—ZIE Cygnus Loop
I*}l/j\:_{a% - SN185 S147 G65.3 Geminga
- rynkarvssgt o L e HB21 | )
- WA TRUEREL g RS v
o THxIL¥—i8% N IR
dE ) 40c [B? 2 ; *
_E = bEZ, b= 3m,2c* \8n + Wph i CFo=10° ,1 Loop |
— b 1 - ﬁ Monogem
— == >~ -
E( y = PEr R (o ETFONHADIHRILF—) — E
10" ' ittt dl
“yoot~ 1/bEcut ) R=(2Dt)1/2 10 10° 10* 10° 10°

TR v T —HEK@ICRR



Contributions from nearby sources

B TeV#EEIC
B VeladFELAKZITNIE,

TeVEIEt D BT FE7 A
= HEAFELTHIOTTF

1.100

WE IR (Vela) D

[EEEF:0RAN-7%

FEFEAMNEND

B R0 R

E = o, T=0yr
Dy=4x10%°(cm2s-1)

1.050

1.000

1(6)/1 (E>500GeV)

0.950 |

0900 l——m—————— I

Anisotropy A(>E)
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Kobayashi et al. (2004)
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TR v TR

£ @ICRR
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= emes, T=0y = Golden et al. 1984
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& 8 Golden et al. 1994
= ® Kobayashi et al. 1999
s 10° b Distant component excluding + Boezio et al. 2000
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© © Torii et al. 2001
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Positron fraction

ZEETIVICEDE. GEFIIGFENEHMMELOHREERATTELI I RNERY ., IRIILT—EEBIZHED
PAMELAD S EFDEMEFKE R . AMS-02031TeVETHEHILL . 250GeVEE — 2 AME ]
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PAMELA: Nature (2009) |
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® PAMELA

* Aesop (ref. 13)
O HEAT00

* AMS

v CAPRICE94
A HEAT94+95
* TS93

o MASS89

AMS-02 (2018
( ) Energy [GeV]
¢ MuIIer&Tang19875:6 T | raaaal 1 a3l
0.01 1 | 111111 I | | | | | 0

; L 1 10 100 1000

Energy (GeV)

— ref. 1
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Positron excess

AMS-02: PoS(ICRC2023) 065

E? = " : =
@+ (E) = 27 [Ca(B/E1) + C5(E/E2) "exp(~ E/Ey)]

Solar Collisions Pulsars or Dark Matter

* AMS: 3.9x10° e*

N
o

1/E;=0 or E =00 is excluded at 4.70

PRI NS S (SR S S S S SRR

60 65 () 75 80
C.[m2sr's'Gev|

—_
9]

Positrons from
new source

Positrons e Possible exlgnatlons:
from cosmic Dark Matter e* - e pairs are produced
ray collision - Astrophysical sources

nergy [GeV] Pulsar, PWN, old SNRs, ...
—rt 110 - Decay/Annihilation of dark matter
1000
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E3® [m2s 1sr1GeV?

Interpretations of positron excess
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« PWN, SNR%L &)

Astrophysical sources; PRD 103, 083010 (2021)
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Dark matter; PRD 102, 083019 (2020)

1 e CALET after systematic uncertainty shift

® CALET total flux

+ AMS positron flux
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Requirements for electron measurements

E27 Flux [m2sr'sec'GeV']

Requirements for the electron measurements:
1. Electron flux is rare (2-5 events / m2sr-iday for E>1TeV)
2. Large proton background

3. Excellent energy resolution is required Energy spectra for monochromatic and float spectra
before and after taking account of the energy resolution

5 T
10 = Proton 400 - N
- (AMS-02, CALET) — |
n
10* g e [
- oooo n —
Po X].OO NE 300 ’
10%E N
g x1000 @
= 200 —
. { S [ ™ ]
- Electron M; %100 AN
10? (ANISZ02; CATET) g - JCAPOS (2009) 015 ]
E Fﬁ o [ 1 1 L L l /| A L L l ' L 1 1 I L L A L
) i e i 400 500 600 700 800
10 10? 10° 10 E[GeV]
Energy [GeV] 5
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CALET Payload n I

Kounotori (HTV) 5

CGBM FRGF (Flight Releasable

(CALET Grapple Fixture)
Gamma ray

ASC (Advanced
Stellar Compass)

Calorimeter

b‘ » Launched on Aug. 19, 2015
by the Japanese H2-B rocket

Emplaced on JEM-EF port #9
on Aug. 25t, 2015

MDC (Mission
Data Controller)

-
»‘,!3!'~
- B

- Mass: 612.8 kg

~ ¢\\ - JEM Standard Payload Size:
}’ 1850mm(L) x 800mm(W) x 1000mm(H)
- Power Consumption: 507 W (max)
Port #9 + Telemetry:

Yosui Akaike Medium 600 kbps (6.5GB/day) / Low 50 kbpsio



Overview of the CALET Detector

CHD-FEC
_electron 1TeV
_— SciBar
MAPMT =
IMC-FEC L =
E =T
L \SCiFI

PMT

! ASC-FEC

APD/PD

" -

CHD

> IMC

> TASC

FX IR RSy

ABBEFHERIFIATEAREES

Scintillating Fiber
# 64anode PMT

Yosui Akaike

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 X,
- 8 x 2 x 448 plastic scintillating fibers (1mm)

readout individually
- tracking ( ~0.1° angular resolution) + Shower imaging
- angular resolution: 0.2° for gamma-rays > ~50

TASC — Total Absorption Calorimeter
- 6x2 x 16 lead tungstate (PbWQ,) logs: 27 X,, 1.2 A;
- energy resolution: ~2 % (>10GeV) fore,y
~30-35% for p, nuclei
- e/p separation: ~10°5

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

11




Energy resolution with CALET

12TeVD B FH& H 51

: FililD:ls(Mlsm MDCTime: 1208070292 EventID: 18386 : E_TASC:11258.5 GeV [MIP]
o — | - 10"
B N Y- - " i B \
- \ N L .
10/~ A" o e - 10
[ ittt e C 10° o
S mmiiol Energy resolution
-20— N 20—
C C — 20
OO T T - wiE S b e TASConl [
L C - y (w/Calib. Error)
30 a0 = 18—
C C GC, - L TASC+IMC (w/Calib. Error)
B 16—
40 a0l 10 E . ©  TASC only (Ideal)
r C © *
C ‘g 14: ° . o TASC+IMC (Ideal)
3 O - - °
501~ X 50— 1 O 12—
'..zlo....1|0....l|).\..1|0....2|0.. '..2|0....1|o....|....1|....|.. 2 E' b
B ) B B X 10— . s
= - td
= Q 8= n 8
2500F - . o |_|<J1 = .
s X TASCD ZFZRI R 6 ° " ,
000F ‘ L .,
@ = 4— R g
A500F ; - Tora, "ty
= 2+— o ] ] S e a0 e "L
oo : - S R R
: . . 0 1 1 \Illl\l | IIIIIII‘ 1 | I 1 \\III\Il
500 . 1 10 102 10° 10*
= . . . X, Energy (E) [GeV]
06_=--‘513‘ll‘110|"‘115|J‘.2101H12|51H.|31()‘
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Electron identification with CALET

Simple Two Parameter Cut Boosted Decision Trees (BDT)
E<476GeV E>476GeV
Fe: Energy fraction of the bottom layer sum In addition to the two parameters in
to the whole energy deposit sum in TASC the left. TASC and IMC shower

Re: Lateral spread of energy deposit in TASC-X1 profile fits are used as discriminating

Cut Parameter K is defined as follows: variables with 9 parameters

K= Iog10(FE) + 0.5 Re (/cm)

m [ & 1400_ .
5 goo[[151013-170331] T_ =3.89 x 10’sec (10812.2hr) S - Acceptance:A CALET Preliminary
@ F126.2< E/[[GeV] <200.0 O [ 126.2< E/[GeV] <200.0 | Fi
s C . «— 1200— ight Data
5 700— 1 Flight Data S r Ll MC Electrons
-g F [ mc Etectrons 8 L é;_ E= MG Protons
= 600~ i E= Mc Protons g 1000? ;1%3
: i . 2 T =
500} .+ 126.2 < E/[GeV]/ 200 N 126.2 < E/[GeV] / 200.0
r i -
400F- é Jr&; - =
L A J =4 - H
: - o0 —
= //// :ﬁ -
S0F 7 — g
- ] B 400~
200]- = ;
100 e ——— 200
- U -
0 ‘3 SR 5 *4 ) e i
K=log (F)+R/2 - 05 0 0.5 1
100 g E BDT Response 13

ISEEfAES L Coun 1 KE




The discriminate variables for BDT are optimized;

wnN R

11.

Electron identification with CALET

Lateral spread : Re
Shower development : F¢
*Shower concentration ratio on IMCYS8 : C;
The fitting of TASC transition curve
4. a/b

potl

x/NoF OE _ g

tOé 7bt
dt Ta+1) ©

No wu

Tsy

(Ts%: Development the ratio of energy deposit is 5%)

Exponential fitting of IMC transition curve

8. p0
9. pl d_E
dt

10.  x2/NDF
*The sum of CHD energy deposit : S¢p
Energy ratio between adjacent IMC layers

12. * Rmax
13. * Re7

— e(P1t+Po)

* New parameters

= The total BG protons are

ISEEfiZE S

less than 10% up to 7.5 TeV
with 70% electron efficiencies

g5 T { Flight Data
w 10° 095 < E/[Te;V] < 15 MC Electrons
. E E=J MC Protons
2 E —}— MC Total
E [
Z10* =
= = et 3
- & e
C : %fﬁ%ﬁ@
I
s I
E 4 —
= = 2
[ == f T T T v =4 Lo
-0.8 —0.6 0.4 —0.2 0 0.2 0.4 0.6
BDT Response (R__)
BDT
2 .
[ + Flight Data
& 10° = 1.5« E/[TeV] <4.8 MC Electrons
° E = MC Protons
é C —}— MC Total
Z10° =
= I 25l
C H Shy 3
— [ 1 w + ++
=1 - |
10 = 1 »—lii %
c = 7
1= T 1 I J { L
-0.8 —0.6 -04 -0.2 0 0.2 0.4 0.6
BDT Response (R___)
BDT
Yosui Akaike 14



Detectors for cosmic-ray electrons

- EEEHA
* Magnetic spectrometer
BF-[EETFZHAAIEE
« PAMELA (MDR =~1.2 TV, SQ="0.002m?2sr)
e AMS-02 (MDR = ~2 TV, SQ="~0.05 m2sr)

* Calorimeter
TeVEL L D fEE F THRIE AT 6E
* Fermi-LAT (8.6(12)X,, SQ=1~2.5 m?sr)
e CALET (30X,, SQ="~0.1 m?sr)
* DAMPE (32X,, SQ="0.3 m?sr)

o b E&RAI
* Imaging Atmospheric Cherenkov Telescope
fr KIGERI=
* HESS, MAGIC, VERITAS

TR v T —HEK@ICRR
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Magnet spectrometer (AMS-02): rigidity and energy resolution

Energy Resolution [%]

[ERE3 N
* Magnetic spectrometer

ET-GEFZHA IR
* PAMELA (MDR = ~1.2 TV, SQ="0.002m?sr)

* AMS-02 (MDR = ~2 TV, SQ=~0.05 m2sr) A ==
e
. Rigidity (
Energy resolution by ECAL of AMS-02

X Pt bea“‘l——et M Detectable Rigidity .5

- ax1mum etectable Rigidi

C °
6 -_ g 1E g Proton Mc ..................................

: 3 | | e TestBeam
41— 8 L

- w -

[ = 180 GV

B -1 u.
2r ! ;i:?“’ é

L NIMA869 (2017) 110 £ 1 “ilo 10°
0 N N R e | N R- -d- G

1 1 0 100 1 000 22 September 2013 IglJP;t»yS,gainX)AMS 12

Energy [GeV]
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Events

Magnet spectrometer (AMS-02): electron identification

N _ . . . +
o EHEERH AMS-02: Proton rejection for e

+ Magnetic spectrometer with 90% efficiency for each

EF-IBEFEHAITEE cif® et

* PAMELA (MDR =~1.2 TV, SQ="0.002m?sr) 8k . "%, .

 AMS-02 (MDR = ~2 TV, SQ=~0.05 m?sr) 55103; . Tee 5

& 1Pk : .

g t 3

AMS-02: TRD estimator AMS-02: E/p ratio .oLTRD ’ ]

o0 ® F I ¢ LT e ¢ 1 52 2T e A L0 G2 0 @ frorrrr T T T T T T T T T T T T T Jy E ’E

- ® DataonISS Tg+ 1§ 160 _L ® Data on ISS 3 .0 -

- —Fit §+L,-.’ 1@ C Fit Je 10%e 3

S = Pesition | S 140 — Positron Ell= (b) . . 3

L --- Proton E 1 120 E --- Proton 48 F . LTI ]

[ == Charge confusion | ] E == Charge confusion E% 10°E . * E

150 (— | - 100 2§ 45 E 3

© x¥df=083 ¥ & . 7/d1=0.60 j§1&§ 1§

100/-83.2 — 100 GeV . _83:2-100GeV 3 b

- 1 TRD<O.75 = EEcaL+Tracker E

50 — - E mE 5

O: . » . . ] . P ; _ ;
0 02 04 TRg-‘Esﬁm aotfr L. 05 1 I1(5810(E/p2) ! 10 Momentum (GeV/c)
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Calorimeter

ERERA

Calorimeter

AE/E (68% containment) [%]

TeVLEL_E O FELEE THRITE AT HE

BRI YT —vs/\NFOV vy —

/\’\/\/WM -
Nuclear
ot \'\"’\'»\/\'bm//' Hadron  IMteraction
Gamma-ray T~ >
e

Electromagnetic

Shower
Gamma-ray

M<

04 Hadron

. SNNNIAN I Shower
 Fermi-LAT (8.6(12)X,, SQ=1~2.5 m2sr) \/,(m B
e— 3 N TTme——l
—_r 2 . m >
* CALET (30X,, SQ="0.1 m?2sr) X, R g
T~ Shower
- DAMPE (32X, SQ="0.3 m2sr) - AN
. 3TeV Electron Corresponding
CALET: energy resolution Candidate Proton Background

; N TASC only (w/Calib. Error) e Y-Z View e Y-Z View MP
e = TASC+IMC (w/Calib. Error) of — of g |
. ©  TASC only (Ideal) A vYTETS—— + ;; +— ;
S o TASC+IMC (Ideal) A0 EreraeryT ‘w2 Al -
= e || S
} [] 8 20_— . “ '20__ ‘f m IO‘
C g L ) u |
- . C SmaN Samnnmnn-l ERENEE BSNE
SR ®e T SENEN _WEEEES — N HEETEE RErEE 10
S *, C s Ee e 17X - emeerwresereme
[ o L ] ] T
B o, L O DN “0_— [EESCRN WACRNN T REEe
— ”5555...55555;“.---..---:; N - Ensmn Emsas s JCIA :
E cwnul 4, o nfSavoopEfeseans il 5 EEEEEEITTITEERE, 30X“"E
1 10 102 103 104 l~20”‘ -IIUH, le‘l 110“‘ 210‘ x3]0‘ : l-20ll,‘-!Dx‘lxD““lO““?\')””()O‘ 104

(Flight data; detector size in cm)
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Events

IACT: Energy resolution and electron identification

MAGIC: Y.Chai (ICRC2023)

o b &R
* Imaging Atmospheric Cherenkov Telescope
B KGER=
* HESS, MAGIC, VERITAS
v' SQT=~980 m2sr day (HESS: PRL 101, 261104 (2009))
v' AE/E = 15-20% (VERITAS: PRD 98, 062004 (2018)

HESS: A&A 508, 561 (2009) VERITAS: PRD 98, 062004 (2018) MAGIC: PoS(ICRC2023) 323
598.6<E [GeV]<753.6
1400[- 3000 <E [GeVl<
B o 3 [ Proton+Helium Template
- ¢ | 10 0.63-1TeV g Data / MC 1000 [ Signal Template
12001 —e— H.E.S.S. 0.34-0.7 TeV BDT>0.7 3 BN Best-Fit Model
- + >0. oF 4+ Observation Data
B — Electrons E “
1000[— a4t o3 6000
- e Protons E- .
B + 10° | PPN 5000
800 Best Fit Model + : - i
: ++ 3 5 4000
600 L4 i 005 06 04 02 0 07 04 06 08 v
- 4 * 10t , BDT Response 3000
B & ot
400( o 0¥ %
_’” ‘-_?.g..‘.__f_,_:.ﬁi!:!.....!_ i 'q% 2000
B e,
- ....
200 o3, o
B o, 1000
- 10° 0000003000004 e0800000"
T T [P EETRTATS EAT AT AN AT
0 |
06 065 0.7 075 08 085 09 0.95 1
¢ - -08 -06 -04 -02 0 02 04 06 08 1 00 02 e irnsey 08 1o
BDT Response Hadronness
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Detectors for cosmic-ray electrons

ERERA

. Magnetic spectrometer

BF-[GEFEHATIEE IRILE— | TRILE— e/p
« PAMELA (MDR = ~1.2 TV, SQ=~0.002m2sr) 4518 [GeV] | 4MBEE £ 71| fe B

* AMS-02 (MDR = ~2 TV, SQ="0.05 m?sr)

PAMELA 1-700 5% (@200GeV) 105
* Calorimeter AMS-02  1-2,000 10%(@100GeV) 10* - 10°
TeVLEL £ D 781 F Tl E Al &E
* Fermi-LAT (8.6(12)X,, SQ=1~2.5 m2sr) Fermi- 10-1,000 5-20% 10% -10*
* CALET (30X,, SQ="0.1 m2sr) LAT (20-1000GeV)
* DAMPE (32X, SQ="~0.3 m?sr) CALET  1-20,000 2% (>20GeV) 10
- Hb_EERA DAMPE ~ 1-20,000 2% (>20GeV) 10
. I:paging Atzospheric Cherenkov Telescope IACT 100 - 20,000 15-20% 10° - 10
R EBIE

* HESS, MAGIC, VERITAS
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Electron spectrum

JE*? [m2srls'Ge V")

PRL 130 (2023) 191001 .

250

200

s DAMPE 2017
o Fermi-LAT 2017 (HE+LE)

150 5 W

- g T
100 +

= L] This work

B uncertainty band (stat. + syst.)
50 — ° AMS-02 2021

CALET and AMS-02 spectra are in good agreement up to 2 TeV.

There are two group of measurements:
CALET and AMS-02 vs Fermi-LAT and DAMPE
including the presence of unknown systematic errors

No peak-like structure at 1.4 TeV in CALET data

llIIIl | | L1 1 |

O | | IIIIlll | | |

~

10 10°
E [GeV]

10°
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Electron spectrum

JE*? [m2srls'Ge V")

PRL 130 (2023) 191001 .

250

200

150

50

llll|||ll‘llll||||l|l‘ll

1

This work

uncertainty band (stat. + syst.)
AMS-02 2021
DAMPE 2017
Fermi-LAT 2017 (HE+LE)

IIIIlll | | |

CALET and AMS-02 spectra are in good agreement up to 2 TeV.

There are two group of measurements:
CALET and AMS-02 vs Fermi-LAT and DAMPE
including the presence of unknown systematic errors

No peak-like structure at 1.4 TeV in CALET data

» CALET observes a flux
1 .% suppression above 1 TeV with a
L significance > 6.50, which is

consistent with DAMPE within

L

llIIIl | | L1 1 |

10

~

10°
E [GeV]

10°
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Electron spectrum: space and ground observations

250

IIIIIII]]|IIII|[III||‘l,."'-_

This work

uncertainty band (stat” ¥

AMS-02 2021
DAMPE 2017

Fermi-LAT 2017 (HE+LE)

HESS 2008+2009
syst. uncertainties

VERITAS 2018
syst. uncertainties

MAGIC ICRC2023
syst. uncertainties

Indirect
measurements

S

2

10

E [GeV]

10°

TR v T —HEK@ICRR

CALET observes a flux
suppression above 1 TeV with a
significance > 6.50, which is
consistent with DAMPE within
errors

Indirect measurements indicates
spectral break around 1 TeV,
although their systematic
uncertainties are very large.
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Fitting to all-electron spectrum

O Fits of the CALET all-electron spectrum

in 30 GeV —4.8 TeV

* Broken power law
J(E) = C(E/100 GeV)(1+ (E/Ep)A7/5)~s
y=-3.15 £ 0.01,Ay =-0.77 = 0.22 X
Eb=761 %= 115 GeV (x2 /NDF=3.6/27) & 1%

y =-3.10 = 0.01
Ec = 2.854+ 0.305 TeV
(x2 INDF=12/28) .

e CALET 2023
Broken Power Law Fit
—— Fit w/ Exponentially Cut-off Power Law
—— Single Power Law Fit

>
Q
» Exponential cut-off power law [PRL, 2018] HE
£

« Single power law
y =-3.18 = 0.01 (x2 /NDF=56/29) Lot
The significance of both fits of softening
spectrum is more than 6 o, which is considerably

improved comparing to ~4 o obtained in 101 102 103
PRL2018. E [GeV]
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Towards an interpretation of all-electron spectrum

PRL 130 (2023) 191001

—— all-electron flux —— positron flux
i T v secondaries and distant SNRs ~ ---- secondaries
D POSSIbIe SpeCtraI flt In Wh0|e energy reglon ----- all-electron flux from all pulsars ----: positron flux from all pulsars
AMS 02 t ﬂ . ftt d ________ electron flux from local SNRs:
° - ositron rux s nntea | TN = Combined local SNR
with secogdaries +pulsars oo T Vela
p —_ 102- ~~~~~~~~~~ —— Cygnus Loop
. . 9 5 —— Monogem
« CALET electron + positron flux is fitted 0 ¥ CALETGIEIeeton Tiis
with secondaries + pulsars + SNRs 2 AMS positron flux ‘
|
| .
* The best fit: 0.8 x 108 erg in E>1GeV ‘Tm
for nearby SNR. c
T
. 1]
* X2/NDF = 34/80 with nearby SNRs = 10°
L

10°
10!
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TR v T —HEK@ICRR



Towards an interpretation of all-electron spectrum

PRL 130 (2023) 191001

| — all-electron flux = positron flux
O Possible spectral fit in whole energy region 1 secondaries and distant SNRs -~ secondaries
----- all-electron flux from all pulsars ----: positron flux from all pulsars
« AMS-02 positron flux is fitted [T ene0ee,
with secondaries + pulsars 020 T
« CALET electron + positron flux is fitted % ! o CALET all-electron flux B
with secondaries + pulsars + SNRs o AMS positron flux |
|
* The best fit: 0.8 x 1048 erg in E>1GeV (T‘“
for nearby SNR. E el
. G
« X2/NDF = 34/80 with nearby SNRs 2 100
* X2/NDF = 32/80 without nearby SNRs T
The model fitting result predicts; I
- 11.0 (4.2) evts above 4.8 (7.5) TeV with nearby sources | g
= 4.6 (1.0) evts above 4.8 (7.5) TeV without nearby sources | e
An excess 9 (4) events above 4.8 (7.5) TeV observed 100 ad , ,
10! 102 104

by the event-by event analysis

26
TR v T —HEK@ICRR



Future prospects

CALET: 2030

— all-electron flux = positron flux
----- secondaries and distant SNRs  ----- secondaries
----- all-electron flux from all pulsars ---+: positron flux from all pulsars
_______ electron flux from local SNRs:
.7N9N [1~rD~3A22Y T == Combined local SNR
AMS-02: 2030 (ICRC2023) | TTIne vela
— 25 1024 T —— Cygnus Loop
< ~ = . —— Monogem
% ® AMS Current Data > “
(0] ® Projection AMS to 2030 8 ® CALET all-electron flux \\
i p i AMS positron flux g
m I
- =1 e,
g ] '
'~ 15
E E ;
Ll
™ ! 1]
e n 10 "
o> 10 m SRS
il T I i .
—
Positrons from
Cosmic Ray Collisions
Energy [GeV]
100 ; ; 2 ;
10! 102 103 104

TR v T —HEK@ICRR



Charge identification with CALET

CHD IMC

FLE:63.<E,/GeV < 200.
so0f-

H + Fiight

2 o0 4 EPICS (al)
H [ZIEPICS p
[IEPICS Ho
[JEPICS e

With excellent charge-ID of individual elements CALET is
exploring the Table of Elements in the multi-TeV domain

Charge distribution from Proton to Nickel
( periodic table of elements by CALET)

4 EPICS (al)
[ZIEPICS p
[JEPICS Ho
[CJEPICS e

*

B e

'4

)
3
4
b

.........

\\\\\

Entries

24 25 26 27 28 29
"CHDX

Nurmbgr o Everts
o

s Cr

Cy, 15 30
D"\'C‘/;a 2 2 10 15 20
"%e 30 o 5

=N
— MC Total
# Flight

CHD-Y Charge
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R?*S x @ [m?sr's'GV')

Observations of the spectral structures for P, He, B, C, O spectra

B BF -ANVTL - FR7Z - RE -BRIIOVWIINETCOEBIRI/ILF —EE TCOEESRRZZR
B EROFHBOWMEAZLTZDIRILF—ZARS FLoEE (B, #8b) o BBESRIICTh

BT -ANJYLDIRILF—ARINL

. ¢ pCALET -4 He CALET =
100 — pAMS-02 - He AMS-02 E
= 4 p PAMELA -4 He PAMELA -
- . o « A1 ) n
= ’é-h&?-m—'w 1T5ie s ";7)
L & x t 5 * i :§,
J3 x
A =2
2 ‘“W . 0__-—0-9-,§‘§‘ (e
. £ L e
10° [— ‘ W
i hardening softening
.' 1 1 lllllll 1 1 lllllll 1 - 111 1 L L LLL 1 I 1111111 1 L L LLLL
1 10 102 10° 10¢ 10° 10°
Riniditu [\
Best fit parameters with DBPL function for proton and helium spectrum (energy/particle)
y Eo (GeV) Ay S E; (TeV) Avi S
Proton | -2.843 +0.005 | 553*% |0.29+0.01 [ 2.1+04 | 9.8432 [-0.39+15 | ~90
Helium | -2.703+0%s [ 1319+13 | 0254002 | 27406 | 332498 [ 0224007 | 30
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50

40 +

30

20

10

W » OO~

B,C,O DIARILF—ARYKIL

Yco = ‘2.66 i0.0Z
AVeo = 0.19 = 0.04
Eo = (260 % 50) GeV/

o Oxygen
e Carbon x 1.1
- e Boronx5 AY oo
0 .oﬂﬂ |E_|_| N
8V, K%, BHR
@ '
- . S
B Ayg
ljll L 1 L 1 lllll 1 1 llll 'S 1
10 10? 10°

Kinetic Energy [GeV/n]

Vs = -3.03 £0.03
Ayg = 0.32 =+ 0.14

E, fixed from C-O
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Measurements of nuclei spectra with CALET

E** Flux [msr's'Ge V')

10°F
10* |— CALET(p+He+C+O+Fe) o gﬂ% . Knee - * CALETPi
E....B!Ei% p e OBP00pppop ﬁ éé% 103_
:. - .. o.. I'.H:...........QQ., i. % % + * ééﬁ 1 L
: UL TR '.Z". t 3 + HEP i
I~ * ‘ 5'351;;\:“? gesiiiauno - 1 0_3 :: %@1.?
\ 2 o Tibetlll QGSJET_PD | o,
L g T Y| Besie) | g SN
10° — : .ﬁk er v + IceTop ,(I_D 1 0—6 —
Y sdemesee” . aek fauce k7 L ‘e
B 2 S b % =
B B 5 FHA BEMERURISAS A HIFHE « 109 M
i FSH BILERAGES Vv HARHE £ - o, '%it
P4 —
llllll 1 1 lllllll 1 1 lllllll 1 1 lllllll 1 1 lllllll 1 1 lllllll 1 _3' 10_12_'_ ?‘%
102 10° 10* 10° 10° 107 L = e i
Kinetic energy [GeV] 15 — '
- 100°F ¢ ATIC ¢+ CREAM e, ‘H@
H B%?AUTA\ k3. BEZR. SROBUAIFEREAE(CaRl - ¢ TRACER % RUNJOB
S : @, BLHAts 1078 ¥ CRN HEAO3-C2
A B FEURNSEIFINAREFROEIEIRIF— (BfRHnih - & AMS-02 4 PAMELA
v : @ BIEIRIF— (EREHD) jg21 [ ¢ JACEE
o Bﬁ? /\UUA(D’%,?&O)EE;EU(:ctéﬁﬂ,’fE}{ EEEIT R RTINS IR AT BN R ETT B ||||||
B : 1 TeV-500 TeVTOINSOIFIDART ML 10 10? 10° 10* 10°

(KneetBIkDEHIFARIT MLEDLLE D)
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Kinetic Energy per Particle [GeV]
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Summary

TE, EFERINERARAEIRTITHhN., 8AI5EE (X10 TeVICEZELDDH S
— AMS-02, CALET: 2030 £ TEAIFE

TeVFEE O EFEA L. FEHFELTHO CGREMNERZEERTE CTEA0[8EENH S
— CALETD7.5TeVETDARIMLIL, iEEINRBEDFEEERE
— CALETEDAMPED S 12 MDERAIZHASF

[BEFBE|IDZRFBDLOIGEARITMNLIEEDFRLZIRIEDI=-OE NI RILT—0fREEH W
— AMS-02, CALET, DAMPE: ~2%, Fermi-LAT, #b_E#5:81: ~15%
— AMS-02LCALETDRIEHRDEHIIBEF. EEFDEENLRILICEE

[RF#% D EEER X100TeVEL E DB A~EAE R

— ARIJRILDIEIE, BIED I RILF—IIBFETOETOREFZTERASIN SN
— ZARGMLOFEAE. Bt (Zrigidity IKET DD FHRICIKET HDH

— ZR¥/—REDBEIFETIVHIRICEE
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