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'k / lron Flux
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Trajectory of Antiproton (LONG:0, LAT:0, ALT:400km, 20170908 01:05)

Cutoff Rigidity

Back Tracing of antiproton :

Parameters: Time, Longitude, Latitude, Altitude,
ejection angle(0,¢), Rigidity R

An antiproton is ejected and traced with use of the Runge-Kutta code

Trajectory of Antiproton (LONG:0, LAT:0, ALT:400km, 20170908 01:05)

Tracing will be stopped when;
1) the particle hit the earth  : forbidden region
2) the particle reached the magnetopause : allowed region
3) the particle is far from the earth more than 15Re : allowed region

@
c
N

Rigidity of the particle:
1GV-50GV with 0.01 step in logarithmic scale
(100 steps per decade)

2023/7/24 CALET TIM, Kyoto



Cutoff Rigidity Calculation of the effective cutoff
rigidity “Dome” at fixed position
30° N 135" E

* employ small solid angle bins (193 bins)
azimuthal :
divided into 24 equal parts
with 15 degree step
zenith:
divided into 9 parts with equal

step in the scale of cos6d(cos0 )
* Do the back tracing and Rc calculation for
each solid angle bin
(1bin=rt,/193 sr)

coe e
DN A O —

Only the region of 0<45 degree is
analyzed (97 bins)

CALET TIM, Kyoto 4



Latitude

60

-60

ISS orbit

| |

150
Longitude

200 250

300

2023/7/24

CALET TIM,

Kyoto

observation points along
the ISS orbit

Period: Oct. 2015 — Feb. 2024
(101 months)
during UH trigger mode

« The longitude and latitude of
observation points were
digitized at 1-degree intervals

« These points were further
grouped into sets of 10 points

~25,000 points/month

« Remove the periods without
the solar wind data



Flight Data

Analysis

TIRAF v I vFL—& 14AXx 2 (xFME. yAR)

{C (Charge Detector)

Oct. 2015 — Feb. 2024 (101months)

« UH trigger(CHD, IMC1+2, iMC3+4)
« UH tracking (UHBEORBFE#ER 7L T YU X L)

IMC -FEC

p
IMC(IMaging Calorimeter)

ImmxImmx448mm D > F 7 7 A IN—448K /1 B
448K x 2 (xAHME, yAmE) X8
R TAT VIR TE

A

TASC -FEC

.
TASC(Total AbSorption Calorimeter)
PWOY > FL —& 164X 2 (xAME. yAHE) X6/

A/

2024/9/18
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UH Trigger

CHD2/=
(CHDx+CHDy)
IMC_L R4
(IMCx1-x4, IMCy1-y4)

Z 1w Denergy deposit A
—EEULE

SQ=4,400 cm?sr




/ CHDy vs CHDx (201510-202105)
5
8
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CHDy vs CHDx with 10% cut(201510-202105)
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Frequency

Charge Identification

UH trigger mode #|Z#& H & 71 7= FRER

CHDx, CHDyA» £ 10%LU R Dt D % 3

BB I NI-RBLZNZENICDOWVWTRe Z5TE
CHDx,CHDyZhZhd k X k75 L1 %Rc(16 bin)
& RIEA (4bin) Dbin & IC7ERL

BEMICWINT 5 E— 7 Zin D
CHDx Signal Distnibution{log10)
Ly Q G ZZZZI': F
0 = T v
-12 -1 08 06 04 Imm{% . :ﬂ
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Charge ldentification

CHDx Signal Distribution(log10)

CHDx Signal Distribution(log10)
- 10 = 10* T T T e T T
S | BB PN X INS NS i R G e )0 s Iy 000,30 VA0 Rbettet BEAY SAbRe WOY 4003 B0 ) & 1.9
‘% INCLTL N =D O Ol  doh g R e o 4oy © B G5 I i e B Uk P o
s i
10° 10
wy w2 o 102 ...........
-1.2 -1 -0.8 -0.6 0.4 0.2 ) 0 R 0.8 0.6 0.4 0.2 0
log10{CHDx Signal[GeV]) log10(CHDx Signal(GeV])
CHDx Signal Distribution(log10) CHDx Signal Distribution(log10)
= 10° > 10°
5 Y13\ EA0 TR ARl 40 WA WY A /) 1.0 A.1...0 5 I A 0NN\ T A AL \N\N. 7y 3.72.Q. N. IO
3 HC'-( Z.\ \./ =< . Il \ | oy IO § LLVN = | ZE A I B N Y | \/ /.1 | | \ =" L 4 /1.~
g I\ nised w b AN AN \AV oaisdd o g LNCO LS\ I\ T L.\ Uoaindid T
o &
10°

10°

-0.2 0
log10{CHDx Signal[GeV])

-0.2 0
log10{CHDx Signal[GeV])
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Charge Identification

CHD signal (Fe)
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CHD signal ®Rc, O1#&kEF4E (Fetk)
Rc>10GVTIIZIZF—7F

RIBAICL 2IKEFHEDIZ I HRE WL
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Charge Identification

CHDx vs z2 (8:37° ~ 45°) Scintillation @ saturation ZZ& & L 7z
1.2 halo model (2 & Afitting
- (Marrocchesi et al. NIM A659(2011)477 )

d_L o A(l — fh)OJZQ
dr 1+ Bs(1— fr)aZ?

a ~ 2MeV /g/cm’

................ ol SO oS Soff NSRS WSO SR _ )
| 32-35GV fh : fraction in the halo
% : ® 5.0-56GV(+0.1)

0.8 S W S S It A -

+ AfnaZ?

06— IO Il B T —

0.4

6.3-7.1 GV (+0.2) .
0.2 S essovice | B :saturation parameter

12.6- 141GV (+04)

L1 | L1 | L1l | L1 | L1 | L1 I L1 | L1 A normallzatlon ConStant
0 100 200 300 400 500 600 700
22

CHDx,CHDyZ hZh (> Tfitting®> ZNWEFNERTAZEH(ZCHDxX,ZCHDy)
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Zy vs Zx(3.2GV-3.6GV, 37°-45°)

T

n

EMIE 1.20
1.20 DEADREIIZEH StrackEFexiztm&LT-

2024/9/18

e

Zx

Zy vs Zx(12.6-14.1GV, 0°-27)

26.5

Zy vs Zx(12.6-14.1GV, 37°-45°)

TTTTrTTT

24.5 25 255 26 265 27 275 28
Zx

o,[charge unit
o Z[o go )
( n o @
€ 8 & &

0.52

0.5F

0.48

0.46

0.44

0.42

0.4

Charge Resolution (Fe)

GZX
O 0-21degree
21 - 30 degree

30 - 37 degree

X ¥

czy

O 0-21 degree
# 21 - 30 degree

% 30 - 37 degree |

+ 37 - 45 degree

+ 37 - 45 degree |

. Zx,Zy@*f—%Eﬁ% Ozx, Ozx
« E%O bin [¥ Rc=17.8-50GV
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| Rigidity Spectrum

Integral ngldlty Spectrum (Fe) Differential Rigidity Spectrum (Fe)

0-4.1 degree
4.1-21.1 degree

* 0-41 degree ------
4.1-21.1 degree |-

Arbitrary

>
T

]

]
=
L0

—

<

21.1-30.3 degree |-

T 21.1-30.3 degree
SOOI S o 30.3-38.0 degree o : Aot
H 38.0-452degree | | g 38.0-45.2 degree

Rigidity [GV] Rigidity [GV]

& RebinADEEZ 7> b (60<45° ) BEDPBREDEDE &> THBREICER
SQT’CEIJ’J’O'F R AN R R
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Absolute Flux

Differential Rigidity Spectrum (Fe) Energy Spectrum (Fe)

N
[}

5 ®  AMS02
®  CALET 201510-202402

: .| ® Amsoz@021) |

o  CALET Geomag

N

E26 x Flux [m?s 'sr(GeV/n)"]

0.5

—
O
IIIIIIIIIIIlIIIIIIlIl

° 3 S S S N U

10
Rigidity [GV] Kinetic Energy E [GeV/n]

« RIBABOBRHMERTHER LI DICEED « A=56%ZRE L GEBIT RI/LF —(CEH
o REBEIFEEE, BEEOEHEIL total error o I FH 7Y OEB)T 2L F —E(GeV/n)
“teEh |3 flux*E26
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Comparison with HelMod

Differential Rigidity Spectrum (Fe) Differential Rigidity Spectrum (Fe)
> - [ . > AN I N O e
'(,"2 #  CALET 201510-202402 '('3 ®  AMS-02
‘-5‘210-1 s - { . : HelMod 2015-2023 - '-5(210-1 HelMod 2011-2018 -
QN H ; : : é --------------------------- :
>
T S <= G S B SO M SO SRS
S .= N N N

10

Rigidity [GV] Rigidity [GV]

e« 3-4GVD T NI modulation TERBETZE %,

HelMod: the Modulation Model through the Heliosphere (https://www.helmod.org/)
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https://www.helmod.org/index.php

e ;Summary

CALET?® 1014 A(201510-202402) &R T — X Z2 AL T 3GV-20GV D& B T#k
PR & B H

MFY-Y) OEBNT )L —T 1GeV/n-10GeV/n

RKIEAGICERAREZIT) 2 & CERDBENNE L /-

AMSDFEER & 1T —3X

calorimeter MIFE L bR TZ % & 5 FRigidityfll~X 7 h L Z Y5k T 5
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