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@ Calorimetric Electron Telescope (CALET) Science Goals

A Search for nearby sources of traff@Vet, i.e. Tevatrons, dark MattepK. Harding et al 201801369 L18
A MeasurementAll-Electron observation (1 Gey20 TeV) : ‘\\\\\\\\\ \\\J Y
A Instrument:Design optimized for electron detection with highly effective ~—= =\

electron/hadron separation and nuclei measurement capability
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Electromagnetic shower containment with 30 radiation length depth &= ol
[H Fine energy resolution N

/ »

1| o
’//X
o
7

ek

versus 1.3 proton interaction length depth
b Effective electron/hadron separation ]

with good charge measurement from Z=1 thru Z=40
[ Efficient measurement of cosmic ray nuclei

A Unravel CR acceleration and propagation
A MeasurementCosmieray spectra for light & heavy nuclei (10 Ge\l PeVj

A MeasurementAbundances of UHGCR (Z=30 thru Z=40) o R

A Detection of astrophysical/solar/magnetosphere transient phenomeﬁam = k-
A Gammaray bursts B xaysuperblbble SNR -
A Gravitational wave counterparts i e VLRI R P Yl
A Solar modulation of electrons and protons e mwe e oo memo  mwo

oconebvs Space weather phenomena SUGAR 2024CALET Mission & Science Results V. Ramachandran et 41 2010 A&A 615, A40 3



@ Calorimetric Electron Telescope (CALET) Science Measuremeg®

Scientific Objectives | Observable Quantity Energy Range
107'10

Energy [J]

Electron spectrum 1 Ge\g 20 TeV
10°
_ . Elemental spectra 10 Ge\t 1 PeV
Cosmieray origin and
acceleration Ultra-heavy abundances > 600 MeV/n — 10}
Gamma rays (diffuse & point 1 GeVe 1 TeV t%
source) > 10-1
: )
CECTEIe .CR B/C and su#-e/Fe ratios Up to some TeV/n 2
propagation S
Nearby CR sources Electron spectrum 100 Ge\, 20 TeV 5 .
. ) 7 IRGB i v+ T .
Bk et Signatures in electron/gamma 100Gev 20 Tev 7 T ';
B - W BT B
Heliospheriphysics  Electron flux 1 Ge\ 10 GeV B P s AT IO N
GeV TeV PeV EeV
Gammaray transients LE gamma rays andays 7 keV¢ 20 MeV Energy

Science Measurements require CALET to be well calibrated
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https://doi.org/10.5281/zenodo.2360277

The CALET Payload

CGBM (CALET FRGF (Flight Releasable

Gamma-ray Grapple Fixture)
Burst Monitor)

GPSR (GPS
Receiver)

{ Launched on Aug. 19 2015 .
by the Japanese HB rocket L

Attached on JEMEF port #9
on Aug. 29, 2015

n Mass: 612.8kg

: \ n JEM Standard Payload Size:
i 1850mm(L)x 800mm(W)x 1000mm(H)
o . n Power Consumption:507 W max
. NRM/ Port #9 n Telemetry:

October 14, 2024 SuUGAR 2024CALET Mission & SCiencM@Qiﬂs‘m 600 kbpS (6-56 B/day) / Low0 kbpS 5



@ The CALET Calorimeter

CHDx Charge Detector P .
- 2 x 14 plastic scintillating paddles I - = |
-/ KFNBS YSIadNBYSylu % T n PA-b 1:—"'“%'»"

IMC¢ Imaging Calorimeter

8 X 2 x 448 plastic scintillating fibers

7 tungsten sheets

Shower development and imaging

3 electron radiation lengths normal incidence depth

TAS(, Total Absorption Calorimeter

- 6 X 2x 16 lead tungstate (Pb\)ydogs
- Electromagnetic shower absorption
- 27 electron radiation lengths normal incidence depth

Image: simulated 1 TeV electron event in CALET

AGeometrical Factor: An 9k9Y Aa/p separation:~10
1040 cni srfor electrons, light nucle ~2 % (>10GeV) for e , ﬁCharge resolution0.150.3 e (pFe)
1000 cnd srfor gammarays ~30-35% for protons, nuclei AAnguIar resolution:
4000 cnisr for ultraheavy nuclei 0.2° for gammarays > ~50 GeV

October 14, 2024 SUGAR 2024CALET Mission & Science Results 6



e The CALET Calorimeter
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@' Prelaunch calibration of the TASC

Asaokaet al. 2017 Astropart. Phys. 91,1 10

UV laser injection to calibrate adjacent gain ranges

Laserinjected energy distribution in a TASC log
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increase in PD signal
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@ CERN calibration of the calorimeter  asaoketal 2017 astopan phys. 91,1 10

g r < O
£u1.15_— ELECTROI\{‘S é s *  TASC only (w/Calib. Error)
ué E b I I :]E; E' = TASC+IMC (w/Calib. Error)
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@’ Onorbit calibration of the calorimeter

Asaokaet al. 2017 Astropart. Phys. 91,1 %
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@ HE trigger observation summary Comparison wTrigger

Accumulated observation time (live, dead) Energy deposit (in TASC) spectrum Highenergy trigger statistics:
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10000 Trigger Rate : ~ 8.7 Hz 10 Total number of >GeV triggers4.77 billion
5000 y HEgamma point source exposure:
- i .
0 160101 |16070f I161‘231I ‘170‘702‘ ‘171|231| |180|702; ‘181‘231‘ I190|7'02 1 [T R NTT| R R 11 RO NN TR1TI RSN 11 A AN RATTT N uum\{'u L ~5'5 n¥ day (for Crab’ Gemlnga)
Date [yymmdd UT)] 1 10 10° 10° 10 10°  10° 107
'_T'g]sc Energy Deposit Sum [GeV] [“2]
- , T e K aagee T
= i oot Bt P S RS - .|
o 605 A4 N - . 7 B R AN
© 2 —\8 - o - iy r - >, - > - # g
© _" - .“.A -
2 s FEL 8 (X cé ' L'“\ .
OF § R e e L g
= ] v - - \
-20 :— N o] o ..'? ‘_/’ﬂ- .\‘. o .
L h o - . !
40— 3 ) . ) L"
= » X -
-60— o0 - o’, ‘
— 1 . - -~ . 2 -
-80—_. [ M IS U B rt WP RN VR G WV (A W W S S 0 YE e -
0 50 100 150 200 250 300 350 ¢ LT, 0 150 PO oy W0 50

Longitude [deg]

Lona o ;:k!‘ll

(B.em 10 GeV) Asaokaet al. 2018 Astropart. Phys. 100, 20 37
SUGAR 2024CALET Mission & Science Results

(Egm1l GeV)

October 14, 2024 11



@ Observed events in CALET flight data

Electron, E = 3.05 TeV
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@ Cosmieray allelectron spectrum " B Mots, N, Cannady

All-Electron Flux xE Continued observation has reduced statistical and
250 systematic errors in the afllectron spectrum.

Systematic discrepancy between CALET/AISnd

DAMPEFermiLAT persisteeyond tabulated error.

200

At~1TeVSY SNHA S&as S¢S
A diffusion length ~ 1 kpc

A characteristic lifetime ~ 10Kyr
. N i (both decreasing with energy)

100
A EXxpected cutoff around TeV

based on decrease in number of
Ve contributing sources significant |
measurement

1 B3 [m2srls1Ge VY]

This work
soeems o uncertainty band (stat. + syst.)
o AMS-02 2021
A DAMPE 2017

¢ Fermi-LAT 2017 (HE+LE pEE
0 L erml L ( ,+ ) o | ll o A Nearby accelerators could leave

102 10° observable features in the
E [GeV] spectrum in theTeVregion

50

[E—
-
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@ CALET TASE..and e/p Separation RGP PRL 131, 191001 (202

< 151 T FilelD: 18041807 MDCTime: 1208070292 EveralD: 18386 :,\‘E TASC:11258.5 GeV [MIP)
'_'% - Measurement Accuracy T ————— | ] 10
‘LHQ 10__ — — Systematics on Energy Scale ol - \‘ e - . L m: L o “__ - I-"- R e
% = e u.‘..1"||':.-......¢.;.‘-..............-..“... = - [ ,'__ — _.'...._. P S S S S P — 4
Lqu 5:_ r L i Xi Sl dnss i il : et Wi ol RN T PPV S U T U W R — 10
: ______ 2ﬂi— l‘.‘ ‘__. e em— - zﬂ:— :. Ttk “::‘:‘ﬁ F BT R R R SRR R l:
. —_— ! OO ECEErT Cmem. [ 10°
- e — — — | iEEEN SREEEEEES
B 30 EEEE BEEEREEES | 30- %
S . . . CIETE T T . '
-/ Energy deposit resolution in the TASC i  mm il Im o T — 10
: i t | __LEEEEEEE _BEEES
-0~ IS better than 2% above ~8 GeV [ SRS RSN EESSEE [
_ r I R T 1 115 T
- 3 NSRS EES r
B 1 1 11 IIIII 1 1 111 IIII 1 L 1 IIIIII 1 1 1 IIIIII W‘ Eﬂ:' . u. .-‘ 1
-151 10 pye e " ||||l PP BN EP W
Energy Deposit Sum (Edep)}?'ieV] @ " ¢ 0 2 @ R N :w
12.04TeVelectron candidate
> O8F 'g E  E.=1204TeV HE
3 s Tracking (KF vs EM} @ [ Solid line = real event HE
T — : Es) 1E =
; - Charge Selection % [ Dashed line = 80% e- kept HE
e = ML Kinfed (el EPICE) € [ Dottedline = 50% -k [
E ,:,2:_ Electron Eentification I ‘ ao_‘%_
"-3? ﬂ: ,, ] 10—2E— \ .
02— -
- Energy dependence of systematic 10° :g‘;fg:" H
WF. uncertainties for electron spectrum " i £\
E 10 A
—ﬂ.B_ 1 I PR T | i |‘ I 1 L [ | 1 1 L1 & E § \
10 20 3 40 50 iliy xl iy =0’ C =
Enr_[g:lr [GEV] [ETEN NN YRS BUEEY RN AU AT AT | STSTSTEr rarar 1 b Lol
-50 —40 =30 -20 -10 0 10 20 30
Likelihood parameter

October 14, 2024 SUGAR 2024CALET Mission & Science Results 14



@' Cosmieray allelectron spectrum

Corr: S. Torii, Y. Akaike,
H.Motz, N. Cannady

250

50

October 14,
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& Cosmieay alielectron spectrum o ot . Cancy

— all-electron flux —— positron flux 1 = all-electron flux = positron flux
--== gecondaries and distant SNRs  ----- secondaries ] ----- secondaries and distant SNRs  ----- secondaries
.- all-electron flux from all pulsars «---- positron flux from all pulsars| = |eeae all-electron flux from all pulsars ----- positron flux from all pulsars
_________ electron flux from local SNRs:
T -y = Combined local SNR
R T Vela 2 ]
. 102 Tl —— CygnusLoop — 10 1
,-i‘ - . — Monogem r:\:} 1
v o CALET all-electron flux g CALET all-electron flux
'T[? AMS positron flux T AMS positron flux
A R
~ I
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F':n 10 \\ -I"—”- 10% 1
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W \ =3
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@ Observed events in CALET flight data

Proton, Eqasc = 2.89 TeV

: : Electron, E = 3.05 TeV
[ X-Z View
I:-: ===! I:l: “== 'IIJ.
I I i
[ T : " | . Y
-1EF 1{F i L a i
- e T e -
:. E -1 I-: I I.I.-.-.:l.‘-l. i ' i i L I - m
"3:':_ m P E————— = - " Eﬂ_ T T T L1 = 1ﬂ?
t (WS RN
e [ _NERSE "BRaSNE- 3 (v O:H13]
| i | CNNESN EENNEES 10
| |0 EEEEEE
[ [ | 'ENEEEEE EEEEEE E
4 [ EEEEEE RN &0
- U SRR T TR R a's
[ S RARNNNNRS NN - e Fighis |
: | SRRNENENSSRE —
50 50 T [ 1T TITIT]
:_ ............. paa b Ao le s o0l - e 3 0 op oV ase il ity e oo o 5 0 ;| ||1I
1 20 0 o 10 o k] 10 i 10 20 30
o tmg — [T ; gest ‘°2I
- ELH ] - | [SILH
— [ =] | ’t = H [ ]=] ] —
0T Em 7 A0 | ELH —
 =Em 7 B 7 C]er ] —
== ‘f r H 11 1055
20 EEE - 20— 4 SIEH =
L [5] =] = OmE [ —
- = I I T [ - l
B = [T o g
30— I T -30— =
B r [T T 1 TR —
E eem (I K n =
40— O 1 1T -A0— - -I:av -Icim Sll-nl:
[ |- - -_ leavy-ion Low
C I E i Exteraal Trggerm
B (R T B [ NN 5 e Tringedm
501 50— TITTT T
1 | | I ‘ I | | 1111 | 111 ‘ I | 11 - ‘ | I L | | | I ‘ | I ‘ I | | | I ‘ Il =L
30 20 710 0 10 20 20 710 0 10 20 a0 10

: X-L Vow
o a
'1|]-— n = “._I.' - Bl
- T r——T [
L - L
= . S 2 o
B BN CSRSRNRERRNNNS [
= S RSSN BESEESE £
i |  ENEEREN SEENEN :
[ -] i
'- - !
- B
;lll |I- I . :l--l||||-||-I||---|-||||-||I| 1&'
-] o =i h [} 1] ] b0 0 1 =0 1]
S— Fe, Exase = 9.3 TeV
= R EEEE———— o L §
..... P I T . W il il il
e T PR U S PR — r & -
d i3 R &
P A Y I A F— - -
(- - N R A . s i
______ P P T R i IS T —— . - o il i
- —— . 20— 1l — =
O e (TITT T - L
[T I'TTTT TN
[EEEEE EEEEEEEE | -
i IO T T IT——
EEEEEE EEEREEE | i
N L TN T T T T T T 10
A A .
OOOTrTT T T TTTTIT
I T TTTT T T
[EEEESEEE EERENDS I
eSS Smmsssaass ] ;
P T T I I I T laa el t... PN N O N N N T O T T [ O O [T
-2 50 [] L[ 20 =0 -1 [} 5 e

October 14, 2024

SUGAR 2024CALET Mission & Science Results

17



@ Energy spectrum of cosmiay protons

Corr: P.SMarrocches)
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Corr: P.Brogi
K. Kobayashi

@ Energy spectrum of cosmiay Helium

Fitting by Double Power Law (DBPL) function
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@ Cosmic Ray Proton/Helium Ratio

Corr: P.Brogi

K. Kobayashi
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@ Observed events in CALET flight data
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@ Observations of CosrdRay Nuclei

Preliminary spectra of Carbon — Iron This conference
106 - (Cx10 _ ] ]
JE e, CALET Preliminary Dedicated analysis of cosmray nuclg¢ar fluxes and
10700 flux ratios into the TeVregion ohgoing.
1 ‘l'Jl
o 10°E s agiiad AV Y __
:q"_) il 1052 -
O 4otk 1k . . = = —
o 107F PN | B SRS
C':-'g 10_9 :: 103 ._;: ......................................
x = 2 i TRYE RN T Y
S 4012 = 10° 3 B B
£ 107 E
— 10 .....
107" ¢ ATIC ¢ CREAM
-~ ¢+ TRACER #% RUNJOB 0
10718 t CRN t HEAD 3-C2
i r AMS-02 4 PAMELA be o5 o 15 20 -

10 10° 10° 10* 10° 10
Kinetic Energy per Particle [GeV]
October 14, 2024 SUGAR 2024CALET Mission & Science Results 22



@& Energy spectra of cosmigy BCO

Corr: P. Maestro,
Y. Akaike
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Corr: C.ChecchiaF.Stolzi
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@ Measurement of the Ti/Fe Ration

The Ti/Fe ratio as measured by HEAO (red)yd CALET (blue) as a function of kinetic enetGQALET
uncertainties are statistical only.The red line is a power law fit to the HEAO data.
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