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CALET: introduction

The CALorimetric Electron Telescope (CALET) is a Japanese led international space mission by 
JAXA (Japanese AeroSpace Agency), Italian Space Agency (ASI) and NASA. 
Launched on 19 August 2015 to the International Space Station (ISS).
Observation period: 5 years.
Main objectives: 

direct measurements of the electron spectrum up to 20 TeV, 
nuclei spectra up to several hundreds TeV,
detect gamma ray emissions up to 10 TeV.
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CALET Payload

FRGF (Flight 
Releasable Grapple 
Fixture)

CGBM 
(CALET 
Gamma-ray 
Burst Monitor)

ASC　
(Advanced 
Stellar Compass)

GPSR 
(GPS 
Receiver)

MDC (Mission 
Data Controller)

Calorimeter

 ・ Mass:  612.8 kg
 ・ JEM Standard Payload Size:

       1850mm(L) × 800mm(W) × 1000mm(H)
 ・ Power Consumption:  507 W（ max）
 ・ Telemetry:

       Medium 600 kbps (6.5GB/day) / Low 50 kbps

Launched on Aug. 19th, 2015
by the Japanese H2-B rocket

Emplaced on JEM-EF port #9
on Aug. 25th, 2015
(JEM-EF: Japanese Experiment
Module-Exposed Facility)

Kounotori (HTV) 5

JEM/Port #9
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Detectors: quick overview
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TASC IMC CHD

Depth 27 X0 3 X0 ~0.1 X0

Read-out APD/PD MaPMT PMT

Material PbWO logs SciFis + W sheets Plastic paddles

Segmentation 2 x 2 x 32 cm3 0.1 x 0.1 x 44.8 cm3 3.2 x 1 x 45 cm3

Main calorimeter detectors,
a charge detector (CHD) with a high 
dynamic range, up to Iron and above,
an imaging segmented calorimeter 
(IMC), used also to reconstruct tracks,
a total absorption and homogeneous 
calorimeter (TASC).
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Anticipated electron flux.
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Electron range limited by their energy loss during the propagation in galaxy.
For an electron @ 1 TeV: propagation time ~ 2.5 · 105 yr, source maximum distance ~ 1 kpc.
Only electrons accelerated in nearby sources could reach the Earth with an energy >~ 1 TeV.

Detailed model by T. Kobayashi 
et al., Ap.J. 601 (2004) 340.  
CALET 5yr anticipated flux (red 
points)
Capability to investigate nearby 
sources and dark matter 
signatures.
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Acceptance definition
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First publication regarding electrons A+B, second electron publication A+B+C+D above 500 GeV.

Geometric factors



Analysis: pre-selection
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Off line trigger: thresholds higher than the hardware 
trigger.
Reconstructed track in acceptance.
Charge selection (with CHD and IMC).
Track consistency with TASC shower.
Shower development cut:

log-likelihoods cut of longitudinal shower profile,
large shower concentration in the last IMC layers.

2017/03/21

50 MIP
100 MIP

Reduce contamination of nuclei heavier than proton and particles out of acceptance.

Representation of the off line trigger 
selection.

Unfolding procedure is not needed thank to the excellent energy resolution (<2% @ 2TeV)
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Analysis: e/p rejection cuts
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Simple 2 parameters cut named “K cut”: 
FE: fraction of TASC energy deposit in the last layer.
RE: lateral shower spread in first TASC layer.

MVA-BDT analysis including:
FE, RE, IMC shower concentration,
gamma fit of longitudinal shower profile in TASC,
exponential fit of longitudinal shower profile in IMC.

In each energy bin only the variables that show a good agreement between the EPICS Monte Carlo 
simulations and the flight data are included in the BDT algorithm.

See: O. Adriani et al.,  PRL 119, 181101 (2017), L. Pacini and Y. Akaike PoS(1CRC2017)163

}
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Efficiency and contamination

10

Electron efficiency obtained with EPICS.Rejection cut thresholds calculated to obtain a 
constant high efficiency of 80% for electrons.
Total efficiency of order of 70% @ high energy 
obtained with two independent simulation, 
based on EPICS and GEANT4 packages.
Proton contamination obtained with EPICS and 
confirmed with GEANT4, using BDT cut:

<~ 5% up to 1 TeV
<~20% up to 4.8 TeV

Detector calibrated selecting not interacting protons and helium nuclei, absolute 
energy scale checked with the geomagnetic cut-off (observing low energy electron).
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BDT response and stability
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Top: stability of the BDT cut with different 
training sample and electron efficiency.
Bottom: BDT stability check vs energy

Comparison between EPICS MC simulation 
and flight data in two energy bins, full 
acceptance.

Points: mean
Error bars: stddev
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Main systematic errors
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Systematic error of ~ 5% below 1 TeV.
Some energy dependent tests:

different tracking algorithms,
CHD vs IMC charge selection,
K cut vs BDT
GEANT4 vs EPICS simulations

Other systematic sources are:
1)Long-term stability (~ 1.4%)
2)Live time measurement (~ 3%)
3)BDT stability (~1%).

Main systematic 
sources.

}
}
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New electron measurement.
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Consistent with the first measurement (Nov 2017).

O. Adriani et al.,  PRL 120, 261102 (Jun. 2018)

780 days, full acceptance.

Many papers 
speculating about 
the tentative peak:

arXiv:1711.10995
arXiv:1711.11579
arXiv:1712.00869
arXiv:1711.11012

There are two group of measurements: AMS-02+CALET and Fermi-LAT+DAMPE.
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DAMPE binning
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Analysis with the DAMPE binning.
Lower flux in the region 0.3 – 1 TeV.
~4σ difference in the 1.4 TeV energy bin.

Blue: DAMPE broken power-law,
χ2/NDF = 17/25

Green: exponential cut-off,
χ2/NDF = 13/25 (break ~2.3TeV

Black: single power-law,
χ2/NDF = 26.5/26
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Conclusion and prospectives
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The second electron flux measurement with the CALET experiment has been presented.
The CALET observation is in good agreement with the AMS02 and PAMELA data.
CALET does not show any significant excess in the 1.4 TeV energy bin.
Our measurement is consistent with a spectral break above ~1 TeV.
The current statistics do not achieve a clear measurement of the spectral break.
The accuracy of the break’s sharpness and position, and of the spectral shape above 1 TeV, will 
improve by better statistics based on the analysis of additional flight data during the ongoing five-year 
(or more) observation.
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Thank you very much
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Content

Backup
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Nuclei spectra

B/C ratio above 1 TeV/n.
Provide information about propagation path 
length.

18

Proton and helium spectrum.
Investigate possible new structures up to the 
knee (PeV).

Anticipated p and He flux (5 yr) Anticipated B/C flux (5 yr)
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Detector performance

IMC: angular resolution <1° for 
electrons, Kalman filter algorithm.

Angle between the 
generated and 
reconstructed 
direction
(EPICS simulation).
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Charge resolution (ΔZ) of 0.15 
for B and C and 0.3 for Fe.
Flight data, CHDX vs CHDY

e- energy resolution @ 
1TeV is  < 2%.

Fraction of energy in TASC, 
electrons @ 1TeV
a.u.

MC EPICS
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Calibration
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Conversion ADC  MIP:→

flight data measurement with not interacting protons and 
helium,
position and temperature correction.

Linearity test of 4 dynamic ranges using laser on ground.
 Stitching between different dynamic ranges:

using the energy deposit by high energy sowers
Systematic error related to the calibration ~ 1.5%. 

Position correction in TASC

MC flight data comparison
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Electron energy reconstruction
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Fraction of observed energy.
Good agreement EPICS-GEANT4.
Reconstructed energy:

E. dep. In TASC+IMC

Fraction of observed energy

Using Erec as the energy scale.
No need of unfolding thanks to the excellent energy resolution.

Observed energy: TASC + IMC e. dep.
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Energy scale.
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Conversion factors between the energy deposit 
and the primary electron energy are found with 
EPICS and confirmed with GEANT4.
On flight detector calibration described in         
Y. Asaoka et al., Astroparticle Physics 91.
Absolute scale checked with the geomagnetic cut-
off computed with Tracer + IGRF12.
Secondary particle component measured below 5 
GeV (no primary expected in this region).
A correction factor of ~3.5% is found and applied 
to the electron flux. 
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Kalman filter

Branch on each layer for every compatible 
hit.
Eventually kill bad tracks.
Select physical track(s) among survivors.
In CALET: on-line kill of candidate tracks 
based on the missing hits and χ2 
computation.
Physical track identification based on the 
χ2 computation and match with the 
shower axis reconstructed in TASC.
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First electron measurement.
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627 days, acceptance A+B.
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Flux with different binning
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Stability of  CALET result confirmed using different binning
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