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The CALorimetric Electron Telescope
• Deployed on the ISS since 2015/08
– Advanced Stellar Compass (ASC)
– CALET Gamma-ray Burst Monitor 

(CGBM)
• Hard X-ray Monitor (HXM)
• Soft Gamma-ray Monitor (SGM)

– Calorimeter (CAL)
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CALET-CAL
• Observation targets

– Electrons  (10 GeV – 20 TeV)
– Gamma-rays (1 GeV – 1 TeV)
– Protons and nuclei (to ~1 PeV)
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CALET-CAL
• CAL subsystems

– Charge Detector (CHD)
• Plastic scintillating paddles (32mm x 10mm x 450mm)

– Imaging Calorimeter (IMC)
• Fine plastic scintillating fibers (1mm x 1mm x 448mm)
• Inactive tungsten sheets
• Total 3 radiation lengths

– Total Absorption Calorimeter (TASC)
• Lead tungstate logs (19mm x 20mm x 326mm)
• Total 27 radiation lengths
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CHD

IMC

TASC



Showers in the CAL
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Gamma-ray candidate
Edep sum ~400 GeV

Helium candidate
Edep sum ~400 GeV



Gamma-ray event selection
• Preselection

– Offline trigger
– Geometry
– Tracking

• Shower shape
– IMC concentration
– Albedo
– K-cut (90% eff.)

• Charge zero
– CHD hit filter
– CHD max filter
– IMC1 hit filter
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• EM Track
• Developed for electromagnetic shower tracking
• Used for the electron analysis

• CC Track
• Developed specifically for low-energy gamma-rays
• Increased sensitivity below 10 GeV

Requirements on track reconstruction
• 2 < Npx < 8
• 2 < Npy < 8
• |Npx – Npy| ≤ 1
• Consistency with TASC 1x

Np:  number of IMC 
layers used in track 
reconstruction 
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FE: fraction of TASC energy in bottom layer
RE: lateral spread of TASC energy deposits

O. Adriani et al., PRL 119, 181101 (2017) supplemental material
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ISS structures
• Unexpected background source

– ISS structures in CAL field of view
– Secondary photons from cosmic ray 

interactions in material
– Fixed structures – masked
– Periodic structures (solar panels, 

radiators, etc.)
– Non-periodic structures (SSRMS, ...)
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Dataset

• Simulated:
– EPICS/COSMOS package used for simulation

– Thrown isotropic from sphere

– 0.1 GeV – 1000 GeV, distributed ~ E-1

– 3.2 x 107 events per decade of energy

• Flight
– First two years of LE-γ run data (2015/11 – 2017/10)

– Reduced threshold of ~1 GeV

– Active at low geomagnetic latitudes
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http://cosmos.n.kanagawa-u.ac.jp/



Effective area
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Effective area determined using EPICS simulations 

CC Track reaches 
maximum
at E ~2 GeV

EM Track reaches 
maximum
(~400 cm2)
at E ~10 GeV

Events with
E < 1 GeV
not included in 
present analysis

CC Track not used 
above 10 GeV



Angular resolution
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• 68% containment radius in angular error
• Fit by empirical scaling function
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Angular resolution
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• 68% containment radius in angular error
• Fit by empirical scaling function

!" #, %" = '() + '+)#,)- 1 + #/

• Point-spread function constructed with 
scaled angular error

• Fit by pair of King functions,

0 1, 2, 3 = 1
252) 1 − 13 1 + 1

23 7
1)
2)

,8

K (core)
K (tail)



Flight data PSF
• Signals from Crab, Geminga, Vela 

used to validate simulated PSF
• Construct distribution of events in 

region in scaled angular error
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Flight data PSF

• Signals from Crab, Geminga, Vela 

used to validate simulated PSF

• Construct distribution of events in 

region in scaled angular error

• Constant background term present

– Galactic diffuse emission

– Residual charged particles
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Flux validation with pulsars
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Agreement of fluxes with Fermi-LAT published parameterizations

Crab χ2 = 4.64 (EM), 4.16 (CC) ndof = 7
Geminga χ2 = 6.73 (EM), 5.74 (CC) ndof = 8
Vela             not consistent – systematic effects near edge of FOV

LAT fluxes:

Crab:
Abdo et al. 2009

Geminga: 
Abdo et al. 2010

Vela:
Abdo et al. 2009



Fermi-LAT diffuse comparison
• Fermi-LAT PASS-08 data for 08/04/2008 

– 03/12/2017 taken from public archive

• CALET exposure applied to the derived 
flux map to determine expectation

• Comparison used to validate CALET 
diffuse observation
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~2e8 cm2 s
at 1 GeV
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at 1 GeV



Restricted FOV
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Galactic latitude projection
• Region: galactic latitude |l| < 80°
• Project events onto galactic latitude

• EM Track:  consistent
• CC Track:  excess at higher latitudes

– Charged particles
– Unaccounted-for ISS structure
– Point sources
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On- and off-plane regions
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On-plane:
|l| < 80°
|b| < 8°

Off-plane:
|b| > 10°



Averaged fluxes
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EM Track CC Track

On-plane consistent:
EM: χ2 = 16.5  (19 dof)
CC: χ2 = 5.31  (10 dof)
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CC: χ2 = 5.31  (10 dof)

Off-plane excess over 
expectation



Averaged fluxes
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EM Track CC Track

On-plane consistent:
EM: χ2 = 16.5  (19 dof)
CC: χ2 = 5.31  (10 dof)

Off-plane excess over
expectation

Charged particle sim.
• Electrons (CALET flux)
• Protons

• Low-energy: PAMELA
• High-energy: AMS-02 

and CREAM-III
• Can’t account for all low-

energy excess



Conclusions
• CALET observing gamma-rays E ≥ 1 GeV
• Instrument characterized using EPICS simulations

– Effective area ~400 cm2 above 2 GeV
– Angular resolution < 2° above 1 GeV

(< 0.2° above 10 GeV)
– Energy resolution ~12% at 1 GeV

~5% at 10 GeV

• Simulated IRFs consistent with 2 years of flight data
• Consistency in signal-dominated regions with Fermi-LAT
• Residual background in low-signal regions

(under investigation)
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See also:  E1.17-0022-18 (Mori & Asaoka):  GeV-energy transients with CALET
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Backup



Energy reconstruction
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Absolute pointing accuracy

• Overall rotation between catalog and CAL frames
– Construct rotation quaternion to remove
– Log-likelihood minimization using PSF for positions

• Residual errors after correction (< 0.1°)
– Random in direction
– Consistent with fitting errors
– Statistics-limited pointing accuracy
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Flux validation with pulsars
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Associated with source (blue):
x < 2.6 (EM Track)
x < 3.4 (CC Track)

Background measurement (red):
4.5 < x < 6.5



Geminga fit

High statistics and relatively low background fraction 

allow for fitting of the Geminga flux

Three models tried:

• Power law (PL)

• Broken power law (BPL)

• Cut-off power law (COPL)

• Simple PL not supported

• BPL and COPL both well fit

• COPL slightly favored over BPL

• Parameters within errors of Fermi-LAT published fit

(Abdo et al. 2010)
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