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CALET-CAL Detector

A 30 radiation length deep calorimeter designed to detect electrons and
gamma-rays to 20 TeV and cosmic rays up to 1 PeV
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Analysis of Heavy Nuclei and Ultra Heavy Nuclei

An example of heavy nuclei An example of ultra heavy nuclei
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« Analysis of heavy nuclei « Analysis of ultra heavy nuclei
(Z>8) (Z=<40)
— On-board trigger — On-board trigger
— Event reconstruction — Event reconstruction
* Track reconstruction * Track reconstruction
» Charge identification » Charge identification
* Energy measurement — Relative abundance to Fe

— Energy unfolding
— Spectrum of primary components
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On-board trigger for heavy nuclei

On-board High Energy shower trigger (HE Trigger):
- The energy thresholds are set to detect shower events with energies over 10GeV

While penetrating light nuclei like protons and helium are not triggered, heavy
ions with Z > 8 that interact in deep layers are detected thanks to its large dE/dx
> Trigger efficiency for heavy nuclei with Z > 8 is therefore almost 100%.
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Analysis procedure for heavy nuclei

shower image in X-Z view

Event reconstruction

@ Tracking IMC
- Track reconstruction

(CHD-X) 330pum, (CHD-Y) 300um

@ Charge measurement CHD
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- dE/dx measurement
- consistency in CHDs and IMCs

3 Energy measurement TASC
- Sum of deposit energy in TASC

Flux measurement

- Energy unfolding
- Efficiencies, contaminants
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Analysis procedure for heavy nuclei

shower image in X-Z view

Event reconstruction

@ Tracking IMC
- Track reconstruction

. P (CHD-X) 330um, (CHD-Y) 300um
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Analysis procedure for heavy nuclei

shower image in X-Z view

\ Zp=26.01
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Event reconstruction

@ Charge measurement CHD
- dE/dx measurement
- consistency in CHDs and IMCs
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Analysis procedure for heavy nuclei

shower image in X-Z view

\ Zp=26.01
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Event reconstruction

3 Energy measurement TASC
- Sum of deposit energy in TASC

Flux measurement

- Energy unfolding
- Efficiencies, contaminants
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Track reconstruction

- Reconstruction of the shower axis is based on IMC signals
- Heavy nuclei can make many shower particles in IMC, which could be a large
background for track reconstruction. But the signal of primary particle is commonly
larger than the signals of the shower particles
> Simple tracking methods: Least chi-square fitting was applied for the maximum
clusters in upper four IMC layers.
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Charge identification

- Charge determinations are based on the signals from the CHD paddles
- To maintain good charge resolution and remove interact events at CHD;
- require the charge consistency in CHD and IMC
- Efficiency of these consistency cuts is 65~70% for heavy nuclei (Z>8)
with little energy dependence

Charge correlation in CHD
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dN/d(logE)

Ratio

Energy measurements and unfolding

- The shower energy is determined from the sum
- To derive the primary energy spectrum, Bayesian unfolding procedure were applied
- Response functions were made from MC simulation;

- EPICS v9.21, Cosmos8.01 with DPMJET-II

of the TASC signals

- Assuming MC spectra: dN/dE = AE"Y vy: initial power low index (=2.60)
A: norm. factor (determined by charge distributions)

taken into account in the unfolding procedures
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- Charge selection efficiencies and contaminants from the neighboring charged nuclei were also
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Energy spectrum of heavy nuclei

Flux measurement:

N(E

_ )
PE) = SQe(E)TAE

N(E) Events in unfolded energy bin
S Geometrical acceptance
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T. Live time (39 million seconds)
(Oct.13 2015 — Mar.31 2017)
e(E) Efficiency of trigger and
track reconstruction (>96%)
AE Bin width
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Energy spectrum of heavy nuclei
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Observations of ultra heavy nuclei

- CALET measures the relative abundances of ultra heavy nuclei through ,,Zr
- Onboard trigger for ultra heavy nuclei:
-signals of only CHD, IMC1+2 and IMC3+4 are required
> an expanded geometrical acceptance (4000 cm?sr)
- Energy threshold depends on the geomagnetic cutoff rigidity

Onboard trigger for UH events Geomagnetic Latitude
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Relative abundance to Fe

- Methods of track reconstruction and charge determination are same as
those for heavy nuclei analysis
- Event selection:
- Vertical geomagnetic cutoff rigidity > 4GV
- Zenith angle < 60 degree

Charge distribution
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Relative abundance to Fe

- Methods of track reconstruction and charge determination are same as
those for heavy nuclei analysis
- Event selection:
- Vertical geomagnetic cutoff rigidity > 4GV
- Zenith angle < 60 degree
- Contaminants from neighbor charge were determined from multiple-
Gaussian function

Charge distribution Relative abundance (Fe=1)
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Relative abundance to Fe

- Methods of track reconstruction and charge determination are same as
those for heavy nuclei analysis
- Event selection:
- Vertical geomagnetic cutoff rigidity > 4GV
- Zenith angle < 60 degree
- Contaminants from neighbor charge were determined from multiple-
Gaussian function

Charge distribution Relative abundance (Fe=1)
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Conclusions

Energy spectrum of heavy nuclei up to 100TeV/particle

« The ability of CALET to measure heavy cosmic-ray nuclei has been
successfully demonstrated, and preliminary energy spectra have derived for
the primary comic ray elements up to 100TeV using data from the first 18
months of operation.

« Further studies will provide the excellent energy spectra with high statistics
in a wide energy range, and reveal details spectral features.

Relative abundances of ultra heavy nuclei (,4Fe — 4,Zr)

« CALET has also the capability to measure the relative abundances of the
ultra heavy nuclei, and preliminary results of relative abundance to Fe were
consistent with SuperTIGER within statistical uncertainties.

* Further studies will reduce the low-energy spillover from lower charges and
allow us to resolve the odd-Z abundances as well
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Weighting for MC

- Response functions were made from MC simulation;
- EPICS v9.21, Cosmos8.01 with DPMJET-III
- Assuming MC spectra: dN/dE = AE~
y: initial power low index (=2.60)
A: norm. factor (determined by charge distributions)

Charge distribution with CHD
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