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Abstract: During a five year mission starting in 2014 the CALET space experiment, under development by
collaborators in Japan, Italy and the United States, will study electrons to 20 TeV, gamma rays to 10 TeV and
nuclei with Z=1 to 40 up to ∼1,000 TeV. The primary goals of the CALET mission include investigating possible
nearby sources of high energy electrons, studying the details of galactic particle propagation and searching for
dark matter signatures. During the entire course of the mission it is anticipated that CALET will generate about
3.25 gigabytes of cosmic ray particle data every day for use in investigating the science goals. This presentation
summarizes the collaboration plans for the handling and processing of CALET data on a routine basis, analysis of
these data into science results, and archiving appropriate CALET data products.

Keywords: CALET, cosmic rays, data handling.

1 The CALET Mission
The CALET instrument is designed to measure electrons
from 1 GeV to 20 TeV and, in addition, protons and nucle-
i from several tens of GeV to 1000 TeV as well as high-
energy gamma-rays from 10 GeV to 10 TeV. The instrumen-
t is being designed and built in Japan, with hardware contri-
butions from Italy and assistance from collaborators in Italy
and the United States [1]. It is expected that the instrument
will be launched in mid-2014 and installed on the Japanese
Experiment Module − Exposure Facility (JEM-EF) on the
International Space Station (ISS) for a 5 year mission col-
lecting new data on high energy cosmic and gamma rays
[2].

The instrument pallet includes a gamma ray burst instru-
ment (HXM, SGM), an Advanced Stellar Compass (ASC)
for attitude determination, a Mission Data Controller (MD-
C) to manage the individual detector systems and handle the
accumulated data, as well as the CALET instrument itself.
CALET, which uses the principle of ionization calorimetry
for high energy particle identification, consists of three pri-
mary detectors: the Charge Detector (CHD) for determining
the incident particle charge, the Imaging Calorimeter (IMC)
for determining the electromagnetic shower starting point
and the Total Absorption Calorimeter (TASC) to foster the
shower development and obtain a measure of the incident
particle energy [3]. Together the IMC and TASC also deter-
mine the incident particle trajectory. The instrument weight
will be approximately 600 kg, and the detectors will have a
total absorber thickness of 30 radiation lengths, 1.3 proton
interaction lengths, and an effective geometrical factor for
high-energy electrons of 1,200 cm2 sr [1, 2, 3]. Over its 5
year mission, the data collected by CALET will be used to
investigate the possibility of a nearby source of high energy
cosmic ray electrons, to study the propagation of cosmic
rays in the galaxy, probe the cosmic ray source and acceler-
ation mechanism and to search for signatures of dark matter
[4]. This paper discusses the initial plans of the CALET
collaboration for handling and processing these data into
products that will aid the scientific investigation.

 

Fig. 1: The overall CALET task relationships, structure and
data flow.

2 The CALET DPAP
To coordinate the CALET development and data analysis
among the collaborating institutions, the team developed a
Data Processing and Analysis Plan (DPAP) document [5].
This working document defines the collaboration organi-
zation and splits the CALET Science Team into five ma-
jor areas of effort including the 1) CALorimeter telescope
(CAL) instrument modeling and simulations, 2) CAL cali-
bration and testing, 3) CAL data handling and analysis, 4)
publication policy and 5) CALET Gamma ray Burst Moni-
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tor (CGBM). Each team includes representatives from each
collaborating country and overall coordination is provided
by the International Executive Committee (IEC) and the
Principal Investigator, S. Torii, in Japan. Communication is
maintained through email, teleconferences within a coun-
try, international collaboration teleconferences, face-to-face
meetings as appropriate and the distribution of documents
and data through a series of online fileservers.

The interaction between these task teams is illustrated
in the general CALET data flow diagram of Figure 1. The
instrument modeling and simulations team sets the stage
for understanding the instrument performance and devel-
oping algorithms for data processing and analysis. Parame-
ters characterizing the detectors and electronics are deter-
mined from accelerator, laboratory and on-orbit calibrations
and tests. The parameters and algorithms then combine to
process the CALET raw data (Level 0) into higher level
volumes (Level 1, 2, etc.) that are then distributed for sci-
ence team analysis. The science analysis uses these higher
level data with the instrument simulations and calibrations
to 1) validate and refine the initial data processing and 2)
generate science results. The science results are then vet-
ted through the CALET Publication Policy committee to
produce collaboration sanctioned reports, talks and publica-
tions. CGBM data follow a similar, parallel process and are
coordinated with CAL gamma ray observations. The flow
of the data through this system, the definition of the various
data volume levels, and the data handling roles are coor-
dinated through the CALET Data Handling and Analysis
team.

3 The Data Handling and Analysis Task
The CALET Data Handling and Analysis task team defines
the overall requirements for the data needed for the scientif-
ic analysis of the CALET results and specifies the software
functionality to be incorporated into the end-to-end data
handling for CALET. Roles and responsibilities are delin-
eated, data formats are considered (in consultation with oth-
er task teams) and the software development tasks for the
different levels of data processing are specified. By inter-
national agreement the scope of this task team specifically
includes 1) software development for Level-0 to Level-1
processing in Japan, 2) development of a data system to
store and process Level-1 data at principal institutions, 3)
provide Level-1 and higher level data to the CAL Science
Team, 3) define needed software for background suppres-
sion, 4) develop an approval process for all releases of data,
data products, and scientific or technical results and 5) co-
ordinate interaction with CGBM Data in cooperation with
Gamma ray Burst Monitor Team.

3.1 Data handling from orbit to ground
Figure 2 illustrates the anticipated method by which the
CALET data are transferred to the ground. From the CALET
instrument attached to JEM, data are transferred through the
International Space Station, relayed via TDRSS (Tracking
and Data Relay Satellite System) to the White Sands down-
link station and passed on to the ISS Operations Center at
Marshall Space Flight Center (MSFC). A secure link is then
used to transfer CALET data to the JAXA JEM Operations
Center located in Tsukuba, Japan. The ”raw” ISS-JEM data
stream received by the JAXA Operations Center contains
readouts from many different experiments hosted by JEM

or JEM-EF. Thus, the CALET data must be extracted from
this ”raw” data stream before being passed on.

CALET is equipped with two data transfer channels. The
Ethernet channel operates at a medium rate of 300 kilobits
per second (kbps) and functions in real-time mode for, on
average, approximately 70% of each day. In this mode, an
event observed by CALET on the ISS will reach Tsukuba
only 2 to 3 seconds following the event. When the real-
time link is unavailable, CALET data are recorded on-board
the ISS in the High rate Communication Outage Recorder
(HCOR) for later replay at a factor of ∼10 faster than
real-time. In parallel, a MIL-STD-1553B channel provides
low rate data at 20 kilobits per second. This redundant
channel will be used to telemeter the CALET housekeeping
information plus a sample of the highest priority events.

The maximum data rate of 300 kbps from the medium
rate channel sets the limit on the total volume of raw data
that will need to be handled by the CALET ground data
system. This is approximately 3.24 gigabytes per day or
about 6.0 terabytes for the 5 year mission.

3.2 Level 0 Data and Instrument Monitoring
Level 0 is the raw CALET data, corrected for gaps and bad
frames, as transmitted by the instrument and contains the
complete information about the instrument status, calibra-
tions and events. These data, however, are in a binary frame
format and will not be directly useful for data analysis. In-
stead the Level 0 data will be transferred to the CALET Sci-
ence Operations Center at Waseda University in Japan, and
put into a form (Level 1) that will be distributed to CALET
collaborating institutions for further processing and anal-
ysis. In addition, the CALET Science Center will extract
housekeeping, rates, and characteristic event data to gen-
erate plots for monitoring the instrument health and per-
formance. These plots will be available through a website
managed by the CALET Science Center.

3.3 Level 1 Data and Distribution
Level 1 will include all the event, housekeeping, rate, flag,
threshold, trigger, calibration, and ancillary data contained
in Level 0 with the following exceptions. All records will be
time ordered with timestamps corrected to UTC and missing
or corrupt data will be represented by a fill value. Further,
the housekeeping temperatures, voltages and currents will
be converted to physical units and a simple conversion to
”pseudo-charge” or ”pseudo-energy” will be applied to the
ADC values. The conversion matrix parameters will be
supplied so the ”pseudo-value” can be reversed to the ADC
value as needed. Finally, bad ADC values will be flagged.
The data volume will be in a binary format and will include
a read routine so the data can be translated into different
formats as needed.

The Level 0 to Level 1 processing at the CALET Science
Center in Waseda is shown in Figure 3. The Level 1 data
volume will be distributed to the satellite data centers at
Louisiana State University and the University of Pisa for use
by CALET science team members in developing detailed
instrument response functions. Analysis of the Level 1
data volumes will focus on developing the algorithms and
parameters necessary, for example, to perform temperature
corrections of the energy deposits, determine the charge
of the incident event and establish the event trajectory
through the instrument. This analysis will likely be done
with guidance from the instrument model and simulations.
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Fig. 2: The data flow channels from CALET on the ISS through the ground system to the CALET operations center at
Tsukuba.

 

Fig. 3: Showing the flow of raw data from CALET and the processing to the Level 1 data volume.

3.4 CALET Level 2 data and higher
Processing from Level 1 to higher levels and to science re-
sults is illustrated in Figure 4. The major task for the Lev-
el 1 data analysis is to develop the algorithms and criteria
needed to convert the Level 1 data into the Level 2 dataset,
which are fully corrected for position effects, temperature
effects, and any non-linearities. The data volume is expand-
ed to include trajectory parameters, energy deposits, charge
assignments and flux normalization data. It is expected that
this work will be shared by the full collaboration and that
multiple, redundant methodologies will be used. This will
inevitably lead to different ”working versions” of Level 2
data volumes which will be useful for cross-checks and
validating final results. However, before a final Level 1 to
Level 2 data processing can be undertaken, it will be nec-
essary to select the algorithms and processing parameters
to be employed. This will be the responsibility of a Data
Processing Committee (DPC) co-led by a representative
from Japan, Italy and the USA and involving other science
team members as needed. The DPC will determine the ”of-
ficial” Level 1 to Level 2 processing system, and only then

can the CAL Level 2 data volumes be produced. It is these
”official” Level 2 data volumes that will be employed for
science analysis.

It is possible that instrument parameters/calibrations may
change during the five year mission period. Accounting for
such changes may require periodic updates to the Level 1
to Level 2 processing software and, quite possibly, the need
to re-process some of the Level-1 data. Such decisions will
be made by the DPC in consultation with the project and
other science team members.

The Level 3 data volume includes particle type, particle
energy and arrival direction for each event. Several different
Level 3 (or higher) data volumes might be created as the
need arises. Processing from Level 2 to Level 3 or higher
levels will, in general, be science analysis driven and may
be performed on selected subsets of the CAL data. For
example, in analyzing gamma ray events it may be desirable
to select events above some energy threshold and for each
of these events to convert the arrival information into Right
Ascension, Declination units or into galactic coordinates.
In addition, such higher level processing might be used
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Fig. 4: Processing and analysis of the Level 1 CAL data.

to study any major instrument performance changes that
occur during flight. It is anticipated that there could be
several different Level 3 (or higher) data volumes that may
be created as the need arises. Further, this Level 3 (or
higher) data will be the version submitted to the agency
data archives.

4 Conclusions
The CALET instrument is expected to begin its 5 year
mission exploring the astrophysics associated with high
energy electrons, heavy ions and gamma rays during 2014.
The plans to handle the instrument data cover a broad
range of institutions across three member countries (Japan,
U.S., Italy). It is expected that the data processing and
analysis will evolve over the course of the mission in order
to extract the maximum science return from this state of the
art experiment.
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