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Abstract

SVOM (Space based multi-band astronomical Variable Object Monitor) mission is a collaboration
between the French Space Agency (CNES) and the Chinese Academy of Sciences (CAS) dedicated to the
study Gamma-Ray Bursts to be launched in 2021, which goal is to perform multi-wavelength analysis
of transient events in the sky, among which Gamma-Ray Bursts, the most powerful stellar explosions in
the Universe. SVOM aims to be the next Gamma-Ray Bursts multi wavelength space observatory. The
ECLAIRs space telescope is part of the French contribution on the SVOM mission. By detecting the very
first lights (prompt emission) of the Gamma Ray Bursts in the [4 keV - 150 keV] energy range, ECLAIRs
will be the initiator of the follow-up (multi-wavelength observations) based on a complementary network of
space and ground instruments. The scientific performance of the ECLAIRs instrument and its design are
deduced from the scientific objectives allocated to ECLAIRs within the SVOM mission. The architecture
is based on a combination of 3 key solutions: the coded mask imaging associated with advanced imaging
software, a compact ASIC CdTe hybrid detector with low noise/low energy level threshold (4 keV) as well as
high sensitivity and an onboard powerful processor along with its associated trigger algorithms for gamma
ray bursts detection. Each of ECLAIRs subsystems have therefore needed specific system performance
analysis and simulator developments in order to reach optimized solutions allowing the ECLAIRs system
to meet the expected scientific performances. We here present the performance system analysis at mission
and instrument levels. We also detail the main scientific performance (sensitivity, localization accuracy,
energy resolution ...) of the ECLAIRs instrument together with the tools developed to validate these
performances at system and subsystems levels.
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1. THE SVOM MISSION

The Instruments onboard SVOM (See Figure 1) are two
wide field of view instruments (ECLAIRs and GRM) and
two narrow field of view instruments (MXT and VT).
Thanks to these instruments, SVOM will operate from
R & V bands (with the VT telescope) to X and gamma
rays (up to 5 MeV with the GRMs).

The Infra-red capability of the mission comes from the
CAGIRE camera for the Colibri telescope on ground.
The operating principle is the following:

• ECLAIRs will detect and localize the GRB and send
the alert (GRB characteristics) to ground based
telescopes,

• SVOM will reorient itself thanks to ECLAIRs indi-
cation, MXT and VT will observe the GRB with
a better precision and transmit the information to
ground based telescopes.

2. ECLAIRs architecture and Science/System perfor-
mance analysis

The main characteristics and expected performance of
ECLAIRs are the following: (see Figure 2)

Energ band: 4 keV – 150 keV

Goal: (1) Detect about 200 Gamma Ray Bursts (GRBs)
over the mission, (2) Detect long (few seconds),



Fig. 1. The SVOM Satellite and Payload

short GRBs (< 2 s), X-ray rich GRBs (< 30 keV),
(3) Generate alert in less than 30 s.

Localization error: Less than 11.5 arcmin (90 % con-
fidence level error radius) for Signal to Noise Ratio
= 8.

Detection performances: (a) Camera operation in
photon counting mode: Raw data transmitted: po-
sition, time, energy of all detected photons, (b) En-
ergy measurement accuracy: better than 0,3 keV
below 80 keV and better than 0,5 keV above 80 keV,
(c) Time resolution: 20 ms.

Design choices: (a) Detector plane: 1024 cm2 - 6400
CdTe detectors, (b) Coded mask imaging.

Fig. 2. The ECLAIRs instrument

3. Detection performance analysis

3.1. GRB detection and trigger algorithms

On the image trigger algorithm, image reconstruction
and source localization are launched every 20 s. The
count-rate trigger sorts out the photons into multiple
time slices, energy bands and detector plane zones. For
each storage zone, if a significant count rate increase is
detected, the source localization algorithm is processed.

The trigger algorithms are implemented in the UGTS
electronics.

3.2. Energy measurement accuracy

The energy measurement accuracy is reached thanks to
on board calibration using the Pb and Cu fluorescence
lines of the material of the shielding. Assuming the en-
ergy resolution of the detectors < 1.6 keV and encoding
the energy on 10 bits is required to reach the required
energy measurement accuracy : < 0.3 keV below 80 keV.

3.3. Performance of the ASIC-CdTe hybrid detectors

The performance of the detection modules have been
tested on 33 detectors modules in 3 configurations (dif-
ferent peaking time and high voltage power supply).

• Low level threshold performance (4 keV),
• Energy resolution performance (FWHM).

Fig. 3. FWHM and Low Level Threshold (LLT) of a sample detectors

in representative configurations - Correlation between FWHM and

LLT

4. Conclusions

From the scientific performance of the SVOM mission,
we have deduced the scientific performance applicable
to the ECLAIRs space telescope. The Science and Sys-
tem levels analysis results in the allocation of the per-
formance to the various ECLAIRs subsystems. We have
developed simulators in order to assess the capabilities
of the ECLAIRs instrument to meet its scientific perfor-
mance within the SVOM mission. They can adapt to
the evolution of the design choices as well as to the mea-
sured performances at subsystem level. The simulators
are modular and are based on external results (PSF, ef-
fective area, background files) that are obtained by tests,
measurements or by more complex and time consuming
simulations. These elements can easily be replaced at
any time, as soon as more refined/realistic test results
become available following the instrument system and
subsystem levels validation test campaign.


