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1 IRAP, Université de Toulouse, CNES, CNRS, UPS, Toulouse, France
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Abstract

The Space Variable Object Monitor (SVOM) is a Chinese-French mission to study Gamma-Ray Bursts
(GRB) and transients sources to be launched at the end of 2021. The wide-field hard X-ray coded-mask
imager ECLAIRs is the leading instrument in charge of the autonomous detection and first localization
of GRBs autonomously onboard. The background, either of instrumental or astrophysical origin, usually
limits the sensitivity of such instruments. Detailed estimations of the background are generally achieved
by simulating the photon and particle interactions with the camera and spacecraft bodies using a Monte-
Carlo approach. However, this is a time-consuming process, especially to cover all possible geometrical
and orbital configurations. We present a much faster method to compute the background in either a static
or dynamic (time dependent) way. The method consists in a preliminary calculation of a large photon
and particle database using the GEANT4 toolkit and subsequently applying a selection process based on
the incoming direction and energy of particles. This approach is as accurate as standard Monte-Carlo
methods, while it significantly reduces the computation time. We illustrate this new method with the
computation of the ECLAIRs dynamic background.
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1. SVOM/ECLAIRs

ECLAIRs is a large Field-of-View (FoV: 89◦ × 89◦) X-
ray/soft gamma-ray coded-mask imaging telescope op-
erating between 4 keV and 150 keV (Fig. 1). The de-
tector plane is an assembly of 6400 pixels (4×4 mm2

× 1 mm-thick CdTe Schottky detectors. More details
can be found in Atteia et al. (2020) and Godet et al.
(2014). SVOM is a Low Earth Orbit satellite with an in-
clination of ∼30◦ with a nearly anti-solar pointing strat-
egy (Cordier et al. 2008). Due to this pointing strategy,
the Earth transits through the ECLAIRs FoV and pro-
duces a modulation of the background count rate. For
ECLAIRs the Cosmic X-ray Background (CXB) pho-
tons, the reflection of the CXB from the Earths atmo-
sphere (Reflection), the hard X-rays from the Earths
atmosphere (Albedo), the charged particles within the
South Atlantic Anomaly and the Cosmic-rays are the
main background sources. On average, about 1.5 ×107

background photons are expected per orbit (∼98 mn)
compared to the few thousand photons of the brightest
GRBs.

Fig. 1. (Left) SVOM payload: ECLAIRs : Hard X-ray coded mask

imager (4 - 150 keV), GRM : Gamma Ray Monitor (0.015 - 5

MeV), MXT : Micro channel plane X-ray Telescope ( 0.2 - 10

keV) and VT : Visible Telescope (400 - 960 nm). The ground

instruments : GWAC : Ground Wide Angle Camera (500 - 800

nm, 5000 deg2), already operational and GFT : Ground Follow-up

Telescope (400 - 1800 nm). (Right) ECLAIRs is composed of 4

sub-systems: The mask – The structure and lateral shield – The

detection unit – The on-board calculator (UGTS).



Fig. 2. (Left) ECLAIRs spectra of all the photon background com-

ponents for different Earth zenith angles : CXB, Reflection and

Albedo on the top left, top right and bottom left respectively. The

Albedo is estimated at the position where the maximum emission

is observed (30◦N and 287◦E). The total spectrum (sum) of all

photons components is shown in the bottom right panel. (Right)

Typical variation of the background due to the electrons (Blue)

and protons (Orange) when ECLAIRs enters the SAA. For com-

parison, the maximum photon background count rate (sum of the

CXB, Reection and Albedo components) is shown as the dotted

line.

2. PIRA the Particle Interaction Approach

The PIRA (Mate et al. 2019).is based on a pre-computed
database of particle-instrument interactions simulated
using the GEANT4 toolkit (Agostinelli et al. 2003). The
particles stored in the database are reused to perform
new simulations. A selection process based on their in-
coming direction and energy keeps or discards them for
the new simulation. Such an approach retains the accu-
racy of the GEANT4 simulations, while the recycling of
particles bypasses the process of carrying out new sim-
ulations each time the characteristics of the simulated
particles are changed.
Generation of the database: this is carried out by
running GEANT4 simulations (Bouchet et al. 2020a) by
firing large number of input primaries . The spatial dis-
tribution of particles is taken isotropic and the energy
distribution is fixed (In the simulation the primaries are
fired from a sphere). We store information on the inci-
dent particle direction and energy, but only for the pri-
maries that deposit energy in the detectors.
Assignment of an arrival time to each detected

event: To generate a data stream in a photon-photon
mode, we assign an arrival time each event, assuming
that their distribution follows the Poisson distribution.
Selection of primaries based on their incoming

direction: This selection process is intended to be ap-
plied to the CXB photons and the cosmic-ray particles.
We assume that the presence of the Earth shields the
primaries coming from that direction. Hence, the esti-
mation of the background is done by rejecting all the
primaries whose incoming direction intercept the Earth.

Fig. 3. (Left) Evolution of the orbital parameters as a function of

time. Top-panel: latitude (Blue), longitude (Orange) and alti-

tude (Red dashed line). Bottom-panel: the Earth directions θE

(Blue), φE(Orange) and the roll angle ψE (Green). (Right) Typi-

cal modulations of the photon background in the 4-150 keV band:

CXB (Blue), Reection (Orange) and Albedo (Green). The orbit

duration ∼98 minutes) is delimited by the vertical dotted lines.

The corresponding orbital variations are shown on the left figure.

Directional selection with spatial distribution

mapping: This process is applied to Albedo emission.
The photons are emitted from the Earths atmosphere
with a direction dependent intensity. The intensity also
depends on the satellite latitude and longitude position.
We have to transform an initial spatial distribution of
primaries (those stored in the GEANT4 database) into
another distribution.
Selection of primaries based on the energy: This
selection process is applied to the charged particles of
the South Atlantic Anomaly (SAA) (Fig. 2).

The details one selection procedures can be found
in Mate et al. (2019).

3. Application to ECLAIRs

CXB, Reection, Albedo and SAA background spectra,
obtained with PIRA, in both static and dynamic cases
are shown respectively on Fig. 2 and Fig 3.

4. Summary

The PIRA method permits to obtain a gain in computa-
tion time of 103-104 compared to direct GEANT4 simu-
lations of the background (Mate et al. 2019). In addition,
PIRA a general method which can be easily extended to
other space instruments like ECLAIRs.
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