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Abstract

The Space-based multi-band Variable Objects Monitor (SVOM) mission, launched into low Earth orbit on 2024
June 22, is a French-Chinese multi-wavelength observatory dedicated to the study of the transient sky. Inspired by
the Neil Gehrels Swift Observatory, it consists of an autonomous rapid-slewing satellite, linked in real time to
several ground-based telescopes. The space segment comprises two X-ray/gamma-ray wide-field instruments
(ECLAIRs and Gamma-Ray Monitor) with real-time triggering capabilities combined with two narrow-field
telescopes in X-ray (MXT) and in the VT. In addition, the SVOM collaboration has also developed a unique visible
and NIR ground-based follow-up system to promptly respond to the gamma-ray transients detected onboard. The
Core Program of SVOM will provide new insights into the gamma-ray burst physics by providing a homogeneous
dataset covering both the prompt and afterglow emissions, as well as better studying the low luminosity and soft
gamma-ray burst populations. As a versatile satellite platform with fast slewing capabilities, SVOM also comprises
a Target of Opportunity program and a General Program consisting of pointed observations scheduled over the year
that will both significantly contribute to the multi-messenger and time-domain aspects of astronomy.

Key words: space vehicles: instruments – instrumentation: detectors – (stars:) gamma-ray burst: general – (stars:)
gamma-ray burst: individual – X-rays: bursts

1. Time-domain Astrophysics: The Discovery Space
After Swift

Astronomy is undergoing a revolution fostered by our
ability to monitor the time-variable sky continuously, not only
over large regions of the electromagnetic spectrum, but also
with non-photonic messengers like neutrinos and gravitational
waves. This context results in a renewed interest for the
transient multi-messenger emission of explosive phenomena,
like supernovae, gamma-ray bursts (GRBs), blazars or tidal
disruption events.

Contrary to classical astronomical sources, most high-
energy transients, especially GRBs, are short-lived phenom-
ena, which can only be observed during the minutes following
the explosion, up to a few days. It is therefore necessary to
ensure a continuous flow of observations across all wave-
lengths in order to better characterize them. Furthermore, the
study of high-energy transients requires the development of
high-energy instruments deployed in space. In this respect the
Neil Gehrels Swift Observatory (Gehrels et al. 2004) has
proven highly successful. It has localized thousands of GRBs,
which have led to the measurement of hundreds of redshifts up
to z �9 (Cucchiara et al. 2011). These observations have
permitted to realize the power of GRBs as probes of the early
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Universe and tracers of the formation history and evolution of
massive stars and the birth of stellar mass black holes. They
have evidenced the existence of two broad GRB families with
distinct connections to their host galaxies (Zhang et al. 2009):
those due to collapsing massive stars (collapsars or type II),
and those originating from mergers of compact objects
(mergers or type I). The detection of hundreds of early
afterglows and their transition with the prompt emission have
disclosed their X-ray phenomenology and revealed key
properties of GRB emitting jets. For an updated historical
review of GRB detection, see Vigliano & Longo (2024).
Despite these significant advances, several key questions

remain open. These include the role of GRBs as potential
multi-messenger sources of gravitational waves and neutrinos,
the nature of their central engines, either magnetars or black
holes, and their connection to stellar explosions, as well as the
study of very distant GRBs originating from the first
generations of stars.
In this scientific context, the development of the Space-based

multi-band Variable Objects Monitor (SVOM) mission was
driven by the ambition to ensure a continuous supply of well-
localized explosive transients at a time when unprecedented
observational capabilities are available for their study, and to
provide the most comprehensive characterization of the detected
events. This required developing a full suite of space-borne and
ground-based instruments, the tools to characterize their
response, and the procedures to operate a complex science
mission able to react quickly to the most unpredictable events.

2. SVOM Mission

To meet these scientific objectives, the SVOM mission has
been designed around an innovative concept: part of the payload
is deployed in space, while a complementary segment is installed
on the ground. The mission therefore consists of an agile satellite

embarking four main instruments, which are linked via a radio
channel to ground-based telescopes, see Figure 1. The SVOM
spacecraft carries two wide-field instruments, ECLAIRs and the
Gamma-Ray Monitor (GRM), for the observation of the prompt
emission. ECLAIRs (Godet et al. 2026) is a coded-mask hard
X-ray/gamma-ray telescope designed to detect and localize
autonomously GRBs with a precision of about ten arcminutes. Its
originality lies in its energy range: it has a low-energy threshold
of just 4 keV. It is complemented by the GRM (Sun et al. 2026),
which is capable of detecting GRBs up to 5MeV, thereby
extending the spectral coverage of the prompt emission toward
higher energies. Once the burst has been localized by ECLAIRs,
the satellite slews to place the source within the field of view
(FoV) of the narrow-field instruments: the Micro-channel X-ray
Telescope (MXT; Götz et al. 2026) for X-ray afterglow
observations, and the Visible Telescope (VT; Qiu et al. 2026)
for optical follow-up. In addition, MXT is designed to refine the
burst localization onboard, reducing the error box to a few tens of
arcseconds. The main characteristics of the SVOM onboard
instruments are summarized in the Table 1.
SVOM also has two sets of ground dedicated-instruments: a

Ground-based Wide Angle Camera array (GWAC) for the
observation of the optical prompt emission, and two narrow-
field robotic telescopes for the follow-up observations in the
visible band (hereafter Ground Follow-up Telescopes, GFTs).
The GFTs provide support to SVOM by attempting to observe
the early afterglow phase and to identify the optical counter-
part as quickly as possible. In addition to these two dedicated
telescopes, the SVOM collaboration has access to the Las
Cumbres Observatory Global Telescope network (LCOGT
network), which ensures homogeneous longitudinal coverage.
It is worth noting that the French-Mexican robotic telescope
will be equipped with an infrared channel, expected to be
operational by mid-2026. The main characteristic of the
SVOM ground-based instruments are presented in Table 2 and

Figure 1. SVOM space-based and ground-based instruments.
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are described in detail in Xin et al. (2026) for the GWAC and
in Wu et al. (2026) and Basa et al. (2026) for the GFTs.

3. The Mission Profile

The SVOM satellite was launched on 2024 June 22 by a
Chinese launcher LM-2C from Xichang. Immediately after
launch, SVOM entered the Launch Early Orbit Phase (LEOP).
This phase lasted approximately 30 days and enabled us to
activate and test all of the platform’s systems and the onboard

scientific instruments. The LEOP was followed by the in-flight
commissioning phase, during which the payload was config-
ured, and its first calibration initiated. The commissioning
phase lasted 4 months. Subsequently, the validation phase was
conducted to consolidate and verify the commissioning
parameters, as well as to complete the calibration procedures.
This validation phase extended over another period of
4 months, after which, in spring 2025, SVOM entered its
nominal scientific operational phase.

Table 1
Main Characteristics of Space Instruments

GRM ECLAIRs

Energy range 15–5000 keV 4–150 keV
Number of detectors 3 6400
Detection area 3 × 200 cm2 950 cm2

Field of View 2.6 sr (all three modules) total: 2.0 sr ; half-coded: 1.0 sr
Localization precision ∼5° (with three GRDs) 11.5
GRB rate ∼120 yr−1 ∼60 yr−1

Additional features Includes a particle monitor Mask open fraction: 40%

MXT VT

Energy range 0.2–10 keV 400–650, 650–1000 nm
Focal length 1150 mm 3600 mm
Optics dimension 200 mm (side) 440 mm (diameter)
Number of detectors 1 (Si pnCCD) 2 (2k × 2k CCD)
Effective area 35 cm2 @ 1.5 keV
Sensitivity (3σ) 10 mCrab in 10 s; 150 μCrab in 10 ks mV = 22.5 (300 s)
Field of View 58 58× 26 26×
Localization precision 2< 0.5
Additional features Micro-pore optics with square 40 μm pores. Covers the full ECLAIRs

100 ms time resolution. error boxes.

Table 2
Main Characteristics of Ground-based Instruments

C-GFT C-GFT FM-GFT
Primary Focus Cassegrain Focus (aka COLIBRI)

Location Jilin (China) San Pedro Mártir (Mexico)
Diameter 1200 mm 1200 mm 1300 mm
Number of channels 3 (g; r; i) 1 (g; r; i) 3 (B/g/r/i; z/y; J/H)
Field of View 21 21× 1.°28 × 1.°28 26 26× (Bgrizy) ; 22 22× (JH)
Limiting magnitude mAB ≈ 19 mAB ≈ 20 mAB ≈ 22
(r channel, 300 s, 10σ)

GWAC

Location Xinglong (China)
Number of units 10
Number of telescopes/unit Joint Field of View (JFoV): 4–Full Field of View (FFoV): 1
Diameter JFoV: 180 mm–FFoV: 50 mm
Detector JFoV: 4k x 4k CMOS–FFoV: 6k x 4k CMOS
Field of View JFoV: 9.°5 × 9.°5–FFoV: 30° × 30°
Limiting magnitude JFoV: mV ∼ 16–FFoV: mV ∼ 12 (r channel, 10 s)
Additional features Self triggering capability; The FFoV performs guiding.
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3.1. Orbit Characteristics and Consequences

SVOM has been inserted into a Low Earth Orbit with an
inclination of 30°, an altitude of 625 km and an orbital period
of ∼96 minutes.
The choice of orbit parameters is the result of a compromise

between several factors related to the overall system, where a
balance must be found between technical feasibility, cost, and
scientific objectives. In the case of SVOM, the most critical
factors were:

1. The location of the launch site in Xichang. the
geographical position (latitude) of the launch pad
determined the orbital inclination.

2. The selected Long March launcher. the orbit had to
remain compatible with the launcher’s capabilities.

3. The satellite’s attitude control system, which uses the
Earth’s magnetic field to desaturate the reaction wheels,
is less efficient at low inclinations.

4. The impact of charged particles on the scientific
instruments, which determined the orbital altitude in
order to minimize the time spent in the radiation belts.

3.1.1. The Communication Channels

The orbital parameters of SVOM have a direct impact on its
communication architecture. Since the mission operates in low
Earth orbit, multiple ground stations distributed worldwide are

required to maintain regular contact with the spacecraft, see
Figure 2.
SVOM relies on three communication channels: an X-band

link dedicated to the downlink of scientific data, an S-band link
for satellite command and control and a Very High Frequency
(VHF) link designed to ensure the fastest possible transmission
of scientific alerts.
The X-band network currently consists of three stations,

including two French stations and one station in China.
Stations included in the French network are Kourou (KUX)
and Hartebeesthoek (HBX), respectively located in French
Guyana and South Africa. The Chinese station is located in
Sanya city (Hainan, China). For operations, eight X-band
passes are planned each day: four passes are booked on French
stations, while the other four are planned on Sanya station.
Due to their geographical distribution, the interval between
two successive X-band downlinks can reach up to 5 hr. Due to
operational constraints, this time gap can be slightly longer.
Efforts are ongoing to increase the number of French stations
in order to shorten this latency and enable faster retrieval of the
full telemetry stream.
The S-band network is composed of five stations, all located in

China. For operations, four S-band passes are planned each day.
In case of a large amount of telecommands, extra passes can be
booked. Nevertheless, the interval between two S-band passes
can reach up to 12 hr and this visibility gap can be particularly
critical for the rapid reprogramming of the satellite in response to
exceptional targets of opportunity. To mitigate this limitation, the

Figure 2. SVOM communication is composed by X-band stations (orange hexagons), S-band stations (green squares) and VHF stations (white disks that are drawn
from a satellite elevation of 10° and a satellite altitude of 650 km). The dashed lines represent, top to bottom, latitude +30°, the equator, and latitude −30°.
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Beidou inter-satellite messaging system can be used, reducing the
command latency to only a few minutes (Bai et al. 2026).
The VHF alert network consists of 50 stations deployed

along the satellite ground track between −30° and +30°
latitude. A detailed description of this system is provided in
Cordier et al. (2026). Despite the extensive deployment,
coverage gaps remain, particularly over oceanic regions,
resulting in a global coverage of 93%. The median time delay
between the onboard transmission of the alert packet and the
completion of data reception at the French Science Center
(FSC) is approximately 9 s (5 s/215 s for the 25th and 75th
percentiles respectively), which comfortably meets the mis-
sion’s scientific requirements.
The satellite in-orbit operations and data reception are

coordinated by the SVOM Ground Support System. For a
detailed description, see Liu et al. (2026).

3.1.2. The Space Environment

Due to the tilt and offset of the Earth’s magnetic field, the
inner Van Allen radiation belt approaches its minimum altitude
over the South Atlantic Ocean. This region, known as the
South Atlantic Anomaly (SAA), is characterized by an
enhanced flux of energetic charged particles. At altitudes
above 500 km, spacecraft traversing the SAA are subject to
continuous particle impacts. The approximate center of the
anomaly is located near 30°S, 30°W. The extent and
boundaries of the SAA are not static but vary over time as a
function of solar activity.
Due to its orbital parameters, the SVOM satellite may

intersect the SAA up to eight consecutive times per day.
Within this region, the instruments are subjected to enhanced
fluxes of energetic charged particles, predominantly protons
and electrons. Such conditions lead to saturation of the high-
energy detectors, rendering them temporarily inoperative.
Consequently, the SAA imposes periods of dead time during
which high-energy observations cannot be performed, thereby
impacting the effective duty cycle of the mission.

We expected to encounter regions of trapped particles (protons
and electrons) during the passage through the SAA only.
However, we also observe high count rates around latitudes of
approximately −30° over the Indian Ocean and above Australia,
as well as +30° over the North Pacific Ocean, see Figure 3 which
shows the map of charged particle rate measured by the GRM
particle counter. These particles appear to be trapped electrons
from the outer radiation belt, whose spatial extent has increased
as a result of enhanced solar activity.
Indeed, although the solar maximum seems to have been

reached during the second half of 2024, we remain in the
maximum phase of the solar cycle, which may persist for
several more months before entering the declining phase.
As a consequence of this exceptional solar activity, the

availability of SVOM’s high-energy instruments is signifi-
cantly affected. For instance, in the case of the ECLAIRs
instrument, the current scientific operational availability is
estimated at ∼60% (Godet et al. 2026).

3.2. Pointing Strategy—The Attitude Law

In order to facilitate redshift measurements of the GRBs
detected by SVOM, the satellite attitude follows a predefined
orientation, called the B1 attitude law. The Figure 4 shows the
ECLAIRs FOV all along the year when the satellite follows the
B1 attitude law. Most of the time, the optical axis of the SVOM
instruments points 45° offset from the anti-solar direction. This
pointing includes avoidance periods in order to exclude the Sco
X-1 source and the galactic plane from the ECLAIRs FoV. An
additional constraint favors areas of the sky observable by large
telescopes located in Chile, Hawaii and Canary Islands. This
strategy ensures that SVOM GRBs are detected toward the night
hemisphere, quickly observable from the ground by large
telescopes, and optimizes the chances to detect the GRB
counterparts and host galaxies. More details on the SVOM
pointing strategy can be found in Cordier et al. (2008).
As a consequence of the Low Earth Orbit combined with a

roughly anti-solar attitude law, at each orbit, the Earth occults

Figure 3. Rate of charged particles measured by the GRM particle counter along the orbit (arbitrary units). The yellow line delineates the extended SAA region
where the satellite experiences enhanced particle fluxes, which we attribute to electrons from the outer radiation belt.
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the FoV of the SVOM instruments. On average, about 65% of
the ECLAIRs FoV is accessible over one orbit (i.e., not
occulted by the Earth), compared to about 50% for the narrow-
field instruments MXT and VT.

4. The SVOM Scientific Programs

The scientific operations of the SVOM mission are
organized into three main programs: the Core Program (CP),
the General Program (GP), and the Target of Opportunity
(ToO) Program.
The CP consists of observations triggered by ECLAIRs

alerts. This program focuses on GRBs and all high-energy
transient sources that activate the trigger. For this purpose,
predefined observation sequences have been developed for all
SVOM instruments.
The ToO Program corresponds to ground-commanded

observations with short reaction times (ranging from a few
minutes to a few hours). This program enables the observation
of transient sources detected by other ground-based or space-
based observatories.
Finally, the GP covers all observations conducted by the

mission in the absence of a trigger or a target of opportunity.
This program is defined in advance by the Co-Investigators
(Co-Is) and associated scientists. It is uploaded to the satellite
by the Mission Center on a weekly basis. The Figure 5
represents the fields observed by ECLAIRs from 2024 October
to 2025 August. There is a good agreement with the theoretical
B1 law (see Figure 4), confirming that the predefined pointing
strategy was largely followed. The figure in Section 4.2,
dedicated to the Target of Opportunity program, shows the
location of the optical axis of the instruments over the same
period (roughly the FoV of the VT and MXT instruments),
with in blue the GP targets and in green the targets of
opportunity. We can see that the ToO program allowed for
excursions across the entire celestial sphere.
Implementing these various scientific programs required the

development of complex and highly sophisticated modules,

both onboard the satellite and within the ground segment, to
provide greater operational flexibility. For example, enabling
the platform to autonomously modify its observation schedule
without relying on ground-based programming demanded
dedicated developments and extensive testing (Chen et al.
2026). Moreover, rapid ground reprogramming in response to
exceptional targets of opportunity was made possible through
the deployment of a “Real-Time Response and Collaboration”
system at the Mission Center. A detailed description of this
system is presented in Bai et al. (2026). A tool for checking
scheduled observations (PPST) and completed observations
(AFST) has been developed by the Mission Center and can be
accessed at the following address: https://soqt.smoc.ac.cn/
Once the data have been collected at the Space Science Data

Centre (SSDC), they are sent to two scientific centers, one in
France (FSC) and one in China (CSC), which are responsible
for developing the associated scientific products. The archi-
tecture and organization of these different centers are detailed
in Liu et al. (2026) and Louvin et al. (2026).
The scientific products of the GRB CP and the ToO

Program are made public as soon as available. With respect to
GRBs, a table compiling the detected GRBs and their
associated scientific products can be accessed at the following
address: https://fsc.svom.org/ifsc-tools/grb-public
The scientific products of the GP remain restricted during

1 yr to the PI of each accepted proposal, after which they
become public.

4.1. The Core Program

The SVOM spacecraft generally follows the B1 pointing law
(Figure 4) while awaiting GRB detection. If ECLAIRs triggers
with sufficient significance (Schanne et al. 2026), the derived
source position is transmitted to the spacecraft, which, after
checking feasibility, autonomously slews to the target within
2–3minutes (Li et al. 2026), thereby enabling rapid afterglow

Figure 4. The ECLAIRs FoV all along the year when the satellite is pointing
according to the Reference Attitude Law called B1. The figure is represented
in equatorial coordinates.

Figure 5. ECLAIRs effective exposure map of the sky in days (from 2024
November 1 to 2025 September 1, equatorial coordinates). It does not take into
account the nonuniform efficiency within the ECLAIRs FoV.
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follow-up with MXT in X-rays and VT in the optical band.
Following a slew, the satellite remains pointed at the source for
five orbits (∼8 hr). The GRB position and main characteristics
derived by ECLAIRs are also rapidly transmitted to the ground
through the SVOM VHF system. Refined localizations of the
X-ray counterpart provided by MXT are also downlinked via
VHF. The signal is received by one of ∼50 ground stations
distributed along the satellite ground track. The system design
ensures that 63% of alert packets reach the Science Centers
within 30 s, from where they are disseminated via notices to the
SVOM ground facilities (GWAC and GFTs) and to the
subscribed scientific community.
A team of scientists on call, known as the “Burst Advocates”

(inspired by Swift), is on duty 24 hr a day. These scientists are
responsible for responding promptly to SVOM alerts, validating
them by drafting a General Coordinates Network (GCN) circular
and organizing the GRB follow-up observations by ground-based
facilities and/or other space observatories. To carry out these
tasks, they use specific tools that have been developed and
integrated within the French and Chinese scientific centers (FSC
and CSC), see Claret et al. (2026) and Han et al. (2026).

4.1.1. The Onboard GRB Observation Sequence

The GRB localization sequence represents a sophisticated
orchestration of onboard instruments and systems designed to
rapidly detect, localize, and observe GRBs. This process
begins with initial detection by ECLAIRs and progresses
through several phases of refinement, culminating in precise
localization and targeted observation. The on board GRB
observation sequences are summarized in Figure 6 and
described in detail in the following paragraphs.

4.1.2. Initial Detection and Alert Generation

The sequence starts when ECLAIRs detects a GRB with
statistical significance exceeding the predefined AlertThres-
hold. Upon detection, ECLAIRs immediately generates an
alert message containing crucial information about the event.
This message includes the GRB observation identifier and its
position as determined in ECLAIRs’ reference frame (Schanne
et al. 2026).
The alert message is transmitted to the Payload Data

Processing Unit (PDPU) at a maximum rate of once every two
seconds, continuing until either the satellite accepts a slewing
maneuver to point toward the GRB or a timeout period of eight
minutes elapses.
The PDPU serves as the central coordinator of this process,

performing several critical functions. First, it relays the alert
message to ground stations via the VHF link. Simultaneously,
the PDPU forwards the alert to the GRM instrument, initiating
its acquisition sequence. In parallel, ECLAIRs begins
transmitting additional scientific data to the PDPU for
subsequent VHF transmission to ground. These data include

light curves that describe the intensity of the GRB over time,
alert descriptors that provide detailed information about the
detection parameters, and either shadowgrams or sub-images
that capture the localization of the gamma-ray emission. The
GRM instrument also contributes to this data stream by
transmitting its own light curve measurements to the PDPU.

4.1.3. Slew Request and Execution

A particularly significant aspect of the alert message is the
potential inclusion of a slew request. ECLAIRs generates this
request when it detects an unknown excess of gamma-ray
emission in an image with significance greater than the
SlewThreshold.
When the slew request is received by the PDPU, it evaluates

the target attitude constraints, particularly the positions of the
Sun and Moon relative to the proposed observation. If these
celestial bodies would not interfere with the observation (i.e.,
the avoidance angles are compliant), the PDPU formulates a
slew command containing the GRB quaternion as the target
pointing direction, referenced to the J2000 coordinate system.
This command is transmitted to the platform, which

performs its own validation checks. In particular, the platform
verifies that no other slewing maneuver is currently in
progress, confirms that power conditions are adequate for the
maneuver, and checks the feasibility of the proposed attitude.
Assuming all validation criteria are satisfied, the platform

initiates the slewing maneuver toward the specified J2000
attitude. As the maneuver begins, the platform notifies the
PDPU of this status change. The PDPU, in turn, updates the
Attitude and Angular Velocity (AAV) packets with the current
slew status.
As the slewing maneuver starts, ECLAIRs temporarily

disables its trigger process until the maneuver is complete.
PDPU generates and broadcasts a PDPU GRB VHF packet,
containing the summary of essential computations and checks
about the targeted burst.

4.1.4. Early Localization Phase

The early localization phase represents a critical activity
following GRB detection, characterized by rapid instruments
responses and interactions.
Upon completion of the slewing maneuver, ECLAIRs re-

enables its trigger process and, as soon as the angle deviation
with the target is less than 26′, the VT instrument enters a
special operating mode known as chance mode, characterized
by 15 s exposure times. MXT instrument starts its GRB
localization process and this process involves several key
activities. First, MXT generates position packets that contain
its best estimate of the GRB location. These packets are
transmitted to the PDPU at regular intervals. The localization
data provided in these packets are referenced to MXT’s own
coordinate system. In addition to localization data, MXT
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transmits photon lists to the PDPU, containing the list of
photons detected by MXT since the GRB alert and their
position on the CCD and energy level. A second PDPU GRB
VHF packet is generated and broadcasted at the end of slew.
MXT stability is determined autonomously based on its own

internal criteria. The moment when MXT considers its
observations to be stable is designated as TMXT−stable.
Similarly, the PDPU monitors the satellite’s attitude and the
AAV bulletin to determine when VT achieves stability. This
determination is designated as TVT−stable.
When VT stability is achieved, VT transitions from chance

mode to early localization mode, characterized by longer
exposure times and the capture of whole images covering its
entire FoV. The PDPU responds to this transition by
generating two attitude charts (one for the red band and the
other for the blue band), identifying the brightest objects in the
VT’s FoV.
The sequence reaches another critical point when a valid

localization from MXT becomes available. This occurs when
MXT’s quality factor (QF) reaches a value of 1, 2, 3, or 4: the
higher the QF value, the greater the confidence in the
localization. At this point, designated as Tvalid−QF, MXT
position is used to define the location of a sub-window within

the VT’s whole images. PDPU will continue to receive MXT
position packets, comparing their QFs and maintaining a
record of the message with the highest QF value. VT
completes its early localization sequence when it has captured
three whole images. This moment is designated Tearly−seq. At
the time defined as the later of Tvalid−QF and Tearly−seq, PDPU
generates two sets of products to be sent to ground via VHF:

1. Finding charts (both for the red band and blue band) that
show the brightest excesses of the sources in the
VT’s FoV.

2. Sub-images in 1 bit format—one for each band—that
provide the VT images where pixels can have value of 0
or 1 in order to be compressed for VHF bandwidth.

This concludes the early localization sequence.

4.1.5. Refining Sequences

Following the early localization phase, the refinement
process occurs in three distinct sequences.
The first refining sequence begins after the early localization

sequence is complete and when the satellite achieves a stability
with a drift less than 2″ over 15 s. During this sequence, VT

Earth Occultation

GRB Sequence

Tslew_start Tslew_end

TMXT-stableTBurst

TVT-stable

Tearly-seq

Tvalid-QF

Enter Earth Occultation End Earth Occultation

ECL

GRM

MXT

VT

Slew

PDPU

Alert
Light Curves

Alert Descriptor

Shadowgram/Sub-Image

Light Curves

PDPU GRB PDPU GRB

Position (QF=0)

Photon List
Position (QF≠0)

MXT QF profile 

(example)
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Sequence

QF = 0
QF = 1
QF = 2
QF = 3
QF = 4

Earth Occultation

Enter Earth Occultation

Chance Mode

Early Sequence

Ref. Sequence 1 Ref. Sequence 2

Ref. Sequence 3

TRS2 TRS3TRS1

Chance Mode
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Fnd. Charts
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Figure 6. Schema illustrating timeline of the GRB onboard sequence, along with QF evolution (example with QF 3max = ), VT image sequences and VHF packets
emission.
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captures six additional long exposure images. Based on the
images captured during this sequence, VT creates new attitude
charts, finding charts and 1 bit sub-images (one product for
each band).
If a valid MXT position (QF ≠ 0) has been recorded by

PDPU, a second slew is initiated when the satellite enters its
first Earth occultation (EO). This maneuver is designed to
adjust the satellite’s attitude so that the GRB is centered in
VT’s FoV. A PDPU GRB VHF packet is generated by PDPU
and broadcast via VHF link.
The second refining sequence occurs after the satellite exits

its first EO and achieves the required stability threshold.
During this sequence, VT captures another six long exposure
images. The PDPU processes these images to generate the
same set of products as in the first refining sequence.
The third and final refining sequence begins before the

satellite enters its second EO. Similarly, another set of six long
exposure images are taken by VT and PDPU generates the
same set of products as in previous refining sequences.

4.1.6. GRM Only Sequence

In the event of a burst, the GRM can operate in two different
modes. The instrument can either be triggered by ECLAIRs, if
the latter triggers first, or it can self-trigger.
In the first case, as described in the previous section, GRM

operates in a slave mode with respect to ECLAIRs and
transmits a series of light curves via the VHF channel,
referenced to the alert time.
In the second case, GRM enters burst mode based on its

own trigger and transmits alerts, spectra, and light curves
through the VHF channel. Because the GRM has a
significantly larger FoV than ECLAIRs, a large number of
bursts are detected by GRM alone. Since GRM does not
provide accurate localization, these GRM-only alerts do not
initiate an instrumental response sequence involving the
satellite, MXT, or VT.

4.1.7. Assessment After One Year

Following the first year of operations of the SVOM mission,
i.e., at the end of 2025 October, 191 triggers were confirmed as
genuine GRBs. Among those GRBs, 68 were detected by
ECLAIRs and 165 by GRM with 40 joint detections, see
Figure 7. In terms of GRB detection rates, the ECLAIRs and
GRM instruments are compliant with the mission require-
ments, which specify the localization of 200 bursts over the
nominal mission period, which is expected to last three years.
For ECLAIRs localized bursts, 26/68 (38%) have a redshift
measurement for the whole period of time since launch
including the commissioning phase. Since the scientific
exploitation phase in 2025 April, this fraction of ECLAIRs
GRBs with a redshift measurement has even increased up to
45% which is also close to the mission requirements. A rough

classification of the GRB types (merger-type I vs. collapsars-
type II) gives us the following preliminary statistics; 33/191
(17%) of type I bursts and 158/191 (83%) of type II bursts.
For a more detailed description of the preliminary scientific
results on GRB science, see Daigne et al. (2026).

4.2. The Target of Opportunity Program

The ToO program of SVOM manages unplanned observa-
tions of transient and variable sources programmed from the
ground. All scientists have the opportunity to apply for ToOs,
evaluated by the PIs. Accepted observations are performed
within some delay by the SVOM space instruments, depending
on the availability of the satellite up-link stations and the
Beidou inter-satellite messaging system. At the system level,
the ToO system was designed to perform observations within
48 h for a standard ToO, and within 12 hr for an exceptional
ToO (e.g., Galactic supernova or Gravitational Wave alert)
using, on request, additional stations. Multi-messenger ToOs
were designed to search for counterparts of poorly localized
events, such as gravitational-wave or high-energy neutrino
alerts. This system enables the scheduling of optimized tiling
observations for the narrow FoV instruments MXT and VT.
The typical observation duration was planned to be 1 orbit
(45 minutes of useful time) for a standard ToO, and 15 orbits
(∼24 hr) for an exceptional ToO. Multi-messenger ToOs allow
up to five pointings per orbit, yielding a maximum coverage of
75 tiles over 15 orbits. A significant fraction of the useful time,
15% at the beginning of the mission, was foreseen for ToO
observations.

4.2.1. Assessment After One Year

Since 2025 January 1, an average of 14.9 targets of
opportunity have been executed each week (see Figure 8).
These are distributed as follows: 9.4 ToOs for GRB follow-up,
3.4 ToOs for astrophysical targets (AT), and 2.1 ToOs for
calibration purposes (CALIB). The CALIB observations are
dedicated to calibration sources, such as the Crab Nebula, and
may be coordinated with other missions. Each ToO typically
requires an average of 2.3 orbits (similar for GRB, AT, and
CALIB) resulting in a total observing load of approximately
28 orbits per week.
Non-GRB ToO activities primarily focused on monitoring

outbursts from X-ray binaries and blazars, as well as on
following up events reported by external facilities such as
Einstein Probe (EP) and KM3NeT (see Coleiro et al. 2026).
The number of ToOs executed shows a significant increase

compared to the initial forecasts, with 14.9 ToOs performed
per week instead of the expected 7, and a total of 34.5 orbits
per week instead of the predicted 7. Two main factors account
for the significant increase in ToO activity compared to initial
expectations. First, the use of the Beidou system allows
satellite scheduling within a few minutes, even for standard
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ToOs, which is a major advantage for GRB follow-up,
enabling real-time decisions on whether to continue observa-
tions. Second, the VT instrument provides highly detailed
GRB monitoring without the usual ground-based limitations
such as night, weather, or moonlight.

4.3. The General Program

The GP of SVOM is devoted to pre-planned observations and
complements the transient sky observations managed by the CP
and ToOs. The GP is built taking into account the system
requirements of the GRB program, in particular the pointing
strategy that optimizes the ground follow-up of SVOM GRBs.
Therefore, the GP allows pointing at sources close (i.e., within
±10°) to the B1 attitude law. In order to increase the scientific
interest of the GP, it is foreseen to allow observations outside
the B1 constraint during 15% of the GP’s useful time.
The minimal duration of a GP observation is 1 orbit

(∼40 minutes of effective observing time). During its first two
years of operation, GP observations are open to all SVOM Co-
Is and affiliated scientists, who may submit proposals in
response to an annual SVOM call. These proposals are
evaluated by a Time Allocation Committee based on scientific
merit. Starting in 2027, a guest observer program will be

launched, inviting proposals for GP observations from the
general scientific community.
To support the growth of time-domain astronomy in the

coming decade, an evolution of the SVOM time allocation is
planned for the extended mission phase. The fraction of time
reserved for targets of opportunity will increase from 15% to
40%, allowing for up to five ToOs per day instead of just one
or two. At the same time, the fraction of GP time available
outside the B1 pointing constraint will rise from 10% to 50%.

4.3.1. Assessment After One Year

Following the first year of operations of the SVOM mission,
the GP has demonstrated overall efficiency both in terms of
coverage (see Figure 8) and data quality. Out of the 1288
sources initially planned, corresponding to an effective
observation time of 3.4 Ms, 850 sources were successfully
observed, yielding 2.6 Ms of usable exposure with the VT
telescope. This corresponds to a completion rate of ∼76%.
In terms of planned observation time, the GP pointings

represent 33.3% of the total, a contribution slightly lower than
that of standard B1 pointings (41.8%). In terms of executed
observations, this proportion remained stable, with the GP
accounting for 34.9% of the total usable exposure time (32.6%

Figure 7. All SVOM triggers (GRM + ECLAIRs) located with a localization better than 2°, since the activation of the triggers (GRM 2024 June 26, ECLAIRs 2024
July 13). This map shows the validated triggers associated with long GRBs, short GRBs and X-ray flashes while the orange dots are the non-GRB astrophysical
triggers (mostly Galactic X-ray binaries).
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for B1 pointings). This consistency highlights the robustness
of the scheduling strategy.
Within this framework, the GP emerges as a central pillar of

SVOM’s scientific strategy, providing a good coverage of
sources and contributing to the mission objectives. For a more
detailed description of the scientific results on Observatory
Science, see Coleiro et al. (2026).

5. Conclusion: SVOM in the Astronomical Panorama

The astronomical panorama of the coming decade will be
shaped by new instruments designed to address many of the
outstanding questions in contemporary astrophysics. This
panorama includes large radio, infrared, optical, and gamma-
ray telescopes, advanced gravitational wave interferometers,
and cubic-kilometer class neutrino detectors, as well as
simulations enabled by high-performance computing.
Within this panorama, SVOM brings two specific capabil-

ities: monitoring of the hard X-ray sky for high-energy
transients, and multi-wavelength follow-up observations of
both self-triggered high-energy transients and outstanding
transients detected by other facilities through ToO observations.
SVOM provides GRB and high-energy transient alerts at the

expected rate of about 60 yr−1 for ECLAIRs and two times
more for GRM. It expands the realm of detected transients to
soft events like X-ray flashes or supernova shock breakout.
Combined with other high-energy satellites it contributes to
increase the probability of joint detections with gravitational
wave interferometers, a crucial goal of gravitational wave

astronomy, as demonstrated by the simultaneous detection of
GRB 170817A and GW170817 about 8 yr ago.
Focusing on GRBs, the joint operation of SVOM with Swift

and EP (Yuan et al. 2025) is especially fruitful to pinpoint the
X-ray afterglows of SVOM GRBs with Swift/XRT and EP/
FXT and in addition to detect the visible afterglows of Swift/
BAT and EP/WXT GRBs with SVOM/VT. The sensitivity to
low energy transients leads to the frequent detection of X-Ray
flashes and soft GRBs. ECLAIRs thus fills the gap between
Swift/BAT and Fermi/GBM (Meegan et al. 2009) on one side,
and EP/WXM on the other. Together these instruments permit
the detection and localization of high-energy transients from
sub-keV energies to hundreds of keV. This coverage provides
an unprecedented view of the zoology of high-energy transients.
The synergy between these high-energy satellites, combined

with the excellent follow-up of high-energy transients by large
ground-based telescopes will enable the measurement of a
large number of redshift: for bursts located by ECLAIRs,
∼40% have a measured spectroscopic redshift, and ∼25%
have an optical afterglow with an accuracy of a few
arcseconds, which should make it possible to measure a
redshift a posteriori. Finally, the remaining ∼35% without an
optical afterglow includes high redshift GRB candidates (∼5%
of ECLAIRs GRBs) for which we have an X-ray localization
and early optical deep limits with VT. Indeed, in this context,
an interesting feature of SVOM is its capability to detect and
quickly recognize very distant GRBs, like GRB 250314A at
redshift z = 7.3 (Cordier et al. 2025), thanks to their soft
spectrum and lack of optical emission in the VT, down to deep
limits, a few minutes after the burst.

Figure 8. Distribution of the pointing directions in the sky for GP and ToO observations during almost one year, between 2024 October 1 and 2025 September 1. The
lines visible near the Galactic poles correspond to the sequence of pointings that follow the B1 attitude law.
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After a successful launch in 2024 June, and more than 1 yr
of flawless operation, SVOM has taken its full place in the
panoply of missions dedicated to the detection and observation
of explosive transients.
This volume provides a comprehensive overview of all

aspects of the mission and is intended as a resource for
researchers planning to work with its data, as well as for
readers interested in the mission’s technical and scientific
details.
Readers interested in following the SVOM mission are invited

to explore the latest scientific highlights and mission updates at
the following address: https://www.svom.eu/en/home/
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