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Abstract. The INTEGRALScience Data Centre (ISDC) provides INNTEGRALdata and means to analyse them to the sci-
entific community. The ISDC runs a gamma ray burst alert system that provides the position of gamma ray bursts on the sky
within seconds to the community. It operates a quick-look analysis of the data within few hours that detects new and unexpecte
sources as well as it monitors the instruments. The ISDC processes the data through a standard analysis the results of which i
provided to the observers together with their data.
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1. Introduction to refer to auxiliary data that describe the pointing and con

: . __tions in which each of the pointings was performed. In ad
INTEGRALIs observing the gamma ray sky up to 10 MeV withy,, e gata for the three high-energy instruments are obtai

two instruments, the spectrometer SPI (Vedrenne et al. 2003, oo ged-mask optical systems and therefore require con

and the imager IBIS (Ubertini et al. 2003). The wavelengtty oy processing before an image of the skyarttie spectral

coverage is extended to X-rays (3keV) by the X-ray moR, e qy gistribution of a source can be calculated.

itor JEM-X (Lund et al. 2003) and to the optical domain by ) )

the OMC camera (Mas-Hesse et al. 2003). Well aware of the complexity of the d_atg anaIyS|s_, and_
INTEGRALhas been conceived from the origin as an o€ N€ed to bring the data to the community in a form in whi

servatory type mission in which most of the observation time FS1€Ntfic results can be obtained it was decided very early

available to the astronomical community at large, irrespectiifedevelop a centre in which the data would be received, ar
of their contribution to the building of the instruments. ysed, archived and distributed. TRTEGRALScience Data

Most of the INTEGRAL observations are long (severaFentre (ISDC) was conceived to meet these general goal

100000s) and organised in many individual pointings ew from a consortium of European and US institutes W
few 1000s (see below). The resulting data sets are Ial[&gponded to a call by ESA to develop and operate the facil
(=10 Gbytes per day of observation) and complex as they need We will describe here thEtNTEGRALobservation strategy,
the flow of data fromNTEGRALto the users, the main step
Send gprint requests toT. J.-L. Courvoisier, of the processing and the products that can be obtained fi

e-mail: Thierry.Courvoisier@obs.unige.ch the ISDC to exploit the data.
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SPIZFCFOV 3. The INTEGRAL data flow
The scheduling of the observations is organised by the
IBIS-FCFOV INTEGRAL Science Operations Centre (ISOC) at ESTEC
O O O O (Much et al. 2003). The commands to the satellite are gen-
2deg : :
erated by the European Space Operations Center (ESOC) in
Darmstadt (Germany).
O O @ Q The INTEGRALdata are received at the rate of 120 kfsits
at one of two ground stations, Redu in Belgium and Goldstone
O O @ © in California. The data are then routed to the ESOC where the
technical information is decoded and the status of the space-
O ® @ O craft and instruments checked. The data, technical and scien-
{ tific, are then sent still in real time to the ISDC which is located
& in Versoix near Geneva.
O O O The data arrive at the ISDC with a delay of typically few

seconds following their receipt at the ground station. The frac-
JEMX-FOV OMC-F tion of data that arrive in real time is larger than 95%.

In order to correct for some problems that occur in the real
time data transmission, the telemetry is consolidated few days
O 7 points hexagonal pattern after the eventat ESOC. The consolidated data, that correspond

to the most complete data set that can be obtained, are sent or

) compact disks to the ISDC approximately 2 weeks after the
O 25 points rectangular pattern observation.

. Target position

Fig. 1. Hexagonal and 25 point dither patterns.
4. The ISDC processing

2. INTEGRAL observation strategy The two data streams, the near real time data that arrive few
seconds after reception on the ground and the consolidated

TheINTEGRALobservation strategy is dictated by the codegata that arrive some two weeks later, are both processed at
mask system. In turn this strategy drives the structure givenge |SDC.

The high energy instruments on boaldTEGRAL are ray bursts in the IBAS INTEGRAL Burst Alert System,
based on coded-mask optics. One of the properties of thesg€reghetti et al. 2003) as they arrive. The bursts that occur
systems, in particular in the case of the spectrometer SRlhe field of view of the instruments are detected and their
(Vedrenne et al. 2003), is that the number of detectors (ap@sition on the sky calculated using the best attitude infor-
therefore of measurements during a single pointing) is less thagtion available at the time of the burst within few seconds.
the number of pixels on the sky in the field of view. In orThese positions are sent in near real time to the commu-
der to be able to exploit the angular resolution and the whaity. Up to June 2003, 6 burst positions have been de-
field of view of the spectrometer despite this property, but algiged. IBAS has issued one position within 30s of the burst
to increase the number of background detector measuremegRtgreghetti et al. 2003). The IBAS system also issues alerts
during the observation, theéNTEGRALobservations are split when bursts are observed in the anticoincidence shield of the
into many pointings separated by 2 degrees arranged in eitgp1 instrument. These bursts, although with no position on the
a hexagonal pattern of 7 points around the main target of & from theINTEGRALdata, can be used in conjunction with
observation or in a square of 25 pointings also centered @iher satellites of the interplanetary network, to measure their
the main target of the observation (Fig. 1; Jensen et al. 20Q@}ection (von Kienlin et al. 2003). There is approximately one
The dwell time on each pointing can vary based on the totgdrst per day in the anticoincidence shield data and one per
time to be spent on a given dither pattern, it is typically 2000 onth in the field of view of IBIS.

The near real time data are processed in a number of steps

The observations of the Galactic plane or of the central rend merged with data describing the planned operations (plan-
gions of the Galaxy that correspond to the surveys of the catidg data) automatically. This processing generates a view
program (Winkler et al. 2003) are also organised in pointing$ the instrument and spacecraft status, provides detector im-
of typically 2200s, albeit on patterns that are adapted to thges and deconvolved sky images on a pointing by point-
surveys rather than in the hexagons or squares described abipgebasis. These data and products are ready approximately

It follows thatINTEGRALdata are divided in a (often large)2 hours after their reception. Source detection algorithms are
number of data sets, each associated with a single pointingapplied to the deconvolved data and the resulting source fluxes
slew. Single pointings and slews are called science windowse automatically compared with the content of a catalogue
they are the most important unit in the data processing atiht describes the available knowledge of the field observed
analysis. (Ebisawa et al. 2003). This quick look analysis (QLA) is able
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dard analysis are finally distributed to the observer. _
In addition to the automatic processing of the near real l Archive

to detect and bring to the attention of ISDC scientists all Real-ime TM . Consolidated TM
sources brighter than 5000 mCrab in well defined energy ]
bands and to report on any source that is the object of a tart grs detection Pre-processing | | | Pre-processing
get of opportunity proposal. }

The consolidated data are processed automatically once re- l 3 l Raw Data
ceived from ESOC through a standard analysis that is very ‘
similar to the quick-look analysis (see below). One step is, TRehmca | Reays?!
however, added in which data from all pointings of an ob- ‘
servation are combined together. The results of the analy- l lPrepared Data
sis are then archived together with the consolidated data in
the INTEGRAL archive where they can be accessed when ARk Handard
they become available according to the data rights in force l Comected Data
(http://isdc.unige.ch). The data and results of the stan- High Level Products

time and consolidated data, users can access either form of the \
data (near real time or consolidated) to perform analysis inter- Y
actively through a set of programs called thélide Science Alorts Alerts Data
Analysis (OSA). This analysis is built using the same elements )

as the quick-look and standard analysis and generates the s&ifig- The flow of data in the ISDC system.
products, albeit customised to the needs of the user through an

interactive system. When used at ISDC on the near real time ) ] ]
data, this analysis allows scientists to describe the properties ofS0Me types of data are not strictly associated with s
newly discovered sources within few hours. This has been®c€ Windows and are associated with whole revolutions,
the origin of most of the communications to the community i€ Processed and organised accordingly. These data inc
the first months of the mission. The OSA software is distributd@’ €xample descriptions of the status of the pixel array
by the ISDC to the community. It can be obtained through tf{8€ ISGRI detector or parameters that describe the on-bc
web page of the ISDC. The software is distributed togethBfCC€sSSINg.

with a description of the instruments in a format matched to

the software, a set of test data and with an extensive documsry> prepared data
tation that includes not only user manuals and a scientific vali-

dation report for the instrument analysis but also a descriptibhe first step in the analysis is the conversion of all time f¢
of the known limitations and issues of the version being digiats to a common unit. This information is added to the r:
tributed. A catalogue that describes known high energy sourékgéa to form the prepared data (Fig. 2). The central on bo
(Ebisawa et al. 2003) is also provided. Regular releases of tifge of the spacecraft is broadcast to the instruments wh

complete package are taking place as the level of the softwHren use it individually. In addition SPI uses a further clos
and instrument descriptions improve. also synchronised with the spacecraft. All timing informatic

is uniformised at this step to simplify all subsequent treatm;
of time data. On board time is used in all the ISDC proce!
5. INTEGRAL data ing to avoid any loss of information or precision. Conversic
The telemetry data (120 kbjts are received at the ISDC wherdo standard barycentric time is made in the last steps of
a number of products combining instrument and spacecraft séaalysis if and when necessary. The precision of the timing
tus, housekeeping and planning data are generated to proviéecribed in Walter et al. (2003).
the information required for the scientific exploitation in a con- In addition the technical analysis performs several tas
venient form. like an analysis of the instrument configuration at all times tt
extracts lists of parameters to be used in the scientific proci
51 Raw data ing. These parametersinclude descript?ons of the pixels and
o rameters of the on board software that influence the data tal
The raw data have the same information content as the origistrument gains are also calculated and monitored.
nal telemetry. These data are produced by the pre-processingThis analysis step includes also a number of operations
(Fig. 2). They are formatted and organised so that all data asfify the status of the instruments and spacecraft and disy
sociated with a science window are grouped together, everstatus parameters for the operators. It is thus possible to ¢
the telemetry is received atftBrent times as is the case fopute the fraction of time that is actually spent performing ¢
histograms accumulated on board. servations in nominal conditions while the spacecraft is s
INTEGRAL spacecraft and instruments generate maitwy pointing, an information that is provided to the missic
different kinds of data depending on the mode of th@anners who monitor the successful completion of the ¢
instruments. Consequently, pre-processing generates seemwation program. Operators and scientists are alerted wil
120 diferent types of data. ever non nominal conditions that may require actions are n
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This analysis step also confronts the actual state of the instfollowing the observations and monitoring the instruments and

ments and spacecraft with the expected status derived framthe observers on site.

planning data. In the consolidated data processing chain the data and prod-
ucts are archived and distributed to the users. The archive
can be consulted from the network and public data retrieved.

5.3. Scientific analysis Data and products are also distributed to the observers by the

. — . - : ISDC.
The next step is the scientific analysis. This is done in the near . |spc system has been designed to work for all in-

real time gnvironment by the Quick LO.Ok Analysis (QLA), i_”struments ofINTEGRAL The system is structured in a very
the consolidated data stream automatically on all Observat'(?ﬂédular architecture that allows a very easy adaptation to other

by the Standard Analysis (SA) gnd interactivgly by the USEistruments and missions. It is thus now being adapted to pro-
on any set of data by theffline Science Analysis (OSA). Th'sc_ess data from one of the instruments of ESA&Nckmission.

analysis performs, irrespective of the environment whereFl rther uses of the system can be envisaged in the future.
runs, a number of corrections that are derived from the calibra-

tions files in the archive or obtained from the previous steps in .
the processing. Appropriate calibration data are selected frémrhe ISDC operations

the status of the instruments, gains previously derived are 4, |Spc system is operated around the clock in a dedicated
plied and corrections related e.g. to the JEM-X anodes andylg ¢ 1,5 chines organised as the operational network. Both near
t_he status of the |nd|vn_jual IBIS pixels are ap_plled. The dez? al time and consolidated data are processed and analysed ir
time for each detector is computed and used in the calculatigfl, o ironement. Data in the operational network are not ac-
of the fluxes. cessible from outside. The archive being populated from the
The time intervals during which the instruments were ipperational network and accessible from outside according to
conditions that are required for the analysis are computed. Odbta access rules is the only exception. Scientists and engineer:
the corresponding data are used in the subsequent steps angdrg/sing their own data at the ISDC work on another set of
time intervals are used to calculate event rates. When the ar@mputers organised as thfice network. The fiice network
ysis is performed manually, the parameters defining these {icluding the archive) has excellent connections to the exter-
tervals can be set by the users. Pre-defined sets are used im#@vorld (100 megabits in June 2003), while the operational
automatic processing like the quick-look analysis or the stametwork is almost completly isolated. The ISDC work on the
dard analysis. operational network is performed by a team of operators and

High level products like deconvolved images, light curvesgientists duringfiice hours every day of the year while the de-
and spectra are finally derived. This is done in standard for¥@opment, maintenance, further data analysis and other tasks
for the quick-look and standard analysis and may be tuned &g performed by the remaining Stan the dfice network.
the user when the tools are usefitine. The algorithms used ~ Variability is one of the main characteristics of most
in this step are described elsewhere in this issue (Goldwugi@mma-ray sources. In order to exploit this property to gain
et al. 2003; Mas-Hesse et al. 2003; Skinner & Connell 2008hysical insights on the sources it is necessary to react fast
Strong 2003; Westergaard et al. 2003). Corrections that take ¥peinexpected events. The ISDC therefore reacts to gamma
alignment of the instruments compared to the reference attit@¥ bursts in a matter of seconds and to the discovery of new
of the spacecraft given by the star trackers are applied. T¥Urces in a matter of hours. To achieve this despite the fact
precision of the celestial coordinates provided for the sourdét stdf are present for only about a third of the time on site,
is given in Walter et al. (2003). the IBAS system and the near real time processing chain issue

All calibrations and instrument characteristics that al%lerts automatically when gamma ray bursts occur, when new

needed in the dlierent steps of the analysis are stored in a sgpurees are detected or when large amplitude variations with
of files. For each file the epoch of its creation as well as ghgspect to expected source fluxe are measured. Alerts are alsc

epochs for which it is valid are provided. The files are gelg_enerate_d W_hen r_najorproblemS are found N aprocess orwhen
munications in the ground segment are interrupted.

erated as knowledge of the instruments increases and as the| ; . .
charactistics change with time. They are accessed through the hese a'efts are monitored continuously, the most impor-
ISDC archive. They are organised so that the analysis softwg’}% of them ISsue telephone messages to some .Of tiie ;ta
can access them without manual intervention. 4'yday, allowing thgm o react in few hc_>urs atany time. This
) enables the ISDC to inform the community of important events

All the products that are generated as the analysis procegfgy hours and thus it makes it possible for ESA and other
are indexed in such a way that they are associated with the ﬁed'encies to perform target of opportunity observations with
evant original data without the need to duplicate these UNN@QTEGRAL X MM-Newton or with other instruments in a short
essarily. The total amount of data including the raw telemetfyye |BAS sends a set of messages to the community within
generated per revolution is about 10 Gbytes. It is organisedsig:onds of the detection of a gamma ray burst.
more than 10000 files in a well defined tree structure that is The near real time data are available at ISDC for analy-
known to the software and largely transparent for the user. gjs peyond the quick-look analysis approximately 2 hours after

In the near real time environment, the data and products #ne observation was made. These data may be used by the ob
temporarily saved to be available to scientists responsible f&@rvers present at ISDC while their data are being obtained.
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This facility has allowed to communicate the main character- The archive is regularly populated and the data are s
istics of newly discovered sources within a short time to thie the users. No backlog has been generated over the
community. 8 months of the mission.

The ISDC responds to enquiries of users related to data, The ISDC maintains a web page through whic
analysis and software issues through a helpdesk accessilata, software, its newletter, general information and lin
through the ISDC web page. This is operated together with ttee other sites are provided. This is accessible throu
ISOC so that users do not need to know whether their questitnsp: //isdc.unige.ch
are best dealt with in ISOC or ISDC. Further forms of support
to the community fered by ISDC st include the possibility
to visit the centre and the issue of an electronic newsletter. DAgNOWledgementsie are very indebted to all stavho have con-

analysis workshops will also be organised regularly during tfj&uted in the course of the years to the development of the ISDC
miss)i/on P 9 9 y 9 they stdf of the ISDC, of the institutes who contributed to the instr

ments or of ESA.

The ISDC is attached to the Geneva Observatory. It is funded

7. The ISDC organisation national funding agencies and ESA through the Principal and Co-
vestigators who form the ISDC consortium (T.J.-L. Courvoisier,

The ISDC was established in 1995 after ESA had accepted Wiglter, A. J. Dean, R. Hudec, S. Mereghetti, T. Montmerle, A. Pre

proposal put forward to them by a consortium of 12 instituteBlartinez, R. Staubert, A. W. Strong, J.-P. Swings, N. J. Westergai
The ISDC is attached to the Geneva Observatory, itself the &s-White, A. A. Zdziarski). ThRNTEGRALinstrument teams have
tronomy department of the university of Geneva. This givégntributed a large fraction of the instrument specific software.
the possibility to accept a number of Ph.D. students, of which The ISQC development benefited from several visits made at s
there are 5 in Summer 2003. ThefBiacreased steadily from /lar centers in Europe and the US.
very few (2) in 1995 to some 40 in June 2003 most of them
working in Ecogia, a rural settlement near Versoix, some 8 km
from Geneva. The sthare mainly astrophysicists and software
engineers, aproximatly half of them are under contract with cBeferences
investigators to work at the ISDC. Some instrument teams alsgisawa, K., Bourban, G., Bodaghee, A., Mowlavi, N., & Courvoisie
keep sté& located at ISDC to benfit from a close link. T.J.-L. 2003, A&A, 411, L59

The ISDC system has been designed, developed and Boidwurm, A., David, P., Foschini, L., et al. 2003, A&A, 411, L223
plemented by the growing dfan close collaboration with the Jensen, P. L., Clausen, K., Cassi, C., etal. 2003, A&A, 411, L7
teams that developed the instruments and who contributed layge Kienlin, A., Beckmann, V., Rau, A., et al. 2003, A&A, 411, L.29!

parts of the instrument specific analysis software. '—U"Evzg'l-' Brandt, S., Budtz-Jorgensen, C., et al. 2003, A&A, 4]

Mas-Hesse, J. M., Gimenez, A., Culhane, L., et al. 2003, A&A, 4]
8. Conclusion L261

. . Mereghetti, S., @tz, D., Borkowski, J., et al. 2003, A&A, 411, L291
The ISDC has been designed to be the interface between \\ign R. Barr. P.. Hansson. L. et al. 2003. A&A. 411. L49

INTEGRALdata and the scientific community. It aims at prosiinner, G., & Connell, P. 2003, AGA, 411, L123
viding to the users ofNTEGRALthe data, software and in-Strong, A. 2003, A&A, 411, L127
frastructure that are needed to process these complex data bertini, P., Lebrun, F., di Cocco, G., et al. 2003, A&A, 411, L131
way that makes it possible for general users to fully exploit théedrenne, G., Roques, J.-P., 8ofélder, V., et al. 2003, A&A, 411,
scientific potential of the mission. L63

Since launch the ISDC system has been running withé@lter, R., Favre, P., Dubath, P., et al. 2003, A&A, 411, L25
out problems, all subsystems have been activated successfMYﬁ/?Erlgfl‘_azrg’?N- J., Kretschmar, P., Oxborrow, C. A., etal. 2003, A
This resulted in the timely publication of the first |mportar\5vmkler'C',Gehrels, N.. Schifelder, V., etal. 2003, AGA, 411, L349
INTEGRALresults on gamma-ray bursts and new sources.
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