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1 I ntroducti on

IBIS (Imager orBoard thel NTEGRAL Satellite; Ubertini et al. 2003, A&A, 411, L131is one

of the two prime instruments of -rayhtedescdp& TE
working in the energy range frod15 keV to several MeV, @erves various celestial objects
from galactic Xray binaries and cataclysmic variables, to active galactic nuclei and clusters of
galaxies. It has powerful diagnostic capabilities: fine imaging with localization of weak sources
to within a few arcminutesand good spectral sensitivity and resolution in the continuum and
emission lines. These are overviewed ablel.

Tablel. IBIS technical pecifications

Operating energy range 15 keV- 10 MeV
Continuum sensitivity 2.853% 10°% @ 100 keV
(ph cn?stkev?) 1.63 10° @ 1 MeV

Line sensitivity 1.93 10° @ 100 keV
(ph cm?s?) 3.83 10°@ 1 MeV
0,
Energy resolution (FWHM) ?gf) A@@lloﬁ/lg(\alv
Angular resolution (FWHM) 1206
. : 16 for SNR =
Point source location acacy 36 for SNR =
(90% error radius) 5106 for SN R_
Timing accuracy 61ns-1 hr
. . 8.33 x8.00 (fully coded)
Field of view 29.11 x29.2 (zero response)

!Basedonif | i ght measur eme’®t s @®E3E
2 For a 3 detection in 10s

Imaging is performed using a coded mask. There are two detectors operatitgngously: the
IntegralSoft GammaRay Imager, ISGRI, a sertionductor array optimised for lower energies
(18 keVi 1 MeV), and thePlIxellated Ceasium lodide Csl) Telescope, PICslTa crystal
scintillator for higher energied 75 keVi 10 MeV). Figure 1l shows the total effective area of
the two detectors as a function of enengitere absorption by parts of the instrument above the
detector plane is taken into account.

In the following sections we provide detailed descriptions of the components that make up the
IBIS telescope (8, of how the instrument works 8 and of its overall performance4)8

Some practical examples, calculating observing times and expected detection significances, a
intended to provide help to prospective observess (8

More details on all aspects of IBIS and INTEGRAL are found in the A&A special issue (2003,
Vol. 411). More specifically, for descriptions relating to the IBIS data analysi§&;@eevurm et
al. 2003 (A&A, 411, L223).



http://adsabs.harvard.edu/abs/2003A%26A...411L.131U
http://adsabs.harvard.edu/abs/2003A%26A...411L.223G
http://adsabs.harvard.edu/abs/2003A%26A...411L.223G
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The validation reports of théff-line Scientific Analysis (OSA) software, as well as
descriptions of the data analysis modules and pipeline can be foundIBi$hAnalysis User
Manualfrom the ISDC web sitéhttp://www.isdc.unig.ch
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Figure 1: Ancillary response functiodSGRI (blue) and PICsIT (single: red, multiple: green).
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2 Description of the i nstrument

2.1 Thetelescope

| Bl S -raysmager operating in the energy range from 15 keV to 10 MeV. This range is cov
era by two simultaneously operating detectors located behind a Tungsten mask that provide
the encoding by modulating the flux from astrophysical sources.

The coded mask is optimised for high -rayngul
wavelenghs, the angular resolution of a codedsk telescope is defined by the ratio of the
mask element size (11.2 mm) and the distance between the mask and the detection pla
(3.2m). It is given by: tar (11.2/3200) = 0.2 degree or 12 arcminutes (FWHM).

Thedetector is composed of two pixellated detecting layers: ISG&Ir(in et al., 2003, A&A,

411, L14) and PICsIT [labanti & al., 2003, A&A, 411, L149 The first is made of Cadmium
Telluride (CdTe) soliestate detectors, and the second of Cednaoiide (Csl) scintillator
crystals. This configuration ensures a good broad continuum and line sensitivity over a wide
spectralrange, and allows the paths of photons to be traced in three dimensions if the ever
triggers both | SGRI and PICsI T within 1.9
algorithms to these types of events (above a few hundred keV) allows, in principterease

in Signatto-Noise Ratio (SNR) by rejecting events that are unlikely to come frosoiinee.

- Hopper

- CdTe layer (ISGRD

T Csl laver (PICSIT)

Figure 2. Cutaway drawing of the IBIS detector assembly together with the lower part of the
collimator( 6 6 Hopper 66). The coded mask (not show

The detector aperture is restricted to the handypart of the spectrum by passive shielding
covering the distance between mask and detector plane. An active BismutAn@er@xide
(BGO) scintillator Veto system shields the detector bottom as well as theo$ites detector,
up to the babm of ISGRI (seedp of the tube wallk


http://adsabs.harvard.edu/abs/2003A%26A...411L.141L
http://adsabs.harvard.edu/abs/2003A%26A...411L.141L
http://adsabs.harvard.edu/abs/2003A%26A...411L.149L
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2.2 Theimaging system
2.2.1 Collimator

In order to maintain the lowenergy response of IBIS when dithering (8#ission Overview,
Policies and Procedurgsthe collimation baseline consists of a passive lateral shield that limits
the solid angle, (ahthus the cosmio-ray background), viewed directly by the IBIS detector in
the full field of view up to a few hundred keV. The tube collimation system is implemented with
three different devices:

Hopper. Four inclined walls starting from the detectortumith a direct interface to the IBIS
detector mechanical structure. The inclination of the hopper walls should ideally be such that the
area laid out by the bottom of walls matches the mask size, but the true inclination takes into
account the presence tfe Calibration System and the mechanical constraints. The hopper
walls reach 550 mm out from the ISGRI top plane (850 mm from the PLM base) while the
actual height is 530 mm. The shielding effect is obtained with Tungsten foils embedded in the
four hoppe walls. The hopper walls thickness is 1 mm. Thegaops not physically connected

to the structure of the Payload Module (PLM).

Tube The Tube is formed of four payload module walls, and shielded by lead (Pb) foil that is
glued on. Two of the tube wall® Z axis) are inclined (by about 3.8 the vertical) in order to
follow as closely as possible the inclined tube shape, whilst tagisYwalls are vertical. In
particular the actual inclination of the Z walls is defined by the interface reggnmtswith the
hopper: the Z Tube walls stop at 20 mm in the horizontal plane from each upper edge of the
hopper walls, i.e., at 850 mm from the base ofRhM.

Mask side shieldingFour strips of 1 mm thick Tungsten, provide shielding from thiigbf
backgound in the gaps between the mask edges and the top of the tube walls.

2.2.2 The mask assembly

The IBIS Mask Assembly is rectangular with external dimensions of 118423 114 mn?,
and consists of three main subsystems: the Coded Mask, the Support Pahel Radpheral
Frame with the necessary interface provisions.

Coded Masks a square of size 1064 10643 16 mnt made up of 95 95 individual square

cells of size 11.2 11.2 mn%. The cells form a Modified Uniformly Redundant Array (MURA)

coded pattern of 53 53 elenents (se&igure 3). Approximately half of the cells are opaque to

photonsm | Bl S operati onal energy range, of fering
the cel |l s ar e-axstrangparéncy ofv60% ah20&eV. o f f

Support Panelincludes additional elements to support the mask, providing thessety
stiffness ad strength to withstand the launch and therinit operational temperatures.

Peripheral Framereinforces the sandwich panel and provides the mechanical interfaces with
the PLM.
2.3 Detector assembly

The detector | ayers are naturally | ocated dAund
below, separated by 9 cm.
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2.3.1 Upper detector layer: ISGRI

Cadmium Telluride (CdTe) is a-Wl semiconductor operating at an ambient temperature;
0° £ 20° C is theoptimum range. As CdTe detectors can be made to have a relatively small
surface, they are ideally suited to build a pixelated imager with good spatial resolution. On the
other hand, their small thickness (necessary to achieve good energy resolutictg teeir use

to the low energy domain (50% efficiency at 150 keV). Providing spectral performances
intermediate between those attained by the cooled Germanium spectrometers (SPI) and tl
scintillators (PICsIT), CdTe can be used in the low energy dochaivn to 12 keV and very
reliably down to 18 keMor data at the beginning of the mission and down to 25 keV in.2014
The deterioration of thEdTewith time causes a loss in gamd@redetails in sectiod.2).

The CdTe layer is made of 8 identical Modular Detection Units (MDUs;Fgpae 3) each
having 2048 pixels read out by 512 Application Specific Integrated Circuits, ASICs (4 channels
per ASIC). Each MDU is connected independently to a Detector Bias Box (DBB) and to a
Module Control Electronics (MCE) system that ensures the A/D conversion and provides othel
on-board processing such as event filtering and active pixel monitoring.

The specifications of the ISGRI layer are:

Pixel (CdTe crystal) dimension: 4 x 4 i@ mm thick

Spacing between pixels: 60®n (4.6 mm centr¢o-centre)

Minimum assembly: polycell of 16 pixels (4 x 4)

MDU: 128 polycells (16 x 8)

Layer: 8 MDUs (total of 8 x 64 x 32 pixels)

Total sensitive area: 2621 (16384 x 16 mrf).

The CdTe layeis about 15 mnthick andis located at 294 mm above the PLM base plane.

ISGRI PICsIT

(composed of CdTe crystals) (composed of Cs1 crystals)

128 32

=A =4 =4 =4 -8 4

32 16

64 16

2.3.2 Lower detector layer: PICsIT
Caesium lodide (Csl) is aMll scintillation crystal. The main characteristics of the layer are:

- Pixel (Csl) crystal dimension: 8%48.4mn?, 30 mm thick
- Spacing between pixel800 mm (9.2 mm centr¢o-centre)
- Minimum assembly (ASIC): 16 pixels 44)
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- Module: 32 ASICs
- Layer. 8 Modules (total of 8 323 16 pixels)
- Total sensitive area: 2994 éi#0963 71 mn¥)

The Cs(TI) bars are optically bonded to custonade lowleakage silicon PIN photodiodes.
The design provides a high degree of modularity. The CsI(TI) layer is divided in 8 rectangular
modules of 512 detector elements, each module being integrated into-alstemdestable sub
system. The Csl modules have the same &esB8onal shape as those of the CdHigyre 3).

2.4 Veto shield system

The Veto system@uadrini et al. 2003, A&A, 411, L153s crucial to the operations of IBIS,
because it is used as part of the -apihcidence system to discriminate against background
particles and photons propagating thgb, or induced within the spacecratft.

The sides of the telescope up to the ISGRI bottom level and rear of the stack of detector planes
are surounded by an active BGO Veto shield. Like the detector array, the Veto shield is
modular in costruction. Thee are 8 lateral shields (2 modules per sidajl8 bottom modules.

Each Veto Detector Module (VDM) includes:

1 the BGO crystal and related housing

1 two photomultiplier tubes (PMTSs) optically coupled to the BGO and assembled with the
dedicated Front End Ampiers and High Voltage (HV) divider

1 one HV Power Supply

1 one Veto Module Electronics box for Module control

1 internal harness

The high density and mean Z of the BGO ensure that a thickness of 20 mm is sufficient to
significantly reduce the detector backgnducaused by leakage through the shielding of cosmic
diffuse and spacecraiftiducedo-ray9, to less than the sum of all other background components.

2.5 Electronics
2.5.1 Analogue Front End Electronics (AFEE)

Charge collection, signal filtering and amplificatione aall performed by the Application
Specific Integrated Circuits (ASICs) on both ISGRI and PICsIT. In ISGRI, the 16384 individual
detector units (pixels) are grouped into hybrid circuits cafletycells, which are the basic
assembly unit of a detxr madule, receiving a signal from 16 detectors via 4 ASICs.

2.5.2 Module Control Electronics (MCE) and PICsIT Electronic Box (PEB)

The MCE and PEB perform receipt, checking and execution of telecommands for ISGRI and
PICsIT, respectively. They also collect and fatnthe housekeeping data and process the ana
logue and digital data (energy and rise time). An important function of the MCE is to monitor
the CdTe noise levels.

In-flight, a CdTe detector can become noisy and trigger the relevant MCE too frequently,
causng a large dead time with unacceptable loss of photons. Therefore, the MGtaranom

real time the relative counting rates of each CdTe polycell. If a polycell exhibits noise, the MCE
will, if necessary, switch it off. It can sséquently be reactived and checked from the ground.


http://adsabs.harvard.edu/abs/2003A%26A...411L.153Q
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2.5.3 On-board calibration unit

After 12 years in orbit, the eboard collimated radioactivé®Na calibration sourcehas been
disabled and has no more use.

2.5.4 Digital Front End Electronics (DFEE) and FIFO

The DFEE is situated behind the AFEE and processes the ASICs output Finstia, First-

Out (FIFO) data manager. FIFO sorts the events from different modules according to their true
arrival time in the detector plane for transmission to the DPE/HEH i(&xt section). The
DFEE also monitors the FIFO and instructs it when to send data to the DPE.

2.5.5 Data Processing Electronics (DPE) and Hardware Event Processor (HEPI)

The detector electronics chain ends at the DPE and the HEPI. The HEPI performs the data
tograming and generates the data structures for the DPE. The DPE handles all the interface
between the instruments and the spacecraft for both uplink and downlinlex&mple, it
handles the paeting of data for the OBoard DataHandling Systenbefore transmission to

the ground.
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3 How the instrument works

3.1 Detection
Photons are detected in IBIS by several methBugife4):

Detection in ISGRIa photon is sfgped in a single pixel of the sewwwnductor, generating an
electric pulseEach photon that penetrates a CdTe pixel in ISGRI, ionizes the material and
creates electron and hole pairs. In the polarizing electric field (bias voltage), the light and
negativédy charged electrons travel towards the positive electrodes faster than the heavier holes
moving in the opposite direction. The current created by the movement of the dhdtges a

pulse whose heightfor a fixed depth of interactioms directly propetional to the number of
electronhole pairs.For interactions deep in the detector the pulse height decreases due to less
efficient charge collection, while pulse rise time increaBes further details sdemousin et al.

2001, NIMPR A, 471, 174

The detector coordinates, the pulse height and the rise time of each event are stored in the form
of a list (raw data) from which, through the use of two topktables, the deposited energy of an
event can be reconstructed; the first one is used to transform the pulse height from a number of
channels to an energy in kdly applying thegain correctiorappropriate t@ach pixelwhile the

second combines the rise time and pulse heiglirmation to determine the charge loss
correction that should be applied to recover the event enengyeffect will be corrected with a
time-dependent correction computed using a detailed ISGRI modédLitnire version of OSA
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Figure 4. Detection efficiency evaluated by Monte Carlo simulation


http://adsabs.harvard.edu/abs/2001NIMPA.471..174L
http://adsabs.harvard.edu/abs/2001NIMPA.471..174L
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Detection in PICsITa photon passes through ISGRI and is stopped in PICsIT, generating one ol
more scintillation flashes. PICsIT distinguishes detections that occur in only onggungé
events), from thosthat occur in more than oreultiple events).

The energy of the incident photon is derived in each crystal bar from the intensity of the flast
recorded in the photodiode. For multiple events, it is derived by summing théesndegved

from the intensity of each of the flashes. The energy resolution of PICsIT is a function of the
SNR of the events, the electronic noise at low energies and the light output.

Detection in both ISGRI and PICSIT (Compton mp&éptons that intech in either ISGRI or
PICsIT may undergo a Compton scattering, and be subsequently detected in the othEndayer.
energy of Compton events is determined from the sum of energies for the initial event and th
photon scatter angle. (Data analysis in thaglenis not supported.)

3.2 Imaging

IBIS has a field of view of 29x29 degrees (Full Width at Zero RespoAss)urce contained
within this field of view will cast a shadow of the mask onto the detector planes. However,
given the geometry of the mask and hopgesembly, onlyor sources within the central 8°x8°
around the pointing directiotihe detector is completely illuminated by a section of the mask;
this defines thd-ully Coded Field Of View (FCFOV)whereas the rest of the FQ¥ called
Partially Coded Fld Of View (PCFQOV).

Since all sources present in the PCFOV contribute to the total detected fluxcamasdation
techniques are used to reconstruct the most probable configuration and intensity of th
individual sources contributing to this flux.

The prtion of the sky surveyed during an observation depends on the dither pattern. For th
standard 5°x5° dither, the central 17°x17° are always fully coded, and a region spanning abot
38°%x38° is surveyed to zero response.

3.3 Timing

The ISGRI time resolutioni€ 1. 035 e€s for each detected ev
accumulated every 1808600 seconds depending on dithering time; a spectrum alone (but with
low resolution, from two to eight energy bands) is available every several ms.

3.4 Polarimetry

Multiple events in adjacent PICsIT cells can be used to determine the polarisation of the incider
photons using the Kleiiishina crosssection dependence on polarisation anglewever,this
requires the Polarimetricss-mode which is never usetlecauseat was not possible to install a
polarised calibration source on board (due to a lack of time and resources)

It is also possible to use the ISGRI and PlG#dtector planes in conjunction in order to select
Compton events, allowing a reconst rFora étilon
2008for more details). Although there e¢sirrently no support for Compton analysis in OSA, the
list of Compton events per science window are distributed together with the ISGRI and PICSIT
events.


http://adsabs.harvard.edu/abs/2008ApJ...688L..29F
http://adsabs.harvard.edu/abs/2008ApJ...688L..29F
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3.5 Observing modes

IBIS has several observing modes for engineering and calibration purposedy mrnefor sci
entific observations. Irscience modethere are no useelectable parameters, and ISGRI
registers and transmits photbg-photon: every event is tagged with its arrival time, energy, and
position on the detector plane.

PICsIT can also opate inphotortby-photon mod€PPM), but because of its much higher back
ground due to cosmic ray induced events, the limited telemetry does not allow operating in this
mode because it would lead to important data losses. For this reason, the stangafdrmod
PICsIT ishistogram moderegistered events are integrated over the pointing duration (spectral
imaging) or over the detector plane (spectral timihgte that transmission of PPM events was
disabled early in the mission, and permanently disabldteatnd of revolution 1507.

For the spectral timing data, both the time resolution that ranges between 0.976 and 500 ms, and
the number of energy channels can be set from the ground. Currently, PICsIT uses a time
resolution of 15.625 ms and 8 energy clelan208 260, 260312, 312364, 364468, 468

572, 572780, 7801196 and 11982600 keV The characteristics of the different observing
modes for IBIS are summarizedTable?2.

Table2: ISGRI and PICsIT observing modes

Observing Mode| Imaging resolution| Timing resolution | Spectral resolution
(pixels) (channels)
ISGRI | photortby-photon 128x128 61.035 us 2048
PICsIT | photonrby-photon 64x64 64 us 1024
spectraimaging 64x64 30-60 min 256
spectraitiming none 1-500 ms 2-8
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4 Performance of the I nstrument

4.1 Components and sources of instrumental background

The bulk of the detected photons in both ISGRI and PICsIT are not from the scientific targets
that are observed. These background photons are of two types: instrumental and astrophysic
and their main sources are:

1 for ISGRI at low energies (< 100 keV)psmicray induced fluorescence of the shielding
el ement s, andraybackgfound e cosmi c 2

=

for ISGRI at higher energies and for PICsIT: radioactive decay of unstable nuclei createc
by the spallation interactions of cosanay protons and their secondagrgrticles in the
massive parts of the satellite

e - ! e S T
i L Y S aaata o oliog -

] 0,002 0.004 0.006 0.008 o001 o001z o014 0016 oma

Figure 5. ISGRI timeaverages intensity background maps in four logarithmically sized energy
bands: 2035, 3560, 63100 and 10aL75 keV. The colour intensity ranges from 0 to 0.018 cps,
but the maps are raormalized depending on the count rate in each scienceowind

The overall background is strongly influenced by solar activity: it is lowest at solar maximum,
when a stronger solar magnetic field inhibits the propagation of cosmic rays into the inner sola
system, and is about twice as high at solar minimum. ‘petdormance is another major
influence on background levels. During tRerformance Verification lrase, it was found that

the Veto can help to reduce the count rate by approximately 50% for ISGRI and 40% for
PICsIT.

Since the background is strongly enedgpendent beloid100 keV, background cubes (2D
images as a function of energy) are constructed from all available empty fields and high latituds
observations for each ISGRI energy chani.p keV). These are used by default in OSA,
both for imaging andpectral analysis: the higlesolution maps are combined to match the
specified energy bands. An example of these background maps is shéigurée®b.

From the first instrument activation, bursts in the PICsIT count rate were observédg(aee

6). In the timeintegrated detector images, they are seen as tratkgybt pixels, indicating that
these events are related to the interaction of cosmic rays with the detector. The contribution c
these cosmicay induced triggers to the total PICsIT background is of the order of 10%, but
they mainly affect the lovenergychannels belowD300 keV (up to about 30% of the total
background). Since in the standard observing mode only histograms are downloaded, thi
introduces nosstatistical fluctuations in the data, up to a factor BR&b in the SNR.
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Time-averaged, iflight background spectra as observed by ISGRI and PICsIT are shown in
Figure7. The inflight countrates are compared to those of the Crab in

Table3.
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Figure 6: Total PICsIT count rate as a function of time (revolution number)
window level, for single (left) and multiple events (right).
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Figure 7. In-flight background spectra for ISGRI (left) and PICsIT (right). The ISGRI gpactr

is from empty field observations in revolution 96 (effective exposure time 36.4 ks). For PICsIT
the single (black) and multiple (red) events contributions to the background are shown
separately; based on one Science Window of data accumulated in i@vai0d.
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Table3. Approximate background rates compared to the Crab

Background Crap
Energy band (S(::Ig;\{lax) ocrtrsags
ISGRI: 15400 keV 600 250
PICsIT: single multiple
203252 keV | 2.71+0.02 i
252-336 keV i 2.4610.01 i
336448 keV T 1.17+0.01| 0.07+0.01
448672 keV i 0.60+0.01| 0.14+0.01
6721036 keV T 0.26+0.01 | 0.14+0.01
10361848 keV i 0.06+0.01| 0.12+0.01
(203-1036 keV; single) 2500 7.20£0.03 T
(336-1848 keV; multiple) 580 i 0.47+0.02

IBIS is located next to SPI and JEX/ both also codethask telescopes. Singeays are highly
penetrating, it is possible for them to pass through parts of the spacecraft or instrumen
structures, as well as coded masks, and to be detected @yahanstruments. Therefore, off

axis grays with energies above ~300 keV that pass through either the SPI or th¢ dadéd
masks may cast a shadow of this mask onto the IBIS detectors; the former combination is ofte
referred to as t Rigure8.cABhBugBhis®idedtively indremses the(fieddeok
view of IBIS, a brightgray source would thus add additional counts and modulation to the IBIS
histogramwhich considerably complicates the image reconstruction.

The SPIBIS effect was calibrated before launch, but ISOC avoids scheduling observations whe
either of the three brightest sources/regions: the Crab, CYgpiXthe Galactic Center region,
are visibbe by IBIS through the SPI mask.

4.2 Instrumental characterisation and calibration

The ISGRI and PICsIT detectors are calibratedrinit on a regular basis. Biannual observations

of the Crab are performed to enable regular verification of the detector uityf@mna energy
response, and improve the calibration. Continued efforts to improve our understanding of th
instruments and the mask assembly allow for a steady refinement of the analysis software. £
present the calibration is good up to a level of ageveent for ISGRI, and about 5% for PICsIT

at off-axis angles less thddl0°. This means that in the spectral fits the deviations between the
observed spectrum and actual model are generally vdtbb.
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Figure 8: Left: Offaxis source positions for the SPIBIS configuration as well as the shielding
tests, during the préight calibrations. Middle and right: PICsIT shadowgrams from
simulations (middle) and p+ifight calibration data (rigit). The images are sligtly offset due

to the inaccuracy in the supplied source position.

The instrument characteristics are verified after events such as solar flares. The energy response
and spectral resolution are monitored on long t#t@es at 59.8eV using the background
induced Tungsten fluorescence line from the coded mask and hopper walls.

ISGRI shows a loss of gain of about 3% per year, and additional gain drofd®4Pdxcurred
after strong solar flares. Therefore, the data analysis softeatains a tima&ependent gain
correction for ISGRI. Variations due to global temperature chamfey ére taken into account
with an accuracy of 0.5%.

In OSA 9,the description of the gain drift is based on IREM counters integrated over time, to
take nto account theolar flares. However, with this correcti@ngclear departure from stability
was seen in later datidence, anew gain drift correctiomvasimplementedn OSA 10

Taking into account the expected PICSIT gain variation of 0.3%!fi@asuredduring on
ground thermal tests, the average gain (over the whole detection plane) meadiighd in
indicates that the PICsIT temperature gradient along the INTEGRAL orbit is the dominant
factor in the observed PICsIT gain variation. The number of didgtikels in ISGRI islowly
increasing by about 50 per yg@om 500 in 2008 to 800 in 2014f 16384 pixels)In PICsIT

there are abow0 (of 4096 pixels).

At high energies (>1 MeV), the background so strongly domsrthie flux that large amounts of
data accumulated through routine operations are used to extend the calibratiois ireginne

In 2010, several higkenergy missions detected a significant decrease in the flux from the Crab
nebula that, in fact, appeared to have been steadily decrsasteg2008 \(Vilson-Hodge et al.
2011). Figure9 shows a light curve of the Cralebula using only caxis observations



http://iopscience.iop.org/2041-8205/727/2/L40/
http://iopscience.iop.org/2041-8205/727/2/L40/
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Figure 9: OSA 10.2Crab Nebulacount ratetime serieson-axis ( wi t h) imthre® énergy
bands:20- 35, 3565, and 65100keV, from the start of the missidn January 2017Each point
is the estimated count rate based on a single pointing, and thus averaged twé030inutes.

4.3 Measured performance
4.3.1 Angular resolution and point source location accuracy

The angular resolution of Il BI'S is 126 FWHI
centroiding accuracy for a point source can be much finer, depending solely on the detectio
significance. For ISGRI, the absolute localisation accuracy sfmirces detected with a

significance of 100 in the FCFOV is as |lo
| ocalisation radius increases t otimeskaagear 2 0.
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Figure 10: Left panel: ISGRI point source location accuracy (PSLA; 90% confidence level) in units of
arc minutes for sources in the FCFOV using an analysis basd40000 science windows is given by:
31.1(SNR)* - #70.23 (Scaringi et al.2010, A&A, 516, 76 The resulting fits are shown for the FCFOV
(blue) and the PCFOV (red), and are compared with the only previous determination of the PSLA by
Gros et al. 2003, A&A 141, L179, that parametised their fit as: 22.1(SNRY - $°0.16. Right panel:

PICsIT PSLA using Crab observations from revolutions 39, 43, 44 and 45. Results for 2 energy bands

are given(203-252 keV and 253 36 ke V) . Only detections with at I
exposure) are used. The catalegosition of the Crab is nmeed by a cross, and the size of a PICsIT
pi xel (106) is indicated by the rectangl e.

4.3.2 Spectral resolution

The spectral resolution of ISGRI has been measured durinfighe tests on the engineering
model, as well as #ight. Resolutions of 9% at 60 keV (W fluorescence) and 4.6% at 511 keV
have been measured fragarly in-flight spectra(17% at 60 keV in 2014 Figure11 shows the
earlierspectral resolution determinedfirght.
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Figure 11. Left panel: The energy resolution of ISGRI. The solid line shows the theoreticallyedxpec

values, and the stars are values measured before launch using an engineering model. The study of the in

flight W fluorescence line at 60 keV and thigeannihilation lines at 511 keV (shown as filled circles)

do not reveal any evidence of a changehaf ISGRI spectral performance. Right panel: The energy

resolution of PICsIT at 511 and 1275 keV as measurdiigint using Calibration Unit (S5) data (shown

as stars). Also shown are the theoretical expectations as determined freifiglgréests usingan
engineering model. The electronicoi se val ues (fANoi seod) refer to one
expected when extrapolating to the complete detector electronic chain.

4.3.3 Mask Calibration

Details such as the presence of screws, and of the amount a@f glargous places on the mask,

can have significant effects on the image reconstruction. This is due to the fact that the model of
the mask used in the software differs from the actual mask. In order to construct a realistic
model of the mask from actualbservations, much effort has gone into mask calibration.

Starting withversion9.0 of OSA, improvements ofhe IBIS/ISGRI imaging software have been

madeby taking into account the presence and exact location of the screws, inserts arsgglue
toholdbhe mask in place. This is done by excludi
defects are projected by a bright source in the field of view. This operation yields &addven
improvement in sensitivity around bright sources, which, in turn, allowsht®rdetection of

much fainter sources (s€@urel2).


http://adsabs.harvard.edu/abs/2010A%26A...516A..75S
http://adsabs.harvard.edu/abs/2003A%26A...411L.179G
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Even better results will be obtained by taking into account the precise shape, size and thickne
of the mask defects; this is the aim of the mask calibration efforts. The goalsasure

t he actual transparency of the mask as a f
a 3D geometrical model of the mask. The empirically accurate model of the mask would then b
used in the deconvolution process, further refining the énaawalysis software. This objective
requires a uniform, effective exposure of 1 Ms over the entire mask, and dedicated observatior
of the Crab, together with scientific observations of the Cygnus region, are used to attain it.

IBIS/ISGRI OSA 8 - IBIS/ISGRI OSA 9

Figure 12 IBIS/ISGRI significance images of a field centred on Cyig ®SA 8, standard colour scale

(left), OSA 8 with a colour scale saturated to show the ghost residuals (centre) and OSA 9 with the sarr
scale as the central image (right).

4.3.4 Off-axis response

The offaxis response of the IBIS telescope has been characterized during the Crab calibratic
observations in 2004, 2005 and 2006: the flux ofaads sources could be underestimated by up

to 50% in the PCFOV at energies around 20 keV. This logsked to the mask supporting
structure (including the nomex structure), and strongly depends on the angle and the energy
the incoming radiation. The correction maps used in the imaging and spectral analysis softwat
are shown irFigure13; the residual offixis effects after correction are less than a few percent.

072 0.74 0.76 0.78 08 0.82

Figure 13 Off-axis correction maps based on a detailed homex geometrical model in the energy bands
20-35, 3560, 66100 and 10aL75 keV. In these new maps, there is an importantareéaymmetric
component characterized by the sli&e shape, which is due to thexagonal honeycomb structure of

the nomex. Since these maps are used to correct the count rate, they are normalized to 1. In this examg
the colourbar scale ranges from 0.71 to 0.83.
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4.3.5 Sensitivity
The IBIS sensitivity can be parametrised as follows:
S= [n(Jot+ Jo) + n sqrt[(n(Jo+ Jo)) 2+4AB(Jo-Jo) °TLE]] | [A (Jo-Jc) °TLE 4

In the case of the continuum, the sensitivity is measurptiatons cri s* keV?, the efficiency

(the last term in the equation) is given é&yaer, and the variabl€E is the energy bin size. The
line sensitivity is measured photons cm s?, the efficiency ise=g, and the variabl&E is the
energy resolution. All other variabl@sthe equation above (in order of appearance) are defined
below:

1 n is thedetection significance in units of sigma

1 Jo, Jc are the open and closed mask element transparencies

1 Tis the observation duration

1 Ais the detector area

1 Bis the background count ratedounts crif st keV*

1 ais the imaging efficiency, a function of the coding noise and dither pattern
1 &, erare the peak and total efficiencies, respectively

Note that for a broad line with a FWHM BE keV, the sensitivity is reduced bPE/dE)Y? the
square root of the ratio of the energy bin size to the energy resolution.

Figure14 shows the sensitivity curves derived from empty field observations, and Tables 4 to 7
give some of the actual values. Theoretical agree with the observed sensitivities within a factor
of ~2. This difference is due to systematic effects thetease partly due to long observations
(>500 ks), and partly due to a large number of soytbesonly at low energigs

Using the standard 5 x 5 dither pattern causes a sb@i§o]) loss in overall sensitivity, averaged

over the dither pattern, bah important imaging advantage in smoothing out systematic effects.
This mode is recommended for all observations except under special circumstances that should
be well motivated and justified.












