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Abstract. The PICsIT instrument is the high-energy imaging detector of IBIS on board INTEGRAL and comprises
4096 individual scintillator elements each working in the energy range from about 175 keV to 10 MeV. Images of the sky
are created using the coded aperture technique wherein each point in the detection plane contributes to the final image. For tt
reason the sensitivity at any point in the image is highly dependent on both the total background and its spatial and tempore
uniformity. Herein we describe the PICsIT in-flight background, for the principal modes of operation, from the point of view
of total count rate and spectrum, and discuss both the spatial and temporal stability.
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1. Introduction algorithm used for producing the final image. For the ful
oded field of view, all the data collected are involved in

The PICSIT instrument is the high-energy plane of the IBI eighted addition process for every point in the reconstruc

imaging telescope on INTEGRAL. It consists of 4096 indiVidi'mage, and in order for this technique to be satisfactory, -

ual Csl scintillation crystals, each coupled to a photodiode fBEckground in the recorded shadowgram must be as low an
the read-out of the light produced by an interacting gamma-rg

2 . atially uniform as possible (or at least, all the sources of ¢
A complete description of the instrument can be found els }S y P (

L . . niformity must be known and calibrated beforehand and :
v_vhere in this VO".‘me (Laban_tl et al. 2003). Briefly, th_e dete"f:’ounted for either through the weighting procedure or throu
tion plane comprises 16 semi-modules, each ok 16 pixels.

. . : some other correction process). For the standard mode of o
Each group of 16 (% 4) pixels is read out electronically by one, P )

ASIC. The semi-modules are arranged in pairs as 8 moduﬁ%sgn' the accumulation of the shadowgrams s performed
o . . . rd over a standard timescale of 2150 s (programmable),
which are then placed in @24 format to create a 6464 pixel v I (prog )

. . ; ; for single events and another for multiple pixel interactior
_detectlon plane. There Sagap of one plx_el between nelghb e data is transmitted to ground as sets ok@# x 256 ele-
ing modules Ieadl_ng to arffective dlmen5|_on of the detection ents corresponding to a 256-channel spectrum for each pi
E?EF OLGS? géglxel_s .tf;r?und :]hehdettectlon pltane a:e placel this mode of operation it is therefore not possible to retu

ocks of L scintiffator which act as a velo System. 4, 5 eyent list to make subsequent gafiiset corrections on-
The IBIS imager uses the technique of coded apert

. ing in ord d . f the sk Gold found. In some cases it is possible to send the data to grc
imaging in order to produce images of the sky (see Goldwu complete photon lists (again, one for single site interacti

et al. 2003 for an in-depth discussion of the IBIS data analé(hd another for multiple events), however due to telemetry li

sis techniques). This entails integrating over time to creats Aions only about one third of the events can be transmitte
count map (or shadowgram) of recorded events. The shadow-

gram consists of many overlapping shadows of the coded aper-|t s clear that the design of the detection plane allows its
ture, one for each source in the field of view, superimposgdlihe creation of systematic spatial disuniformities in bac
on a background. This shadowgram is then the input into grynd due to the diering local conditions of the individual
Send giprint requests toJ. B. Stephen, pixels. Iq particular there are natura_l frequencies at_4 (ASI.‘
e-mail: stephen@bo. iasf.cnr. it 16 (semlmodulg) and 32 (module) plxels_. A further dISC_USS_I

* Based on observations with INTEGRAL, an ESA project Witﬁ)f the SySte_mat'C@CtS induced by spatial no_n'un'f(_)rm'ty "
instruments and science data centre funded by ESA member stR@{! detection planes of the IBIS telescope is available el
(especia”y the Pl countries: Denmark’ France, Germany, |taW,here in th|S V0|ume (Natalucci et al. 2003) In the fO”OWin
Switzerland, Spain), Czech Republic and Poland, and with the paections we will describe the background in the PICsIT st:
ticipation of Russia and the USA. dard imaging mode in terms of the total count rate, the spec
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i Fig. 2. The integrated ratemeters for the entire PICsIT detection plane
for a blank field observation during revolution 38. The time axis is in
housekeeping packet cycle time (8 s), thus 56 ks of data are shown.
| The high count rate at the beginning corresponds to where the veto
7 was df.

6000

Counts/s

4000

2000

Figure 2 shows the integrated PICsIT ratemeters for revo-
g S L] lution 38 (February 2003) during a blank sky field observation.
5.0x10% S 20104 It can be seen that the vetoed count rate is relatively uniform
throughout the orbit at a rate of 425Gavhile for the few pe-
Fig. 1. The evolution in detection plane trigger rate with time fromjgds where the veto was switcheff the count rate was about
switch on during revolution 2. The top panel is a superimposition ef3 oo ¢s in line with the constant value extrapolated above.

15 semi-modules, while the bottom panel shows the remaining sefifyis (rigger rate, after thresholding and event selection, even-
module in which a pixel becomes noisy. To date, only 4 pixels ha\(

been switched f due to becoming noisy during flight adding to theﬁa")([ glvedsgosoe to C(;J:]trﬁ{[els of ar?und 2700 cofssingle
50 already killed before launch. events an couresmultiple events.

form, spatial non-uniformities and the background stability i%‘ PICsIT science data
time. The standard mode of operation of PICsIT (Spectral Imaging)
consists of the integration aboard of data histograms. Each data
cube consists of a 64 64 x 256 set of counts corresponding
to the 4096 pixels and 256 energy channels. There are two of
Each PICsIT semi-module has a ratemeter whose value is trthgse blocks per integration — one for single site events and the
mitted to ground in the housekeeping format every 8s. Figur@ther for multiple energy deposits. While the energy of the in-
shows the count rate for the individual PICsIT semi-modulghvidual events is digitised at 10-bit precision, this resolution is
from switch on at the beginning of revolution 2. The top panélegraded to 8-bit for transmission. The energy range for single
shows the superimposition of 15 semi-modules while the b&vents covers the range up to about 7 MeV and for multiple
tom panel shows one semimodule in which a pixel becomegents up to around 14 MeV. In addition to these data blocks
noisy. Pixels which become noisy in PICsIT are treated inadata stream of counts is produced with very limited energy
different fashion from the ISGRI plane in that they are killetesolution and no spatial resolution (Timing mode). This data
definitively. Before launch 50 pixels had been identified as beill not be discussed here.
ing potentially noisy and were switchef At the time of writ-
ing (+8 months) only 4 more havg had to be killed. d?'l' Spectral distribution

The total count rate per semi-module can be seen to de-
crease in an exponential manner from around 15@0(er The integrated spectra of both single and multiple events are
24000 ¢s for the entire plane) with an extrapolated constaahown in Fig. 3 for the blank field observation of revolution 38.
value of around 1300/s (~21000 ¢s). During the follow- In addition to the standard mode data the photon-by-photon
ing weeks, until around the middle of November the orbit aghode (PPM) singles data for an observation immediately be-
INTEGRAL was adjusted to attain the final orbit, raising thérehand is superimposed.
perigee and thereby decreasing the radiation activation during Some broad features at 511 keV and 662 keV are evident, as
the perigee passages. At the beginning of November the vetell as an excess around 1-2 MeV and some evidence for lines
modules were switched on and their parameters optimised. at around 2 and 3 MeV. All these features were predicted by

2. The PICsIT ratemeters
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PICsIT Background Spectrum
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Fig. 3. The spectrum for the entire PICSIT detection plane for blank &sof
sky field observations in revolution 38. The single event spectra for e e R e e
both PPM (light) and Histogram (dark) modes are shown, while the Pixel (Y) Pixel (1)
multiple event spectrum (dotted) is for the histogram mode only. The

main features present are at 511 and 662 keV with smaller excesse "> o
between 1 and 3 MeV. " 110 R -
£ 1000 £ 280
é 900 é 260
800 240
the INTEGRAL Mass Model (TIMM) calculations (Ferguson ) 550 ]
et al. 2003), although the overall intensity is around a factor of o e N e

two higher. The multiple events outhumber the single site inter-
actions above the 662 keV line. There is also an excess in bacik- 4. The spatial distribution of the PIC'SIT'singIe event backgrouw
ground at lower energies250—300 keV). The reason for thigboth below (left) and above 511 keV. Projections ontoYtemdZ-axis
is phosphorescence of the Csl scintillators after activation B /S0 Shown.
charged particle interactions. This phenomenon is described in

detail by Segreto et al. (2003). Although it is possible to elim-

inate this component in the photon-by-photon event list datig latter over the former above around MeV which cannot
in the pre-accumulated histograms there is nothing that canélained in terms of a pure gain anfiset diterence.
done to reduce this component and so the background shownThe well known sensitivity of the coded aperture techniq
in the figure is that which determines the statistical limit to thie this type of spatial non-uniformity dictates that the spat
sensitivity of PICsIT in its standard operating mode. form of the background must be modelled to a high degree
accuracy (Malaguti et al. 2001) in order to reduce the syste
atic variation to a point where it will be possible to achieve
sensitivity close to the statistical limit.

As described above, the modular design of the PICSIT in-
str_umeqt is respor_13|ple for a large amount of spatial NOB-3 Time variation
uniformity in the distribution of the background count rate.
Figures 4 and 5 show false-colour images of the detectad described above, the standard mode of operation of PIC
events, both single and multiple, for twofidrent energy accumulates data over periods of around 2150 s. It is cl
ranges, together with the projection of these shadowgrams otitat temporal variations in the background should not oc:
the Y andZ axes. Broadly speaking, it can be seen that tlatimescales shorter than this basic period. Figure 7 shows
spatial distribution is more structured for the single events diference between two singles spectra obtained 21 days ¢
higher energiesx500 keV) than at lower. For multiple eventsat the very beginning and end of the Crab calibration meast
there is a high degree of structure in both energy ranges but talents expressed in terms of standard deviations from the
ing different forms. Common to both multiple and single evengpectrum. A very slight DCfiiset of about 0.5, correspond-
is the higher count rate in the top left hand and 3 bottom riginig to a diference in absolute counting rate is visible. It is cle
hand modules. however, that outside of the lowest energies where threst
The module borders are always visible for single eventnd Csl phosphorescence events are important there is nc
while at the higher energies an ASIC-determined structurepeeciable diference between the two spectra. Of great imp,
clearly visible with adjacent pairs of columns and rows beirtgnce in making this comparison is that although the spe
alternately higher and lower. This is also evident to a lesser deere obtained at a greatfifirence in time, the temperature ¢
gree in the multiple event distribution. In Fig. 6 we show ththe detection plane at both measurements was essentially
single event spectra for the<2 ASIC centre pixels in compar- same. As is discussed in the analysis of the IBIS calibrat
ison with that for the outer ring of 12 pixels as integrated ovepurce data (Malaguti et al. 2003), there is a gain change
the entire detection plane. It is clear that there is an excesdexdt of approximately 0.3%C for the scintillation elements in

3.2. Spatial distribution
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Fig.5. As Fig. 4 but for multiple events, showing the distributions
below (left) and above 1MeV.
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Fig. 6. The spectra corresponding to the data shown in Fig. 4. The
lower spectrum is the sum of the ASIC centre pixelx(2) while the
upper curve is the sum of the ASIC outer pixels (12). It can be seen?
that there is a divergence in the spectra above approximately 2 MeV
which is not compatible with a ffierence in gain andffset.

igma
o

the calibration source peaks, which will also be the case for the

science data. TELh e
Figure 8 shows the temperature profile for revolutions 39 Eneegy (ko)

through 49. Revolutions 39-45 correspond to the Crab calibfgg. 8. (above) The average temperature of the PICsIT detection plane

tion observations (and to the period when the instrument Wagoughout revolutions 39 to 49. (below) The comparison of back-

left on during perigee passage thus avoiding the cooling whigtound spectra taken at the lowest and highest temperatures of revo-

would result if PICsIT was switched®. It is clear that there lution 48. A clear gain fect is obvious as demonstrated by the slope

is a small cooling flect during the perigee passages, but ti#d features around the 511 keV and 662 keV lines.

variations are of the order onl¢0.5 °C over a timescale of

21 days. In revolutions 46 to 49 the spacecraft is pointed at var-

ious sources and theftBring aspect angle causes wide tempespectrum as seen in the figure which must be compensated for.

ature fluctuations of up to 6 degrees in only 30 hours. The tefihis difference is due to the change in light output from the Csl

perature change produces a larg&edéence in the backgroundcrystal with temperature leading to affieetive gain change.
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