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tionThis report summarizes the s
ienti�
 performan
es and reliability of the Instrument Spe
i�
 Software(ISSW) of the PICsIT dete
tor layer of the IBIS imager aboard INTEGRAL. The exe
utables analysedhere, together with their Instrument Con�guration (IC) �les, are those delivered by the IBIS Team to theISDC for the integration in the O�{line S
ienti�
 Analysis (OSA) software pa
kage version 3.1 releasedby the ISDC to the publi
 by January 2004. An equivalent report on the IBIS/ISGRI ISSW is providedin a separate do
ument by A. Goldwurm et al. (IBIS/ISGRI Instrument Spe
i�
 Software S
ienti�
Validation Report).The basi
 
on
epts of the s
ienti�
 analysis of the IBIS teles
ope are des
ribed in Goldwurm et al.(2001, 2003), while more detailed te
hni
al information about the pipelines, data stru
tures, tools, and
omplementary modules 
an be found in the do
uments Introdu
tion to INTEGRAL Data Analysis(ISDC/OSA{INTRO), ISDC Data Repository Organization (ISDC/TEC013), and IBIS Analysis UserManual (ISDC/OSA{UM{IBIS).This report provides a preliminary evaluation of the s
ienti�
 performan
es of the IBIS/PICsIT softwarea

ording to the tests performed so far. Further tests will be available in the next versions of the presentdo
ument.2 The IBIS/PICsIT data analysis2.1 General 
on
eptsThe general purpose in the data analysis of astronomi
al instruments 
an be basi
ally divided into twoparts: the �rst, based on the analysis of images, is to measure the 
elestial 
oordinates, the spatialstru
ture (extended or point{like sour
es), and the photometry of the sour
e. The se
ond, related to thestudy of the spe
tra, is to measure the 
ux and energy of emission/absorption lines, and the 
hara
teristi
sof the 
ontinuum. The measuring pro
ess adds several e�e
ts that 
ontribute to modify the originalimage or spe
trum. Therefore, it is ne
essary to operate 
orre
tions to the data in order to obtain animage/spe
trum that is as mu
h as possible 
onsistent with the original one. Despite the di�eren
esdepending on the instrument used in the observation, from a purely 
on
eptual point of view, it isne
essary to solve an inverse problem with distribution fun
tions. In other words, by assuming for thesake of simpli
ity a monodimensional 
ase, we have to solve the following integral equation of Fredholmof the �rst kind: �(x) = Z  (z)K(x; z)dz (1)where � is the observed density of probability fun
tion, while  is the 
orresponding original density ofprobability fu
tion that we want to restore. K is the kernel of the integral equation and represents themeasuring pro
ess, in
luding the e�e
ts of the measuring errors in the observed distribution. The kernelis 
alled point{spread fun
tion (PSF) in the images, while it is 
alled line{spread fun
tion (LSF) in thespe
tra. �,  , and K are all non{negative fun
tions, sin
e they are 
onne
ted with the density of thein
oming photons.The basi
 problem of the astronomi
al software is therefore \to 
lean" the PSF or LSF from all thesystemati
 errors (in
luding those of 
alibrations), before to pro
eed to the inversion of the integralequation. At the end of the 
orre
tion (\
leaning") pro
ess, the kernel should 
ontain only the statisti
alerrors intrinsi
 to the measuring pro
ess. For example, in the 
ase of a gaussian distribution with varian
e�2, the kernel is:



IBIS-ISSW Validation Report Page: 4K(x; z) = 1�p2� exp �(x� z)22�2 (2)Depending on the type of instrument, there are di�erent types of 
orre
tions. A system for astronomi
aldata pro
essing 
an be divided into three main steps, whi
h in turn 
an be divided into sub{steps. The�rst step (Level 0) is the prepro
essing level, where the telemetry 
oming from the satellite is unpa
kedand 
onverted into a standard format (FITS) (see in the ISDC Te
hni
al Do
ument se
tion1). The basi
data stru
ture (RAW and PRP) is built, together with the On{Board Time (OBT) information, andthe division into S
ien
e Windows (S
W) is set up (see ISDC/TEC013 for more details).It is worth noting that, in the 
ase of IBIS/PICsIT, there is also an on{board pro
essing of the databefore the Level 0, performed by the Hardware Event Prepro
essor of IBIS (HEPI). This is ne
essarybe
ause of the limited telemetry available on{board the INTEGRAL satellite and the high 
ount rate ofba
kground (� 3500 
/s) in the IBIS/PICsIT energy range (0:17� 10 MeV). Therefore, HEPI performsa preliminary pro
essing of the event list (
ontaining the position y; z of the pixel, the 
hannels 0� 1023,and the time information), before to send it to the ground. The 
orre
tions are: equalization by applyingthe gain and o�set values of the HEPI look{up tables (LUT), 
onversion from 
hannels to energy tore
onstru
t the multiple events, integration of events into histograms to save telemetry. The histogramsare divided into two types: one (spe
tral imaging) is a data 
ube of 256 � 64 � 64, 
ontaining still thefull spatial information (64� 64 pixel) and a moderate energy resolution (from the original 1024 to 256
hannels). The integration time of a single histogram is generally 
orresponding to the duration of oneS
W (� 2000 s), resulting in a loss of time information. Therefore, to perform time study, the other typeof histogram (spe
tral timing) is designed to keep time resolution down to 1 ms, but with a great loss ofenergy resolution (from 1024 to 8 
hannels), and without spatial information. The 
ombination of thespe
tral imaging and spe
tral timing is 
alled standard mode. It is worth noting that IBIS/PICsIT 
andownload dire
tly the event list, without the integration on{board (photon{by{photon mode PPM), butwith great 
onsumption of telemetry. Therefore, with the ex
eption of some observations of 
alibration,IBIS/PICsIT works only in standard mode, by produ
ing spe
tral imaging histograms for single andmultiple events, and histograms in spe
tral timing (default 4 energy bands and 2 ms of time resolution).More details on IBIS/PICsIT on{board pro
essing are available in the IBIS User Manual, Issue 5:1.On
e the basi
 data stru
ture is set up, there is the 
orre
tion step (Level 1) where the instrumentdependent 
orre
tions are applied. In this level, the OSA pipeline starts to work and perform thesublevels COR, DEAD, GTI, BIN I/BIN S, BKG I/BKG S. The spe
i�
 
orre
tions for IBIS/PICsITare: 1. the intrinsi
 deadtime of the dete
tor, that is the time during whi
h it is not possible topro
ess any event, sin
e the dete
tor is devoted to the pro
essing of another event;2. additional deviations from the on{board tables of gain and o�set (only for PPM), and
onversion from 
hannels to energy;3. �ltering of the events a

ording to the Good Time Intervals (GTI); for PPM only;4. 
orre
tion of partially downloaded histograms (for standard mode only);5. 
orre
tion for dete
tor non{uniformities and subtra
tion of the ba
kground.When the data are 
leaned from ba
kground and 
orre
ted for instrumental e�e
ts, it is possible to moveto the third level (Level 2), where the 
reation of images, spe
tra, and light
urves is done (sublevelsCAT I/CAT S, IMA/IMA2, SPE, LCR). The shadowgrams, produ
ed in the previous level, are de
on-volved a

ording to the algorithms explained in Goldwurm et al. (2001, 2003), and the sear
h for knownsour
es is done, starting from a general 
atalog (Ebisawa et al. 2003). The attitude values of right1Available at http://isd
.unige.
h/index.
gi?Do
uments+do
te
.
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ension and de
lination obtained from the star tra
ker are referred to IBIS/PICsIT, by using a rotationand traslation (IBIS/PICsIT and the star tra
ker are not aligned). Moreover, the de
onvolved image isproje
ted into the sky with the gnomoni
 proje
tion (TAN, 
f Calabretta & Greisen 2002). The standardprodu
ts of the sour
e dete
tion, performed on the sky images, is 
omposed of the sour
e 
oordinatesand errors (in 
elestial 
oordinates and in pixels), the 
ux and its error (in 
ounts per se
ond), and thesigni�
an
e.In the part of the extra
tion of the spe
tra, whose algorithms are still des
ribed in the seminal papersby Goldwurm et al. (2001, 2003), two IC �les are of extreme importan
e. The �rst, named Auxiliary(or An
illary) Response File (ARF) 
ontains the information about the e�e
tive area of the dete
tor asa fun
tion of the photon energy. The se
ond IC �le is named Redistribution Matrix File (RMF) and
ontains the information ne
essary to 
onvert the 
ounts into photons. This part is not yet in
luded intoOSA, sin
e the RMF/ARF �les are still missing.The light
urves are generated by using the spe
tral timing data, and therefore they are simply the 
ountrates versus time for the whole dete
tor. The deadtime and bary
entri
 
orre
tions are applied. Theextra
tion of light
urves for single point sour
es is not yet implemented, sin
e it 
an be done only inPPM.The output of the OSA pipeline 
an be analysed by means of the 
ommon software for high{energyastrophysi
s (e.g. Xspe
, DS9, Xronos, ...).2.2 General des
ription of the exe
utablesThe IBIS/PICsIT{ISSW delivered to date for the S
ienti�
 Analysis of the PICsIT data in
lude:� ibis pi
s deadtime (v 2.2, 8 January 2004, DEAD level):to 
al
ulate the intrinsi
 deadtime of ea
h semimodule of the dete
tor. It is based on theuse of a spe
i�
 IBIS/PICsIT housekeeping, the livetime 
ounter, that provides already thee�e
tive live time for ea
h semimodule every 8 se
onds.� ip ev 
orre
tion (v 1.6, 14 November 2002, COR level):to perform a 
orre
tion of gain and o�set variations in addition to those performed onboard by HEPI. It is for data obtained in photon{by{photon mode. It is stril
tly linkedwith the IC data stru
ture PICS{ENER{MOD, 
ontaining the average gain, o�set, and thedeviations from these values pixel by pixel. The latest version of PICS{ENER{MOD isdated 30 O
tober 2002 and was built by using the data in the IBIS S
ienti�
 Performan
eReport (IBIS Calibration Team, 2002). A new table in under preparation, to make full useof the analysis of the in{
ight behaviour (Malaguti et al. 2003a). The exe
tuable is nowstable and working. The only expe
ted 
hanges 
on
erns the IC �le, that should be updatedwith in 
ight data.� ip ev shadow build (v 2.3, 14 January 2004, BIN I/BIN S level):to perform the building of the shadowgrams and the eÆ
ien
y maps (dimensions 64� 64)from data in photon{by{photon mode, a

ording to energy bands or time bins sele
tedby the user. The events are 
leaned from the spurious events indu
ed by 
osmi
-rays andsele
ted a

ording to the available table of Good Time Intervals (GTI), whi
h in turn aregenerated by another set of exe
utables made by ISDC. See Se
t. 3:2 for more details.� ip si shadow build (v 2.7, 10 June 2003, BIN I/BIN S level):to perform the building of shadowgrams and the eÆ
ien
y maps (dimensions 64� 64) fromthe data in standard mode (spe
tral imaging). If histograms are not 
omplete, the exe
utablereturns simply a warning, but it 
ontinues the analysis. The missing pixels will be trated askilled pixels.
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 (v 2.4, 25 February 2003, BKG I/BKG S level):to perform the 
orre
tion for ba
kground and dete
tor non{uniformities. The output shad-owgrams are also expanded to take into a

ount the gaps between modules (from 64� 64 to65�67). The gaps and the killed pixels are �lled with a mean value. There is also a varian
emap, 
al
ulated starting from the statisti
al varian
e of the dete
tor 
ounts and updated a
-
ording to the 
orre
tion performed (�lled pixels, ba
kground subtra
tion, and so on...). Theexe
utable is linked with the following IC data stru
tures: PICS{SBAC{BKG (ba
kgroundmaps for single events), PICS{MBAC{BKG (ba
kground maps for multiple events), PICS{SUNI{BKG (dete
tor non{uniformities for single events), and PICS{MUNI{BKG (dete
tornon{uniformities for multiple events). See Se
t. 3.1 for details.� ip skyimage (v 2.5, 07 January 2004, IMA2 level):it performs the de
onvolution and sky image re
onstru
tion by means of the algorithmdes
ribed by Goldwurm et al. (2003). The exe
utable is working, produ
ing a basi
 de
on-volved sky image, varian
e, and signi�
an
e maps. For staring observation, it is possible tointegrate the shadowgrams before the de
onvolution and the automati
 sour
e lo
ation. Forobservations with dithering pattern, it is not possible to sum the shadowgrams before thede
onvolution. Therefore, this module perform the basi
 de
onvolution for every S
W. Theoutput images 
an be summed to generate mosai
s with other tools, available in the OSA(see IBIS Analysis User Manual), or from other developers. A module for mosai
 and sour
edete
tion in dithering spe
i�
 for IBIS/PICsIT will be available in the OSA 4.0 (SCREW1363). See Se
t. 4 for details.� ip st l
 extra
t (v 2.2, 11 September 2003, LCR level):it performs the extra
tion of the light
urve of the whole dete
tor from the spe
tral timingdata. The bary
entri
 
orre
tion is applied, by using the library DAL3AUX. The exe
utableis stable and working. The output �les are in 
omplian
e with OGIP standards(2).It is worth noting that the IBIS/PICsIT ISSW makes use of other exe
utables when inserted into theIBIS pipeline (
reation and merging of GTI, Catalog Extra
tion, and so on...). These exe
utables havebeen developed by ISDC people and are not analysed here dire
tly, although the proper working of thesemodules is essential to have the full software pa
kage.More details on some single items are in the following se
tions.3 The 
orre
tion for ba
kground3.1 MapsIBIS/PICsIT operates in an energy region dominated by the ba
kground (that is also higher than expe
tedfrom numeri
al models { 
f Ferguson et al. 2003), where we expe
t that the sour
e 
ounts are of theorder of 1% of the global 
ounts dete
ted. This means that the ba
kground 
orre
tion is of paramountimportan
e for the instrument 
apabilities.The photons intera
ting with IBIS/PICsIT are distributed in a non{uniform way, be
ause of severalreasons (see Natalu

i et al. 2003 for more details). The main e�e
t is to produ
e an enhan
ement of
ounts at the edges of the modules and semimodules. Therefore, before to perform the de
onvolution,it is ne
essary to 
atten the dete
tor non-uniformities. Presently, a �rst set of maps is available forthe ISSW (pi
s suni bkg 0004.fits and pi
s muni bkg 0003.fits). These maps were produ
ed byLorenzo Natalu

i of the IBIS Team, by means of MonteCarlo simulations: the shadowgrams produ
ed bysimulating the exposure of IBIS/PICsIT (in the energy range 170 keV - 10 MeV) to a sour
e with � = 2.2See http://heasar
.gsf
.nasa.gov/do
s/heasar
/ofwg/ofwg re
omm.html



IBIS-ISSW Validation Report Page: 7Then, a set of maps with the standard energy bands (see Table 1) has been produ
ed and delivered to theISDC. First tests have shown that these maps produ
e a negligible e�e
t in the signi�
an
e distribution(Fig. 1), that remains still a bit far from a purely gaussian distribution 
entered on zero and with a tailin the positive part, if any sour
e is present in the FOV.The ba
kground maps (pi
s sba
 bkg 0004.fits and pi
s mba
 bkg 0005.fits) have been preparedfrom the empty �eld observation of the revolution 38. The map for single events has an exposure of 13 ks,while that of multiple events has an exposure of 9 ks. The present maps for uniformity and ba
kground
orre
tion are only a �rst approximation and more detailed maps are still needed. Parti
ularly, it isne
essary to study the small, medium, and large s
ale 
ontributions to the ba
kground stru
ture, andto separate from the aberrations of the gamma{ray 
amera and dete
tor. An interesting analysis of theba
kground of a similar gamma{ray instrument, SIGMA onboard GRANAT, is presented in Bou
het etal. (2001).

Figure 1: Signi�
an
e distribution in the pixels during the Crab observation in staring (revolution 39,band 203�252 keV, about 100 ks exposure). The distribution in the standard observation (no uniformitymap) is shown with +, while � indi
ates the distribution after the appli
ation of Natalu

i's uniformitymaps.One set of default energy bands has been 
reated to have the best sour
e statisti
s, with the lowestpossible 
ontamination from ba
kground or other events, su
h as the 
osmi
{rays indu
ed events (seeSegreto et al. 2003). These energy bands, prepared by G. Di Co

o and G. Malaguti, are shown inTable 1.Table 1: PICsIT Energy Bands. Columns: (1) Channel number in photon{by{photon mode; (2) Channel numberin standard mode; (3) Energy [keV℄.Channels PPM Channels Standard Energy Channels PPM Channels Standard Energy(1) (2) (3) (1) (2) (3)Single Events Multiple Events29� 35 10� 16 203 � 252 24� 31 5� 12 336 � 44836� 46 17� 27 252 � 329 32� 46 13� 27 448 � 65847� 64 28� 41 329 � 455 47� 74 28� 46 658� 105065� 94 42� 56 455 � 655 75� 130 47� 74 1050 � 183495 � 150 57� 84 655 � 1057 131 � 254 75 � 136 1834 � 3570151� 262 85� 140 1057 � 1841 255 � 464 137� 187 3570 � 6510263� 509 141� 196 1841 � 3570 465 � 679 188� 229 6510 � 9520510� 929 197� 254 3570 � 6510 680 � 929 230� 254 9520� 13020
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utable 
ontains two ways to res
ale the ba
kground maps: a

ording to the time ofexposure and to the average value of 
ounts. Although a more detailed study is ne
essary, it appears thatthe average value s
aling 
ould give better results. The distribution of signi�
an
e values in the pixels ofthe �eld of view during the Crab observation of 
alibration is generally a gaussian, with a peak 
lose to 0.A residual of �0:2� is sometimes present. This systemati
 error will be 
orre
ted in the future versionsof the software.3.2 Cosmi
{ray indu
ed eventsSin
e the beginning of the in{
ight operations, it was 
lear that there were spurious events 
ontaminatingthe dete
tor in addition to the ba
kgroud and sour
e events(3). The 
ause was identi�ed in 
osmi
{rayindu
ed events, that are roughly the 10% of the total events and a�e
t mainly the energy bands below300 keV (Segreto et al. 2003, see also Natalu

i 2003). As underlined by Natalu

i (2003) these fakeevents 
an signi�
anly a�e
t the performan
es of PICsIT. However, it is possible to perform a 
leaningonly in photon{by{photon mode. In standard mode, it is possible to perform only an a posteriori
orre
tion: when the pixel 
ounts are higher than a 
onstant multiplied by the average 
ount values, i.e.
ounts > k �average (see Fig. 2), then it is assumed that this abnormal high value is due to a 
osmi
{rayindu
ed event and the pixel value is reset to the mean value. First tests showed a 
ertain e�e
tiveness ofthis 
orre
tion, although the random nature of this type of 
orre
tion introdu
es strong 
u
tuations inthe 
ount rates and signi�
an
es in the re
onstru
ted sky images.
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Figure 2: E�e
t of 
osmi
-rays indu
ed events on the shadowgrams. The white pixels have an anomaloushigh 
ount value. This example is taken from the data of revolution 24 in the energy band 170 � 220keV; PICsIT was in photon{by{photon mode.This hypothesis is 
on�rmed by the analysis of photon{by{photon data: indeed, in this 
ase, it waspossible to develop an algorithm to delete from the photon list those events that 
an be identi�ed as fake.After having isolated some of these \tra
ks", the photon list displayed series of photons \pa
ked" in avery short time s
ale hitting a single pixel. Su
h \pa
kets" are shown in Fig. 3, where fake events areemphasized in blue.By removing these \pa
kets" it is possible to obtain a 
leaned shadowgram (Fig. 4), but { obviously { thisis possible only when PICsIT is set to operate in photon{by{photon mode. Sin
e the available telemetryis not suÆ
ient for this type of mode, PICsIT works almost always in standard mode (i.e. with events3See some ni
e animations by the IBIS Team in T�ubingen at http://astro.uni{tuebingen.de/groups/integral/anim gif/.
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Figure 3: Identi�
ation in the photon list (single events) of fake events produ
ed by 
osmi
{rays. Spuriousevents are emphasized in blue.integrated onboard in histograms). In this mode, there is no possibility to a
t on the single photon and,therefore, it is possible only to operate the a posteriori 
orre
tion des
ribed above.
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Figure 4: E�e
t of 
osmi
{rays indu
ed events on the shadowgrams (photon{by{photon mode). (left)Normal shadowgram; (right) Cleaned shadowgram. After the 
leaning, the bright pixels disappeared.The only bright pixel remained at the top left of the 
leaned shadowgram is a well{known pixel thatoften is noisy. Data from revolution 14, energy band 170� 250 keV.4 The sky image re
onstru
tionHere are shown some performan
es of the PICsIT ISSW. Details on the te
hniques of the de
onvolutionare available in Goldwurm et al. (2003).
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oordinates re
onstru
tionThe sensitivity of PICsIT does not allow to see sour
es during a typi
al exposure of one S
W (2� 5 ks).It is ne
essary to integrate the shadowgrams to obtain long exposures of the order of 104 � 105 s. Thisresulted to be problemati
 in realizing a detailed and extensive study of misalignement. Therefore the
orre
tion for systemati
 e�e
ts in the sky 
oordinates re
onstru
tions has been performed in two phases:during the �rst phase (from the PV phase to July 2003), the misalignement matrix was set equal to theidentity and a 
orre
tion was applied dire
tly in the de
onvolution module (ip skyimage) in order tominimize the o�set with the Crab position. During the se
ond phase (from July 2003), the misalignementmatrix of PICsIT has the same values of that of ISGRI, sin
e it is expe
ted that the misalignement ofthe two layers are equal (
f Walter et al. 2003). The 
orre
tion performed in the de
onvolution modulehas been removed from the version 2.4.Table 2: Sour
e position a

ura
y. Columns: (1) Sour
e name; (2) Referen
e position (RA, De
, J2000) from
atalog or 
ir
ulars; (3) PICsIT position (RA, De
, J2000); (4) O�set [ar
min℄. The position for PICsIT are takenin the 252 � 329 keV energy band. The two positions for the GRB refers to that from the plain de
onvolution(Plain) and that after the interpolation (Int).Sour
e Referen
e PICsIT O�setPosition Position(1) (2) (3) (4)Cygnus X{1 19 : 58 : 22;+35 : 12 : 06 19 : 58 : 08;+35 : 08 : 40 4:40Crab Star 05 : 34 : 32;+22 : 00 : 52 05 : 34 : 13;+21 : 55 : 48 6:80Crab Star Int (*) 05 : 34 : 33;+21 : 59 : 13 1:70Crab Dith 05 : 34 : 24;+22 : 01 : 20 1:90Crab O� Ax 05 : 34 : 17;+21 : 59 : 11 3:80GRB 021125 Int 19 : 47 : 56;+28 : 23 : 28 19 : 47 : 46;+28 : 17 : 14 6:60GRB 021125 Plain 19 : 47 : 34;+28 : 15 : 13 9:50To date, only three sour
es are available to test the sky 
oordinates re
onstru
tion: they are CygnusX{1 and Crab { in the FCFOV { and GRB021125 { in the PCFOV { (Bazzano and Paizis 2002). Theposition of the Crab and Cygnus X{1 
an be 
he
ked with the known 
atalog position, e.g. Simbad.For the GRB there 
an be the problem that the only position available with suÆ
ient pre
ision is thatobtained with ISGRI (Gros and Produit 2002), the low{energy dete
tor layer of IBIS, and there is therisk of self{referen
e. But the follow{up with other satellites of the GCN (GRB Coordinates Network)
on�rmed the position.In the Table 2 are reported the positions found and the 
omparison with the other known 
oordinates.The positions marked with (*) is the output from the automati
 sour
e dete
tion for staring observationsand with the misalignement matrix of July 2003. All the others refers to the early phase, with the identitymisalignement matrix and the 
orre
tion in the de
onvolution.The three positions for the Crab are obtained from the staring observation during the revolution 39 (CrabStar, 77 ks), from dithering osbervation of the revolution 43 (Crab Dith, 132 ks), and from Crab o�{axisof 0:5Æ from the revolution 44 (Crab O� Ax, 104 ks). The position for Cyg X{1 is obtained from thedithered observation of revolution 11 (80 ks).The fa
t that PICsIT shows the best results in the energy band 252 � 329 keV 
an be due to the fa
tthat this band is suÆ
iently low to have enough photons, but also suÆ
iently high to be not so mu
ha�e
ted by the 
osmi
{ray indu
ed events.It is worth noting that one pixel of PICsIT 
orresponds to about 100, so that an o�set of 6:60 
orrespondsjust to about half a pixel.
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alibration sour
es5.1 CrabFor the analysis with the Crab were sele
ted the data from the revolution 39 (Crab on axis, staring,77 ks), 43 (Crab on axis, dithering, 132 ks), and 44 (Crab o� axis of 0:5Æ, dithering, 104 ks), and 102(Crab on axis, dithering, 47 ks). The results are shown in the Table 3.Table 3: PICsIT observations of the Crab during Rev. 39 (staring, on axis, 77 ks), Rev. 43 (dithering, on axis, 132 ks),Rev. 44 (dithering, o� axis 0:5Æ, 104 ks), Rev. 102 (dithering, on axis, 47 ks). The 
olumns indi
ate the energy band [keV℄,the 
ount rate in the peak pixel [
/s℄ and the signi�
an
e of the dete
tion for ea
h revolution.Rev 39 Rev 43 Rev 44 Rev 102Energy Band Rate � Rate � Rate � Rate �200� 252 2:5 7:4 1:5 5:9 3:1 5:7 1:8 2:7252� 329 2:2 11:0 2:1 10:0 2:6 8:0 2:3 6:4329� 455 1:3 7:1 1:2 6:5 1:4 5:0 1:1 3:5455� 655 0:7 4:4 0:6 3:3 0:6 3:0 0:6 2:3Monte Carlo simulations by Del Santo et al. (2001) are available for 
omparison, although in di�erentenergy bands (Table 4).Table 4: Monte Carlo simulations of PICsIT observations of the Crab. Columns: (1) Energy band [keV℄; (2)Count rate [
/s℄. Energy Band Rate(1) (2)150 � 250 10250 � 400 4:6400 � 1000 2:1The best performan
es of PICsIT are obtained in the energy band 252� 329 keV, that is less a�e
tedby the 
osmi
{rays indu
ed events and is in a range suÆ
iently low to dete
t enough photons. In theFig. 5-7 are shown the signi�
an
e maps of the observation at 252�329 keV, the best dete
tion, togetherwith the radial pro�le.Table 5: PICsIT normalized observations of the Crab during Rev. 39 (staring, on axis, 77 ks), Rev. 43 (dithering, onaxis, 132 ks), Rev. 44 (dithering, o� axis 0:5Æ, 104 ks). The 
olumns indi
ate the energy band [keV℄ and the signi�
an
e ofthe dete
tion for ea
h revolution. The signi�
an
e has been res
aled to the 132 ks of exposure of rev 43.Rev 39 Rev 43 Rev 44Energy Band � � �200 � 252 9:6 5:9 6:4252 � 329 14:3 10:0 9:0329 � 455 9:2 6:5 5:6455 � 655 5:7 3:3 3:4The greatest di�eren
es in the 
ount rates and signi�
an
e (for observations in staring, dithering, o� axis)o

ur just the band 203� 252 keV, where we expe
t that the impa
t of 
osmi
{ray indu
ed events is stillhigh and the a posteriori 
orre
tion { the only available sin
e PICsIT is operated in histogram mode {may not be too mu
h a

urate (see Se
t. 3.2).It is worth mentioning that during the observations of the 
alibration sour
es some tests of the photon-by-photon mode have been set up and performed, with spe
ial telemetry allo
ation to PICsIT (e.g.
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Figure 5: Crab observation during the rev 39 (staring, on axis, 77 ks). Signi�
an
e map and pro�le inthe energy band 252� 329 keV.
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Figure 6: Crab observation during the rev 43 (dithering, on axis, 132 ks). Signi�
an
e map and pro�lein the energy band 252� 329 keV.revolutions 39 and 40). However, despite this 
on�guration, the limited telemetry budget resulted in aloss of about 80% of the pointing time. From an observation 100 ks long at the beginning of the revolution40, the e�e
tive exposure is only 23 ks. An inspe
tion of the GTI table and of the light
urve revealedthat the missing time was due to telemetry gaps.In addition, we expe
t to have a degradation of the performan
es of the instrument when we 
hange modeof observation (staring to dithering) or when we have the sour
e o� axis. Indeed, parti
ularly duringthe 5 � 5 dither pattern, the sour
e 
an be observed in the partially 
oded �eld of view, therefore in aregion with less response than the fully 
oded �eld of view. To evaluate this e�e
t, the three observationsof the Crab (staring, dithering, dithering and o� axis) have been normalized to the exposure of 132 ks(Table 5). Although it is expe
ted that the value are a bit lower when passing from staring to dithering,sin
e the mosai
 performs an interpolation (pixels are not always perfe
tly aligned), this 
an a

ount ofonly for a di�eren
e of 10%. Therefore, the greater di�eren
es shown in Table 5 are mostly due to otherfa
tors. This e�e
t is still to be studied with more detailed tests.
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Figure 7: Crab observation during the rev 44 (dithering, o� axis (0:5Æ), 104 ks). Signi�
an
e map andpro�le in the energy band 252� 329 keV.5.2 Cygnus X{1Soon after the laun
h of INTEGRAL (17 O
tober 2002), it was not possible to observe the Crab, sin
e itwas too 
lose to the Sun. Therefore, Cygnus X{1 was sele
ted as 
alibration sour
e. The �rst observationsstarted during the revolution 11 and PICsIT was in standard mode. For other reasons, it was not possibleto analyse immediately Cygnus X{1, but now { with the 
onsolidated data { it is possible. To date therevolution 11 (80 ks, dithering) and 12 (13 ks, staring) have been analysed, with the dete
tion of CygnusX{1 in the �rst three energy bands of the observation in revolution 11. The 13 ks of the revolution 12were not suÆ
ient for a dete
tion. The best dete
tion is shown in Fig. 8. Sin
e at that time there wereseveral tests on the VETO 
on�guration, the image is quite noisy, with 
u
tuations in the ba
kground.Nevertheless, the dete
tion is 
learly visible.
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Figure 8: Cyg X{1 observed by PICsIT during the revolution 11 for 80 ks, dithering. Energy band252� 329 keV. Some ba
kground stru
tures are 
learly visible.



IBIS-ISSW Validation Report Page: 146 TimingIn February 2003, during the observation of the Crab, IBIS/PICsIT was set up to test the timing perfor-man
es in the di�erent modes of operation, i.e. photon{by{photon and spe
tral timing. Details on theseobservations and 
omparison with simultaneous observations with RXTE are published by Kuiper et al.(2003). The data analysed are from the revolutions 40 and 41, for a total of 345 ks (spe
tral timing,1 ms time resolution), and from revolutions 39 and 40 in PPM. The Crab is dete
ted at 16� in spe
traltiming mode and the pulse shape is 
onsistent with those from other instruments onboard INTEGRALand RXTE. The bridge emission is expe
ted given the energy range analysed (260� 364 keV).7 Known problems in OSA for PICsIT1. Sin
e the ba
kground subtra
tion is of fundamental importan
e for PICsIT dete
tion 
apa-bilities, the energy band sele
tion is stri
tly related to the ba
kground maps. In the 
urrentrelease, there is only one set of maps with �xed energy bands. Default values of the energybins of PICsIT imaging have to be kept.2. As the RMF are not available for PICsIT, you 
annot run the BIN S or the SPE step. Itwill stop with the error message:Error 2 2003-07-09T08:39:16 ibis binning 5.2: Could not find INDEX !status = -2104Error 1 2003-07-09T08:39:16 ibis binning 5.2: IC problem for 
ategoryPICS-SRMF-GRP status -21043. If the �rst s
w in an observation group is not a pointing, the PICsIT pipeline 
ould �nishwithout performing the de
onvolution of the others s
w. Please use only pointing s
w.Note: More informations on the in{
ight performan
es of IBIS/PICsIT are available in the paper by DiCo

o et al. (2003). See also Malaguti et al. (2003b) for an analysis of the GRB021125.Note: To make mosai
s, it was used an exe
utable originally developed by M. Revnivtsev to work onISGRI data and modi�ed by myself to use PICsIT images. With the kind permission of the author.
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