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Revision Historyv 1.0 First version for �rst software release of Mar
h 2003.28=02=2003v 1.1 Update for the intermediate software release of May 2003.30=04=2003 Early analysis of Cyg X{1, 
leaning of 
osmi
{ray indu
ed events,improvement of the position a

ura
y, 
omparison with ECOE data.v 1.2 Update for OSA 3 release.27=10=2003 Crab in rev 102; automati
 sour
e lo
ation; timing analysis.Some error 
orre
ted. Removed the non{standard analysis se
tion.

Cover pi
ture: Crab observed by PICsIT on 19 February 2003 for 132 ksin the energy band 252� 329 keV. 2



1 What is now availableThis report summarizes the s
ienti�
 performan
es and reliability of the In-strument Spe
i�
 Software (ISSW) of the PICsIT dete
tor layer of the IBISimager. The exe
utables analysed here are those oÆ
ially delivered to date(27 O
tober 2003), together with their Instrument Con�guration (IC) �les.The PICsIT{ISSW delivered to date for the S
ienti�
 Analysis of the PICsITdata in
lude:� ibis pi
s deadtime (v 2.1, 23 O
tober 2002): to 
al
ulate the intrinsi
deadtime of the dete
tor. It works well; no parti
ular problem after thelaun
h.� ip ev 
orre
tion (v 1.6, 14 November 2002): to perform a 
orre
-tion of gain and o�set variations in addition to those performed onboard by the Instrument Appli
ation Software (IASW). It is for dataobtained in photon{by{photon mode. It is stril
tly linked with the ICdata stru
ture PICS{ENER{MOD, 
ontaining the average gain, o�set,and the deviations from these values pixel by pixel. The latest versionof PICS{ENER{MOD is dated 30 O
tober 2002 and was built by usingthe data in the IBIS S
ienti�
 Performan
e Report (IBIS CalibrationTeam, 2002). A new table in under preparation, to make full use of theanalysis of the in{
ight behaviour (Malaguti et al. 2003a). The exe
-tuable is now stable and working. The only expe
ted 
hanges 
on
ernsthe IC �le, that should be updated with in 
ight data.� ip ev shadow build (v 2.2, 22 April 2003): to perform the buildingof the shadowgrams and the eÆ
ien
y maps from data in photon{by{photon mode. It is stable and working. The only missing part is thetreatment of the Good Time Interval (GTI); however, sin
e the photon{by{photon mode is not the standard mode for PICsIT, and it was usedonly in ex
eptional 
ases during the PV phase with dedi
ated telemetry(be
ause of the high ba
kground), the GTI in
lusion is a low prioritytask. The exe
utable is already ready to prepare shadowgrams also forthe spe
tra extra
tion. Re
ently, the algorithm to 
lean the spuriousevents indu
ed by 
osmi
-rays has been introdu
ed (it works on IBISmode= 43). See Se
t. 2:2 for more details.� ip si shadow build (v 2.7, 10 June 2003): to perform the building ofshadowgrams and the eÆ
ien
y maps from the data in standard mode3



(spe
tral imaging). It is stable and working. It is worth mention-ing that the exe
utable now deals with 
omplete or partially 
ompletehistograms. If histograms are not 
omplete, the exe
utable returnssimply a warning, but it 
ontinues the analysis. The missing pixels willbe trated as killed pixels. The exe
utable is already ready to prepareshadowgrams also for the spe
tra extra
tion.� ip shadow ub
 (v 2.4, 25 February 2003): to perform the 
orre
tion forba
kground and dete
tor non{uniformities. The output shadowgramsare also expanded to take into a

ount the gaps between modules. Thegaps and the killed pixels are �lled with a mean value. There is alsoa varian
e map, 
al
ulated starting from the statisti
al varian
e of thedete
tor 
ounts and updated a

ording to the 
orre
tion performed.The exe
utable is linked with the following IC data stru
tures: PICS{SBAC{BKG (ba
kground maps for single events), PICS{MBAC{BKG(ba
kground maps for multiple events), PICS{SUNI{BKG (dete
tornon{uniformities for single events), and PICS{MUNI{BKG (dete
tornon{uniformities for multiple events). See Se
t. 2.1 for details.� ip skyimage (v 2.4.1, 22 O
tober 2003): it performs the de
onvolutionand sky image re
onstru
tion by means of the algorithm des
ribed byGoldwurm et al. (2003). The exe
utable is working, produ
ing a basi
de
onvolved sky image, varian
e, and signi�
an
e maps. It performsalso the automati
 sour
e lo
ation for staring observation. See Se
t. 3for details.� ip st l
 extra
t (v 2.2, 11 September 2003): it performs the ex-tra
tion of the light
urve of the whole dete
tor from the spe
tral tim-ing data. The bary
entri
 
orre
tion is applied, by using the libraryDAL3AUX. The exe
utable is stable and working. The output �les arein 
omplian
e with OGIP standards(1).� Additional notes: The exe
utable for the Automati
 CalibrationAnalysis (ACA) is not yet 
ompleted, be
ause it is ne
essary to waitfor an analysis of in{
ight variations of the gains. After this analysis,it will be de
ided if this exe
utable is ne
essary or not. The exe
uta-bles for the extra
tion of the spe
trum and light
urves from point{like1See http://heasar
.gsf
.nasa.gov/do
s/heasar
/ofwg/ofwg re
omm.html4



sour
es are not yet ready. Work is in progress. Moreover, the PIC-sIT ISSW makes use of other exe
utables when inserted into the IBISpipeline (GTI, Catalog Extra
tion, and so on...). These exe
utables aremade by ISDC and are not analysed here dire
tly, although the properworking of these modules is essential to have the full OSA for PICsIT.More details on some single items are in the following se
tions.2 The 
orre
tion for ba
kground2.1 MapsThere are no dete
tor non{uniformities map available to date, ex
ept of onemap 
reated for test purposes (single events; no energy sele
tion). The mapis not to be used with the a
tual version of the ISSW, sin
e it has beenwritten with an old template, no more used. Using this map, 
an give wrongresults and the 
rash of the pipeline. The removal of these maps from thear
hive has been requested.For the ba
kground maps, the situation is di�erent: there are three usefulsets, prepared from the empty �eld observations of the revolution 13 (1 setfor single and multiple events; 8 energy bands) and 38 (2 sets for single andmultiple events; 8 energy bands). The di�eren
es in the two sets from therevolution 38 are due to a 
hange in the energy bands.PICsIT operates in an energy region dominated by the ba
kground (thatis also higher than expe
ted from numeri
al models { 
f Ferguson et al.2003), where we expe
t that the sour
e 
ounts are of the order of 1% of theglobal 
ounts dete
ted. This means that the ba
kground subtra
tion is offundamental importan
e for the instrument 
apabilities.The availability to date of only the empty �eld observations does notallow the user to be free to sele
t the energy bands to produ
e images. A setof default energy bands has been 
reated to have the best sour
e statisti
s,with the lowest possible 
ontamination from ba
kground or other events, su
has the 
osmi
{rays indu
ed events (see Segreto et al. 2003). These energybands, prepared by G. Di Co

o and G. Malaguti, are shown in Table 1.A set of ba
kground maps 
orresponding to the energy bands listed inTable 1 have been 
reated by means of the empty �eld observations of rev-olution 38. Only about 13 ks (single events) and less than 9 ks (multiple5



Table 1: PICsIT Energy Bands. Columns: (1) Channel number in photon{by{photon mode; (2) Channel number in standard mode; (3) Energy [keV℄.Channels PPM Channels Standard Energy(1) (2) (3)Single Events29� 35 10� 16 203� 25236� 46 17� 27 252� 32947� 64 28� 41 329� 45565� 94 42� 56 455� 65595� 150 57� 84 655� 1057151� 262 85� 140 1057� 1841263� 509 141� 196 1841� 3570510� 929 197� 254 3570� 6510Multiple Events24� 31 5� 12 336� 44832� 46 13� 27 448� 65847� 74 28� 46 658� 105075� 130 47� 74 1050� 1834131� 254 75� 136 1834� 3570255� 464 137� 187 3570� 6510465� 679 188� 229 6510� 9520680� 929 230� 254 9520� 13020events) of empty �eld observations were available and used to produ
e ba
k-ground maps. No 
orresponding dete
tor uniformity maps have been 
re-ated, sin
e a modelling a
tivity is ne
essary to separate the 
ontribution ofthe ba
kground from the dete
tor non{uniformities. With the empty �eldobservations is only possible to subtra
t the ba
kground. Nevertheless, this
orre
tion, although partial, is suÆ
ient for the moment. At least, it is pos-sible to obtain useful images for integration time s
ale of 1 revolution. Forlonger exposures, the ba
kground noise 
an in
rease too mu
h. More detailedmaps are under study.It is worth mentioning, as already seen in SIGMA 
alibrations and dataredu
tion (Bou
het et al. 2001), that a ba
kground subtra
tion is moreeÆ
ient when the ba
kground map is prepared from a nearby observation.This means that the ba
kground map generation is 
ontinuosly evolving.Presently the exe
utable 
ontains two ways to res
ale the ba
kgroundmaps: a

ording to the time of exposure and to the average value of 
ounts.6



Although a more detailed study is ne
essary, it appears that the averagevalue s
aling 
ould give better results. The distribution of signi�
an
e valuesin the pixels of the �eld of view during the Crab observation of 
alibration isgenerally a gaussian, with a peak 
lose to 0. A residual of �0:2� is sometimespresent. This systemati
 error will be 
orre
ted in the future versions of thesoftware.
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Figure 1: E�e
t of 
osmi
-rays indu
ed events on the shadowgrams. Thewhite pixels have an anomalous high 
ount value. This example is takenfrom the data of revolution 24 in the energy band 170 � 220 keV; PICsITwas in photon{by{photon mode.
2.2 Cosmi
{ray indu
ed eventsSin
e the beginning of the in{
ight operations, it was 
lear that there werespurious events 
ontaminating the dete
tor in addition to the ba
kgroud andsour
e events(2). The 
ause was identi�ed in 
osmi
{ray indu
ed events,that are roughly the 10% of the total events and a�e
t mainly the energybands below 300 keV (Segreto et al. 2003, see also Natalu

i 2003). Asunderlined by Natalu

i (2003) these fake events 
an signi�
anly a�e
t the2See some ni
e animations by the IBIS Team in T�ubingen at http://astro.uni{tuebingen.de/groups/integral/anim gif/. 7



performan
es of PICsIT. However, it is possible to perform a 
leaning onlyin photon{by{photon mode. In standard mode, it is possible to perform onlyan a posteriori 
orre
tion: when the pixel 
ounts are higher than a 
onstantmultiplied by the average 
ount values, i.e. 
ounts > k �average (see Fig. 1),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 testsshowed a 
ertain e�e
tiveness of this 
orre
tion, but work is in progress tohave a better solution, a

ording to the 
asual nature of these events.This hypothesis is 
on�rmed by the analysis of photon{by{photon data:indeed, in this 
ase, it was possible to develop an algorithm to delete from thephoton list those events that 
an be identi�ed as fake. After having isolatedsome of these \tra
ks", the photon list displayed series of photons \pa
ked"in a very short time s
ale hitting a single pixel. Su
h \pa
kets" are shown inFig. 2, where fake events are emphasized in blue.

Figure 2: Identi�
ation in the photon list (single events) of fake events pro-du
ed by 
osmi
{rays. Spurious events are emphasized in blue.By removing these pa
kets it is possible to obtain a 
leaned shadowgram(Fig. 3), but obviously this is possible only when PICsIT is set to operate inphoton{by{photon mode. Sin
e the available telemetry is not suÆ
ient for8



this type of operation, PICsIT will work almost always in standard mode,i.e. with events integrated onboard in histograms. In this way, there is nopossibility to a
t on the single photon and it is possible only to operate thea posteriori 
orre
tion des
ribed above.
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Figure 3: E�e
t of 
osmi
{rays indu
ed events on the shadowgrams. (left)Normal shadowgram; (right) Cleaned shadowgram. After the 
leaning, thebright pixels disappeared. The only bright pixel remained at the top left ofthe 
leaned shadowgram is a well{known pixel that often is noisy. Data fromrevolution 14, energy band 170� 250 keV.
3 The sky image re
onstru
tionHere are shown some performan
es of the PICsIT ISSW. Details on thete
hniques of the de
onvolution are available in Goldwurm et al. (2003).3.1 Sky 
oordinates re
onstru
tionThe sensitivity of PICsIT does not allow to see sour
es during a typi
al ex-posure of one S
W (2�5 ks). It is ne
essary to integrate the shadowgrams toobtain long exposures of the order of 104�105 s. This resulted to be problem-ati
 in realizing a detailed and extensive study of misalignement. Thereforethe 
orre
tion for systemati
 e�e
ts in the sky 
oordinates re
onstru
tionshas been performed in two phases: during the �rst phase (from the PV phase9



to July 2003), the misalignement matrix was set equal to the identity and a
orre
tion was applied dire
tly in the de
onvolution module (ip skyimage)in order to minimize the o�set with the Crab position. During the se
ondphase (from July 2003), the misalignement matrix of PICsIT has the samevalues of that of ISGRI, sin
e it is expe
ted that the misalignement of thetwo layers are equal (
f Walter et al. 2003). The 
orre
tion performed in thede
onvolution module has been removed from the version 2.4.Table 2: Sour
e position a

ura
y. Columns: (1) Sour
e name; (2) Referen
eposition (RA, De
, J2000) from 
atalog or 
ir
ulars; (3) PICsIT position (RA,De
, J2000); (4) O�set [ar
min℄. The position for PICsIT are taken in the 252 �329 keV energy band. The two positions for the GRB refers to that from the plainde
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
on-stru
tion: they are Cygnus X{1 and Crab { in the FCFOV { and GRB021125{ in the PCFOV { (Bazzano and Paizis 2002). The position of the Crab andCygnus 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 withsuÆ
ient pre
ision is that obtained with ISGRI (Gros and Produit 2002), thelow{energy dete
tor layer of IBIS, and there is the risk of self{referen
e. Butthe 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 withthe other known 
oordinates. The positions marked with (*) is the outputfrom the automati
 sour
e dete
tion for staring observations and with themisalignement matrix of July 2003. All the others refers to the early phase,10



with the identity misalignement matrix and the 
orre
tion in the de
onvolu-tion.The three positions for the Crab are obtained from the staring observationduring the revolution 39 (Crab Star, 77 ks), from dithering osbervation of therevolution 43 (Crab Dith, 132 ks), and from Crab o�{axis of 0:5Æ from therevolution 44 (Crab O� Ax, 104 ks). The position for Cyg X{1 is obtainedfrom the dithered 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
t that this band is suÆ
iently low to haveenough photons, but also suÆ
iently high to be not so mu
h a�e
ted by the
osmi
-ray indu
ed events.The worst 
ases are for the Crab in staring and for the GRB (but thisis in the PCFOV). However, it is worth noting that one pixel of PICsIT
orresponds to about 100, so that an o�set of 6:60 
orresponds just to abouthalf a pixel.4 Imaging with the 
alibration sour
es4.1 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 inthe 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 2:3
11



Monte Carlo simulations by Del Santo et al. (2001) are available for
omparison, although in di�erent energy 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
ted by the 
osmi
{rays indu
ed events and is in arange suÆ
iently low to dete
t enough photons. In the Fig. 4-6 are shownthe signi�
an
e maps of the observation at 252�329 keV, the best dete
tion,together with the radial pro�le.
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es in the 
ount rates and signi�
an
e (for observa-tions in staring, dithering, o� axis) o

ur just the band 203�252 keV, where12
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Figure 5: Crab observation during the rev 43 (dithering, on axis, 132 ks).Signi�
an
e map and pro�le in the energy band 252� 329 keV.
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Figure 6: Crab observation during the rev 44 (dithering, o� axis (0:5Æ),104 ks). Signi�
an
e map and pro�le in the energy band 252� 329 keV.we expe
t that the impa
t of 
osmi
{ray indu
ed events is still high andthe a posteriori 
orre
tion { the only available sin
e PICsIT is operated inhistogram mode { for the 
osmi
{rays indu
ed events may not be too mu
ha

urate (see Se
t. 2.2). 13



In addition, we expe
t to have a degradation of the performan
es of theinstrument when we 
hange mode of observation (staring to dithering) orwhen we have the sour
e o� axis. To evaluate this, the three observations ofthe Crab (staring, dithering, dithering and o� axis) have been normalized tothe exposure of 132 ks (Table 5). Although it is expe
ted that the value area bit lower when passing from staring to dithering, sin
e the mosai
 performsan interpolation (pixels are not always perfe
tly aligned), this 
an a

ountof only for a di�eren
e of 10%. Therefore, the greater di�eren
es shown inTable 5 are mostly due to other fa
tors. The most probable 
ause is whenPICsIT is used in dithering, sin
e IBIS has a mask best suited to work instaring. It is worth noting, that these are preliminary results and should be
on�rmed with more tests.Table 5: PICsIT normalized 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).The 
olumns indi
ate the energy band [keV℄ and the signi�
an
e of the dete
tion for ea
hrevolution. 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 3:4
4.2 Cygnus X{1Soon after the laun
h of INTEGRAL (17 O
tober 2002), it was not possibleto observe the Crab, sin
e it was too 
lose to the Sun. Therefore, CygnusX{1 was sele
ted as 
alibration sour
e. The �rst observations started duringthe revolution 11 and PICsIT was in standard mode.For other reasons, it was not possible to analyse immediately Cygnus X{1,but now { with the 
onsolidated data { it is possible. To date the revolution11 (80 ks, dithering) and 12 (13 ks, staring) have been analysed, with thedete
tion of Cygnus X{1 in the �rst three energy bands of the observationin revolution 11. The 13 ks of the revolution 12 were not suÆ
ient for adete
tion. The best dete
tion is shown in Fig. 7. Sin
e at that time there14
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Figure 7: Cyg X{1 observed by PICsIT during the revolution 11 for 80 ks,dithering. Energy band 252 � 329 keV. Some ba
kground stru
tures are
learly visible.were several 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.5 TimingIn February 2003, during the observation of the Crab, IBIS/PICsIT was setup to test the timing performan
es in the di�erent modes of operation, i.e.photon{by{photon and spe
tral timing. Details on these observations and
omparison with simultaneous observations with RXTE are published byKuiper et al. (2003).6 OSMThere are also three exe
utables for the Operating Status Monitoring (OSM)in standard mode (spe
tral imaging, spe
tral timing) and photon{by{photonmode. They produ
e some standard produ
ts to monitor the instrumentperforman
es, that are shadowgrams, spe
tra and light
urves for the wholedete
tor, statisti
al analysis on the shadowgrams (mean value, maximum,15



minimum, standard deviation). They are all working and stable. They arealready used for the Consolidated Data Pro
essing.7 Other informations on IBIS/PICsITMore informations on the in{
ight performan
es of IBIS/PICsIT are availablein the paper by Di Co

o et al. (2003). See also Malaguti et al. (2003b) foran analysis of the GRB021125. Here we show in Fig. 8 the 
uxes of somebright sour
es 
ompared with the sensitivity of IBIS/PICsIT.
PICsIT Scientific performances: 

3C 273 SPI (147 ks)

++++
GRS 1915 ISGRI (100 ks)

3C 111 ISGRI (57 ks)

1 Crab

Cyg X-1 ISGRI (105 ks)

Figure 8: The 
ux of some bright sour
es dete
ted with IBIS/ISGRI and SPI
ompared with the statisti
al sensitivity of IBIS/PICsIT (from Di Co

o et al.2003). The 
uxes have been taken from: Courvoisier et al. (2003) for 3C273,Bazzano et al. (2003) for Cyg X-1, J. Rodriguez (private 
ommuni
ation)for GRS1915 + 105, and N. Gehrels (private 
ommuni
ation) for 3C111.
Note: To make mosai
s, it was used an exe
utable originally developed byM. Revnivtsev to work on ISGRI data and modi�ed by myself to use PICsITimages. With the kind permission of the author.16
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