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Abstract. ISGRI, the IBIS low energy camera (15 ke¥ MeV) on board INTEGRAL, is the first large CdTe gamma-ray
imager in orbit. We present here an overview of the ISGRI in-flight calibrations performed during the first months after launch.
We discuss the stability of the camera as well as the CdTe pixels response under cosmic radiation. The energy calibrations we
done using lead and tungsten fluorescence lines arddNaecalibration unit. Thermalffects and charge correction algorithm

are discussed, and the resulting energy resolution is presented. The ISGRI background spatial and spectral non-uniformity
also described, and some image correction results are presented.
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1. Introduction — update the pulse height and rise time gains &fgkts deter-
The ISGRI low energy camera (15 ke¥ MeV) of mined on ground using in-flight background and calibrati

: ol source lines;
the_ IBIS imager (Ub_ertml et al. 2003) on-hoard INTE_GRAL— check the validity and update the charge loss correct
(Winkler et al. 2003) is an array of 128 by 128 cadmium tel- algorithm;

!urgjiﬂ(%d'll'e) g'xtEISt‘k 3X.t2 mMrT[TO;LIJn sig.hThey are gr%Tpgd — determine the background structure and provide a corr
in odular Detector Units ( ) which are assembled on tion for deconvolution.

an aluminium structure. For more details on the design and

expected performances, see Lebrun etal. (2003). CdTe hasafibration of the ISGRI point spread function (PSF
large photoelectric cross section, due to its hijtHowever, (Gros et al. 2003) as well as the instrument response me

ballistic losses cause an incomplete collection of the chargggdeling and in-flight validation (Laurent et al. 2003) are pr
created during the gamma-ray interaction and thus producgeated elsewhere.

large continuum up to the photopeak energy. Nevertheless since
the charge loss is proportional to the transit time which governs
the pulse rise time, the deposited energy can be corrected ugingixel behaviour

a measureme.nt of rise time. For this reason, .the lSGR.I As\llﬁwen ISGRI was first switched on, the pixels were randon
has been designed to read both the pulse height and rise tbme

) . . lljrsting with events having a null rise time. The origin of the
of 4 pixels, and a charge correction algorithm has been deVev_ents; is still unclear. They represent around 15% of the tc
oped to provide good energy resolution over the whole ener ) y rep 0

range (Lebrun et al. 1996). The values obtained on ground vi gc?ltocct)#:torritgés::jds?)l?t\?vz:g?(; ?é?elcjtsﬁlas?i’sg ?iiranaghe\\l/\/:;
from 8% at 60 keV to 4% at 511 keV. b )

Moreover, noisy pixels are cut on-board by the NPHS (Noi

o The in-flight calibrations have been pe_rformed using SCieIgi'xels Handling System), which detects high number of tri
tific data from Cygnus X-1, Crab, Galactic Center and empt s in a single pixel an’d in a module. Because of the z

field observations, as well as calibration unit data (in coinci-

dence with thé#2Na source on board also called S2 data, sé‘\e?i? t:rr??)rz\e/:?rtlgsiirllgim%z r:}iﬁ;g?lgf toixlg;g?srvvtirtfhgglelfofe‘
Ubertini et al. 2003 and Bird et al. 2003). The aim is to: y P

more details on NPHS and the zero rise time events, see
— provide a good algorithm to detect and suppress bad drfePrun et al. (2003). o

noisy pixels; To limit the number of noisy pixels, a ground based alg
rithm has been developed to update the thresholds of each |
Send gprint requests toR. Terrier, e-mailrterrier@cea. fr depending on its individual spectrum after every revolutic
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Fig. 1. Evolution of the number of disabled ISGRI pixels (black solid | Lo | L
line), and number of pixels whictficiency is higher (dashed line) and 10 \}03

less (dotted line) than 70%, from revolution 35 (starting of20/D3) ke

to 80 (ending on 0@2/03). The introduction of the new pixel thresh-tjq 5 |SGRI in-flight calibration data spectrum, after thermal and

olding algorithm during revolution 54 removed progressively most @546 |oss corrections. Note the large line at around 25 keV and the
the bad pixels. four lead and tungsten fluorescence lines.

Noisy pixels have a strong low energy peak but have a corred

t . . . . . .
. : ! portant to note that the calibration of rise time is especially
high energy spectrum. A new threshold is computed in ordj(‘Jalrfﬁcult because there are no special features in the rise time

to remove the whole peak. Bad pixels usually have a Ifiw %jatribution. Therefore, it is necessary to build a biparametric

ciency and a very hard spectrum with a Iarge bump between lagram for the 511 keV line for each pixel, but this requires a
and few hundred keV. They are selected using an hardness rana, larger amount of data than is currently available.

and switched fi. All the pixels, identified as noisy in a previous The calibration data spectrum, shown in Fig. 2 is char-
revolut|op, have tr_\elrthreshold lowered _by one step KeV). acterised by several lines: the fluorescence lines of tungsten
The introduction of the aforementioned algorithm ha(%9 3keV and 67.2 keV) and lead (75 keV and 84.9 keV), and
strongly increased the number of pixels switchébland is aIS(I) the 511 keV.Iine a portion of which is due2€c.Na caIi:
i 0,
Pnomstsgr?é 2;2?#2?\:&%;; Ilii‘;;ih;; 3 /?’Xgrstzzscgzerg?ation source (see Bird et al. 2003). These is also a large peak
y P at low energies (around 24 keV) whose origin is not completly

crease_d, as can be seen in Fig. 1. The numbe_r of noisy plxt?isderstood. The fluorescence lines of Cd (23.1 and 26.9 keV)
found in each revolution is250. The total fraction of pixels

. L . and Te (27.5 and 31 keV) certainly contribute. Besides, the irra-
0,
switched df or oISy 1s therefore-4.5%, which is better than diation of CdTe creates a large number of radioactive isotopes
the 5% specification.

C 411 : .
Some other unexpected features of the CdTe pixels L’;lFmong which*'™MCd could contribute (Murakami et al. 2003).

- . ‘has a life time of 45 min, and decay with the emission of a
sponse in flight can be seen on the background biparame 50 keV line (which is marginaly detected because of the re-

diagram in Fig. 5. For instance, a large horizontal structu(g%ced peakficiency), and also lines between 23 and 26 keV.
at high rise time can be seen spanning over the whole energy ' '

range. Its origin is still unclear, though likely due to cosmic rays
since it was barely visible on ground tests. It does not strongdyl. Thermal effects

I|_m|t t.he sensitivity since there are not many event§ atsuch hlgple temperature dependence of gains afidets has been
rise times. An on board upper limit has been applied to remove

evaluated on ground for temperatures ranging freh®°C
those background events and lower the telemetry load. to 20°C. It was found that thefEsets are roughly constant, but

that both pulse height and rise time gains strongly depend on

3. Energy calibration temperature. They were fitted with the following expressions:
The gains and féisets of rise time and pulse height have been gpH T i1, y -008
calibrated on the ground at various biases and temperatUégg(zn K, 100 V) = (273 K) (100 V)

using several sources. A look-up table (LUT1) valid &0
and 100 V was produced, and a dependency on temperature ;.. T 052, y 058
and bias was found. This is detailed in the next section andég”(zn K 100V) (273 K) (100 V)
Lebrun et al. (2003).
In order to check the validity of the LUT1, the backgroungpy andggrt being expressed respectively in keV per channel
lines were used to calibrate the in-flight gains afidets. It is andus per channel.
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Fig. 3. Effective temperature map on the camera: relative temperatu: ¢ Rise time, s

variation between the thermal sensor number 3 and the temperaftitgg 4. variation of energy resolution FWHM) with rise time

deduced from the pixel gains. A module per module structure is cleagy59.3 kev and 511 keV. The strong degradation with rise tin
visible, as well as a thermal gradient along #exis. Numbers indi- comes from the remaining miscalibations of rise time gains #isgb

cates MDU thermal sensors positions in the camera. Note that the 59.3 keV resolution is not given above Zséecause
the tungsterKa line is mixed up withKg and lead fluorescence lines

The temperature variations can be as large as 10 Kin a sifyy 4, giset have been applied to the LUT? so that both lin

gle revolution, if the pointing is changed or some PICSIT moghi4tch those observed in the biparametric diagram of the fli
ules are switchedfbin the radiation belts. This can induce gainslibration data (see Fig. 5)

variations of the order of 5% which can be strong limiting fac-

tors for the energy resolution especially at high energies where

the relative resolution is significantly lower. Thermal senso@&3. Energy resolution
are placed on the side of every ISGRI module as shown

Fig. 3 and allow us to correct for temperatufieets on a mod- ergy resolution for the 59.3 keV and 511 keV lines usit

ule per module basis. S2 data, and studied its variation with rise time. The reso

_The pulse height gains andfsets were then calibratedjony gptained for low rise time is coherent with expectatior
using the 59.3 keV fluorescence line, and the 511 keV lingy it jncreases faster with rise time as is shown in Fig.
in S2 data. A systematic bias was observed between the LU{{l511 kev the integrated width (up to 4s) is of the or-

and the cofficients obtained. This bias can be interpreted {fl.; of 25 kev EWHM) resulting in a 4.9% resolution, whick
terms of t(_ampt_erature varlatlons_ in the ca.mera, for the qg'larger than what was expected from ground measureme
ground calibration was not done in vacuum; the thermal ea4ixjg is primarly caused by the rapid degradation of resoluti
librium is therefore very dferent. Using the previous formula,With fise time: from 3.5% to more than 20% ap8. Poor cali-

an dfective temperature map was deduced, and is showngiyion of rise time gain andfset is mainly responsible for the
Fig. 3. Once the temperature is taken into account, the pu radation, and arffert is needed in order to improve thes
height calibration errors are very small. Note also that this cYarformances. Thisfiect is less important at lower energie
rection is the only one applied to the rise time gains af€Es. \here the charge losses are less important. At 59.3 keV, the

tegrated~WHM s 5 keV resulting in a 8.4% resolution. In thit
3.2. Charge loss corrections, LUT2 case, the variation with rise time is small, since charges los

are low, see Fig. 4.
Charge losses have been measured on ground using various

radioactive sourceg?Na, °Ce, >*Mn, 5'Co, 13°Ba, etc. The
pulse height — rise time relations obtained for various energé:‘s
were interpolated to produce a general charge correction lodke background shape and spectrum is a key issue in optir
up table (LUT2). This is detailed in Lebrun et al. (2003). ing the sensitivity of a coded mask imaging system like IBI
The in-flight bias voltage and temperature conditions beifdhe various contributions to the background include: galac
different from those used for the LUT2 production, a simpknd extragalactic €iuse gamma-ray emission that dominat
correction was applied to it in order to recover good perfan the low energy range, nuclear lines produced in the exter
mances for the 59.3 and 511 keV lines: a multiplicative factpayload and spacecraft mass distribution, as well as scatte

Ater correcting for temperaturdfects, we evaluated the en

Instrumental background
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Fig. 5. In flight biparametric diagram obtained with calibration unit data. Superimposed is the charge correction dependency from the LL
for the 59.3 keV and 511 keV lines. The background displays an unexpected high rise time structure covering the whole amplitude ra
This strongly limits the sensitivity at high rise times, therefore an on-board upper limit selection has been implemented. A second unexpe
structure can also be seen with pulse height increasing with rise time. The origin of these structures is unclear.

of cosmic rays. In the standard analysis (Goldwurm et al. 20aBls creating convex module structures. At higher energies (see
a background model is subtracted from the shadowgram Bég. 6, 100-200 and 208400 keV bands), the background
fore the deconvolution is performed. This background modslmore intense on the sides of the camera, especially on the
is produced using empty fields observations or by summitayver side closest to SPI, due to scattering in passive materi-
shadowgrams obtained in dithering mode. For more detailsals and possible leaks in the shielding. The pixels around the
the background non-uniformity in general, see Natalucci et aluminium frame also show a strong flux enhancement for the
(2003). same reasons, in this case creating a concave module structure
B’Q_ese structures produce very strong lines in the deconvolved

We have studied the background spatial and spectral . . . :
haviour for two diferent VETO configurations: using only lat-Mages. In the vetoLAT configuration, the high energy regime

eral anticoincidence (veto LAT) up to revolution 33, and Wit'a's also characterized by a large bump in the whole detector pro-

lateral and bottom coincidence (veto ALL) for subsequent re ucing a saddle shape in the resulting images.

olutions. To build a background model, we have used two Ids flat h the riaht col tFig. 6
empty field staring observations (rev 14 and 24) and a part36 s flat sky maps, as shown on the right column of Fig.

revolution 38 as well as some high latitude observations whé¥ ich was obtained using 3 Galactic center observations sci-

the source contribution is weak (veto ALL). Images were prg_nce windows. The bright lines, due to background enhance-

duced with these data in various energy bands correcting Fagnt on thg ge:ector sides, seen ".’Ibo}{ﬁ 100hketV are vhery Wﬁ"
bad and noisy pixels as well as pixélieiency in each science Suppressed, but some errors remain although at a much smailer

window. These images are then used as background mob%{el' However, the background variations with time are large
leaving the normalization parameter free, because the bal Rfj the model used does not cormect properly all observations,

ground structures are supposed to be constant, but the gl ending on latitude, cosmic ray fluxes, and status of the cam-
flux is expected to be variable era. The background structure variations are under study in or-

der to quantify these as a function of time, latitude and cosmic
Figure 6 (left column) shows the background modehy flux.

obtained in several standard imaging energy bands in the a final point is that background substracted images have to

vetoALL configuration. The significance mosaic maps olre corrected for ficiency non-uniformity due to for instance

tained with the standard analysis for three science windoysmma-ray scattering (see Natalucci et al. 2003). This, how-

with (Fig. 6, middle) and without (Fig. 6, right) correctionever, is a second ordeffect, and it is not taken into account at

are also shown. In the low energy regime40Q keV), a the moment.

rather flat structure is observed in the camera. The shadow

of the aluminium frame is visible on the first _plxel row ing  ~ oo clusion

the upper and lower modules, suggesting an important con-

tribution of diffuse gamma-rays to the background. From 48GRI is the first large CdTe gamma-ray imager used in or-

to 100 keV, the background is dominated by the contributidoit, and despite a few unexpected features like zero rise time

of tungsten and lead fluorescence lines coming from the h@wents, it performs very well with only 4.5% noisy or disabled

per and the mask. Since the incidence angle on the cam@sels. The energy calibration has been performed using the on

can be large, the aluminium frame’s shadow is much broadeoard calibration source and background lines. Therffetts

Subtracting the background model from the shadowgrams
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Fig. 6. Effect of noise substraction on mosaic images in various energy band$qQ2@V, 46-100 keV, 106-200 keV, 206-400 keV). First

column show the background model shadowgram, second column the mosaic of significance obtained without background substre
third column the same mosaic after substraction. Significance values range-$ortblack) to % (white). Strong background features it
particular in intermediate energy bands are clearly removed. Some residual structure is still visible and is currently under investigatiol

are at the origin of the largestftérence between ground androader than before launch because of residual rise time g
in-flight data. Correcting for thesdtects yields good spectraluncertainties. Handling of these errors requires a larger amc
performances close to the expectations with 8.4% at 59.3 kel/calibration data than what is available today.

and 4.9% at 511 keV. The resolution in the high energy band is
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Background non-uniformity in the camera has also be®&eferences

studied, and a simple energy dependent model has been io; » 5 gay7an0, A, Fergusson, C., et al. 2003, AA, 411, L197

. . . . |
duced using empty field observations. It provides rather go@ildwurm, A., David, P., Foschini, L., et al. 2003, A&A, 411, L223
flat fielded images, even above 100 keV where the backgroyids A  Goldwurm. A.. Cadolle-Bel. M.. et al. 2003. A&A. 411

non uniformity is largest. Unfortunately, background variations | 179
with time are large, and further studies are required in order(tgurent, P., Limousin, O., Cadolle-Bel, M., et al. 2003, A&A, 411,
attain the full sensitivity. L185
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