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Abstract. INTEGRALhas observed the bright quasar 3C 273 on 3 epochs in January 2003 as one of the first observations o
the open programme. The observation on January 5 was simultaneo®Xiliftand XMM-Newtonobservations. We present
here a first analysis of the continuum emission as observed by these 3 satellites in the bar@® keWvhto ~500 keV. The

continuum spectral energy distribution of 3C 273 was observed to be weak and steep in the high energies during this campaigr
We present the actual status of the cross calibrations between the instruments on the three platforms using the calibratiol
available in June 2003.
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1. Introduction INTEGRALmeasurements in January 2003. TNEEGRAL

' ) data span 12 days while théMM-Newtonand RXTE data
INTEGRAL (Winkler et al. 2003) observed the bright quasafiare obtained on a single date during the filNTEGRAL

3C 273 (see Courvoisier 1998 for a review of the pmperti%%servations.

of the quasar) at 3 epochs in January 2003. This is the be-

ginning of a programme meant to monitor the high energy

emission of the object in order to measure th@edent com-

ponents contributing to the emission above 1 keV and their

respective variability. Some observations of iNTEGRAL

programme are conducted in coordination with %BIM- 2. INTEGRAL observations
Newtonand RXTEsatellites in order to provide cross calibra-

tions between the instruments on board these three platformgTEGRAL observed 3C 273 during revolution 28 startin
We report here a first analysis of tHATEGRALdata january 5, 2003 for.2 x 10°s, during revolution 30 start-
together with the results of thXMM-Newtonand RXTE ing January 11, 2003 for #@ and during revolution 32
observations that were conducted simultaneously with tBgyting January 17, 2003 for11x 10°s. The observations
- o were performed using the 25 points square dithering patt
Send gfprint requests toT. Courvoisier (ISDC), that is expected to give the best results for the SPI analysis
e-*mgll.ThJerry 'bcour"‘t’,lsler@t‘;lbm‘_‘r?é;:il ESA oroiect witEP fOr 230005 during which the satellite pointed stably
asea on opservations wi : an project wi tPhe source. Only the revolution 28TEGRALobservation was

instruments and science data centre funded by ESA member states . .
(especially the PI countries: Denmark, France, Germany, Itaﬁincuy simultaneous with thRXTEandXMM-Newtonobser-

Switzerland, Spain), Czech Republic and Poland, and with the pgétlons._TI_nere is as of now no evidence of significant 3C 2
ticipation of Russia and the USA. flux variations observed by thiNTEGRAL instruments be-
** Based on observations wiMM-Newton an ESA science mis- tween the revolutions 28, 30 and 32. We therefore comb
sion with instruments and contributions directly funded by ESA merhere all available data. Future analysis will be done to qu
ber states and the USA (NASA). tify possible flux variability.
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el We extracted the ISGRI spectrum of 3C 273 accumulated
c ) over 162 x 10°s using the data from the revolutions 28, 30
g and 32. We used an intermediate version of the OSA soft-

ware and the matrices describing the instrument as available
at the ISDC in June 2003. We have ignored the channels be-
low 25keV and above 100keV. The resulting count spectrum
can be well fitted with a single power law function between 25
and 100 keV. The photon index is95 + 0.2.

GRS 1227+025

2.2. SPI results

The analysis of the SPI (Medrenne et al. 2003) data is based
on 74 dithering pointings with a total exposure time
Fig. 1. IBIS/ISGRI significance image in the 280 keV energy band Of 147 ksec. From the total of 83 dithering pointings which
of the field of 3C 273 and NGC 4388. The insert shows affbkeV Were taken during the 3C 273 observation, 9 had to be ex-
flux image of the area surrounding 3C 273 and where GRS4@25 cluded from the SPI analysis as they either weffeced by
would be expected. The 3C 273 count rate is about 2.7 couhtthat  strong solar activity or had been influenced by the radiation
of GRS 122#025 is less than 0.4 counts's belts. As the SPI data are background dominated, a care-
ful background substraction is essential in order to get rea-
sonable results, especially for weak sources. A time depen-
2.1. IBIS/ISGRI results dent background model has been applied to the data, based
on the saturated events seen by the detector. The image re-
construction used for the analysis presented here is done
using the Iterative Removal Of Sources (IROS) method
ammersley et al. 1992) which is implemented in the SPIROS

We present in Fig. 1 a significance image of the |BS&RI
(Lebrun et al. 2003) 2540 keV data accumulated ove62 x
10°s. We used version 2.0 of ISDC’s (Courvoisier et al. 200%

Offline Science Analysis (OSA) software. The algorithms us " .
in the analysis are described in Goldwurm et al. (2003). 3C 2t gftware (Skinner & Connell 2003). To get precise flux values,

and the bright Seyfert 2 galaxy NGC 4388 are clearly detecté%source positions of the three brightest sources in the field

o 273, 3C 279, and NGC 4388) have been fixed to their cat-
ata S|gn|f|gance level c_)f 10.5for3C 27.3 and 9.3 for NGC 438arogue values, and fluxes have been extracted. No other source
No source is detected in the surrounding of 3C 273. Other max: - :
LT L . . with a significance larger thano3has been detected in the
ima in the significance image will be analysed to assert thgﬁhﬁdata. For extraction of a rough spectrum, five energy bins

n 1
i

nature as either noise or possible sources below the pre :
level of detection. The 3C 273 countrate in the 25 to 40 k(f@/ boundaries at 280, 100 200 500 1000 keV) have been

X . . applied to the data. 3C 273 is detectable in the SPI data up to
band is 266 + 0.12 countss" (here and in the following we at least 200 keV. The flux value in the 2€800 keV band is

use 1o confidence level when quoting uncertainties). The flu?< = (55 + 4.9) x 10-* photons cm?s~L, Simulations of weak

of SV(’:'/ 275 at 0 ke?j/ |shab9ut7mCrr]ab. i Fig. 1 sources have also shown that the analysis software tends to
h © i avef uie t_e |magefshown in I%RS i%y;éseg\?erestimate their flux at high-@00 keV) energies, and thus
the reality of the existence of the source a detection up to 500keV cannot yet be confirmed by the

_(Jourdain etal. 1992) whiqh was claime_d to b_e detecte_d d%rlf’I data. The SPI spectrum is consistent with a single power
ing a 1990SIGMAobservation. We show in the insert of Fig. ]Iaw with photon indext = 1.66 + 0.28 and the flux averaged
a fluximage of the region near 3C 273 with the GRS 12225 over the whole observation is10.0 + 2.5 mCrab

possible localisation marked. GRS 12225 was found in the

1990SIGMAdata to be much brighter than 3C 273 which was

not seen during that observation. Leach & McHardy (1998)3. JEM-X results

have searched for a possible counterpart to GRS4Q23

in the ROSATdata and concluded that there is no likelyVe analysed all the data in which 3C 273 was on-axis, this
candidate and that the source, if real, must be transientaspounts to 32000s of JEM-X 2 (Lund et al. 2003) data (the
highly absorbed. Our data show no source at the positiontRe during whichNTEGRALwas in staring mode plus those
GRS 1227025 (Fig. 1). At the present level of the analysigointings where the source was on-axis). The analysis was
we can conclude that a conservative upper limit to the flerformed by fixing the position of the source, extracting the
of GRS 1227025 is ¥2 that of 3C 273 in the 2540keV band. counts spectra for each pointing individually and adding the re-
This estimate is based on our understanding of the systefHlts weighted by the exposure time of the individual pointings.
atic uncertainties rather than on statistics. We expect that more The spectral extraction is based on an algorithm which
stringent limits will be obtained in the future. The other sourde similar to photon tagging (Fenimore 1986). Each de-
in the field of view that is seen in Fig. 1 is the bright Seyfert&cted photon is backprojected through the mask and its
galaxy NGC 4388. This source is.B0away and does not con-contribution to the source and background flux estimates
tribute therefore to the fluxes given by the instruments usedfor the particular source is computed. The spectrum is
this study. built up by the net contribution from all detected photons.
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OME: ge273 lighteurve No source on the outside of the box is expected to influence

————7———————— 1 total flux measured, the background was not observed to \
Rev 28-30-32 | significantly. Further work is in progress to understand the
variations.

135 1

3. XMM-Newton observations

18 7 XMM-Newtonobserved 3C 273 January 5, 2003 from 14::
: {1 to16:45 and from 17:29 to 18:53 (UT).

| From the EPIC MO®N cross-calibratiohit is known

I | that for the Small Window (SW) mode the spectral shape ¢

V mag
—

tained with MOS2 and PN are consistent with one another. 1

MOS1 camera was in severatigirent modes during the obsel
125 { - vations. The MOS2 camera was in the Small Window mao
i | throughout the observation, its data is therefore retained
the remainder of this analysis.

The MOS2 Small Window observations show pile-up in tt
region of the source center. Therefore the central region of
image is excluded from the analysis. To examine the sou
sy 1w ) area containing pile-up we excluded a circular region of t

1100 1105 o) 1110 source center and decreased the radii of this regions until ¢

up dfects become perceptible. This is verified by the compe

Fig. 2. OMC light curve. IJD is the fractional number of days sincgon of the pattern distribution and pattern fraction of valid pi
January 1, 2000 at OUT. terns of type single, double, triple, and quadruple with moc
curves using the SAS V.5.4.1 task EPATPLOT V.1.1.8.

The PN observations do not show pile-ufeets. The small

The implementation of the algorithm in the JEM-X case is de-

scribed in Westergaard et al. (2003). discrepancy seen in the pattern distribution below 600 eV is
When performing a single power law spectral analysis lgted to a PN caI|br.at|on issue an.d noF related to .p|le—up.

the extracted spectrum we obtain a slépe 1.6 + 0.23. The For the analysis presented in this paper circular sou

3-10keV flux is (40 + 0.2) x 10 " ergs cm?s1, regions are used with size of 0-40arcsec for PN SW ¢

10-40arcsec for MOS2 SW. The spectra are generated

of single events (pattern 0) only. The PN background was
2.4. OMC light curve lected from two boxes near the border of the small window cl
The Optical Monitoring Camera (OMC, Mas-Hesse et di2nge: For MOS2itis impossi_bleto define a background reg
2003) provides a simultaneous set of observations of s@it CCD1 because the PSF fills completely the small wind
eral sources in thé&NTEGRALfield of view. We considered 2r€a. The background is determined from two circular regic
all exposures of 100s of 3C 273 and extracted square boRe§CD36 where no background source is identifiable.
(187x 187 arcse®) centered on 3C 273. The images of these We performed a spectral fit above 3 keV, thus avoiding
boxes have been combined in a single averaged image per G@[lPlex soft X-ray excess region, for the first period of o
ence window and their analysis was then performed by “squa@vation. We used a simple power law and obtain a sl
photometry” using the IRAF image package IMSTATISTICS, = 1.74+ 0.03 (PN) and I73:+ 0.08 (MOS2). The 310keV
first on the whole box and then on small boxes centered BWXes are (8 = 0.7) x 10 **ergscm?s™ (PN) and (70 +
sources close to 3C 273 in order to remove their contributidr®) X 10" ergs cm?s™ (MOS2). The flux uncertainties take
to the flux of the quasar and to the estimate of the backgrou#ft uncertainty on the slope and the normalisation into acco
Indeed as the pixel size of OMC CCD 47 arcsec and sev- These results are entirely con§|stent with those obtained du
erly undersamples the point spread function (PSF), a circule Second period of observation.
aperture photometry or PSF fit are inapropriate_ There is no evidence of an Feu,l{ine. Upper limits for

The resulting light curve (Fig. 2) shows an average flitke equivalent width of a neutral or ionised Fe line ab& eV

level of my = 1272+ 0.02 during revolution 28n, = 1279+ for a narrow ¢ = 0.01keV) and<90eV for a broad¢ =
0.03 during revolution 30 anth, = 12.61 + 0.03 during rev- 0.5keV) line.
olution 32. Figure 2 shows some level of variatief®(3 mag)
during all revolutions. A careful examination of the data givei RXTE observations
no indication that instrumentaffects could &ect these mea- ™
surements. In particular, these variations are still present Wh2RTE observed 3C 273 January 5, 2003 between 14
the light from the whole window is considered. Furthermorgnd 19:00 (UT).
the 2 other sources in the window are too weadk &
132 andV = 14.9) to account for the observed variations. * XMM-SOC-CAL-TN-0018, 2003-04-04.
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Fig. 3. The spectral energy distributions measured by the 3 high energy instruments of INTEGRAL, by XMM-Newton and RXTE.

For thePCAonly PCUO and PCU2 were enabled. Becaudeble 1.Intercalibration factors deduced from a fit to the 3C 273 high-
the count rate of the quasar observation was very low only térergy data with a power law.
top layers were taken into account to maximise the signal to
noise ratio. Since May 2000 the top layer of PCUO is damaged, XMM-PN  XMM-MOS2 RXTE-PCA RXTE-HEXTE

so only the top layer of PCU2 was used for spectral analysis. 1.0 (fix) 1024+0025 134+002 105+ 0.06
The PCA Standard Mode 2 data were reduced using JEM-X IBIS-ISGRI SPI
HEASOFT V5.2. We used our standard extraxtion proce- 5g14 005 176+ 02 095403

dure, as described in Wilms et al. (1999). The response file
was generated using PCARMF V8.0. The background esti-
mation was done with PCABACKEST V3.0 using the Faint The results of the PCA spectral analysis give: 1.73 +

Background Model recommended for faint sources by theyo and a 310keV flux of (92 + 0.5) x 102 ergscm? 2,
NASA/GSFC RXTE guest observer facility. There is no evidence for an Fe line.

Both HEXTE clusters were combined to get higher signal
to noise ratio. In fitting the PCA and HEXTE (2290 keV) 5. Discussion
data simultaneously (no additional systematic uncertainties
were applied) the fit is dominated by the PCA, but th@/e present in Fig. 3 the spectral energy distributions ob-
HEXTE data points are in good agreement with the extensitained by the high energy instruments INTEGRAL and
of the PCA spectrum to higher energies (taking into account thg XMM-Newtonand by RXTE The photon distributions
well known fact that the relative normalization between PCAs well as av f, representation are given. The data are
and HEXTE is generally as 1.0to 0.8, see also Table 1). ~ shown without taking into account the factors that correct the
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Fig. 4. The spectral energy distributions of Fig. 3 normalised to the PN cametdbf-Newtonflux and compared with the historic averag
(continuous line) and observed range of variations as givemiteét al. (1999).

normalisations obtained with thefilirent instruments. It is Lichti et al. (1995) which has a similar normalisation at 1 ke
clear from Fig. 3 and Table 1 that the measurement of the €233+ 0.04)x 1072 photons crm? st keV1) but is flatter, the
tailed shape of the emission over large spectral ranges spslope being 6 + 0.01.
ning more than one instrument as it is needed to establish theThe continuum spectral energy distribution shown in Fig
presence of reflection components and diiit-dinges on the js normalised to the PN cameraXMM-Newtorflux value. It
intercalibrations between the instruments not only dfedént s slightly below the historic average ofiflér et al. (1999) in
satellites but also on the same platform. the low energies. The slope deduced from the measurem
The averag® magnitude of 3C 273 quoted in Courvoisiepresented here is steeper than that suggested by the histc
(1998) is 12.9 mag. The magnitudes measured here are betwaeamnage which is close to that of Lichti et al. (1995). The cc
12.61 mag and 12.79 mag showing that the object was slighityuum spectral energy distribution between 10 and 100 ke
brighter in the optical domain during this campaign than it ustherefore close to the weakest observed to date (Fig. 4).
ally is. We conclude that there is an important cross calibrati
The high energy continuum spectral energy distributiceffort to be performed in order to be able to confidently u
measured here (Fig. 4) using cross calibration factors of thmulti-instrument data to model the emission of sources o
instruments given in Table 1 (i.e. aligning all instruments teeveral decades of energy. Figure 3 indicates that there is a
the PN Camera oKMM-Newton is well represented by a nificant mismatch in the present calibrations of ISGRI and £
power law with a photon index of.13 + 0.015 and nor- (June 2003). The normalisation of 3C 273 deduced with £
malisation of (24 + 0.05) x 1072 photonscm?skeV-1 (Table 1) agrees better with that obtained friM-Newton
at 1 keV. The reduced chi-square is 0.94 for 292 degrebsn the normalisation obtained with ISGRI. The relative nc
of freedom. This measurementflidirs from the spectrum of malisations obtained with bofRXTEinstruments indicates tha
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some cross calibrations issues remain to be solved. The exteoldwurm, A., David, P., Foschini, L., et al. 2003, A&A, 411, L223
sive SPI ground calibration campaign (&tet al. 2003) will Hammersley, A., Ponman, T., & Skinner, G. 1992, NIMA, 311, 585
prove very important in settling the issue of cross-calibraticlgurdain, E., Bassani, L., Roques, J.-P., et al. 1992, ApJ, 395, L69
in the near future. Leach, C.M., & McHardy, M. 1996, MNRAS, 278, 465

3C 273 has been weak in the high energy domain l-ﬁbrgn, F., Leray, J. P., Lavoca.t,'P., etal. 2003, A&A, 411, L141
January 2003 and the spectral slope is steeper than in previgGal: G- Balonek, T., Courvoisier, T. J.-L., et al. 1995, A&A, 298,

campaigns. There is no evidence for components other thal']uﬁd N., Brandt, S., Budtz-Jorgensen, C., et al. 2003, A&A, 411
single power-law above 3keV in the data presented here. 1231 T T ' ' T
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