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Abstract. We report the results of quasi-simultaneous olROSAT (Yagoob etal. 1994). Botinga(Williams et al. 1992)
servations of the bright quasar 3C 273 using the BeppoSAXid ASCA observations (Cappi & Matsuoka 1997) indicate the
Low-Energy Concentrator Spectrometer (LECS) and the ASQesence of a weak narrow Fexkemission line (equivalent
Solid-State Imaging Spectrometer (SIS). These observationswigth, EW, ~ 50 eV) during low X-ray flux states and there
part of an intercalibration programme and demonstrate gogdecent evidence for a strong broad Fe &mission line (EW
agreement between both instruments in the common enekgh00 eV, Yagoob et al. in preparation). The BeppoSAX Science
range 0.5-10 keV. In particular, the absorption feature discoverification Phase (SVP) observation also took place during a
ered by BeppoSAX/LECS at0.5 keV is consistently seen bylow state. The SVP spectrum can be represented by a single
ASCA/SIS. We present the most accurate measurement yepo#er-law model between 1 and 200 keV with a weak nar-
the spectral shape of this absorption feature and provide comw Fe emission feature at a rest frame energy of 6.4 keV with
straints on its physical interpretation. A self-consistent waram equivalent width EW of 30 eV (Grandi et al. 1997). Below
absorber model in photoionization equilibrium only gives ah keV the BeppoSAX LECS detected a soft excess and led to
adequate spectral fit if a very high velocity inflow is allowed fothe discovery of an absorption feature in this souree®b keV
the warm absorber /0.36 c). The ionization parameter andGrandi et al. 1997, Fossati & Haardt 1997).
the column density of the warm absorber are thkdrand~1.3 3C 273 was observed quasi-simultaneously by BeppoSAX,
x10%' cm2, respectively. If the differences in best-fit neutrahSCA, and the Rossi X-ray Timing Explorer (XTE) as part of
absorption column density between the LECS and each SIS ardedicated program to cross-calibrate the instruments on the
taken as estimates of the systematic spectral uncertainties, ttneae satellites. 3C 273 was chosen since it is visible at the low-
these arec0.8x102° and<2.0x 10%2° cm~2 (at 90% confidence) est and highest energies observable by the above satellites and
for SISO and SIS1, respectively. because of the supposed simplicity of the underlying spectrum.
Here we describe one aspect of the program, the intercalibra-
Key words: instrumentation: miscellaneous — quasars: individion of the BeppoSAX LECS and ASCA SIS instruments. Both
ual: 3C 273 — quasars: absorption lines — X-rays: galaxies instruments detect similar low-energy spectral structure from
3C 273, indicating a good relative calibration.

1. Introduction 2. The instruments

3C 273 is a high luminosity radio-loud quasar at a redshift e paquad of the Ita}lian—Dqtch satgllite BepppSAX_incIudes
2=0.158. Previous X-ray observations of 3C 273 using HEAOf‘iur identical X-ray mirrors with imaging gas scintillation pro-

A2, EXOSAT andGingashowed a featureless power-law Conportional counters (GSPCs) as detectors (Boella et al. 1997a).
tinuum with a photon indexT’, that varies between 1.3 an mongst these the LECS is sensitive from 0.1-10 keV (Parmar

1.6 (Worrall et al. 1979; Turner et al. 1990, 1991: William&? al. 1997). The other detectors opera_teinthe energy range 1.3—
et al. 1992). The 2-10 keV luminosity varies in the range 0.70keV and are referred to as the Medium-Energy Concentrator

2.0x10% erg s !(Turner et al. 1990). EXOSAT observations>Pectrometer (MECS; Boella et al. 1997D).
revealed a soft excess below 1 keV (Courvoisier et al. 1987), "€ LECS achieves an extended low-energy response by
which has been confirmed by subsequent ROSAT observatib'i’gz'”g a driftless gas cell and an ultra-thin entrance window.
(Staubert 1992; Staubert et al. 1992). This soft excess is algl® €N€rgy resolution of the LECS is 32% full width at half-
visible in an ASCA Performance Verification observation df'@XImum at0.28keV, 16% atl.5kevVand8.8%at6keV. Foran
3C 273, but at a reduced level compared to that observedclﬂi""x'S source, the effective area of t_he LECS peaké@tcm?
atan energy of-1.5 keV and the areais11 cn? directly below

Send offprint requests té. Orr, (aorr@astro.estec.esa.nl) the carbon edge at 0.28 keV. A study of a large sample of LECS

* Universities Space Research Association AGN spectra below 2 keV (Orr et al. 1998) has shown that the
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maximum amplitude of fit residuals due to instrumental effectable 1.3C 273 observation log
is £10% of the folded model count rate in the energy ranges

0.1-0.4 keV and 0.5-2 keV. Between 0.4-0.5 keV, where th8atellite Inst. Start time End time Exp.
effective area is very low, effects up to a 15% level are present (1996) (UTC) (UTC) (ks)

with the current LECS response§MAT 3.5.3 ). BeppoSAX LECS July1800:41 July2108:35 116
~ ASCA has four identical X-ray telescopes. The correspondagca SISO July1619:52 July 17 14:54 42.0
ing focal plane detectors are two Solid-state Imaging Spectrom- SIS1  July1619.52 July1800:57 41.9

eters (SIS) and two Gas Imaging Spectrometers (GIS) (Tanaka

et al. 1994; Serlemitsos et al. 1995). The SIS is sensitive in the

energy range 0.4-10keV. Originally, the SIS energy resolution

was 5% at 1.5 keV and 2% at 6 keV, but due to radiation damaggplied to the ‘SAPIXL1’ and ‘S1.PIXL3' parameters in order

it was reduced to 3.6% and 3.9% at 6 keV for SISO and SISb,eliminate contamination due to light leaks in the SIS.

respectively, at the time of the observation (see Dotani et al. On-source data were extracted using circles of radinsd-

1997). tered on the source. Background spectra with sufficient signal-
The low-energy responses of the SIS and the LECS are dd-noise were extracted from off-source regions of the chips.

ficult to calibrate in-flight. The Crab Nebula, which is a favore@he count rates in SISO and SIS1 are 2.36 and 1-88respec-

calibration source in X-ray astronomy, is not detected by thigely, with the background constituting4% of the total counts

LECS<0.5 keV due to interstellar absorption, and observatidgnthe 0.5-10 keV band. The response matrices for the SIS were

of such a bright source is not possible with the SIS becausegeherated usingisrmg 1.1 , with the CTI tables issued on

multiple events occurring in single pixels. For this reason 3C 27897 March 11. The XRT responses were generatedagith

was used to cross-calibrate the SIS and GIS above 3 keV (Doteanif 2.64 , with both of the empirical energy-dependent ef-

et al. 1996). The GIS can observe the Crab, so this source \iggive area modification factors implemented. In the following,

used to calibrate the overall response of the GIS detector andlispectra are re-binned to haw®0 counts in each bin allow-

verify the effective area of the X-ray telescope. ing the use of the? statistic. Uncertainties are quoted as 90%

confidence intervals for one parameter of interest.

3. Observations and data reduction

3C 273 was observed by BeppoSAX between 1996 July 18_4&1Spectral fits

during the SVP and by ASCA between 1996 July 16-18 (Tal#ts were performed on the SIS and LECS data in different
1). Good LECS data were selected from intervals when the memergy bands in order to examine whether a single absorbed
imum elevation angle above the Earth’s limb wa& and when power-law provides an adequate description of the entire spec-
the instrument parameters were nominal. Due to an instrumenim. A model without an Fe K emission line was used in order
anomaly, LECS data between 1996 July 19 11:23 and July 20have a simple parameterization. Furthermore, the presence
13:06 UTC were lost. Since the LECS was only operated dwf the line does not affect the conclusions of the present anal-
ing satellite night-time, this gave a total on-source exposureysis. The photoelectric absorption coefficients of Morrison &
11.5 ks. LECS data were processed uSWKLEDAS 1.7.0 McCammon (1983) and the abundances of Anders & Grevesse
(Lammers 1997). (1989) were used throughout the fitting.

A spectrum was extracted at the source centroid using the
standard extraction radius of.8ackground subtraction was 1. SIS-only fits
performed using standard blank field exposures, but is not crﬂi— '
cal for such a bright source. The 3C 273 count rate above batkthe 2—10 keV energy range independent fits to the SISO and
ground is0.57 s~! and the background in the 0.1-10 keV rang81S1 spectra using a simple power-law with neutral absorption
is <4% of the total count rate. 3C 273 was locate®! off-axis fixed at the galactic valué&jg (Gal) = 1.84 x 102° cm~2 (Stark
in the LECS FOV. This position is close to a strongback rilet al. 1992), give photon indicés;gg andl'sis; of 1.594-0.03.
which reduces the overall source count rate. Since the LETBe fit statistics are better for SIS1 than for SI§8(, = 251.5
response is dependent on both source position within the F@Vv 208 degrees of freedom, daf? <, = 186.6 for 199 dof). The
and extraction radius, the appropriate matrix was created usindices agree well with the values obtained for the same model
LEMAT 3.5.3. using the near-simultaneous XTE/PCA and BeppoSAX/MECS

The two SIS instruments observed 3C 273 on the defaalservationsI'xrg(2-10keV) = 1.630.01 (Yaqoob et al. in
chips, in 1-CCD FAINT mode. The data were cleaned by egfeparation) and'yigcs(1.5-10 keV) = 1.570.01 (Grandi et
cluding South Atlantic Anomaly passages (SAA), applying thel. 1997), using the slightly lower value dfy (Gal) = 1.68 x
standard algorithm for removing hot and flickering pixels, re-02° cm=2 from Savage et al. (1993).
quiring an Earth elevation angle greater tliérand a magnetic When the low energy data down to 0.5 keV are included and
cut-off rigidity greater than 7 GeV¢. Data were also rejectedexcess neutral absorption is allowed, the simple power-law fits
within 50 s of the satellite exiting the SAA and within 50 s ofesultin basically the same slopes and quality offit§o 1 (0.5—
day/night transitions. Standard upper limits of 100 were ald® keV) = 1.63-0.02). However, excesNy of (3.3+0.9) x 102°
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_92 20 _92 H 3C273 SISO, SIS1, LECS (2—10 keV) single power—law exptrapolated
cm~ = and (5.5:1.0) x10<” cm—“ are required for SISO and T = 159 [157161] N, = 184 102 cm™?

SIS1, respectively. [ ‘

4.2. LECS-only fits

A 2-10keV power-law fit with galactic absorption gives a:
marginally flatter slope in the LECS than measured by the SIS,
I'ecs(2-10 keV) =1.51 4+ 0.07 (x2 = 140.2 for 135 dof). In- 5
cluding the data at lower energies (0.5-10 keV) and allowing f@r
excess neutral absorptid¥,,, also gives a good fity? of 232.2 2
for 242 dof). The spectral slope is similar to aboVegcs(0.5— £
10 keV)= 1.5740.05, and the excess column density increases h
to a value compatible with that found by the SIS in this energy
range. However, the uncertainty on excess absorption is large,
Ny = (2.743%) x 10%° cm~2. When data down to 0.1 keV is S S
included, and using only galactic neutral absorption, one obtains 01 1 10

an unacceptable fit with significant residuals below 0.8 keV and fineray (keV)

ax? of 313.5 for 263 dof. If the total absorption is left as a fre€ig. 1. Data-to-model ratio of the ASCA-BeppoSAX spectrum of
parameter it decreases ({.7 4 0.2) x 102 cm~2 and the fit 3C273 : SISO, SIS1 and LECS data between 2-10 keV are fit with

statistics improve byA(x?) = 52.3, as the fit tries to accounta Single power-law and neutral absorption fixedNat(Gal). The re-

for the increase in flux0.4 keV. sulting model is extrapolated to lower energies showing evidence for
In summary, across their common energy range (0 %gmplex spectral structurgl keV. The data have been re-binned for

10 keV) both the LECS and the SIS data show that the spectrbr% plot

of 3C 273 deviates from a single power-law at lower energies
. . . Table 2. Simultaneous SIS/LECS spectral fits in the range 0.6—4 keV.
and requires excess neutral absorption. In this energy range_II %‘fit model is described in the teft,.. andN.. are in units ofl0%

best-fit values of” qnd Ny are closely coupled. The simplgcm,; The normalization is SIS/LECS

power-law model with galactic and excess neutral absorption

and provides a satisfactory, if not physical, description of botlyis Naw Nays Norm +2 (dof)

f[he LECS and the ASCA datg betweer_l 0.5-10keV. Howeve 1684003 ATELL 00405 1094003 3191 (262)

it becomes unacceptable for fits extending below 0.5 keV. Such  168+0.03 6.7+ 0.0£20 1.05+£004 284.1(282)

behavior is suggestive of spectral structure. In fact, structured

residuals at-0.5—-0.6 keV have been reported by several work-

ers in the case of SIS observations of 3C 273 (Yaqoob et @dmponent which is zero for the LECS and allowed to vary for

1994) and other AGN, leading to speculation about systematie SIS. This third component characterizes the systematic de-

uncertainty of the SIS response (Dotani et al. 1996; Cappiiation relative to the LECS. The choice of the model is based

Matsuoka 1997). Moreover, a previous analysis of the LEG the results of Secfs. 4.1 gndl4.2.

SVP data (Grandi et al. 1997) revealed for the first time in this The model provides a good fit to the data. The result (Ta-

source the presence of an absorption featureGab keV. ble[2) is that the relative SIS/LECS systematic deviatiap,

in the common energy range 0.6—4 keV is consistent with zero.

4 he average data-to-model ratio for the fits in Table 2 and for

either SISO or SIS1 has a standard deviation of 6%s), The

In order to verify whether similar low energy structure is presenbrresponding standard deviation for the LECS is 23%. When

in both LECS and SIS data for 3C 273 simultaneous SISO/LE€8mputed for the SIS in the energy range 0.6—1keV, the stan-

and SIS1/LECS spectral fits were performed in the energy rardgerd deviation is even smaller (4%), whereas the LECS standard

0.6—4keV. It is assumed that any relative systematic deviatidaviation decreases to 19%.

between the SIS and the LECS in the range 0.6—4 keV can beThese results remain valid even with a more complex fit

represented by an effective column density. Data below 0.6 keAbdel. For instance, a model was considered with the same

were not used because the SIS detection efficiency is poatymponents as the previous one, but extending down to 0.5 keV

understood here, probably due to the effects of an O edgeaatl including an absorption edge at& ~0.6 keV. The jus-

0.53keV (Dotani et al. 1996). By restricting the energy rangdication for such a model is given in the following section.

to below 4 keV relatively more statistical weight is given to th€ig.[1 illustrates the good agreement between LECS and SIS

low energy bins which are affected by the spectral complexitat low energies. Here SISO and SIS1 data from 2-10 keV
The model combines a normalization factor, a power-laand BeppoSAX/LECS data between 2-4 keV are fit with a

and three neutral absorption components: one fixed at the gakingle power-law and neutral absorption fixed\at(Gal) =

tic value of Ny (Gal) = 1.84 x 102° cm~2, a second column 1.84 x 10%2° cm~2. The resulting modell{ = 1.59 + 0.02 with

density common to both LECS/SISO0 or LECS/SIS1 and a thiady? 589.5.5 for 545 dof) is extrapolated to lower energies.

4.3. Estimates of the relative SIS/LECS systematic deviatio
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3CR273 SISO, SIS1 (0.5—10 keV), LECS (0.1-10 keV)

Table 3. Simultaneous spectral fits LECS: 0.1-10keV; SISO, SIS1 best fit model : (PL + PLY* edge
T T T T T T

0.5-10keV. All models include galactic neutral absorption with

Ny (Cal) = 1.84 x 10**cm™2 and all but model 4 allow for free

excess absorption. Model 3 is composed of two power-laws and a par- o 150

tial covering fraction absorption. Models 4, 5, 10 and 11 include broken o 0 sist

power-laws. Models 12, 13 and 14 include blackbody spectra =T LECS a

2

n Model X2 (dof) E
1 PL (power-law) 1144.2 (775) g
2PL+PL 874.1 (773) =
3 (PL+PL)x part. CFabs.  874.1(771) =
4 BPL (Ni(Gal)) 1116.7 (774) =L
5 BPL 880.3 (773)
6 PL x edge 881.7 (773)
7 (PL + PL) x edge 850.0 (771) —
8 (PL + PL) x notch 858.6 (770) i |
9 (PL + PL) x inv. Gauss. 859.4 (770) 0.1 1 10
10 BPL x edge 850.7 (771) Energy (keV)
11 BPL x notch 865.6 (770) Fig. 2. Model 7 of Tabl€B. “Data-to-model” ratio of the best fit to SIS
12 (BB +PL) 878.9(773) (0.5-10 keV) and LECS (0.1-10 keV) data: (PL + PLpdge. The fit
13 (BB + PL) x edge 851.9 (771) parameters are listed in Sdct.]4.4. The data have been re-binned for the
14 (BB + PL) x notch 861.3 (770) plot

Table 4. Parameters of best-fit models 7, 10 and 13 of Thable 3. The

edge energy is in the source rest frame Models including an absorption feature do bring significant

improvement to the fit statistics. The “best fit" is obtained by

N Teon Thara Ecdge R Nys including an absorption feature in the form of an edge (models 7,

Teort €V (keV) (10*°em™*) 10 and 13 of TablEl3, see FIg. 2). Itis not possible to discriminate
7 31432 1.60439%  0.58+001 0704312 <11 between the soft continuum components (i.e. two power-laws,
10 20407 1.624£001  0.58+£001 0.60+g3; <01 a broken power-law or by a blackbody and power-law) when

13 43458 1.6240.01  0.5949:53 0544932 <09 . g . ) -
20 9-02 o1z = an absorption edge is included, since the fits statistics are very

similar. The best fit parameters are given in Tdble 4. In broken
power-law models the energy of the break, when left as a free
parameter (models 5, 10 and 11) tends to values close to that of
The results of Sedi. 4.2 reveal that complex spectral structtine absorption feature, thereby indicating that such a continuum
is present below-1 keV. Further fits have been performed besontributes in part to the fit of the absorption feature.

tween 0.1-10 keV (LECS) and 0.5-10keV (SIS0, SIS1) inorder The observed 2-10 keV flux with model 7 and the LECS
to measure the spectral shape of this structure. The result®i@fmalization is6.8 x 107! ergs s! cm=2. The 0.15-
various simultaneous LECS/SIS0/SIS1 fits are listed in TalekeV unabsorbed fluxes in the soft component are 1.0 and
[3. The fit models include normalization factors for each instrG-5 x 107! ergs s' cm~2 with models 7 and 13 respec-
ment. The factors were left as free parameters, but remairizely. These soft excess values are somewhat lower than those
very stable from one model to the next, the average values witieasured by ROSAT/PSPC (Walter et al. 1994) in the same
respect to the LECS being: SISO/LECS = 1.07, SIS1/LECSspectral range during the ROSAT all sky survey (RASS),
1.04 with a typical uncertainty a£0.03. i.e. 4.7 and4.8 x 107! ergs s! cm~2 with two power-

A single power-law model is unacceptable. The improvéaws and a blackbody plus power-law fit respectively. On the
ment iny?2 fit statistics brought by adding a “soft excess” comether hand, the flux at 2 keV observed by BeppoSAX/ASCA,
ponent is significant a+99.9% confidence using the F-statistie’Faiev (BeppoSAX/ASCA) ~ 4 x 1072 photons keV'! s7*

(see models 2, 5 and 12 versus model 1), with the two power-lam—2, is comparable to the RASS fluxFo.v(RASS) =
model (2) giving slightly better results than the broken powef2.86 4 0.37) x 10~3 photons keV'! s=! cm~2. Leach et al.

law or the blackbody plus power-law model. However, the fitd 995) have shown that the 1.5-2.4 keV and 0.1-0.3 keV count
remain unacceptable, with large residuals below 1 keV. Thates of 3C 273 are both highly variable but uncorrelated.
addition of a narrow Fe K emission line at-6.4 keV (EW Slightly worse fits are obtained when the absorption feature
~24 eV) brings no significant improvement to the quality as modeled by a notch or by a Gaussian line (models 8,9, 11 and
fit (<95% confidence level with the F-statistic) and is therd4). The Gaussian absorption line (model 9) has a line energy
fore omitted in the present study. Furthermore, the presencebdt, .., = 0.68 4- 0.04 keV, a line widtho = 114493 eV and

a broad Fe I& emission component does not affect the resulBN =33.3433-7 eV (the uncertainty intervals for,E; and EW

of the present study. are calculated withr fixed at 114 eV). The rest frame energy of

4.4. Fitting the absorption feature: 0.1-10 keV fits
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the line is compatible with resonant absorption fromi@Ly«  the relative systematic deviation between the SIS and the LECS.
atE..;; = 0.654 keV. However, significant structure remains irA power-law with galactic neutral absorption gives an adequate
the fit residuals at the energy of the absorption feature wheméscription of both the SIS and the LECS data in the range 2—
is modeled by a Gaussian line or a notch. 10 keV. The SIS power-law slop€  1.5940.03) agrees well

with near simultaneous values from XTE and MECS ($ect. 4.1).
The 2-10 keV LECS spectrum of 3C 273 appears marginally
flatter than the SIS spectrumh(I") = 0.08 & 0.08). Between

To understand the physics of the absorption feature, we h&B-2 keV, the SIS and the LECS spectra show evidence for a
calculated a two-dimensional grid of photoionization modefkix deficit at the lowest energies which can be fit with excess
using the code CLOUDY (Ferland 1996). The two grid paranmeutral absorption. However, we suggest that this is a fit artifact
eters are U, the dimensionless ratio of hydrogen ionizing photdue to the presence of an absorption featuredab keV, because
density to total hydrogen density andy\ the total hydrogen of the flux increase observed by the LECS belo@.4 keV.

column density of of the ionized material in units of tha Ny In previous ASCA observations of 3C 273 extra neutral ab-
determines the amplitude of a given absorption feature, whereasgption has been used as a description of possible SIS system-
the parameter U dictates the abundances of different ions atid uncertainties (see Cappietal. 1998, Cappi & Matsuoka 1997
therefore also the presence of absorption features at a gie@id referencestherein). Furthermore, because ASCA cannotob-
energy. serve the low-energy side of any absorption feature(ab keV,

The following assumptions have been made. The warm auch features can be mis-interpreted as a systematic instrumen-
sorber is in photoionization equilibrium with a central ionizingal effect. Simultaneous LECS/SIS power-law fits including ex-
continuum. The ionizing continuum (here the “standard AGNZess absorption show that the 90% confidence upper limits for
continuum in CLOUDY) consists of an “X-ray” power-law of Ny relative to the LECS are0.8x 10%° and<2.0x 10%° cm~2
photon indeX"x = 1.6 from 1.36 eV to 100 keV, above whichfor SISO and SIS1, respectively in the range 0.6—4 keV. These
the continuum falls off as B. A “Blue Bump” power-law upper limits, together with the smathsspread in data-to-model
is added to the “X-ray” power-law, witi'gg = 1.5 and an ratio (see Secf_4.3) not only indicate a good match between
exponential cut-off corresponding to a “Blue Bump” tempet-ECS and SIS spectra, but exclude any other significant sys-
ature of1.5 x 10* K. A typical X-ray to UV ratio was cho- tematic trends with a spectral dependency. The variationgin N
sen so thal',x = 2.4, wherel' is the spectral index of a amongst the different ASCA observations of 3C 273 (Cappi &
single power-law connecting the observed fluxes at 2 keV akthtsuoka 1997) are therefore likely to be due to real changes in
2500A (see CLOUDY manual). Solar composition (Grevesdfe intrinsic spectrum, rather than a measure of the systematic
& Anders 1989) and a constant density are assumed (with a lyror.
drogen density s = 10° cm~3) within the entire single-zone  The mean SIS/LECS normalization factor-o1.1 (see Ta-
warm absorber. The fits were performed between 0.1-5 keVhile[d and Sect. 4.4) probably reflects inadequate modeling of the
order to give relatively more statistical weight to the low emsbscuration caused by the LECS strongback during the off-axis
ergy data, neutral absorption was fixed at the galactic value agbosure. The modeling is complicated by a slight “wobble” in
the instrumental normalization factors were fixed at the valupeinting position during the BeppoSAX observation, due to a
listed in Sect’4}4. lack of suitable guide stars. Future work is expected to improve

Both stationary and red-shifted warm absorbers were cdhe understanding of these effects.
sidered. As noted by Grandi et al. (1997) the stationary case Strictly speaking the results of the present SIS/LECS com-
gives a very poor fit to the data. This is because the bulk périson are only valid at the time of the observations and may not
the model absorption is caused at&7 keV, by the @11 and hold for other epochs. Further simultaneous ASCA/BeppoSAX
Oviil edges, which is at significantly higher energy than olebservations of 3C 273 are planned to monitor the ASCA and
served. When the red-shift of the warm absorber is left as a fil@eppoSAX intercalibration.
parameter, the best fit parameters aredz58-+)-)2 with respect The SIS and the LECS have fundamentally different detec-
to the observer’s frame (i.e~#.36 with respect to the rest frametors (CCDs versus GSPCs) and mirror designs (although the
of 3C 273), log U= 0.0+)-3] and log Ny = 21.13+0-05, with  mirror materials are similar) and both instruments have been
x? = 667 (for 516 dof). When the neutral absorption is left as@alibrated independently of one another. Therefore and because
free parameter the statistics improwe (=642.2 for 515 dof). the relative agreement between the two instruments is good,
These results can be compared to the statistics obtained indhe may be confident in the correctness of their absolute cal-
same energy range with a single power-law and free neutral @ration. For these reasons and because the common spectral
sorption (* = 881.3 for 515 dof) or a broken power-law andange extends down to lower energies, the simultaneous fits to
free neutral absorptiony€ = 601.3 for 513 dof). the SISO/SIS1/LECS data bring the strongest constraints yet on
the spectral shape of 3C 273 between 0.1-2 keV.

The photoionization models considered in 9ecl. 4.5 require a
large red-shift for the absorption component. The relativistic in-
Both separate and simultaneous SIS and LECS fits make it pid@~ velocity implied by such a red-shift £0.36 c) is higher
sible to constrain the spectral shape of 3C 273 and to meadiian the typical velocities found in the broad line regions of

4.5, Fitting the absorption feature: photoionization models

5. Discussion



690 A. Orr et al.: X-ray observations of 3C 273

AGN (1500-30000 kms!) orin broad absorption line systemsWalter R., Orr A., Courvoisier T.J.L., et al, 1994, A&A 285, 119
which don't exceed-0.1c (Hamman 1997). There is some eviWilliams O.R., Turner M.J.L., Stewart G.C,, et al., 1992, ApJ 389, 157
dence in other AGN for similar X-ray absorption features whicfyorrall D., Mushotzky R., Boldt E., Holt S., Serlemitsos P., 1979, ApJ
may originate in relativistic winds /0.2—0.6 c, Leighly etal. 232,683 _

1997). However, it is not yet clear which mechanism acceleraté¥100b T., Serlemitsos P., Mushotzky R., etal., 1994, PASJ 46, L49
these flows. Finally, the assumption of simple photoionization

equilibrium may not apply and other physical interpretations of

the absorption feature, such as resonant absorption frem O

Lya at E..,; = 0.654 keV, cannot be strictly excluded.
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