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Abstract. We report on a pre-eclipse dip of the X-ray binarpre-eclipse dips, which occur at orbital phades, = 0.7-1.0,
pulsar Her X-1 observed by the Rossi X-ray Timing Exploreand anomalous dips, which are observe®gi, ~ 0.2. Dur-
(RXTE) in 1996 July. The energy spectra in the 3-18 keV rangeg the “Main High” phase of the 35d cycle of Her X-1, the
can be described by the sum of two power-laws, one of whichaee-eclipse dips seem to “march” towards earlier orbital phases
modified by photoelectric absorption and by Thomson scatt¢€rosa & Boynton 1980;_Giacconi et al. 1973). Interpretations
ing in cold material, plus an iron emission line at 6.7 keV. Wef the marching behavior have been given in terms of a pe-
present the evolution of the spectral parameters with a temparatlic mass transfer driven by the changing radiation pres-
resolution of 16 s and show that the varying flux and spectrwsure at the inner Lagrangian point (Crosa & Boynton 1980),
can be interpreted solely by a time varying column density. Thed by the splash of the accretion stream onto a warped ac-
data do not appear to require non-solar abundances in the ahktion disk (Schandl 1996). Note that the observational basis
sorbing material, although a slight over-abundance of the metfs the “marching behavior” has recently been challenged by
cannot be ruled out. We also find that the lightcurve is chardceeahy (1997).
terized by symmetric substructures which can be successfully Previous observational studies dedicated to pre-
modeled by Gaussian profiles. The recurrence time of these sedlipse dips of HerX-1 have been presented by
structures is on a timescale of a few minutes. Ushimaru et al. (1989), Choi et al. (1994), Leahy et al. (1994),
and|Reynolds & Parmar (1995). These authors found that the
Key words: accretion, accretion disks — stars: neutron — X-raydip spectra can be modeled by a temporally variable absorption
stars — stars: individual: Hercules X-1 of the non-dip spectrum. In addition to this absorption compo-
nent, a further weak unabsorbed component is present during
the dips, as first seen in Tenma dédta (Ushimaru etal.|1989)
and verified by later observations. This component has been
interpreted as being due to Compton scattering of the primary
The study of transient dips in the X-ray lightcurves of X-rayieutron star radiation by an extended corona into our line of
binaries can help to provide insight into the accretion processight. Although the unabsorbed component always contributes
in these objects. The dips are thought to be caused by cold methe observed X-ray spectrum, it can only be identified during
terial with an appreciable column density 8§** cm™2 and dips and during the “low state” of Her X-1 (Mihara et al. 1991).
higher passing through the line of sight to the neutron st@ue to the comparably small effective areas of the earlier
Since the dipping activity occurs primarily around the uppémstruments, a study of the detailed temporal evolution of
conjunction of the neutron star (i.e., shortly before the X-rajte spectral parameters during a dip has not been possible
eclipse), this material is most probably due to the “splash” it these observations. Therefore, earlier investigators were
the location where the accretion stream hits the accretion digk.ced to combine data obtained during (non-consecutive) time
Arecent review on X-ray dip energy spectra has been publishatkrvals with similar measured count-rates to obtain spectra
by |White et al. (1995). with a signal to noise ratio sufficient for spectral analysis.
X-ray dips of the X-ray binary Her X-1 were first described’his approach is not without problems, however, since a
by Giacconi et al. (19783). Two different kinds of dips are seestrong variation of Ny during the time intervals used for
accumulating the spectra can lead to spurious spectral features

Send offprint requests 18. Stelzer _ like an apparent decrease in the flux incident onto the absorbing
* Table 2 is only available in electronic form at the CDS via anonyz ~terial (Parmar et al 1986)

mous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u- To be able to resolve the structures occuring on short time-

strasbg.fr/Abstract.html. | . ith a | ffecti d d
** Presentaddresdvlax Planck Institutiir Extraterrestrische Physik, scales, instruments with a larger effective area and moderate

Giessenbachstr. 1, D-85740 Garching béirddhen energy resolution are needed. In this paper, therefore, we present
Correspondence td. Stelzer results from the analysis of an RXTE observation of Her X-1,

1. Introduction
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focusing on the spectral analysis and the behavior of the light-
curve during a pre-eclipse dip. Results from a previous analysis 2500
of these data, focusing on the orbit determination, have been
presented by Stelzer et al. (1997). In Sekct. 2 we describe Qur000f
RXTE observation and the data reduction. Séct. 3 presents @ur | : .
results on the temporal evolution of the column density of th§ 15451 o ;
absorbing material throughout the dip, using two different daa i : o
analysis methods. In Selct. 4 we discuss the temporal behaviogofloooi
the source in terms of a simple model for individual structurés i
in the lightcurve. We summarize our results in Selct. 5.

£ 500

2. Observations and data analysis ol

Our RXTE observations of Her X-1 were performed on 1996 07 075 08 08 09 095 10 105

July 26. We primarily use data obtained with the PCA, the low I - 2450290

energy instrument onboard RXTE. The PCA consists of fiVég. 1.Lightcurve during the dip of the RXTE observation in July 1996,

nearly identical Xe proportional counters with a total effectivéb s resultion. Top:-axis: Time [UT]

area of abou6500 cn? (Jahoda et al. 1997). The data extrac-

tion has been performed using the RXTE standard data analysisk place 4 to 5 days after the Turn-On of the Main High State.

software, ftools 4.0. To avoid contamination of the spectra degom the behavior of the lightcurve in Fig. 1 we estimate that

to the Earth’s X-ray brightlimb, only data measured at source ehe dip egress takes place close to the end of the observation,

evations more than0° above the spacecraft horizon were usegthen the count rate again reaches the pre-dip level. Under this

in the present analysis. Background subtraction was performggumption the duration of the dip was 6.5 hours.

with version 1.5 of the background estimator program, using a In order to describe the time evolution of spectral parameters

model where the background is estimated from the rate of Vegg use two complementary methods: First, we divide the whole

Large Events in the detector. The diffuse X-ray background agig lightcurve into segments of 16 s duration and perform spec-

amodel for the activation of radioactivity within the detector igral fits to each of these segments (Secl. 3.2). Secondly, we use

added. Sege Jahoda (1996) for a description of the PCA.  color-color diagrams to model the time evolution of the column
For the spectral analysis, version 2.2.1 of the PCA resporignsity (Secf—313).

matrix was used (Jahoda, 1997, priv. comm.). The spectral mod-

eling of data from an observation of the Crab pulsar made avaé'l-2 Spectral modelin

able to us by the RXTE PCA and HEXTE teams with this matrix'™" b N9

suggests that the matrix is well understood on the 1% level (s&ewas mentioned in Seél. 1, the common explanation for the

Dove et al. 1998 for a discussion of these data). Using this velips is that of photoabsorption and scattering by foreground

sion of the PCA response matrix, the overall description of tieaterial. The photon spectruml{cm =2 s~ keV ') resulting

Crab continuum is good, with the remaining deviations mainfyom this process can be well described by a partial covering

being below 3 keV and around the Xe K edge at 35 keV. To avaidodel of the form

these uncertainties we used data from 3 to 18 keV only, whi .

is sufficient for an analysis of the dips because of the poweph = £+ [Iaexp (= (orkNy + 0w (E)Nu)) + Iu]

law nature of the Her X-1 X-ray spectrum and due to e +GAUSS (1)

erendency ofthe ph.otoionizgtion cross section (see dis'cusmreabf(E) is the photoabsorption cross section per hydro-
in Sect[3.2). To obtain meaningfyf values and to take into en atom[(Morrison & McCammon 1983)y is the Thomson
account the remaining uncertainties of the matrix, we added @« section and = N /Ny is the number of electrons per

1% systematic error to all PCA chgnnels. The spectral a”alyﬁﬂﬁirogen atomJ, is the electron column density). In EF] (1),
was performed with XSPEC, version 10.00p (Arnaud 'L996)'the continuum emission is modeled as the sum of two power

laws, one of which is photo-absorbed by cold matter of column
3. Time evolution of spectral parameters densityNy, as well as Thomson scattered out of the line of sight
by electrons in the cold material. The second power law is not
modified by the absorber, indicating that this additional (scat-
The full lightcurve of the July 26 pre-eclipse dip is shown itering) component comes from a geometrically much larger,
Fig.[l. Gaps in the data stream are due to passages througtesttended region and thus is not affected by the photoabsorp-
South Atlantic Anomaly and due to the source being below tien. To this continuum, an iron emission line (described by a
spacecraft horizon. The dip ingress, which occurred at orbitdaussian) is added, which remains unabsorbed to simplify the
phase®,,;, = 0.75, is characterized by a rapid decrease ispectral fitting process.
intensity by a factor 3 within 80 s. The RXTE observation cor- Two-component models similar to that of Eg. (1) have previ-
responds to a 35d phasewf; ~ 0.13, that is the observation ously been shown to yield a good description of the dip spectra,

3.1. Dip lightcurves
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Fig. 2. 16 s PCA spectrum taken outside of the dip, modeled with tlier clarity.
spectral shape from EQJ. 1 over the energy interval used for our analysis
of the dip-spectra. Significant deviations from the power-law contin-
uum model appear only at energies above 18keV, indicating tha@y not be separated. We, therefore, use the model of [Eq. (1)
power-law is sufficient in describing the data below 18 keV. and hold the continuum parameters fixed to their measured pre-
dip values: a single power law of photon index 1.06 plus an
emission line feature from ionized iron at 6.7 keV with width of
while other simpler models were found to result in unphysical = 0.46 keV (x%,, = 1.1 at3-18 keV for 30 degrees of free-
spectral parameters. As we mentioned in $éct. 2, to avoid d&m). The normalization of the absorbed power Iy, was
sponse matrix uncertainties and problems with the exponentitgo fixed to its pre-dip valud, = 0.20phcni2s 1 keV ™.
cutoff and the cyclotron resonance feature we include only d&tmally, the ratiok = N./Ny was set tol.21, appropriate for
from 3 to 18keV in our analysis. This approach results inraaterial of solar abundances. We emphasize that fixing the pa-
simpler spectral model than that used by Choi et al. (1994) araaneters to their normal state values assumes that the intrinsic
Leahy et al. (1994), who included the whole Ginga LAC erspectral shape of the source does not change during the dip and
ergy band from 2 to 37 keV in their analysis. Singg o< £—3, that variations of the observed spectrum are due to the varying
except for the highest values 8fy, photoabsorption will vir- column density only. This is justified by the apparent constancy
tually not influence the spectrum abovd0 keV, such that the of the lightcurve outside the dip. Particularly/i is free in the
inclusion of data measured up to 18keV is sufficient for tHé, we observe an increase of this parameter for very high
determination of the continuum strength. As we show in[Big. &hich is not clearly systematic (see Fif. 3 b). Such a correlation
neither the exponential cut-off nor the cyclotron resonance fdsetween’, and Ny seems to indicate an additional dependence
ture at~35 keV need to be taken into account when restrictirgf 4 on the column density (next to the Thomson scattering al-
the upper energy threshold to 18 keV, as significant deviatioready taken into consideration in the spectral model). Rather
between the data and the model are observed only for erteen being due to real variations of the absorbed intensity, we
gies above 18 keV. We, therefore, conclude that between 3 aoahsider this relation to be produced artificially by the fitting
18 keV, additional continuum components do not affect the spgreocess: Variations of, during the dip might come about as
trum. When holding the power law index constant at its pre-dgpmpensation for slight misplacements of the column density.
value, from our spectral fits of the dip data we obtain accegtny remaining correlation in Fig]3 b might contain a possible
able x? values 2, < 1.5). Introducing additional freedoms contribution from slight variations in the absorbed continuum.
by leaving the photon index as a free parameter in the fit dd@se to the limited energy resolution of the detector, however,
not significantly improve the results. Therefore, we do not havg; anda are strongly correlated. Therefore, a slight real vari-
to include high energy data to determine the continuum paraation is not convincingly separable from the artificial one.
eters. To summarize, the remaining free parameters of the spectral
In different attempts to fit the 16 s time resolved spectraodel are the iron line normalizatioiNg., the normalization
without explicitly allowing for Thomson scattering of the abef the unabsorbed componefg, and the column densityyy.
sorbed component we found that the absorbed intensity which We divide the dip observation into 16 s intervals and ob-
was then a free parameter was strongly anticorrelated with taen 941 spectra, covering the energy range from 3 to 18 keV.
column density. The relation betweén and Ny from afitof a  After subtracting the background, which has been modeled on
spectral model that does not take account of Thomson scattetimg same 16 s basis, the individual spectra were fitted with the
is shown in FiglB a. The observed anticorrelation reflects the emedel of Eq.[(1). Typicak? , values obtained from these fits
ponentialNg-dependence of the Thomson scattering factor aade betwee.5—1.5 for 37 degrees of freedom, indicating that
led us to the conclusion that absorption and Thomson scattering simple spectral model is sufficient to describe the data.
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2000 T T T The temporal behavior of the column density mirrors that
- of the lightcurve (Fig$.l4a and b). This supports the assumption
that the underlying cause for both is absorbing material whose
- presence in the line of sight blocks off the X-ray source and
1500 7 thus leads to a modification of the spectral shape due to en-
I ergy dependent absorption and energy independent scattering
as well as a corresponding reduction in the 3 to 18 keV flux.
i The highest value measured for the column density is about
8 1000 4 310%* cm~2, comparable to that found in previous measure-
- ments [(Reynolds & Parmar 1995). The variation of the mea-
sured count rate wittVy is shown in Figlh together with the
count rates predicted by our partial covering model. The transi-
500’ | tion from the dip to the normal state is manifested in the break
i of the slope around 1500 cps. The figure indicates that due to
the 3keV energy threshold of the PCA, the instrument is sensi-
tive only to values ofVy of about5 1022 cm~2 and above. This
ol | | : i also explains why we measuré; ~ 1022 cm*z_ for the out- -
T e e e of-dip data just before dip-ingress, a value which is rather high
21 22 23 24 25 . . .
log N,, compared to the value for absorption by the interstellar medium

along the line of sight1(.7 10'° cm~2,[Mavromatakis 1993).

Fig. 5.PCA countrate in the band from 3to 18 keV as a function ofthe The normalization of the unabsorbed compondit, is
measured column density. The line represents the count rates predifggghd to stay almost constant during the whole dip, indicat-

by the model of Eq[{1). Inset: typicalo uncertainty forNy

ing that the whole variability of Her X-1 during the dip is due
to absorption and scattering in the intervening material. The
absolute value ofy is quite small (about 2.5% dfy ).
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Fig. 6. aTheoretical track of a partial cov-
ering model (solid line) and a model with-
out unabsorbed component (dashed line) in
1 acolor color diagram for spectral parameters
typical for Her X-1. Labels on the curve refer
to column densities (in ci?). b—d Color-

(Bo‘Bl)/(Bo+Bl)

Table 1. Energy bands defined for the analysis of colors.

Band Energy [keV] PHA Channels
Bo 3-5 4-11

B 5-7 12-15

B, 7-11 16-26

Bs 11-17 27-42

The normalization of the iron linéyg., also shows some
decline during phases of high column density. Note, howev
that in our spectral model the line feature is not absorbed a
scattered. The remaining variation can in principle be epraing

by partial covering of the line emitting region.

3.3. Color-color diagrams

As an alternative to spectral fitting, the development of t
column density can be visualized by color-color diagrams
which show the behavior of broad band X-ray count rates (?
Leahy 1995 for earlier results from Ginga data). We define four
energy bands covering approximately the same range as
spectral analysis (Table 1). We then define modified X-ray co
ors by (By — B1)/(Bo + B1), (B — B2)/(B1 + Bs), and

(B2 — B3) /(B2 + Bs) whereB; is the count rate in band For

any given spectral model, a theoretical color can be obtained

-0.2 0.0 0.2 0.4

) color diagrams and best fit partial covering
(Bo'Bl)/(Bo+Bl)

models for the dip of the RXTE observation.

If the only variable parameter in the modelNg;, the resulting
colors are found to trace characteristic tracks in the color-color
diagram. Comparing these tracks with the measured data it is
possible to infer the temporal behavior of the column density
(see below).

As an example, Fid.l6a displays typical theoretical tracks
for two possible spectral models for Her X-1. The dotted track
represents a model without an unabsorbed component (called
the one-component model henceforth), while the solid line is
the track computed for a partial covering model. The form of
this partial covering model is identical to Elgl. (1) with the excep-
ﬁE(ip that the iron line is also absorbed and scattered. We used
otoabsorption cross sections from Verner & Yakovlev (1995)
and| Verner et al. (1996) in the computation of the diagrams.
The difference between these cross sections and those from
Morrison & McCammon (1983) used in Sdct.13.2 is negligible,
though. The typical shape of the tracks is due tofhe pro-
H)ortionality of the absorption cross sectiogy: for low values
0‘? Ny only the lower bands are influenced by the absorbing
r?aterial, while for high values aVy all bands are influenced.

n both cases the model track starts at the Iévalues in the
upper right corner of the diagram marked by the square which
%Iscribes the situation before the dip. Moving along the track the
column density increases. For low values/df, the tracks of
both models are similar since the influence of absorption is neg-
ligible. For largerNy the lower energy bands are increasingly
affected by absorption. At a critical value &%; the unabsorbed

folding the spectral model through the detector response matrix.
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component begins to dominate the low energy bands in the garsimilar to the average ratio found from spectral fitting, about
tial covering model. Since the unabsorbed component has,3%.
definition, the same shape as the non-dip spectrum, the trackUsing this best fitmodelyy as a function of time is found by
turns towards the lowNy color. In the one-component modelprojecting the measured colors onto the track. The projection
the absence of an unabsorbed component leads to a furthemevides slightly different values oy for each color-color
crease in flux in the low energy bands that is only stopped Hiagram examined. Major discrepancies are due to projection
response matrix and detector background effects. onto a wrong part of the model curve in the region where the
For each of the energy bands defined in Tble 1 we generatieve overlaps with itself. To even out these discrepancies we
a background subtracted lightcurve of 32 s resolution and obtaalculated the median dfy; from all three color-color diagrams
the color-color diagrams shown in Hig. 6b—d. The data line wsed in our analysis. The time developmenf\gf found from
along a track which is curved similar to the theoretical tracks tfe color-color diagrams is in good agreement with ffig
Fig.[@a. The accumulation of data points in the upper right caesulting from the spectral fits (Fig. 7).
ner of the diagrams of Fifg] 6b—d consists of the out-of-dip data,
where the colors remain constant and the column density is4aﬁ_
its lowest value. As noted above, the early turn of the observed
tracks in the color-color diagram suggests the presence of anThe irregular variations observed in the lightcurve during the
absorbed spectral component in the data. To quantify this claiips are generally thought to be due to the cloudy structure of
we compare theoretical tracks from the partial covering modsh absorber extending above the disk surface. The location of
to the data. This is done by varying the relative contributions tife material, i.e., its distance from the neutron star, however,
15 andly to the total spectrum such that the total normalizatias unknown and depends on model assumptions. According to
of the incident spectrumly + Iy, is kept at its pre-dip value.[Crosa & Boynton (1980), the obscuring matter is the temporar-
Except for the normalizations, all other spectral parameters dyethickened disk rim, or, in the modification of this model by
fixed at their pre-dip values (cf. Selct.13.2). We define the bes{Bibchkarev (1989) anfl Bochkarev & Karitskaya (1989), con-
model to be the model in which the root mean square distarsists of “blobs” in an extended corona above the disk rim. Onthe
between the track and the data is minimal (cf. Eig. 6). Not swther hand, in the coronal wind modelof Schandl et al. (1997)
prisingly, the ratio betweehy andly found using this method the dips are caused by a spray of matter at some inner disk radius
where the accretion stream impacts on the disk.

ight curves
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Fig. 8. Gaussian fits to the dip lightcurve with a temporal resolution of 2 s. Arrows mark the position of Gaussian line centroids.

Since all models assume that the absorbing matter exist$amored by the model of Crosa & Boynton 1980), at a distance
the form of clumps of material, it is interesting to ask whetharf 2 10'! cm from the neutron stdr (Cheng et al. 1995). The Ke-
these blobs can be seen in the data. The symmetry of the stplerian velocity at this radius is approximatedy0” cms!.
tures in the first half of the lightcurve shown in Higj. 4a suggestssuming that the clouds are spherical, i.e., assuming that their
that this is indeed the case. We therefore tried to model tlisgular size estimated from the FWHM of the fitted Gaussian
part of the dip lightcurve by fitting Gaussians to each of therresponds to their radial size, we derive typical cloud diam-
visibly identified structures. The best fit to the data is displayeders on the order afo®-'° cm. Making use of the observed
in Fig.[. Information about the parameters of each Gaussiagumn densities we find a proton density of ab®i®'4 cm—3.
summarized in Table 2 (available in electronic form only). Not®n the other hand, the apparent periodicity mentioned above
that the structures appear to be quasi-periodic on a time-saaight also indicate that the blobs are very close to the neutron
of about10~2 d (=90 s) which could provide a hint on their nastar. Assuming Keplerian motion, the periodicity could indicate
ture. A similar 144 s periodicity has previously been reported laybital radii as small a30° cm (the inner radius of the accre-
Leahy et al. (1992). A study of a larger sample of dips is netien disk is at10® cm;[Horn 1992) and their densities would be
essary, however, before any claim on the existence of periodiaxordingly higher.
structures in the dip data can be settled.

Assuming that each structure in the lightcurve represents apiscussion and conclusions
single cloud of matter which is absorbing X-rays while crossing
the line of sight, the width of the Gaussian represents a dirdiethis paper we have presented the temporal evolution of spec-
measure of the crossing time for such a cloud. The horizonte@! parameters of Her X-1 during a pre-eclipse dip. Due to
extent of the cloud could be derived if the radial distance of thelfi® large effective area of the PCA, the temporal resolution
clouds from the neutron star and their velocity were known. T our data is higher than that of earlier data. Using two dif-
give arough estimate for the cloud size, we assume that the ni@fent methods we were able to show that a partial covering

ter moves on Keplerian orbits close to the outer disk rim (asf&del in which the column densityy and the normalization
of the unabsorbed continuufg are the only time variable spec-
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tral components is sufficient to explain the observed spectaaimetal overabundance. In contrast to this result, a metal un-
and temporal variability. This result is in qualitative agreemerderabundance is favored by Reynolds & Parmar (129B)is
with the previous analyses for pre-eclipse dips presented digcrepancy might be due to the higher temporal resolution of
Ushimaru et al. (1989), Choi et al. (1994), Leahy et al. (1994)ur data, where small variations df, can be traced. Note, how-
and Reynolds & Parmar (1995). Note that models without @&wer, that our method of determinidg, /Ny depends crucially
unabsorbed component were not able to result in satisfactory the assumption that the spectrum incident on the absorb-
fits, which is also consistent with the low state observatioinsy cloud is constant over time and also depends strongly on
presented by Mihara et al. (1991) where the unabsorbed cdhe value adopted fafs . Although it is very probable that the
ponent was clearly required. As proposed by Choi et al. (19%burce is constant (Set.B.2), slight variationg ptannot be
from the analysis of the pulsed fraction of the lightcurve, the uniled out. Therefore, we decided to use the solar value of 1.21 in
absorbed component s probably due to scattering of radiatiorour analysis and postpone the detailed study of the abundances
an extended hot electron corona into the line of sight. These autil a larger sample of dips has been observed with RXTE.
thors also show that the interpretation of Ushimaru et al. (1989), To conclude, photoabsorption and electron scattering of
who attributed the unabsorbed component to a leaky cold girotons out of the line of sight in cold material appear to be
sorber, does not hold. solely sufficient for explaining the temporal variability of the

The anticorrelation betweerly and Ny found by observed flux during this pre-eclipse dip of Her X-1. Further
Leahy et al. (1994) and Leahy (1997) in Ginga observations rasservations of a larger sample of pre-eclipse dips are neces-
been interpreted by these authors as evidence that the obssany to verify this result.
ing material partially also obscures the extended corona. Thus, _
the geometric covering fraction of the obscuring material is a}rfg”gw:\jg?e?”f‘:rnilﬁuI""(ersncz";"seiggse (\)’r\:' t::'ggl'a lén};rliili(:n\llavzhménk
sumed to be quite hlg.h _durlng epls_od_e_s of Iam Our mea- G. Morfill and R. Neukuser for granting the first author the time
§ured values O!U exhibit some variability (F|@4C)Z but thereto finish this work. This work has been financed by DARA grant
is no systematic correlation betweép and Ny, neither has 50 OR 92054,
such a correlation been seen[by Chol et al. (11994). A possible
interpretation for this discrepancy is that Leahy et al. (19P94) and
Leahy (1997) did not include Thomson scattering in their fitfeferences
Indeed, when setting = 0 in Eq. (1) and fitting the RXTE data Arnaud K.A., 1996, In: Jacoby J.H., Barnes J. (eds.) Astronomical Data
with both normalizations as free parametdis,s much more Analysis Software and Systems V. Astron. Soc. Pacific, Conf. Ser.
variable andl, appears to be correlated wit¥i;. In addition, 101, Astron. Soc. Pacific, San Francisco, p. 17
it is generally difficult to distinguish between the absorbed afi@chkarev N.G., 1989, SvA 33, 638
the unabsorbed component for low values\af such thatl;  Bochkarev N.G., Karitskaya E.A., 1989, Ap&SS 154, 189
andI, get easily confused by the fitting routine. Cheng F.H., Vrtilek S.D., Raymond J.C., 1995, ApJ 452, 825

We also tried fitting the data with a spectral model in WhicghOI CII_S-’B NagtaseFl):E Mfg;;%o ;3323'5 ;%%4' ApJ 422,799
Iy was held fixed a0.005 ph cnm® s~ keV™", the average D(rJ(\)/SeaJ.I.Bl., \(/)\Xlrr]’nosn\].,.N.(;wak I\/,I.AF.), etal., 1998, MNRAS 298, 729
value of the fits of Sedt. 3.2. The resulting,, values from this o, Gursky H., Kellogg E.. et al., 1973, ApJ 184, 227
fit were comparable to those of the fits presented in Bedt. ?q&n S., 1992, Dissertation, Ludwig-Maximilians-Univeésit
since the variations idy in the latter fit are small enough t0  pmiinchen
be compensated by slight changesNg in the former. Fur- jahoda K., 1996, Estimating the Background in the PCA, Technical
thermore, due to the lower temporal resolution of the previous report, NASA GSFC, Greenbelt version dated November 27, 1996
observations, small variations &fg could not be resolved in Jahoda K., Swank J.H., Giles A.B., et al., 1997, In: Siegmund O.H.
these data. It has been pointed ouf by Parmar et al. (1986), thafed.) EUV, X-Ray, and Gamma-Ray Instrumentation for Astron-
this effect might result in a large uncertainty in the determina- omy VIl. Proc. SPIE 2808, SPIE, Bellingham, WA, p. 59
tion of I;. As is shown by our fits to structures in the Iightcurvéeahy D.A., 1995, A&AS 113, 21

(Fig.8), we are able to resolve and identify individual strud=6anY D-A., 1997, MNRAS 287, 622

. . . Leahy D.A., Yoshida A., Kawai N., Matsuoka M., 1992, In: Shrader
tures with a temporal resolution of about one minute. Thus W& C.R., Gehrels N., Dennis B. (eds.) The Compton Observatory Sci-

are confident that the investigation presented here is unaffectedence Workshop. NASA CP 3137, p. 193

by these problems. Leahy D.A., Yoshida A., Matsuoka M., 1994, ApJ 434, 341
In our analysis of Sedt.3.2 arld B.3 we assumed th@hyromatakis F., 1993, AGA 273, 147

Ne/Nu = 1.21, i.e., the value appropriate for material of solagtihara T., Ohashi T., Makishima K., 1991, PASJ 43, 501
composition. Previous investigations of dipping sources, howerrison R., McCammon D., 1983, ApJ 270, 119
ever, hinted at non-solar abundances in most of these systems

F - . Note that Reynolds & Parmar (1995) assume that for material of
Reynol Parmar 1995, White et al. 1¢ . A dir mea- . .
(Reynolds & Parmar 1995, 95) direct e%osmlc abundanc¥. /Nu = 1, and call the reciprocal of the measured

surement of t.hﬁ abunqa}nce Ol.Jght to bel .posal'ble by fitting traﬁo the “abundance”. This reciprocal should not be confused with the
RXTE data with a partial covering model in whic#i. and Ny common usage of abundance in astronomy since it ignores that the

are both free parameters. We find that the avefigéVi =  scattering cross section of an element with nuclear charge nushber
1.5. Thus, our data could be interpreted as pointing towar@gsy .
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