THE ASTROPHYSICAL JOURNAL, 427:400-405, 1994 May 20
© 1994. The American Astronomical Society. All rights reserved. Printed in U.S.A.

EVIDENCE OF CIRCUMSTELLAR MATTER SURROUNDING THE HERCULES X-1 SYSTEM
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ABSTRACT

We analyze data from two eclipse ingresses of Her X-1 observed with Ginga on 1989 April 30 and May 19.
These observations occur, respectively, during the MAIN HIGH and SHORT HIGH states in the 35 day modulation
of Her X-1 intensity. We find significant residual X-ray flux during eclipse, with a gradual decrease in flux
following the occultation of the neutron star by the atmosphere of HZ Her. During the central part of the
eclipse the count rate becomes nearly constant, at 0.5 mCrab in the energy range 1.7-36.8 keV. From a spec-
tral analysis of the residual emission during the total eclipse of the central source in the MAIN HIGH state, we
determine the energy spectral index, o = 0.8, similar to that before eclipse. A remarkable feature of the eclipse
spectrum is that it does not show a significant iron line feature in contrast to massive wind-fed pulsars, such
as Vela X-1 and Cen X-3. From a timing analysis of the same eclipse data, we show that there are no pulses.
These results imply that the emission comes from the scattering of continuum X-rays by material in a region
considerably larger than the companion star. An extended accretion disk corona may be responsible for this
scattering. However, partial eclipse of an extended accretion disk corona is insufficient to account for the
count rates in mid-eclipse, when known parameters of the binary system are used. Based on the present
results, we suggest that scattering occurs not only in the accretion disk corona but also in the circumstellar

matter surrounding the system of Her X-1/HZ Her.

Subject headings: binaries: eclipsing — circumstellar matter — stars: individual (Hercules X-1) —

stars: neutron — X-rays: stars

1. INTRODUCTION

Her X-1 is an eclipsing binary pulsar with a pulse period of
1.24 s and an orbital period of 1.7 days. It shows a 35 day
quasi-periodic variation in X-ray intensity (Tananbaum et al.
1972) and pre-eclipse and anomalous absorption dips in
certain orbital phases of the MAIN HIGH state (Crosa & Boynton
1980). The X-ray binary system Her X-1/HZ Her has the fol-
lowing stellar parameters: the companion star has mass

M., =20 Mg and radius R, =39 Ry, and the stellar
separation is a = 8.6 R (Mlddledltch & Nelson 1976; Deeter,
Boynton, & Pravdo 1981; Nagase 1989).

Most features of the 35 day cycle in Her X-1 are explained
reasonably well by a tilted accretion disk counterprecessing
with a 35 day period (Katz 1973; Petterson 1975, 1977; Gerend
& Boynton 1976; Ogelman et al. 1985; Petterson, Rothschild,
& Gruber 1991). In addition, an accretion disk corona (ADC)
was proposed by Jones & Forman (1976) to explain the persist-
ent low-state X-ray emission. Several low-mass X-ray binaries
exhibit phenomena such as gradual and partial eclipses that
might be explained by an ADC (Mason 1986, and references
therein). A model of a partial eclipse of an ADC was first made
for the X-ray light curve of 4U 1822 —37 (White et al. 1981)
and subsequently for 4U 2129 + 47 (White & Holt 1982).

An ADC around the central X-ray source is believed to be
generated by the intense X-ray irradiation of matter that is
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flowing onto the accretion disk from the inner Lagrangian
point or that is accreting onto the neutron star surface from the
inner part of the accretion disk. Bai (1980) and Bochkarev
(1989) suggested that the ADC above and below the accretion
disk of Her X-1 is optically thin and hot and is in a highly
ionized state (e.g., iron consists of He or H-like ions) due to the
photoionization by the continuum X-rays from the neutron
star. These models imply that the flux of scattered X-rays is
very small compared with the direct component from the
neutron star in a given high-intensity state of the 35 day cycle.
Indeed, it is hard to decompose an observed spectrum into a
scattered component and a direct one in a high-intensity state
of Her X-1, except during the eclipse and the two dip phases
(the pre-eclipse and anomalous dips).

Several results of spectral and timing analyses have pre-
viously indicated scattering by coronal gas in the Her X-1
system: (1) a soft component during the low-states of the
35 day cycle (Parmar et al. 1985; Mihara et al. 1991), (2) small
residual flux during eclipses (Giacconi et al. 1973; Parmar,
Sanford, & Fabian 1980; Parmar et al. 1985; Day, Tennant, &
Fabian 1988; Mavromatakis 1993), and (3) an unpulsed
residual component below 4 keV during the pre-eclipse dip of
the MAIN HIGH state (Choi et al. 1994).

In addition to the ADC, Parmar et al. (1985) suggested that
an additional scattering site, larger than the companion star, is
needed to explain the emission observed at mid-eclipse during
the MAIN HIGH state. According to their observation with the
EXOSAT ME, the count rate at mid-eclipse is about 1 count
s~! in the energy range 2-10 keV. Most recently, Mavroma-
takis (1993) has observed mid-eclipse emission during the
SHORT HIGH state of Her X-1 with ROSAT. Deeter et al. (1991)
have reported an orbital period decrease at a rate of

Poo/Pop = —1.32 x 1078 yr~!, which they conclude cannot
be due to mass transfer through L, alone in a system that
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conserves mass and angular momentum. A highly ionized wind
from the system may provide an extended scattering region
and explain the observed orbital decay.

It was difficult to determine the X-ray spectrum of the scat-
tered component by the corona in early X-ray observations,
because of poor statistics at low X-ray intensity. In this paper
we examine this spectrum with the relatively better Ginga sta-
tistics, using the data set taken at the phase of eclipse ingress of
Her X-1, and deduce the presence of an extended scattering
region. We present, in § 2, the X-ray light curve for the eclipse
ingress phases observed at two different intensity levels (i.e.,
MAIN HIGH and SHORT HIGH) of the 35 day cycle. Two sample
spectra, before and during the eclipse of MAIN HIGH are com-
pared with each other in § 3. A test for pulsations during
eclipse is also examined in § 3. In § 4 we summarize and discuss
the results of our study.

2. OBSERVATIONS

Ginga observations covered most portions of the MAIN HIGH
and SHORT HIGH states in the 35 day cycle of the binary X-ray
pulsar Her X-1 (Deeter et al. 1994) with the large area counters
(LAC) of total effective area of 4000 cm? (details are in Makino
et al. 1987 and Turner et al. 1989) from 1989 April 26 to June 9.
From those observations, we mainly analyzed two data sets
that covered the orbital phase of eclipse ingress. A journal of
these observations is given in Table 1.

For the MAIN HIGH state data observed on 1989 April 30,
blank sky data in the vicinity of Her X-1, obtained 41-42 days
before the observation, are used for background subtraction,
with a periodicity of the non—X-ray background variation
being taken into account. The dates of this background obser-
vation deviated 4-5 days from the 37 day periodicity in the
variation reported by Hayashida et al. (1989). We checked the
systematic error in background estimation introduced by this
deviation and confirmed that the systematic error is much
smaller than the statistical uncertainty of the eclipse data. In
the case of the SHORT HIGH state data, however, we could not
find an appropriate background observation, so we used the
model background (see Hayashida et al. 1989).

The MAIN HIGH and SHORT HIGH states in a 35 day cycle last
about 11 and 5 days, respectively (Tananbaum et al. 1972;
Jones & Forman 1976). Data set I listed in Table 1 is obtained
at the peak of the MAIN HIGH state. The total flux of this obser-
vation is about 16% larger than that of the high-intensity level
obtained on 1988 August 28, in the range of 1.7-36.8 keV (Choi
et al. 1994). A typical level of the SHORT HIGH state is about
30% of the flux of the MAIN HIGH state (Jones & Forman 1976;
Deeter et al. 1994). The flux level of data set II corresponds
approximately to a low-state level outside of eclipse. However,
the observations one day earlier and one day later than the

TABLE 1

OBSERVATIONS ON THE HER X-1 SYSTEM WITH THE
GINGA SATELLITE

Flux
Data Date (UT) [ ¥,° Ratio® Status
T 1989 Apr 30 0.90-1.02 0.120 1.156  MAIN HIGH
m.......... 1989 May 19 0.90-097 0.656  0.025 SHORT HIGH

* The orbital phases are from the epoch reported by Deeter et al. 1991.

® The turn-on time is MJD 47,642.6 from the Ginga LAC observation.

¢ The total count-rate ratio (at @, ~ 0.91) to that of the normal high-
intensity level observed on 1988 August 28 in the energy range 1.7-36.8 keV.

401

present observation of data set II recorded the typical flux level
of the SHORT HIGH state. Therefore we conclude that data set II
corresponds to a SHORT HIGH state. It appears that the pre-
eclipse dip and the eclipse are smoothly connected in data set
II (see Deeter et al. 1994).

Figure 1 shows that the detected count rates in both the
MAIN HIGH and SHORT HIGH states tend to decrease gradually,
after the neutron star enters into eclipse by being occulted by
the atmosphere of the companion star HZ Her. From the light
curve of MAIN HIGH state data, we roughly measure the tran-
sition time during which the neutron star passes through the
companion star atmosphere to be about 100 s. The gradual
and smooth decrease of X-ray intensity, even after the ingress
transition, is apparent in the SHORT HIGH data. The timescale of
the intensity decrease is about 37 minutes. Although the two
states usually have a large difference in intensity level at the
pre-eclipse phase (®,,, ~ 0.91), they show similar count rates
during the eclipses, as seen in Figure 1. The count rates near
mid-eclipse are almost constant at a flux level of 0.5 mCrab in
the energy range 1.7-36.8 keV. It is about a factor of 3 larger
than the confusion limit of LAC (0.2 mCrab in the energy
range 2-10 keV; Turner et al. 1989), and hence the flux is not
due to a fluctuation of the X-ray background.

3. ANALYSIS AND RESULTS

We report here the analysis of data set I in which the spectral
and pulse shape of the residual flux during the eclipse are
examined in detail. We prefer to use data set I, since the back-
ground subtraction is more reliable than for data set IT and the
resulting spectrum can be interpreted with greater significance.
Figure 2 shows two spectra from data set I obtained at the
pre-eclipse (Fig. 2a) and eclipse (Fig. 2b) phases, respectively.
The eclipse spectrum is acquired by summing data during the
orbital phase ®@_,, = 0.932-1.02.

To compare the two spectra in Figure 2, we calculate the
count-rate ratios between observed spectra for individual
pulse-height channels. Figure 3 shows such ratios for the two
spectra in Figure 2, and for the spectrum of pre-eclipse dip
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Fi1G. 1.—Light curve of Her X-1 in 1.7-36.8 keV, including eclipse ingress
data observed on 1989 April 30 (filled circles) and May 19 (open circles),
respectively. Dotted lines are two scattering components considered in the
present study, and dashed line represents the sum.
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FiG. 2—Energy spectra of Her X-1 calculated with data set I (a) at @, ~ 0.91 and (b) during the eclipse. Best-fit model functions are plotted as a histogram.

Energy spectra of (a) and (b) have almost the same shape.

state observed on 1988 August 28 (adopted from Choi et al.
1994). All three spectra have been normalized by a high-state
spectrum also observed on 1988 August 28. According to Choi
et al., the spectrum of the pre-eclipse dip contains a scattered
component as well as a highly absorbed one. The scattered
component is dominant at low energies (less than or equal to 4
keV) and is presumed to have the same spectral shape as that
in the MAIN HIGH state. The flux observed during the eclipse is
about 4 times lower than the scattered component in the pre-
eclipse dip as seen in Figure 3.

3.1. Features of the Eclipse Spectrum

The high-level intensity spectrum of Her X-1 (Fig. 2a) is well
reproduced with a typical model spectrum consisting of a
power-law with an exponential high-energy cutoff (the form
H(E)=exp [—(E — E))/E[], for E>E_, and H(E) =1, for
E < E,, where E, and E, are the cutoff and the folding ener-
gies, respectively; see White, Swank, & Holt 1983) plus an iron
emission line. As shown above, the eclipse and pre-eclipse
spectra have almost the same spectral shape. So, we try to fit
the two spectra with a conventional power-law model. The
model spectrum adopted here is:

I(E) = A, E"* exp (—oNyH(E)

4y (—(E—Eyf
€xp o2 >

J2nr

where A,, o, and Ny are the normalization coefficient of the
continuum spectrum at 1 keV (in units of photons s~ keV ™),
the power-law photon index, and the equivalent hydrogen

+ ()]

column density (H-atoms cm~™2), respectively. For the
interstellar/circumstellar absorption, we adopt the cross sec-
tions o(E) compiled by Morrison & McCammon (1983). The
second term of equation (1) represents an iron line of Gaussian
form, where A, is the iron line intensity in units of photons s ™!,
Ej the line center energy, and I the intrinsic line width. In the
present fitting we assumed a narrow line and fixed I" = 0.1
keV. We did not apply absorption to the second term, because
it is clear from Figure 2 that cold matter absorption has a
negligible effect on the iron line intensity (see Mavromatakis
1993).

Using the above model, we have obtained acceptable fits for
the spectra obtained before and during the eclipse of the MAIN
HIGH state. The fitting results are summarized in Table 2, where
the error and upper limit for each parameter is calculated for
the 90% confidence level. Solid lines in Figures 2a and 2b
represent the best-fit model spectra. We see that a simple
power-law model can reproduce consistently the two spectra.
In addition, the spectral indices shown in Table 2 indicate that
the spectra are approximately the same, within statistical
errors as expected from the pulse-height analyzer ratio
analysis. In order to investigate other possibilities, we also
tried to fit the eclipse spectrum with other emission models, for
instance, a blackbody and a free-free emission. However, we
could not obtain an acceptable fit with these models, in spite of
the relatively poor statistics of the data.

There are no prominent spectral features associated with
iron in the eclipse spectrum (i.e., absorption or fluorescent
emission profiles of iron), and only an upper limit of iron line
intensity of 0.43 photons s~! and the equivalent width of
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F1G. 3.—Pulse-height ratio spectra; from the top, the high-intensity level of
data set I, the pre-eclipse dip state of 1988 August 28, and the eclipse state,
respectively. The high-intensity level spectrum observed on 1988 August 28 is
adopted from Choi et al. (1994) for the normalization.

EW < 440 eV (listed in Table 2) can be determined at the 90%
confidence level, where we fixed Ex = 6.4 keV for the eclipse
spectrum. This upper limit means that the iron line emission at
eclipse of Her X-1 is less than 2% of that of pre-eclipse. The
equivalent hydrogen column density may indicate that a small
amount of absorption is necessary for the eclipse spectrum. At
present, it is not possible to provide a clear answer for the
origin of the absorption. However, it seems that the two data
points in the lowest energy of the spectrum affect the fitting (see
Fig. 3). This will be discussed in § 4.

3.2. No Pulsation from Residual Fluxes during Eclipse

The eclipse spectrum for Her X-1 is very similar to the high-
state spectrum, so it is possible that pulsations might also be
present in the light curve during eclipse. To test for this possi-
bility, we extract a pulse amplitude for the residual counts
during the eclipse state in data set I using a pulse-folding tech-
nique. We fixed the pulse period to P = 1.237757 s, which is
adopted from Deeter et al. (1991), after correction of the binary
motion of Her X-1.

The pulse amplitude A, is estimated using the following

equation,

P x N

where x;, X, 0;, and N are the count rate of the ith bin, the
phase-averaged count rate, the statistical fluctuation of count
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rate, and the number of bins (N = 20), respectively. From this
analysis, we can place a 90% upper limit to the pulse amplitude
at 20% of the residual flux in the energy range of 1.6-36.8 keV.
Note that this upper limit is much smaller than the pulse
amplitude at pre-eclipse which is 65% (see Choi et al. 1994).

4. DISCUSSION

4.1. Eclipsing Behavior

We have analyzed data for two eclipse ingresses of Her X-1
obtained from the Ginga observations made on 1989 April 30
and May 19. From the light curve of MAIN HIGH state data, we
measure the transition time during which the neutron star
passes through the companion star atmosphere to be about
100 s. This duration agrees with that of egress reported by Day
et al. (1988), except for one unusual long egress in their data.
Unfortunately, it is not possible to compare the duration
between eclipse ingress and egress, since Ginga did not cover
egresses in the observations. Thus we shall confine our dis-
cussion here to the ingresses. If we adopt a combined orbital
velocity for the neutron star and the companion star of V,,, ~
285 km s~ ! (see, e.g., Deeter et al. 1981), the extent of the
atmosphere of HZ Her is ~3 x 10° cm, assuming an inclina-
tion angle close to i = 90°. The steep intensity drop for the
MAIN HIGH data (Fig. 1) is evidently due to photoelectric
absorption by the atmosphere. The direct beam should not be
seen after the neutron star has been eclipsed following ingress.

In addition to the sharp decrease associated with the ingress
of the neutron star, the intensity behavior of the source (see
Fig. 1) shows the following notable features described in § 2: (1)
light curves of both the MAIN HIGH and SHORT HIGH states show
a very similar pattern of a smooth and gradual decline, (2) the
count rates near mid-eclipse level off at a nonzero, definite
value, confirming the residual mid-eclipse emission observed
with EXOSAT by Parmar et al. (1985) and with ROSAT by
Mavromatakis (1993). The calculated mid-eclipse flux is
(204 0.2) x 107! ergs cm™2 s~ ! in the energy range 2-10
keV. The gradual decrease supports the presence of an
extended emission region, which has been proposed to explain
the low-state X-ray emission (Jones & Forman 1976; Parmar
et al. 1985; Mihara et al. 1991). From the time interval of this
gradual eclipse (~37 minutes), we infer that the emission
region extends at least over a radius r ~ 6 x 10*° cm from the
neutron star, where we assume the emission region is sym-
metric. This is comparable to the extent of the disk (~ 10! cm;
Howarth & Wilson 1983).

According to the disk precession model of Her X-1, the 35
day intensity modulation is caused by the relative orientation
of the accretion disk to the observer. In spite of the large
modulation in intensity outside of eclipse, the detected X-rays
during eclipse of the central source are independent of the 35
day intensity modulation. It seems that the extended X-ray

TABLE 2
BEST-FIT PARAMETERS FOR THE TWO SPECTRA OF MAIN HIGH®

Number® A,° a log Ny, A8 E° EW' x2 (d.o.f)
1o 621.6 + 34.8 0.87 + 0.03 <21.5 245+ 55 6.62 + 0.15 200 + 50 0.89 (38)
2 441 + 0.30 0.80 + 0.04 22.03 +0.20 <043 .. <440 1.17 (28)

* Quoted errors and upper limits are 90% confidence level for each parameter.

® Items correspond to the spectra of Figs. 2a and 2b, respectively.
¢ Normalization A4, of continuum in units of photons s ™! keV ~ 1.
4 Line intensity A, in units of photons s~ 1.
¢ Iron line energy E is in units of keV.

f Equivalent width EW is in units of eV.
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emission region always exists in the Her X-1 system with more
or less stable conditions.

4.2. Two Scattering Components

In the previous section, we found no pulsation for the eclipse
data. This absence of pulsation, together with the presence of
residual flux during the mid-eclipse and the spectral similarity
shown in Table 2, strongly suggests the emission during eclipse
is due to scattering by an extended region. The possible contri-
bution from the scattering by interstellar dust is negligible,
since Her X-1 is located at a relatively high galactic latitude
(I = 58?223, b = 37°42). Hence we consider hereafter the scat-
tering by circumstellar matter in the binary system.

It was noted in § 3.1 that the flux level during eclipse is about
one-fourth of that of the unpulsed residual count (in the low
energy) detected during the pre-eclipse dip. This means that
75% of the scattering region is obscured by the companion
star, if we apply a partial eclipse model in which the scattered
flux from the ADC (assumed homogeneously distributed) is
intercepted partly by the companion star.

However, this model is insufficient to explain the residuals
represented by the three data points near mid-eclipse in Figure
1, even with the ADC extending to the Roche lobe radius
r~ 2 x 10*! cm, since it would be expected that the compan-
ion star (r, &3 x 10!! cm) blocks out almost all of the
extended corona at around the midpoint of eclipse. It should
be noted that the Her X-1 system has a high inclination angle
i > 85° (Deeter et al. 1981; Nagase 1989). The three data near
mid-eclipse (Fig. 1) indicate that there is an almost constant
flux persisting during the central part of the eclipse. We take
this as evidence for another scattering component. The dotted
lines shown in Figure 1 represent the two scattering com-
ponents considered in the present study. The gradual decrease
of observed flux can be understood as being caused by the
shielding of the ADC (Fig. 1, dotted curve), as the neutron star
ingresses into eclipse. Such a component becomes negligible as
the eclipse progresses, so that the contribution from the per-
sistent scattering component (dotted flat curve) appears.

We consider two possible sites for producing the persistent
emission. The first one is the atmosphere of HZ Her. Using our
determination of 3 x 10° cm for the size of the atmosphere, we
estimate the solid angle subtended by the cross-sectional area
of the envelope is Q ~ 1073 sr as seen from the neutron star.
However, this value is too small to give the observed count
rates, because it needs a large amount of column density Ny ~
8 x 1073(4n/Q)/o; ~ 102 cm~2—where o is the Thomson
scattering cross section—which is inconsistent with the small
amount of absorption obtained by the model fitting to the
spectrum. The other possible site is circumstellar matter
encompassing the binary system, possibly being lost from the
system by mass flow from the accretion disk or the companion
star.

4.3. Mass Loss from the System

We consider here the possibility that scattering by a contin-
uous mass outflow from the Her X-1 system is responsible for
the eclipse emission at about 0.8% of the direct X-ray emission
outside eclipse. This amount of circumstellar scattering to an
observer requires a column density of Ny~ 1 x 10?2 cm™2
assuming an isotropic wind emanating from the system and
isotropic X-ray emission from Her X-1. Incidently, the absorp-
tion column of the eclipse spectrum listed in Table 2 is consis-
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tent with this value. The finite value of Ny in the eclipse
spectrum may be due to self-absorption in the scattering gases.
However, the small level of absorption in the high-state spec-
trum contradicts this possibility. According to the ROSAT
observation by Mavromatakis (1993), the interstellar/
circumstellar column density toward Her X-1 is on the order of
10%° cm ~ 2, This fact implies that the scatterer is highly ionized.
Therefore the finite amount of absorption obtained from the
model fitting to the mid-eclipse spectrum may be due to the
systematic error introduced by the background subtraction.

Several theoretical mechanisms have been investigated for
mass ejection from X-ray binary systems: e.g., X-ray induced
stellar winds (Davidson & Ostriker 1973; Arons 1973; London
& Flannery 1982; London, Flannery, & Auer 1981) and winds
driven from an accretion disk irradiated by X-rays (Begelman
et al. 1983a, b, and references therein). The expected mass-loss
rate is M ~ 1078 M, yr™! for the stellar wind model and
M ~ 1078-10"7 M yr~ ! for the disk wind model.

If we assume that distribution of the winds emanating from
the Her X-1 system is spherically symmetric with respect to the
neutron star, we could express the mass-loss rate as

dM 4nR*Ny pmy v
amr_ dA = SR Nupmy vy
dt f M Vw Tz f(dr

where n,,, Ny, 4, my, and v, are the density of the wind at
distance r from the neutron star (we assume the radial density
profile n,(r) = n,(R)f(r) for r > R; R is the Roche lobe radius
of the neutron star), the radial hydrogen column density, the
mean molecular weight of the gas, the hydrogen mass, and the
wind velocity at R, respectively. With the column density cal-
culated previously, we estimate the mass-loss rate as roughly
M ~3x10"% Mg yr™!, when we assume that the density
profile and the wind velocity are f(r) = (R/r)? and v,, = 1000
km s~! (about twice the escape velocity), respectively. The
necessary density profile f(r) and magnitude of the wind veloc-
ity v, are not unreasonable. The mass-loss rate could be
explained either by X-ray-induced stellar winds from the com-
panion atmosphere or by a Compton-heated wind from the
accretion disk. As the density of such wind at R is estimated to
be n,(R) ~9 x 10!° cm™3, the ionization parameter & =
L,/[n(R)R?*] ~ 10*. This means that most of the wind that
causes the scattering is highly ionized and therefore that the
matter does not absorb soft X-rays. However, the wind that is
close to the X-ray shadow of HZ Her may have a lower ioniza-
tion parameter (see discussion on the X-ray ionized winds of
massive X-ray binaries by Hatchett & McCray 1977) and
could cause absorption similar to that reported here.

From the present analysis of the two eclipse transitions, we
summarize the findings as follows: (1) The light curve shows
that the X-ray intensity, after passing across the atmospheric
occultation by the companion star, decreases gradually. This
indicates that an extended emission region, probably an ADC,
exists in the Her X-1 system, as has been suggested by several
authors. The light curves are almost the same at two different
intensity levels of the SHORT HIGH and the MAIN HIGH state. (2)
There exists a small amount of residual flux (~0.5 mCrab) at
mid-eclipse, confirming the previous EXOSAT and ROSAT
observations. It is hard to explain such persistent emission by
the partial eclipse model of ADC, which is highly ionized and
can be extended only up to r ~ 10!! ¢m, with known orbital
parameters. (3) The shape of the eclipse spectrum (power index
a = 0.8) is found to be very similar to that of the continuum

)
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) X-rays at the high-intensity state, within statistical errors. This

implies that the X-ray emission during the eclipse is scattered
flux of the direct beam by an extended source. There is no
significant iron line feature. (4) No evidence of pulsation is
found for the emission remaining during total eclipse of the
neutron star. (5) It is suggested that a second extended source
surrounds the Her X-1/HZ Her system, which accounts for the
scattered flux observed during the total eclipse. This source
could be either X-ray—induced stellar winds from the compan-
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ion atmosphere or a wind driven from the accretion disk irra-
diated by X-rays.
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