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Detection of the X-ray-heated companion of X1822 - 371 
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ABSTRACT 
We have detected the companion starinX1822 - 371 from the behaviour of the HeI A5876 in 
absorption around phase 0.5 and find a lower limit for the radial velocity of 
Kc > 225±23 kIns- l . The irradiation-induced dominant component within the HeI }'5876 
absorption profile is the only detected spectral signature of the companion star. Ha shows a 
narrow double-peaked emission profile embedded in a wider absorption profile. There is no 
evidence of any binary motion (i.e., rotational disturbance during eclipse) probably implying a 
vertically extended region obscuring the inner disc. The Ha emission distribution is centred 
towards the disc bulge at phase 0.8 rather than towards the compact object. Detection of Fe II 
A6516, in the region of phase 0.8, suggests an 'iron-curtain' related to the impact region of the 
gas stream with supersonic velocities of Mach -20 ± 8(T/104 K) for the absorbing gas. 

Key words: binaries: eclipsing - stars: individual: X1822 - 371 - stars: low-mass, brown 
dwarfs. 

1 INTRODUCTION 

The brightest eclipsing system in low-mass X-ray binaries 
(LMXBs) is X1822 - 371. Its X-ray light curve shows a 5.57-h 
modulation which is caused by the occultation of the disc by the 
companion star (eclipse) and by a bulge (dip) which is associated 
with the impact region of the gas stream on the accretion disc 
(White & Holt 1982; Hellier & Mason 1989). In eclipsing LMXBs, 
the vertically extended disc can permanently eclipse the compact 
object from our view, leading to a much weaker X-ray source 
relative to its optical brightness. Such systems are termed accretion 
disc corona (ADC) sources because the X-rays from these systems 
are visible through scattering from a disc corona or wind. The 
optical properties can be understood in terms of reprocessing of 
X-rays in the accretion disc and the companion star. Although 
X1822 - 371 is the ADC prototype source, dynamical information 
is lacking and the nature of the companion star is elusive. Therefore, 
we performed time-resolved Ha observations ofX1822 - 371 over 
four nights to address the nature of the companion star and clarify 
details of the complex disc structure. 

2 OBSERVATIONS 

We observed X1822 - 371 with the 3.9-m Anglo-Australian Tele
scope on 1993 June 24-27. Five orbital cycles were covered with 
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110 spectra over four nights (exposures of 15 min out-of-eclipse or 
8 min during eclipse). The ROO spectrograph with the TEK chip 
and a grating of 1200 line mm- I gave a wavelength coverage of 
6200-6940 A on the first night at a spectral resolution of 
FWHM=1.6A (-75kms-1 for Ha). We observed the range 
5750-6650A in the following nights so that the HeI A5876 line 
was included. The slit was rotated so that a comparison star was 
placed in the slit (seeing was 1-1.5 arcsec). The spectra were 
extracted using optimal extraction (Horne 1986) and the sky was 
removed by fitting it with a third-order polynomial. 

The wavelength scale for each spectrum was interpolated from 
the wavelength scales of neighbouring arc spectra. The root mean 
square of the fourth-order polynomial fits to the wavelength scale of 
18 arc lines was 0.01 A (0.5 km S-I). We checked the wavelength 
calibration by cross-correlating the average of the comparison star 
spectra from the second night against the individual comparison star 
spectra from all nights. The scatter of the measured velocities was 
never more than 5 km s -I. We corrected the slit losses for the last 
three nights using four photometric spectra of the comparison star 
taken through a wide slit. The slit losses were then represented by 
low-order spline fits to the ratio spectra of the average of the above 
photometric spectra to the individual comparison star spectra. 
Absolute flux calibration was then performed using the LTT 7379 
standard star and we estimate that it is accurate to 10 per cent. We 
were able to flux calibrate the spectra of the first night only for the 
range 6120-6675 A. In the rest of the paper, we use the linear X-ray 
ephemeris from Hellier & Smale (1994) to determine the orbital 
phases of the spectra: 

HID = 2445615.30942(12) + 0.232109017(33) E. 
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Figure 1. The average spectra of X1822 - 371 through the binary orbit. An offset of 1 mJy has been applied to the flux-calibrated spectra for clarity. The 
complex Ha profile varies with phase. The red peak of the profile is strongest at 0.1-0.2 phase and the blue peak at 0.8-0.9. 

3 THE AVERAGE SPECTRA 

Fig. 1 illustrates the average spectra through the orbital cycle (10 
bins; June 25-27). The dominant line is the Hex complex profile 
which has a double-peaked emission profile embedded in an 
absorption profile. A power-law fit to the profile wings (250-
500kms- l ) gives V-O.33±O.02 (which corresponds to V-1.33±O.02 in 
a Doppler image and maps in R-2.33 for a Kep1erian field: Marsh & 
Home 1988). The red peak of the emission profile is strongest at 
phases 0.1-0.3, 0.6-0.7 and the blue peak at 0.8-0.9. The maxi
mum strength of the red peak occurs at phase 0.1 (+245±15 kms-I) 
and of the blue peak at phase 0.8 (-300±1Okms-I). The velocity 
separation of the Hex peaks does not change with phase; it is 
466±13kms-1 at eclipse and 457±14kms-1 at phase 0.5. The 
full width of the emission profile at continuum level varies from 

1000 km S-I at phase 0.4 to 1300kms-1 at eclipse. This variation is 
mainly caused by the presence of the broad absorption wings. The 
latter appear to be deeper and narrower between phases 0.3 and 0.6 
and disappear just before and during eclipse. Gaussian profile 
fitting of the absorption part of the profile (by masking the emis
sion region) does not show any binary motion within the errors 
although the Gaussian centres are systematically leftwards of zero 
velocity. The grand mean spectrum of X1822 - 371 gives for the 
absorption profile a line centre at -130±20 kIn s -I, an FWHM of 
1250±100kms-1 and a depth of 0.1 mJy. 

The weak absorption He I triplet at A5876 can be traced for most 
of the orbital cycle (EW=0.32±O.02A) although it disappears 
during eclipse. There is no trace of the He I singlet M678 (June 
24). The only metal line detected is Fen M516 in absorption at 
orbital phase 0.75 (EW=O.15±O.03 A andFWHM=165±70kms-I). 

© 1997 RAS, MNRAS 285, 673-682 

© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/285/4/673/963087 by guest on 19 M
ay 2023

http://adsabs.harvard.edu/abs/1997MNRAS.285..673H


1
9
9
7
M
N
R
A
S
.
2
8
5
.
.
6
7
3
H

... 27 June 

... 
26 June 

26 June 

... 24 June 

o~~~~~~~~~~~~~~~~~~-L~~ 

0.5 1 1.5 2 

Orbital Phase 

Figure 2. The light curves of X1822 - 371 (continuum 6400-6500 A.) on 
1993 June 24-27. The shape of the light curves is characteristic for this 
eclipsing system. 

The equivalent width of the 6284-A feature, together with residual 
telluric O2 blend, is 0.84±O.15 1>... A correction of 0.35 A is given by 
Bromage & Nandy (1973). However, the telluric O2 absorption is 
stronger which indicates that it contributes more than half of the 
equivalent width. The above suggests an E(B - V) < 0.3. More
over, the depth of the interstellar 6284 feature is 7 per cent below the 
continuum which indicates E(B - V) = 0.10 (Bromage & Nandy 
1973). Measurements of the 4430- and the 2200-A interstellar 
features also indicate an E(B - V) = 0.10 (see Mason et al. 1982 
for a distance estimate). 

4 THE LIGHT CURVES 

The four light curves of the 6400-6500 A continuum are shown in 
Fig. 2. The shape is dominated by an asymmetric eclipse which 
shows a steeper egress than ingress. The flux drops by ",1.3 mJy in 
eclipse from the 2.5-mJy mean out-of-eclipse flux and the flux at the 
bottom of the eclipse shows a 7±1 per cent secular increase between 
the first two nights. The morphology of the curves is similar to that 
previously seen (Mason et al. 1980) and is reminiscent of the two
body eclipse, the white dwarf and the bright spot, in the dwarf nova 
Z Cha (Wood et al. 1986). However, modelling of X-ray and optical 
light curves in X1822 - 371 suggests that the wide optical eclipse is 
caused by an opaque outer disc rim and the companion star 
eclipsing the inner hot accretion disc (White & Holt 1982; Hellier 
& Mason 1989). The change in slope during ingress (0.9 phase) on 
June 24 and 26 but also the smoother ingress on other eclipses 
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Table 1. Eclipse timings with respect to 
X-ray ephemeris. 

No. Cycle Phase F. (rnJy) 
eclipse ±O.012 ±O.Ol 

15285 -0.015 1.09 
1 15285 +0.017 1.11 
2 15289 -0.002 1.17 
2 15289 +0.024 1.21 
3 15290 -0.009 1.18 
3 15290 +0.018 1.22 
4 15294 +0.009 1.23 
4 15294 +0.035 1.22 
5 15298 +0.012 1.23 
5 15298 +0.038 1.20 

suggest large structural changes in the obscuring region (or bulge) 
even from one orbital cycle to the next (see Fig. 1). 

The first three eclipse timings are consistent with the X-ray 
ephemeris within the resolution of the eclipse observations (8 min 
or 0.024 orbital cycles) whereas the last two appear to come later 
by up to 10 min. For the benefit of the reader, we reproduce 
the eclipse timings of the two lowest flux points in Table 1. The 
X-ray linear ephemeris is accurate to 0.8 min for the epoch of the 
AAT observations. The quadratic ephemeris given by Hellier & 
Smale (1994) has the effect of shifting the above eclipse timings 
by -0.009 cycle. White et al. (1981) reported an optical eclipse 
leading the X-ray eclipse by 13 min. Hellier & Mason (1989) also 
found optical eclipse timings which are late, possibly by -3 min, 
with respect to the X-ray eclipse timings and suggested that this 
should be the result of the optical centre being ahead from the line 
of the star centres. They later confirmed that one optical eclipse 
was later than the X-ray eclipse by 180±50 s (Hellier et al. 1990). 
Our eclipse timings, therefore, show that the disc structure 
changed significantly within one orbital cycle to produce the 
above shift of 10 min. Evidently, high-time-resolution observa
tions are now needed to clarify the extent and stability of the 
opticalJX-ray eclipse delay as this has implications for secular 
variations in the disc structure between the optical and X-ray 
bands. 

Finally, there is a shallow secondary minimum (..:lm = 0.15-
0.20 mag) centred at orbital phase 0.5 which is interrupted by the 
bulge as early as phase 0.6, noted before by Mason et al. (1980) and 
White & Holt (1982). Heating of the secondary is manifest as an 
optical peak at phase 0.5 as, for example, in the similar system 
4U2129+47 (Thorstensen et al. 1979; Horne, Wade & Szkody 
1986). In X1822 - 371 absence of such a peak indicates that if 
heating is not significant it is at least hidden by a complex interplay 
of disc emission. An empirical model of components from the inner 
and outer disc has been proposed by Mason & Cordova (1982) and 
Hellier & Mason (1989) which fits the observed light curve. 
However, the fit around phase 0.5 improves only when a heating 
component from the secondary star and an eclipse by the disc are 
included (Puchnarewicz, Mason & Cordova 1995). 

The light curve ofHa in emission (±700kms-1) is similar to the 
continuum light curve although smoother. It shows a flux eclipse 
similar to the continuum drop and significant variability at phases 
0.6-0.9 (see Fig. 3a). The ratios of continuum to emission-line flux 
densities at phases 0.3 and 0.0 are 2.25 and 1.75, respectively. The 
line eclipse is therefore shallower than the continuum by -22 per 
cent. This, in combination with the disappearance of the broad 
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Figure 3. The line light curves of X 1822 - 371: the Ha emission-line fiux 
density (a), the Ha equivalent width (b), the absorption HeI A5876 
equivalent width (c), and the absorption Fe II ,,6516 equivalent width (d) 
with orbital phase. Note the two maxima of He I at phases 0.2 and 0.65 and 
the maximum of Fe II at phase 0.75. 

absorption wings, results in high equivalent widths during eclipse 
(Fig. 3b). The light curve of the flux density in the absorption wings 
also resembles closely the continuum light curve. The equivalent 
width of He r 5876 A shows two maxima centred at phases 0.2 and 
0.7 with the 0.7 maximum stronger in Fig. 3(c) (23 bins giving 
sufficient SIN ratio and phase resolution). The equivalent width of 
Fe II 6516 A in Fig. 3( d) shows a peak above 30" only at phase 0.7-
0.8 (see for discussion Section 9). 

5 THE TRAILED SPECTRA 

5.1 The He I A5876 sinusoid 

We detect the He r AS 876 line in weak absorption outside eclipse 
(Fig. 1). Further, the trailed spectra of He r show binary motion in 
Fig. 4 (the NaD interstellar Jines have also been included for 
comparison). The sinusoidal wave crosses zero velocity from red 
to blue at phase 0.5 and is narrower between phases 0.3 and 0.7. 
Since there is no detection of He r in eclipse, this behaviour suggests 
the inner face of the companion star for its location. Between phases 
0.1 and 0.25, the He r profile is wider and moves from blueshifted 
velocities to zero, probably indicating a second component of 
absorption. 

Cross-correlation of object spectra (10 bins) with a variety of 
template spectra (0, B, A, G, K) after the continuum was subtracted 
failed to give any significant maxima except when templates of 
09V, BOV, B 1.5V and B3V stars were used. The template spectra 

were obtained either from Jacoby, Hunter & Christian (1984) or 
during the AAT run (G-K stars). We cross-correlated a B3V star, 
HR 1153, observed during the same AAT run, against the Her 
region of the object spectra. The radial velocities, extracted by 
parabolic interpolation of the cross-correlation maximum, are 
displayed in Fig. 5. The uncertainties are estimated through 
statistical propagation of errors. The radial velocities are fitted 
with a sinusoid of the form 

[ cP - OJ V = /' +Ksin 27r-p , 

which gives /'=19±19kms- l , O=0.96±0.02 and 
K = 225 ± 23 km S-I (period is fixed). We tested the above result 
by extracting the radial velocities using fixed-width Gaussians 
(FWHM=165kms- l ) to the Her profiles. The K semi-amplitude 
found is 236±22 km s -I and is consistent with the cross-correlation 
result within the uncertainties. The first two radial velocities 
(phases 0.1 and 0.2) are inconsistent with the sinusoidal fit and 
show clearly the second component of absorption mentioned in the 
trailed spectra. 

5.2 The Ha trailed spectra 

The Ha trailed spectra from June 24-25 are displayed in Fig. 6 (the 
trailed spectra on June 26-27 are similar) after the continuum is 
subtracted (fitted with a three-knot spline function). The spectra 
show complex variability; for example the double-peaked profile on 
June 24 is not as evident as on June 25, or the profile at phase 0.4 has 
developed a blue peak on June 25 and a double-peak on June 26. 
There is also a systematic variation at eclipse. The blue peak 
becomes stronger before eclipse (phases 0.7-1.0) and the red 
peak follows in maximum strength at phases 0.9-1.1. Moreover, 
there is no rotational disturbance as seen in emission Jines of 
cataclysmic variables during eclipse (e.g., OY Car: Harlaftis & 
Marsh 1996). The increase of the profile strength during eclipse 
indicates a non-disc origin for the line emission. The strength of the 
emission profiles out-of-eclipse appears weaker partly because they 
are embedded in the broad absorption profile (which shows maxi
mum strength between phases 0.2 and 0.6). The wings of the 
emission or absorption profiles do not show any binary motion. 
As expected from the trailed spectra, the radial velocities (extracted 
by convolving a Gaussian ofFWHM=700kms-1 to the individual 
profiles) do not show any clear sinusoidal motion but a rather erratic 
variation through the orbital cycle. Note, however, that the radial 
velocities cross zero velocity from blue to red during eclipse and 
they are systematically blueshifted. 

6 THE Ha DOPPLER MAP 

We image the Ha profile using the back-projection technique 
(Home 1992; appendix in Marsh & Home 1988; Kaitchuck et al. 
1994; Harlaftis & Marsh 1996). The inversion of the trailed spectra 
to a velocity image is based on the assumption that each pixel on the 
Doppler image corresponds to an'S' -wave component of the form 

V(Vx , Vy, cp) = Vy Sin(21Tcp) - Vx COS(21Tcp). 

A high-pass filter in the Fourier domain is applied to the data 
(phases 0.3-0.8) before the inversion which sharpens the point
spread function. High-frequency noise is suppressed by applying a 
Gaussian function. The back-projection result is shown in Fig. 7 
together with predicted positions of the Roche lobe of the secondary 
star and the gas stream. For the latter, we assume values of q = 0.50 
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Figure 4. The trailed spectra of Hel }"5876 and the interstellar Nallines. The absorption Helline moves from the red to the blue at phase 0.5 which is the 
signature of the motion of the companion star. Note an extra absorption component at phase 0.1-0.2. 
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Figure S. The radial velocities of He I }"5876 extracted by cross-correlation 
with a B3V star, HR 1153. Note that two radial velocities indicate an extra 
absorption component. See also text. 

and a radial velocity of the companion star of Kc of 300 km s -\ . 
Dots mark the positions of the compact object and the companion 
star (cross for the centre of the system). The path of the ballistic 
trajectory of the gas stream (lower line) and the Keplerian velocities 
along the gas stream (upper line) are also plotted (small circles mark 
steps of 0.1RL1 starting from RL). Projection of the image at a 
particular direction (e.g. in the y-axis positive direction) results in 
the Ha profile (i.e. phase 0.0). The reconstruction of the emission
line distribution shows the double-peak profiles as an emission ring 
with its highest velocities at ±500kms- J • The emission-line dis
tribution is centred around (Kx , Ky) z (-75, +50); closer to zero 
velocity rather than the compact object. The low velocities cannot 
correspond to Keplerian velocities from a disc since for the above 
values of q and Kc, the accretion disc RD > RLI (where RD is the 
accretion disc radius, and RLI is the distance of the compact object 
from the L J point) (see also Wade & Home 1988). The image 
suggests that there is higher line flux at phase 0.8 where the large 
'dip' is seen in the X-ray light curve (see for example bright-spot 
emission from phase 0.8 in dwarf novae; for example IP Peg in 
Marsh & Home 1990). Finally, an asymmetry (like a flux deficit) in 
the emission ring, where the Roche lobe of the companion star lies, 
may be discerned. This is not seen in the Doppler image constructed 
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Figure 7. The panel shows the Ha Doppler map reconstructed by back projection using binary phases in the range 0.3-0.8. The emission-line distribution is 
characterized by a ring, centred towards the disc bulge at phase 0.8, and enhanced emissivity at phases 0.2 and 0.8. A flux deficit is suggested in the direction of 
the companion star. See also text. 

using the data from the full orbit (but excluding the eclipse data 
between phases 0.9 and 1.1), which is otherwise similar to Fig. 7. If 
not related to absorption from the companion star, the above flux 
deficit is most likely suggestive of the low-velocity Ha absorption 
component which is more evident between phases 0.3 and 0.6. 

7 SYSTEM PARAMETERS 

We found a K v of 225±23 km s -1 from the He I absorption line. The 
absorption line becomes narrower between phases 0.3 and 0.7 and 
crosses red to blue at phase 0.5 which primarily indicates the inner 

© 1997 RAS, MNRAS 285, 673-682 

face of the secondary star as the source. Therefore, Kv represents 
the radial velocity of the inner face of the companion star rather than 
its centre. We can derive an estimate of the true semi-amplitude of 
the secondary star by modelling the heating of the inner face of the 
secondary star. Similar estimates indicated higher values by < 5 per 
cent in IPPegandZCha (Marsh 1988; Wade & Home 1988; Martin 
et al. 1989) but as much as 25 per cent between outburst and 
quiescence in SS Cyg (Hessman et al. 1984). We define a grid over 
the tidally distorted face of the secondary star consisting of 100 
quadrilaterals covering the Roche lobe of the star. We assume a 
mean effective temperature of 15000 K and a gravity darkening 
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coefficient of {3 = 0.08. We adopt i = 80, d = 1ooopc, 
Kc = 240kms-1 and a binary separation of 1.94 ~. Heating 
from the accretion corona is presumed (the corona having a 
radius of OARo and an effective temperature of 100oo0K). 
Screening of the flux by the disc was modelled by a double cone 
of opening angle of 90° and apexes on the heating source. A disc 
radius of 0.8 ~ and a disc thickness of HIR = 0.15 (H is vertical 
scalelength) are adopted (Hellier & Mason 1989). Then, the black
body fluxes intercepted by the grid surface elements are added and 
converted to new effective temperatures. Limb darkening decreases 
with increased irradiation (Claret & Gimenez 1990) and we adopt as 
a reasonable limb-darkening coefficient a value of zero. The 
correction we find for the above model is less than 5 per cent and 
therefore within the uncertainties. WeadoptKc = 235 ±23 kms- I . 

We remove the binary motion of the Hel line by subtracting a 
sinusoidal wave of Kc = 235 km s -I from the data and we sum the 
profiles between phases 0.3 and 0.7. A Gaussian fit to the Doppler
shifted average profile gives FWHMobs = 364 ± 63 km s -I. This, in 
principle, should be the convolution of instrumental, thermal, 
smearing due to the orbital motion and rotational broadening. 
Thermal broadening should not contribute more than 
lOxTllOoo0Kkms- l . The instrumental profile is 75kms- l . 

Smearing due to the orbital motion is up to 95 km s -I. Therefore, 
the rotational broadening can be deduced from 

(v sin i)2 = ~bs - FWHM~st - FWHM~ - FWHM;mear 

= 3642 _ 772 - 102 - 952 = 3422. 

However, the Roche lobe can be filled by a main-sequence M1 V 
star which would indicate a rotational velocity of -110 km s -I. The 
value we find is much larger than this. It even exceeds the rotational 
velocity of the B3V star, HR 1153, of vsini = 142kms- l . We 
can deduce the mass ratio, assUining a vsini = 342kms-1 for 
X1822 - 371, from (see e.g., Horne et al. 1986) 

. ·/K (1) OA9q2l3 
VSInI c = +q 213 113 

0.6q + In(1 + q ) 

and find that q = 2.3 ± 0.5 which for a standard neutron star mass 
would indicate an AO companion star. Hence, the large mass ratio 
indicates a companion star too large to fit even within the binary 
separation. 

The above analysis reveals the existence of an extra broadening 
component in the He I profile. Such a contaminating source was 
clearly seen in the trailed spectra at phases 0.0 to 0.2 (see Figs 4 and 
5) and could have its location in the outer disc (e.g., bulge at phase 
0.8). Contamination by disc velocities can significantly affect the 
real Kc; the higher disc velocities move in antiphase to the star, 
therefore diluting the width of the absorption profile and result in a 
smaller semi-amplitude Kv (for a different case of excess broad
ening see also Marsh & Duck 1996). 

Using Kc > 225±23kms-1 and a period of 5.57h we find the 
mass function of the compact object to be 

sin3 i 
f(Mx) = MX--2 > (0.31 ± 0.10) Mo , 

(1 +q) 

for a canonical neutron star mass of Mx = 1AMo and an inclina
tion i = 90° we find q < 1.1. For a main-sequence companion star 
004 < Me < 0.8 Mo (see Mason et al. 1980) the mass ratio range is 
0.3 < q < 0.8. Modelling of the optical and X-ray light curves 
suggested an inclination between i = 82° and 87° (Hellier & 
Mason 1989). Their modelling produced higher inclinations by 
adopting large heights of the disc rim profile to fit the X-ray light 

curve. The full width at half depth of the X-ray eclipse is 0.06±O.01 
(White & Holt 1982). Then, assuming that the secondary star fills its 
Roche lobe, the mass ratio is determined for each inclination 
(Bailey 1979). For i = 85°, the above gives q = 0.1. Note, however, 
that the duration of the X-ray eclipse represents the eclipse of the 
ADC corona and not that of the compact object. 

8 THE COMPANION STAR 

The aim of these observations was to detect features associated with 
the companion star and thereby obtain an estimate of its radial 
velocity. This is particularly valuable in the case ofX1822 - 371 as 
we already know that the inclination is high. However, we did not 
find any metal lines bluewards of Ha and in particular the 6495-A 
feature (a blend of Cal and Fel lines) which is the signature of a 
late-G or K-type star. Neither did we detect any evidence for the 
TiO band at 6150-6350A expected from an M-type star. For 
example, GRO J0422+32, a X-ray nova now in quiescence (i.e. 
with a much lower mass transfer rate than X1822 - 371), shows a 
relative contribution of the M2±2 V secondary star of 61 ± 4 per 
cent and with the TiO band at 6150-6350 A easily detectable in the 
Doppler-shifted average spectrum (Harlaftis et al. 1996b). The 
Doppler-shifted average of X1822 - 371 does not show any hint 
of the 6150-6350A band although the SIN ratio is much higher 
than in GRO J0422+32 (R =< 21). The above is also true during 
eclipse, when we are observing the back side of the companion star 
which is not X-ray heated. During eclipse there is neither a trace of 
He I in absorption nor any metal lines or TiO bands (cross-correla
tion with G-M templates failed to show any evidence of binary 
motion). However, such a detection is most likely hindered by the 
dominant disc light. We estimate the relative contribution of the 
companion star to be 24±3 per cent by performing a i minimiza
tion test on the He I residuals after subtracting fractions of the B3V 
template (HR 1153) from the observed spectra (details of the 
technique can be found in Harlaftis, Horne & Filippenko 1996a). 
Further, the above estimate is an upper limit since there may be 
contributors to the He I other than the companion star. This suggests 
that the real contribution of the companion star may be many times 
less than the upper limit of 24±3 per cent. 

Alternatively, the companion star may not be a main-sequence 
star. The spectral characteristics of the heated companion star 
resemble those of a B subdwarf because of abnormal singlet/triplet 
Hel ratios (Jaschek & Jaschek 1987). We do not detect the Hel 
singlet at 6678.1 A in X1822 - 371. We do not detect any Ha in 
absorption from the companion star, which does not exclude it from 
being a helium star. However, Cowley, Crampton & Hutchings 
(1982) claimed that Ho was moving in antiphase to Herr. Cowley et 
al. (1991) also attempted unsuccessfully to detect the- companion 
star using the IR Na I triplet only to find that the disc still dominates 
the near-IR with Paschen lines in emission. In X2129+47 (high 
state), a system similar to X1822 - 371, the heated companion is 
more evident, possibly because of a higher inclination (i > 82°) and 
stronger irradiation, whereas in X1822 - 371 a lower inclination 
(i < 82°) would cause the light curve to be dominated by the disc. 
Indeed, H{3 and Ca rr in absorption are indicated to form on the inner 
face of the companion star in X2129+47 (Horne, Verbunt & 
Schneider 1986). 

Around phase 0.5, the radial velocity analysis suggests an 09V
B3V spectral type which indicates that the inner face of the 
companion star is hotter than its back face by 10 000-15000 K. 
The above behaviour closely resembles the change of spectral type 
of the companion star in Her X-I from 09 to A 7 - FO (Oke 1976) and 
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it has been related to heating of the inner face of the Roche lobe. 
Heating of the companion star is caused by hard X-ray irradiation of 
the photosphere. Hard X -rays can penetrate the photosphere and are 
re-emitted as blackbody flux (Hameury, King & Lasota 1986). This 
is manifest as a continuum peak at phase 0.5 (X2129+47: Thors
tensen et al. 1979) and/or absorption lines (Her X-I). Irradiation of 
the companion star by the hard X-rays can significantly alter its 
nature. Podsiadlowski (1991) has suggested that the effect on the 
radiative atmosphere of the companion star is to expand it by a 
factor of 2-3 thereby rendering the star significantly undermassive 
for its size. Ruderman, Shaham & Tavani (1989) have proposed that 
irradiation can drive the evolution of the binary by powering up a 
wind from a very low-mass secondary star. 

9 THE DISC STRUCTURE 

UV and X-ray light curves of X1822 - 371 have shown dips at 
phases 0.8 and 0.2 (Puchnarewicz et al. 1995) which have been 
attributed to vertically extended structure on the outer rim of the 
disc. This has been the result of light-curve modelling assuming 
components from a heated companion star, the ADC, and two disc 
components, the cool outer face and the inside, irradiated face. 
Although successful in reproducing reasonably well the light curves 
in different energy bands it lacks the physical mechanism that can 
sustain material to heights as large as H/R=0.2. 

Spectroscopic studies offer an alternative insight on the disc 
structure. The analysis of the Ha profile showed no binary motion 
(trailed spectra) which at least indicates a non-planar origin. During 
eclipse, there was no rotational disturbance and the peak separation 
did not change which indicates that the emission-line region is 
extended. On the other hand, the absorption wings disappear during 
eclipse. An extended outer rim would obscure most of the disc and 
make visible only its outer surface hiding most of the Keplerian 
motion. The extra broadening of the He I (see Section 7) and the 
large variation of the He I equivalent width from zero to a maximum 
at phases 0.2 and 0.6 (Fig. 3; see also Section 5.1) suggest that there 
is a disc component in the He I profile. The Ha profiles show their 
blue parts to be weakest at phases 0.2 and 0.6. Blue spectra also 
show the maximum strengths in the Balmer and He I absorption 
lines at phase 0.65 (Mason et al. 1982). The above discussion 
indicates that any such disc component is more likely to be visible at 
phases 0.2 and 0.65 (i.e. bulges in the outer disc). 

Finally, we recall the detection of weak Fe n A6516 at phase 0.8 in 
the optical spectra. An 'iron-curtain' veiling the hot inner disc of the 
dwarf nova OY Car was found from Fe n absorption features in UV 
spectra (Horne et al. 1994). It was suggested that the veiling gas lies 
near the outer rim and above the disc plane and its supersonic 
velocities (Mach = 6) could be driven from the gas stream. Our 
detection of absorption Fen, only at phase 0.8, strengthens the 
possibility of a relation between the 'iron-curtain' and the impact of 
the gas stream on the disc. The width of the Fe n absorption, 
FWHM=200±80kms- l , would then give directly the Mach 
number of the absorbing gas at phase 0.8. A Mach number of 
-20 ± 8(T/104 K) implies significantly stronger supersonic veloci
ties than those detected in the quiescent disc of OY Car. 

10 CONCLUSIONS 

We have detected the companion star in X1822 - 371 from the 
behaviour of HeI A5876 in absorption around phase 0.5 (narrow 
profile and zero velocity crossing from red to blue) and estimate a 
radial velocity of K v = 225 ± 23 km S-I. We find contamination by 
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probably a disc HeI source (blueshifted velocities between phases 
0.1 and 0.2 and large FWHM of Doppler-shifted average profile) 
which places a lower limit on the radial velocity of the companion 
star Kc ~ 225 km s -I. The mass function of the compact object is 
f(Mx) > (0.31 ±O.lO)Mo· 

Ha shows a narrow, double-peaked emission profile which 
follows a velocity-law of V-0.33 in the wings. However, there is 
no evidence for binary motion (i.e. no rotational disturbance). This 
can be reconciled only if the Ha emission region is extended. 
Indeed, it is not eclipsed by the companion star. The Ha emission 
distribution is centred away from the compact object and enhanced 
emissivity may be present at phases 0.2 and 0.8. On the other hand, 
the Ha absorption wings are eclipsed but do not show any binary 
motion. Finally, the appearance of Fen A6516, at phase 0.8, 
indicates an 'iron-curtain' related to the impact region of the gas 
stream. 

However, there are still many questions unanswered regarding 
this enigmatic object. We were unsuccessful in weighing the 
compact object and thus clarifying its nature. Except for the X
ray luminosity, there has been no other evidence advocating a 
neutron star such as for example bursts or X-ray pulses (Hellier, 
Mason & Williams 1992). The next step is to attempt to weigh the 
compact object from the Balmer lines which are in absorption 
(higher in the series) and more specifically from the Ca n absorption 
line in the blue. This study will also clarify the nature of the 
companion star (i.e. a helium or a main-sequence star). The origin 
of the Hen emission line, proposed to be at the bulge, at phase 0.8, 
by Mason et al. (1982), will also be investigated. Finally, the 
presence of the Fe n optical line indicates that UV spectra are best 
suited to analyse and understand the 'iron-curtain' veiling of the 
accretion disc. 
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