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X-RAY ABSORPTION IN CIRCINUS X-1 IN THE LOW STATE
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ABSTRACT

We report observations of Cir X-1 with the Ariel 5 spectrometer,
showing that the hydrogen column density in the low state is comparable
to that observed in the high state. The implications of this fact for
the models of the source are discussed.

1. INTRODUCTION

Circinus X-1 was discovered by Margon et al. (1971). A point radio
source associated with it was found by Clark et al. (1975), who suggested
the system to be a runaway ejected from a nearby SNR. Whelan et al.
(1977) identified the optical counterpart as a highly reddened 20 mag
star. A common 16.6 d periodicity was discovered in the X-ray
Kaluziensky et al 1976), radio (Whelan et al. 1977) and IR bands (Glass
1978). The X-ray light curve is highly asymmetric and characterized by
a sharp drop at phase 0. Mention of "extended low states'" in the
literature occurs before the discovery of the periodicity. We carefully
searched the literature, finding that all observations are consistent
with the 16.6 d modulation. The peak intensity could however be highly
variable. Throughout this paper we mean as '"low state" the low part of
the 16.6 d cycle.

2. OBSERVATIONS AND RESULTS

Circinus X-1 was observed by Ariel 5 MSSL Experiment C on 1975
February, 1976 February, 1976 September, 1977 April. All observations,
with the possible exception of the last one, were taken during the low
part of the 16.6 4 cycle.

Some of the observations are in time mode where a 6L sec resolution

(with no spectral information) is attained. Time mode data were analyzed
for periods up to 100 min, with negative results. The variability of the
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source is contained within 5-10% of the mean value of the count rate.

Most observations are in quadrant mode, where spectral information
is available on an energy range between 2-10 or 3-30 KeV according to
the gain used. Background was subtracted with the standard Ariel V
quadrant mode procedure (see e.g. Sanford and Ives, 1976). Contributions
of other sources in the field of view was estimated, with particular
regard to the nearby SNR LU1510-59. These contaminations are practically
negligible in the lower energy channels, so we can be confident that
what we observe there is really Cir X-1 in its low state. Some spectra
(restored with the direct deconvolution method by Blissett and Cruise,
1979) are shown in Fig.l.

Raw spectra were also fitted by a least square technique to a power
law spectral form. In some cases the X~ was improved by the inclusion of
a weak line at ~7 KeV. The photon spectral index ranges between 2.3 and
3.2 and is usually around 2.6. The flatter spectra are obtained in the
groups of orbits where contamination by harder sources is possible. No
large low energy cut—off is apparent. The hydrogen column density can
be estimated to be 2 1022cm™2. No significant correlation between
spectral shape and intensity exists.

3. DISCUSSION

Our result that the slope, and particularly the low energy cut-off,

in the low state are completely similar to those observed in the high
state is relevant for an understanding of Cir X-1.

The current model for Cir X-1 (Murdin et al.1980) assumes that: the
optical/IR source in the system is a massive supergiant; the compact
companion (X-ray source) is in an eccentric orbit; the absorption along
the line of sight is variable and the variation is due to the motion of
the X-ray source in the stellar wind of the primary.

Within the frame of the current model the low states are eﬁplained
by an increase of absorption, up to a column density of 2.5 10° cm™2

This implies a cut—off at 12 KeV, which is only inferred from the result
of Coe et al (1976), by combining Ariel 5 ST (26-1200 KeV) observations
with an upper limit by the Ariel 5 RMC and with a point taken three years
previously by 0SO T, and contrasts with our results.

We modified the current model to take account of the accretion rate
onto the compact object. The X-ray luminosity is a function of r, the
distance from the primary.

Ly(r) « Mgeer(T) e#r(r)
T(r) is given by Murdin et al.(1980), while Maccr(r) is computed assuming

an inverse square density law for the wind. The theoretical light curve
shapes (see Fig.2) are different, more peaked than those of Murdin et al.
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Fig.l : Spectra of Cir X-1 restored with the method of Blissett and
Cruise (1979). a) combination of 10 orbits (February 5-6, 1976)
b) combination of 15 orbits (February 7-8, 1976).

(1980), who assume Maccr to be constant. We note that the asimmetry of
the light curve is due to t(r), while Mgoep(r) is simmetric with respect
to the line of apsides.

If we use the same eccentricity of Murdin et al (1980) e=0.7 we
cannot use 15=5 (15 is the optlcal depth at the surface of the star),
since this implies Npv2.5 102k en™2 contrary to our results. Our value
of Ny implies ToV0.05 : with such a value the absorption effect is almost
negligible and the light curve modulation is due only to Maccr( )
therefore simmetric, contrary to all observational results. We are thus
led to change some of the parameters. We tentatively suggest a lower
eccentricity (e~ 0.5). In this case we can use 1,=0.5 (which gives a
significant modulation) : since in this case at periastron the compact
object is not grazing the primary the observed X-ray cut-off can be
lower than that corresponding to the column density at the surface of
the primary.

Inclination cannot be very different from 90°. The model is quite
insensitive to the values of the masses and radii of the components. We

© Kluwer Academic Publishers ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1981SSRv...30..389C&amp;db_key=AST

"UOTABUTTOUT ‘A4TOTJI3US0D9 “qUITS JO SUTT SY3 PuUB 3IqJ0 24Uy JO STXB JolBW 23
usamMmlaq STFuR ‘aris 9yl JO 20BJFJINS 2y3 ' yadsp Teot3do : USATS aaB sJo9q9uW
—gaed JUTMOTTOJ 9U} 9AJIND UYOBS IO °T-X AT) J0F SoAdnd qUITT TBOTISI09YL : g *F1d

¢ ¢

L}
L a3
[} ]
0T
T
00

1w o
{ e 1 0

08=I £°0=3 CLI=HL S°0=NYl

ﬁ 08=1 5§°0=3 DLI=HL S°0=MYL
n n n i " " n ot

oz
1 et
(3]

T

T

[} ]

[} ]

1 e

»e

”e

”e

08=1 S°0-3 OTT=HL S°O=MWi 08=1 £°0=3 0LI=Hi S=MMl
L R N N (1] . K

LM o
”e
Lxd

ez
Apsuaiu; |9y

[ ]

1 te

08=] S°0=3 08=Hl §°0=MML

08=1 £'0=3 0S1=Hl S=MYL

L. CHIAPPETTI AND S. J. BELL-BURNELL

1 o2
[ 2]
3 g T T T

[} ) k]

ze 0

e 1 vo

70 1 90

I 081 S°0=3 O=HL S=MMl e 06=1 £°0=3 06=HL S=NbL "

y L VvV . . A o't N R R . 1 ot
» g 4 g 5 g

— v T e

zo r 1 to

L %) ” ! "o

"o ” ”

061 £°0=3 OLI=HL S0°0=NbL " 08=1 £°0=3 O=HL S=nBL "

4 i L i ot " " i 4 H i i n i o't

392

12688 Q8. . AHSST86T.

© Kluwer Academic Publishers ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1981SSRv...30..389C&amp;db_key=AST

1SSRv; £.730: 2389T0

rt

X-RAY ABSORPTION IN CIRCINUS X-1 IN THE LOW STATE 393

used throughout our calculations M =20 Mg, R =20Rg and M,=1 Mg. Since
the nature of the primary is still uncertain (see e.g. Nicolson et al.
1980) those values should be considered rather orbitrary.

We note that in every case the modulation of high energy X-rays
should be due only to the variation of Maccr(r)' We predict a sharp peak
centred at phase (. Its width should be related to the eccentricity of
the orbit (being broader at lower eccentricities).
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