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Fig. 1. Typical CDs (top) of Z (left) and atoll (right) sources, and power spectra (bottom) corresponding to tleeerdibranches in the CD.
The power spectra of the HB and the island state (IS) were shifted upwards by a factbantitBose of the NB and lower banana (LB) by a
factor of 16. The gure was taken from Wijnands (2001).

shape of one or more isolated patches because of observati@l13+1 and GX 31, two branched structures have been ob-
windowing (usually in the upper left region of the CD), and &erved in the CD and hardness-intensity diagram (HID) (Stella
banana branch (extending from the lower banana (LB) —lowet al. 1985; Lewin et al. 1987; Schulz et al. 1989; Homan et al.
left— to the upper banana (UB) —upper right). VLFN, BLN and.998; Muno et al. 2002). In luminosity, these sources are inter-
QPOs similar to those in Z sources also occur in atoll sourceediate between the very luminous Z sources and the weaker
(see Fig. 1; Wijnands 2001). Along an atoll-source track fromemaining atoll sources (Ford et al. 2000). Contrary to the other
the island to the lower, middle and then to the upper banarapll sources and the Z sources, these GX atoll sources have so
the rms amplitude of the VLFN increases fror to 5%, the far not shown kHz QPOs. Although GX %42 has been clas-
characteristic frequency of the BLN, which sometimes consisgged as an atoll source based on upper-banana branch phe-
of several components (van Straaten et al. 2002), rst increasgamenology (Hasinger & van der Klis 1989), among the atoll
and then decreases within arange 8fto 70 Hz, and its rms sources it is the source that shows X-ray properties closest to
decreases from20% to less than 1%. The count rate increaselose of the Z sources (VLFN amplitude: Hasinger & van der
by a factor of 2—-10 (Hasinger & van der Klis 1989) goingKlis 1989, CD track: Muno et al. 2002,65 Hz QPOs: Homan
from the island state to the banana state (except for the transietrl. 1998). The radio luminosity of GX 33 is similar to that
sources, see below). The frequencies of the various QPOs dfithe Z sources, whereas the other atoll sources are weaker
crease in the same sense along the track in Z and atoll sour¢€marcia et al. 1988; Fender & Hendry 2000). From infra-red
: - . spectroscopy Bandyopadhyay et al. (1999) conclude GiXL13

GX 13+1 is a LMXB containing a neutron star,_ SIr‘Cemight be a Z source, based on the nature of its companion sug-
X-ray bursts have been found from this source (Fle'SChm%%sting a long orbital period.
1985; Matsuba et al. 1995). Together with GX13 GX 9+1
and GX 9+9, GX 13+1 forms the subclass of persistently bright High resolution spectroscopic observations of GX+13
atoll-sources (the “GX atoll sources”) which were observed toith ASCA (Ueda et al. 2001) and XMM-Newton (Sidoli
be in the banana state by Hasinger & van der Klis (1989). &t al. 2002), have revealed the presence of narrow absorption



R. S. Schnerr et al.: Peculiar behaviour of the LMXB GX13 223

lines, similar to those in the strong galactic jet sources GRf$och, a total of 44 observations (listed in Table 1) ranging
1915+105 and GRO J1655-40 and the dippers MXB 1659-28om May 17 to October 10, 1998 and lasting about 480 ksec
and X 1624-49. in total. Individual observations typically last10 ksec, in-

For some Z sources it is known that the position of theerrupted several times by South Atlantic Anomaly passages
track they trace out in the CD drifts on a time scale of weekand Earth occultations. The uninterrupted parts of observa-
with shifts in the colours of up to 10% (Kuulkers et al. 1994; tions are normally 3 ksec in duration. In 33 observations
Kuulkers et al. 1996); this eect is called secular motion. It isthe ve Proportional Counter Units (PCUs) 0—4 were all ac-
also seen in the atoll source 4U 1636-53 (Prins & van der Kligve, but in 11 observations PCU 3 dnd4 were inactive for
1997, Di Salvo et al. 2003), but in the CD it is not as stronpart or for the entire observation. The 2—-60 keV count rate for
as in some Z-sources. In GX 43, Muno et al. (2002) also 5 PCUs varied between3300-5500 cnts8. For all observa-
detected secular motion (see also Homan et al. 1998). Théisas Standard 2 data are available which have a time resolu-
shifts are usually larger in the HIDs compared to the CDs dtien of 16 s in 129 energy channels (covering the 2—60 keV
to the shift of the track being strongly correlated with X-ray°CA range), as well as high time resolution Single Bit and
luminosity (Lx). The power spectral properties of all LMXBsEvent data with a time resolution of4D96 s or better, also
seem to depend primarily on the positid®, (Hasinger et al. covering the 2—60 keV PCA range.

1990) of the source in the atoll or Z track and notlog Ly Standard 2 data of PCUs 0, 1 and 2 (which were always ac-
shows a strong correlation (usually positive, sometimes nedi&e) were used to create CDs and HIDs with 16 s data points.
tive) with this S on short time scales (hours to days), but thi$he data were background corrected using the Bright Source
correlation can be completely absent on long time scales. It Hdedel for the RXTE PCA. The soft colour (SC) was de ned
long been assumed that this is becaBse a measure of the as the count rate ratio between PCA Standard 2 spectral chan-
accretion rateM, with Ly not proportional toM due to uncer- nels 7-14 and 3-6 (3.6—6.5 and 2.2-3.6 keV respectively) and
tain causes such as, e.g., beaming, but more recently a scenidugohard colour (HC) as the ratio between channels 21-40 and
has been suggested in which the inner radius of the accretith-20 (8.7-16.0 and 6.5-8.7 keV). The intensity was taken to
disc (inner) determines the power spectral properties, while &e the 2—60 keV (channel 1-129) count rate.

the same timé.4 is determined by the total mass accretion plus We checked the colours for instrumental drifts caused by
perhaps nuclear burning (van der Klis 2001). The decorrelatichanges in the response of the RXTE PCA by analysing 4 Crab
of Lx from the power spectral properties occurs in this scenaridservations covering the entire observation period of the data
through energy release that does not originate from accretime used. We created CDs of the Crab observations using the
through the inner disc, but does respond to inner disc cowsgme bands as we used for the GX13lata and calculated
rate changes in a time-averaged sense. the average colours. The shifts of Crab in the CD are below 1%

Recently, Muno et al. (2002) and Gier$iki & Done (2002) in SC and below 0.5% in HC. Dead time ects result in shifts
suggested that the distinction between atoll and Z sourcefthe data points in the CD relative to one another of less than
might be an artifact of incomplete sampling, because the atold.1% in both HC and SC. Both the ect of instrumental drifts
sources that cover a wide enough range in count rate (the trand of dead time are negligible compared to thects reported
sient sources Agl X-1, 4U 1608-52 and 4U 1705-44, each wittelow.

a uxrange of more than a factor of 10, see also Barret & Olive
2002) also exhibit roughly Z-shaped tracks with at the lowest
luminosities a “horizontal branch”. However, the drences in

ux ranges and time scales on which these tracks are trac&dl. The colour-colour and hardness-intensity
out in the CDs (as also noted by Muno et al. 2002) as well  diagrams

as their topology and power spectral behaviour (van Straaten L .
et al. 2003), argue against any simple uni cation of these n cursory examination, the CD of our data appears to exhibit

classes. Being a persistently bright source with a ux range € lower part of an atoII_ track or perhaps the B par_t ofa .
afactor of 2, GX 13+1is not among the sources that has bee%traCk' traced out on a time scale of hours to days (Fig. 2) with
observed to show such an atoll source “horizontal branch”. & rather sharp vertex. This track shifts on longer time scales, re-

In this paper we discuss the X-ray colour, ux and ti;n_sulting in a CD with overlapping tracks. Similar shifts are also
ing properties of GX 181 and their mutual dependence. webserved in the HIDs. We divided the data into 15etent

nd highly unusual power spectral — colour-colour diagram be]tc-raCkS by adding obierveTtmnshtogethl((ar 'r?_fCh(;Obn?Og'csl order
haviour, which does not t in with either Z or atoll behaviour or at most one week, unless the track shifted before then (see

as well as very unusual secular motion. In Sect. 4.4 we suftle 1)- A shift in this context was de ned as motion of the

gest a possible explanation for the unusual properties we A ck over a colour-colour interval more or less perpendicular
in GX 13+1 to the track, signi cant compared to the track width. Clearly,

a shift parallel to the tracks can be overlooked in this way. For
. that reason data from our 15 tracks could still be to some extent
2. Observations mixed up. However, it is not likely that this happened very of-

We used all publicly available Rossi X-ray Timing ExploreFen' The reason for this is, that, as shown below, the shifts tend

(RXTE, Bradt et al. 1993) Proportional Counter Array (PCA, 1 http:/irxte.gsfc.nasa.gov/docs/xte/whatsnew/
Jahoda et al. 1996) data of GX4B in the third RXTE gain calibration.html

Analysis and results
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Table 1. The RXTE observation IDs of the observations that are included in each track, the HC and SC of their vertices, and theSdigtance,
over which each track is shifted relative to track 1. Average ux at the veSgx(2), start time of the rst and end time of the last included
observations and the total included observation time are also indicated. Note that tracks 3, 10a-c and 11a-b do not show a vertex. All dat:

in the year 1998; typical errors in HC ar®.01, in SC 0.03, in Sghiz

0.0l andin uxatS,=2 43.

Track Vertex Flux aB, = 2 Observation ID tstart (UTC) tend (UTC) tobs
nr HC SC Sgiw (cnts T PCUY) of included observations month-day hours:min (ks)
1 0.46 3.07 0.00 768+ 43.3 30051-01-01-01 30051-01-01-00 05-17 11:01  05-17 20:57 28
2 0.53 3.13 0.092 857+ 478 30051-01-02-00  30051-01-03-00 05-2112:39 05-2419:21 29
30051-01-03-01 30051-01-03-02
3 - - - - 30051-01-04-00 30051-01-04-01 05-28 08:33 05-28 14:30 2
4 0.54 3.10 0.085 864+ 537 30051-01-05-00 06-01 09:60 06-0117:40 28
5 0.60 3.27 0.249 824+ 36.2 30051-01-06-00 30051-01-07-00 06-0505:16 06-09 12:42 25
30051-01-07-01 30051-01-07-02
6 0.51 3.14 0.086 822+ 499 30051-01-08-00 30051-01-08-01 06-1301:26 06-17 15:29 110
30050-01-01-00 30050-01-01-01
30050-01-01-02 30050-01-01-03
30050-01-01-04 30050-01-01-050
7 0.51 3.14 0.086 833+ 50.7 30050-01-01-05 30050-01-01-06 06-17 15:58 06-20 10:19 69
30050-01-01-07 30050-01-01-080
30050-01-01-08  30050-01-02-00
30050-01-02-01 30050-01-02-02
30050-01-02-03
8 0.46 3.08 0.010 756+ 50.0 30051-01-09-00 30051-01-09-01  06-26 09:34 06-29 16:09 41
30051-01-10-00
9 0.66 3.30 0.305 842+ 20.6 30051-01-11-00  30051-01-11-01 07-0314:22 07-0915:40 78
30051-01-11-02  30051-01-11-03
30051-01-12-00
10a - - - - 30051-01-12-01 07-1309:36 07-1315:39 22
10b - - - - 30051-01-12-02 07-3115:11 07-3118:59 14
10c - - - - 30050-01-03-00 08-09 13:31 08-09 17:25 14
1la - - - - 30050-01-03-01 08-14 13:18 08-14 17:55 17
11b - - - - 30050-01-03-02 08-21 13:02 08-2116:11 11
12 0.49 3.14 0.076 82D+ 336 30050-01-03-03 10-10 01:45 10-1006:44 18

to occur along one particular diagonal in the CD. The tracks ddoll track, with, however, a rather sharp vertex. The tracks are
shifted relative to each other; the vertex locations are presented

not usually run parallel to that diagonal.

Tracks 3, 10a,b,c and 11a,b were excluded from furth8t Fig. 4 and Table 1. The shifts are consistent/¢.of. =
analysis, because they do not show a vertex. Because of h& 7) with being on a diagonal line in the CD.

lack of a vertex we cannot with con dence compare the posi-
tions of these tracks in the CD with those of the others.

Representative HIDs of track 1 are shown in Fig. 5, together
with the CD. The colour-colour points have @rent symbols

For each of the remaining 9 tracks we de ned a param@ased on their location inthe CD to Slmpllfy tracking theel-
ter S, that indicates the position along the track, in a similsgnces in the shape of the track between the diagrams. Contrary
way as e.g. Dieters & van der Klis (2000) for the Z sourct® Whatis seen in other sources the track is ipped in the HIDs
Sco X-1. This was done by approximating the track with gompared to the CD.
spline onto which the data points are projected along a vec-

tor de ned by their errors in HC and SC (see Fig. 3). Bient
from e.g Sco X-1, GX 181 only shows one vertex in the CDs

3.2. Dependence of the count rate on S; and Sgitt

instead of two. We chose the value $f at this vertex to be |, Fig. 6 we show the 2—60 keV count rate plotted veiSufor

equal to 2, and xed the arc length along the track by setting,c track. Contrary to what is normally seen in atoll sources
Sa = 1 at a point on the top branch at a xed HC and SC ingp, these timescales (Hasinger & van der Klis 1989; Di Salvo

terval ( HC = 0.3, SC= 0.2) above and to the right of the ¢t 5| 2001, 2003), the count rate depends non-monotonically
vertex. The locations of the vertices (the middle of the shagy, S,, with usually a minimum somewhere in the rare =

_turn) were estimated by eye. To quantify the shift of eachtrack 3 4 sych a minimum is seen at the NB-FB ver@x« 2)in
in the CD we de ned a paramet&spir as the distance of the some 7 sources (see, e.g, Dieters & van der Klis 2000; Jonker
track’s vertex to the poirtiC = 0.46 andSC= 3.07 (the vertex o 51 2000; Homan et al. 2002), but there the minimum always
oftrack 1):Sehir ~ ( HC2+ SC). occurs at the vertex, while in GX #a its position drifts be-

In Fig. 2 we show the CDs of all 15 tracks in black sutweenS, values of 2 and 3 depending on observation. In Fig. 7
perimposed on track 6 (in grey) for reference. As mentionege have plotted the average count rate$qr= 2.1+ 0.1 ver-
above GX 131 shows a pattern very reminiscent of a standaslisSqhir. From Figs. 6 and 7 a correlation between count rate



























