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Abstract. Observations of two unclassified Low Mass X—ray Binaries, X1543-624 and X1556-605, are presented. In the 2—
10 keV band the first of the two sources is a factor of two stronger than the other. Both sources do not show X—ray bursts,
dips or eclipses in their X—ray light curves. We find that both spectra are described by a two—component model consisting
of emission from a cool accretion disk plus a Comptonized blackbody kiigh ~ 1.5 keV in a low opacity plasma. The
spectrum of X1543-624 hardens from the first to the second observation, when the source slowly moves from right to left in
the colour—colour diagram. The spectrum of X1556—605 can also be described by a model consisting of a blackbody plus an
unsaturated Comptonization with electron enék@y ~ 4 keV. In the first observation, X1543-624 shows evidence of a Fe K
emission line at 6.4 keV. Moreover, in both observations, the source spectrum exhibits an emission feature around 0.7 keV,
which is interpreted as due to the superposition of the K edge absorption features of O and Ne elements with uncommon
relative abundances with respect to the solar on©{O- 0.3, N&Ne, ~ 2.5). In the spectrum of X1556—-605 no emission

lines are observed. We discuss these results and their implications for the source classification and the accretion geometry of
the compact object.

Key words. stars: individual: X1543-624; X1556—605 — X—rays: general — X—rays: stars — stars: neutron —
accretion, accretion disks

1. Introduction subdivided into Z sources and atoll sources, from the shape
f their track in the X—ray colour—colour diagram (CD) and
; N . the diferent timing behaviour that correlates with the po-
class of galactic X—ray binaries. These objects are formg%on on the tracks. The observed time scales taken to track

by late—type secondary stars, with mass typically less thﬁ'ﬂ%ir CD are shorter (hours or days) for Z sources than for
1 M, which transfers matter onto a highly compact primaré‘j

ia Roche lob flow. Th " i i oll sources (weeks or months). LMXBs belonging to the atoll
via Roche lobe overtiow. these systems mostly contain 0l ceg usually have luminosities lower than Z sources, typi-

lO\.N mr_;lgnetic field £10° G) r_1eutron stars_ (NS) as c_ompcha"y in the range 0.01-0xLgq4q They are observed in either
primaries, aljd are charactt_arlzed by per3|_stent, albeit vanalgl (“banana”) or hard (“island”) state: in the latter case they
X-ray emission. The accreting matter carries large angular ?fow, above 10 keV, power—lawi() spectral shapes with typ-

mentum and this implies the formation of an accretion digk, high—energy cut-s E. < 100 keV, except a few pecu-
Cc ~ )

around the compact object; then, X—ray emission mainly arisi%sr cases, like Aql X—1 (Harmon et al. 1996) and 4U 0609
from the inner parts of the disk and around the accreting pg:, ’

Low Mass X-ray Binaries (LMXBs) form the most populate

: . ) djraino et al. 1999); the contribution of the high energy com-
mary, in the so—called boundary layer. This mechanism ensu &%ent with respect to the total flux can be very high (e.g.,

guite high ficiency i_n thg_conversion of gr?vitatior)al ENer9¥%bout 50% of the total flux in the case of 4U1705-44, Barret
into X-rays, i:/?xllém'nos't'es above@rgs™ are quite com- o 1996). It has been demonstrated (e.g., van der Klis et al.
mon among S 1990; van der Klis 1995) that the source state along the CD

The most successful classification of LMXBs comes frog, o\ correlates well with the mass accretion riteand the
their X-ray “colour” behaviour (Hasinger & van der KI'Shard state (island) occurs preferrably at o
1989). On the basis of this classification, LMXBs are
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Table 1.Log of the fourBeppoSAXNFI observations presented in this work.

Source Obs. Start time (UT) End time (UT) LECS MECS HPGSPC PDS 2-10keV MECS
ksec ksec ksec ksec  count ratet)s
X1543-624 1 1997 Feb 21 09:38:02 1997 Feb 21 17:39:50 6.6 16.6 7.5 7.5 12.8
2 1997 Apr 122:38:29 1997 Apr 2 05:54:05 6.6 18.3 7.8 8.1 11.4
X1556-605 1 1997 Mar 10 17:10:02 1997 Mar 10 23:58:50 7.3 17.9 7.9 7.9 5.42
2 1997 Apr 318:08:47 1997 Apr 4 01:54:50 5.1 17.8 7.3 7.7 5.69

Spectra of Z sources are generally much softer. In tidé not address the timing information associated with the mo-
eighties they were usually described in terms of a blactien through the CD, so that their conclusion that a Z—shape is
body @B) plus an additional component: either an unsattraced out is not yet entirely secure.
rated Comptonization spectrum (the “Western model”, White  Among LMXBs there are still unclassified sources: on the
et al. 1986, 1988), approximated by the functibfE) o« basis of the data already available, these sources do not display
ET exp[-E/kTe] (usc) or the solution of the Kompaneetsany peculiarity in their X—ray light curve or X—ray colour—
equation given by Sunyaev & Titarchuk (1980), or a multieolour behaviourBeppoSAX (Boella et al. 1997a) féers the
colour disk blackbody (B, the “Eastern model”, Mitsuda possibility to investigate them, thanks to the broad energy
et al. 1984). Later Mitsuda et al. (1989) refined the Eastelpand (0.1-200 keV) and high sensitivity of the Narrow Field
model by replacing th@&B with a Comptonize®B and suc- Instruments (NFIs) onboard. We thus started an observational
cessfully applied it to the atoll source X1608-522. In the Jeampaign on a sample of these LMXBs. In this paper we report
10/20 keV energy range, the classical Western and Eastegsults for X1543—-624 and X1556—605. The paper is organized
models have also been used to describe spectra of atoll sousgefollows: in Sect. 2 we report the present status of knowl-
(e.g., White et al. 1988, Asai et al. 2000, hereafter A2000). Algelge of X1543-624 and X1556—605, in Sect. 3 we describe
other models, likepBB or BB, plus the Comptonization modelour observations and the data analysis, in Sect. 4 we present
worked out by Titarchuk (1994) have been adopted to descrthe results, in Sect. 5 we discuss them and in Sect. 6 we draw
spectra of Z sources (e.g., Di Salvo et al. 2001, 2002). Recendlyr conclusions.
it has been found that most of the classical Z sources (GX 5—

1, Asai et al 1994; Cyg X-2, Frontera et al. 1998, Di Salv@. The X-ray sources X1543-624 and X1556—605

et al. 2002; GX 1#2, Di Salvo et al. 2000a; GX 342,

Di Salvo et al. 2001; Sco X-1, D’Amico et al. 2001), and Cirz'l' X1543-624

X-1 (laria et al. 2001) show in their spectra a hard X-ray tak1543—-624 was classified by Warwick et al. (1981) as
The tail is observed only during some positions of the sourcas persistent LMXB with a 2-10 keV mean flux of
along their CD, with no general rule: e.g., in GXdZthe hard ~7x1071° erg cnm? s, which can vary by a factor2.

tail is apparent during the Horizontal Branch, in GX32dtis Apparao et al. (1978) provided an accurate position of the
detected during the Flaring Branch, in Sco X-1 it is detectedsource (error radius of 30 with a list of candidate optical

all the three branches of the Z pattern. counterparts. Subsequently McClintock et al. (1978), by means

It is still not clear what determines the presence of thid spectrophotometric measurements, found that the most
high energy component in Z sources and whether this colikely counterpart was the object #6 of Apparao et al. (1978)
ponent evolves with continuity from atoll sources to Z sourcegnagnitudeB 2 20), which shows a very blue colour. The cor-
Recently Gierlitski & Done (2002), analyzinBXTEobserva- responding X-ray to optical luminosity Is¢/Lopt ~ 1.4x10°
tions of three atoll sources (Agl X-1, 4U 1608-52 and 4U 170%Bradt & McClintock 1983), a value quite typical for LMXBs
44), and Muno et al. (2002), analyzing a sample of 15 LMXB§yan Paradijs & McClintock 1995). Smith et al. (1990) with
showed that atoll sources that exhibit X—ray intensity varidRAS discovered a far—infrared counterpart of X1543-624
tions by more than a factor 10 trace a Z—pattern in the QIaving a spectral slope compatible with that of an accre-
like the Z sources and concluded that these atoll sources evdloa disk. No radio counterpart of the source was detected
with the mass accretion rate in similar ways to the Z sourcd¥/endker 1995).

According to Gierliiski & Done (2002), both sets of sources Singh et al. (1994, hereafter S94), usiB OSATarchive
undergo a transition from the upper to the lower branch data, fitted the 1-20 keV source spectrum with an absorbed
the CD when the disk, which is truncated during the uppsB plus the Comptonization modet@MpPST) by Sunyaev &
branch, penetrates down to the NS surface, but in the casditdrchuk (1980). This fit (albeit it poorly constrained the pa-
the atolls, the disk truncation is due to mass evaporation whieneters of theompsT model) yielded an hydrogen column

in the case of the Z sources this is due to the NS magnediensity of~1.3 x 10°? cm2, aBB temperatur&Ty, ~ 1.6 keV
field. However, as also pointed out by Muno et al. (2002), whiend a Comptonizing cloud with electron temperatkifg ~

the time evolution of both classes of sources could be simil8i keV (lower limit 4 keV) and optical depth ~ 1.2 (upper
their spectral behaviour is notablyfiirent, making the unifi- limit 4.8). These authors also found a broad iron emission line
cation of the two classes of sourceffidult. Also, both studies at~7 keV with an Equivalent WidthEW) of ~100 eV.
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Christian & Swank (1997), usinginsteinarchival data be- and displays a Ha 14686 line in emission. These features are
tween 0.5 and 20 keV, found that the best fit, even if unsaite common in the optical counterparts of LMXBs. The op-
isfactory, of the source photon spectrum was obtained wiibal counterpart showed a magnitude~ 19 and H, He 11
either anusc model withI' ~ 1.9 andkTe ~ 25 keV or 14686 and N1 14640 (Bowen blend) emission lines (Motch
a BB plus thermal bremsstrahlungs) model, withkT,, ~ et al. 1989, hereafter M89). These authors also found optical
2 keV ankTy, ~ 2.4 keV, both models being photoelectrically-variability of ~0.4 mag, not correlated with the X-ray emis-
absorbed. Simpler models, such agmor a PL or a DBB, sion, on timescales of hours. Using the data of M89, the X-
provided worse fits. The estimated hydrogen column densiyy/optical luminosity ratio of the source wasl200 (and not
was Ny ~ 25 x 10?2 cm?, a value about 4 times lower180 as erroneously reported by these authors), in better agree-
than that found by S94, while the source unabsorbed flux waent with the value, 10°, given by Bradt & McClintock
~1x107° erg cnm? s1. No evidence of emission lines wag1983). A possible photometric orbital period of 9.1 hours,
found. a value not inconsistent with the size and characteristics of

More recently A2000, in the framework of an archival su@ LMXB, was found by Smale (1991) from optice-band
vey of iron K lines in LMXBs, analyzed an observation 0Pbservatlo_ns. Lastly, th|§ source was also _detected in the far—
this source performed with ASCA on August 17 1995. Durintjfrared with IRAS (Smith et al. 1990), while no counterpart
the observation the 1-10 keV unabsorbed flux of the sou¥gS found at radio wavelengths (Wendker 1995).
was 11 x 10° erg cnt2 s71, which is consistent with that ~The  Einstein  0.5-20  keV  spectral  data
found by Christian & Swank (1997). The 0.7-10 keV sourd&hristian & Swank 1997) were better described with ei-
spectrum was fit with an absorbes plus pBB model with ther an absorbedsc model with Ny ~ 3.7 x 10%* cm?,
KTos ~ 1.6 keV, a temperature of the inner dikK, ~ 0.7 kev Pphoton indexI' ~ 0.58 andkTe ~ 3.3 keV or with aBB
andNy ~ 1.4 x 102 cm 2, which is consistent with the es-Plus TB model withNy ~ 4.6 x 10°* cm?, KTpp ~ 1.6 keV
timate by Christian & Swank (1997). A2000 also marginallnd kT, ~ 4.9 keV, even though the fits were not com-
detected an iron emission line at 6.8 keV WiV ~ 48 eV. A pletely satisfactory. M89 performed a quasi-simultaneous
low energy emission feature near 0.7 keV was observed frafrray/optical observational campaign on this source during
this source (White et al. 1997). Juett et al. (2001, hereaftbe years 19§4985. The X-ray data, collected wiEKOSAT
J2001), stimulated by the results obtained on 4U g@ma Showed flux variations by 20% accompanied by changes in
with Chandra reanalyzed thASCAdata of X1543-624 adopt- the hardness ratio of the emission, but did not show bursts
ing aBB plus PL model photoelectrically—absorbed by a color pulsations. The photoelectrically—absorbed 0.1-10 keV
umn densityNy with Ne and O abundances free to vary if—ray spectrum was fit with either aB plus TB model
the fit. The model, even if unsatisfactop?(d.o.f.= 1542754), (Nu ~ 4x 10° cm2, KTps ~ 1.3 keV,KTyp, ~ 7 keV) or with
was suitable to describe the emission feature at 0.7 keV wRRUSC (N1 ~ 3x 107t cmi %, T ~ 0.7, kTe ~ 3.8 keV), or with
Ne/Ne, ~ 2.9 and QO, ~ 0.5. Very recently Schultz (2002) @COMPST model Ny ~ 5 x 10°* cm?, kTe ~ 2 keV, 7 ~ 20).
analyzed archivahSCA BeppoSAXandRXTEdata obtained Notice that the estimated column density is consistent with
from the observations of X1543-624. FBeppoSAX only that derived with theEinsteindata. The source fluxes were
LECS and MECS data were considered, whileRXTEonly comparable (1-10 keV flux of4 x 107 erg cnt? s™*) dur-
PCA data were analyzed. The spectra of each of the obseitg-the EXOSAT and th&insteinobservations. No Fe K emis-
tions were fitted with an absorbeg pluscoMpPsST model. The sion line was detected in the spectrum (see also Gottwald et al.
2-10 keV source luminosity was observed to increase by a fa895).
tor ~1.6 (from 86 x 10°¢ erg s* to ~1.4 x 10°” erg s1), with
harder spectra{Te from ~0.5 to~3.5 keV andr from ~30 to
7 ~ 10) at higher luminosities, unlike the general behaviour 8 Observations and data analysis
LMXB sources (see, e.g., Bloser et al. 2000). Evidence of
Fe K emission line in the higher luminosity spectra obtaine?éi|
during theRXTEobservations was reported. t

543-624 and X1556-605 are continuously monitored with
e All Sky Monitor(ASM) onboard RXTE. The ASM light
curve of both sources in the February—April 1997 period which
covers our observations is shown in Fig. 1. We observed the
2.2 X1556—605 sources twice (see log in Table 1) with BeppoSAXNFIs.

These include a Low—Energy Concentrator Spectrometer
X1556—-605 was classified by Warwick et al. (1981) as a pdt-ECS, 0.1-10 keV; Parmar et al. 1997), three Medium—
sistent, irregularly variable LMXB with a 2—-10 keV flux ofEnergy Concentrator Spectrometers (MECS, 1.5-10 keV,
~3 x 1071% erg cnt? s7%, with variations within a facto~4 Boella et al. 1997b), a High Pressure Gas Scintillation
(Bradt & McClintock 1983). A precise celestial position (erroProportional Counter (HPGSPC, 4-120 keV; Manzo et al.
radius of 30') was given by Apparao et al. (1978) usin§AS-3 1997), and a Phoswich Detection System (PDS, 15-300 keV,
observation made on June 1975. This position allowed Charlgsntera et al. 1997). At the time of these observations, Unit 1
et al. (1979) to identify the optical counterpart of the souradf MECS was still operative (it failed shortly thereafter, on
with the star #43 (also known as LU TrA) in the finding chaflay 6 1997), so the four pointings reported here were per-
reported by Apparao et al. (1978) on the basis of its spectroplfiermed with all three MECS units. Table 1 gives the observa-
tometric characteristics. This object is rather blueB=-0.7) tion log along with the exposure times. During all pointings the
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NFls worked nominally and both sources were detected in all The MECS light curves in four energy ranges, namely 1.8—
of them. 3 keV, 3-5keV, 5-6.5 keV, 6.5-10 keV, were extracted to study
Good data were selected from intervals when the NFIs éhe CD. The soft colour was obtained from the 3-5 Ke8—
evation angle was above the Earth limb by at legstbd, 3 keV count rate ratio, the hard colour from the 6.5-10/&eV
for LECS, during spacecraft night time. The SAXDAS 2.0.6.5 keV ratio. The CDs of both sources are shown in Fig. 3.
data analysis package (Lammers 1997) was used for the pgks-can be seen, both the soft and hard colours of X1543—
cessing of the LECS, MECS and HPGSPC data. The PB23 and X1556-605 change by about 20% during the observa-
data reduction was performed using the XAS package vaians, with an almost circular pattern traced by the sources. In
(Chiappetti & Dal Fiume 1997). LECS and MECS spectrtne case of X1543-623 the soft colowrgxis) has a centroid
were extracted from a region of Badius centred on the sourcevalue of~0.95 and the hard colouy (@xis) of ~0.55, in the
position after proper background subtraction. For LECS andse of X1556—605 the hard colour has a centroid value sim-
MECS we used the background measured pointing a blarilas to that of X1543-624, while the soft colour has a higher
field (Fiore et al. 1999), while for HPGSPC and PDS we cogentroid ¢1.1).
tinuously monitored it using the rocking—collimator technique
(Frontera et al. 1997). The rocking angle and attitude was suit- .
ably choosen in order to point to sky fields with no known x4 1- SPectral properties

ray sources in the field of view of the instruments. The spegg already said in Sect. 1, several models have been pro-

tra were rebinned leaving an oversample by a factor of 3 Qe g fit the spectra of both Z and atoll sources. In the
the energy resolutionfWHM), and having a minimum 0f ,qes of jow luminosity sources, a single component model

20 counts in each bin such that thé statistics could reli- pas sometimes provided good results (e.g., White et al. 1988).
ablyl be used. Data were selected in the energy ranges w thus performed our analysis first with a single compo-
the instrument responses are better known: 0.4-4.0 keV [+ model and then with two—component models both in

the LECS, 1.8-10 keV for the MECS, 8-30 keV for thg,qir «classical” forms (White et al. 1986: White et al. 1988;
HPGSPC, and 15-200 keV for the PDS. We used the paglfiqda et al. 1984; Mitsuda et al. 1989) and in the forms pro-
agexspPEC v11.0.1 (Arnaud 1996) to fit the muIt|—|nstrumenbosed more recently (see references in Sect. 1).

spectra. In the broad—band fits, normalization factors were ap-

plied to LECS, HPGSPC and PDS spectra following the cross—

calibration tests between these instruments and the MEZ3.1. X1543-624

(Fiore et al. 1999). The normalization factor of PDS was fixed . ] .

to 0.9 for both sources. An a—posteriori check showed that e first tried photoelectrically-absorbesvABs in XSPEC)
deed the best fit model parameters did not undergo any sijlgleé component models: a simpfe, an usc and the
nificant variation changing this factor in the range from 0.760mptonization modelscompsT and compTT. None of

to 0.98 as prescribed by Fiore et al. (1999). Photoelectric d8¢m was found to provide a satisfactory description of the
sorption was modeled using the cross sections implemenfia {7 always higher than 4). Thus we concentrated on
in XSPEC (Morrison & McCammon 1983) and, when the elfWo—component models. Thes plus usc model provided
ement abundances were fixed, we used the standard vakiéd-0.f.= 288133 and 367133 in the first and second obser-
given by Anders & Grevesse (1989). Finally, we assumed a déttion, respectively, with residuals to the model sinusoidally
tanced = 10 kpc for both sources, as done in previous workdistributed along the entire energy band. Also&BepluspBB
Actually, Christian & Swank (1997) gave a value of 4 kpc fofiid not give a good description of the dagg/dl.o.f.= 352/134

the distance to X1556-605 on the basis of the optical phogﬁd 335134 for the first and second observation, respectively),
metric period measured by Smale (1991) . However, the perM; in this case, gpart from an excess count around 0.7 kQV, the
inferred by this author lacks confirmation. For this reason W@siduals are mainly concentrated above 15 keV (see Fig. 4).
preferred to assume the “standard” value of 10 kpc also f3eplacing the simples with a Comptonizeds (COMPBB in
X1556-605. Uncertainties in the parameters obtained from gh&PEC; Nishimura et al. 1986) we obtained a much better de-
spectral fits are single parameter errors at a 90% confidef€gption of the datay(/d.o.f. = 180’132 for the first obser-

level. The values quoted in square parentheses in Table 2\§on andy?/d.o.f. = 175132 for the second one), with the
kept frozen during the fit. residuals to the model only at about 0.7 keV (see Fig. 5). Other

two-component models used for LMXBS, likesB.or DBB plus
acoMPTT, did not provide better fits to the data.

As noticed above, irrespective of the adopted model, posi-
tive residuals are present in both observations around 0.7 keV.
Figure 2 shows the 2—10 keV light curves of both sources ddtssuming as input model thes plus compBB, which gives
ing the two observations. Neither dips nor eclipses nor X—réye best fit to the continuum spectrum, these residuals can be
bursts are observed. On time scales of several hundreds of fieeither adding a Gaussia4/d.o.f.=161/129 and 12829
onds, there is evidence of a moderate time variability from the first and second observation, respectively), or, following
X1543-623, while a small flux decrease (k9% in the case J2001, assuming an absorption with free abundanceg@f O
of X1543-623 and by5% in the case of X1556—605) is meaand N¢Ne, (vPHABS model in XSPEC y?%/d.o.f.= 160130
sured from the first to the second observation. and 131130, in the first and second observation, respectively).

4. Results
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o X1545-624 o Adding an absorption edge in both observations did not im-
l l ] prove the fit and the optical depth is consistent with zero. As

(o)}
L —

can be seen from Table 2, the best fit value®gfin the two
observations are marginally consistent with each other and with
the Galactic value obtained from the radio data along the source
direction (3x 10%* cm?, Dickey & Lockmann 1990 ).

The source X—ray unabsorbed luminosity in various energy
bands is shown in Table 2. While the 1-20 keV luminosity
shows a very slight decreasel(0%) from the first to the sec-
ond observation, the partially extrapolated 20—-200 keV lumi-
nosity increases by a factor of about 2.

IS

%%%%%%ﬁ%ﬁ %iﬁ é{‘%&f@%ig

c/s (1.5-12 keV)

-2 . . I

. . I
5.048x10 5.050x10

5.052x10%
MJD days

. I
5.054x10

4.1.2. X1556-605

4 5.056x10%

Given the lower statistical quality of the spectra of X1556—
X1556-605 605 (see count rate from the source in Table 1), the spec-
1 tral analysis of the single observations could not be as de-
5 tailed as in the case of X1543-624. The count rate spectra
1 of the two observations, within their uncertainties, were con-
< sistent with each other, so we performed the spectral analy-
1 sis on the average spectrum. A photoelectrically—absarbed
% * is unable to describe the datg?( > 10). Models with
% % 2 a high—energy cut+#d (Usc and COMPST in order to com-
% ﬂ}% % {é %5 %é’%‘% pare our results with those obtained by M89) are still unsat-
¢ 3

c/s (1.5-12 keV)

bl
%# ‘%‘H}# %% f ‘% isfactory (with usc y?/d.o.f.=16(Q/126, while with COMPST
% $ x%/d.0.f=183126), but the best fit parameter values are very
similar to those obtained by M89. The photoelectrically—
absorbed two—component modeBB plus BB also leaves
T T L i e L a significant excess above 15 key?/(d.o.f.= 15125, see
5.0510x10%5.0520x10%5.0530x10%5.0540x10%5.0550x10% Fig. 6); instead the photoelectrically—absorkss plus Usc
MJD doys or DBB plus COMPBB give satisfactory descriptions of the
Fig. 1. The one day average light curves of X1543—-624 and X1556tata (y2/d_o_f_= 141/124 and 134123, respectively). The un-
605 detected with theRXTE ASM in the 1.5-12 keV energy absorbedE F(E) model spectra and the residuals to the models

band. The arrows mark the epoch of eppoSAXobservations of are shown in Fig. 8, while the best fit parameters are reported
each source. ASM data can be retrieved on the public arcmveiﬁ"l’able 2

http://xte.mit.edu/XTE/asmlc/ASM.html

The derivedNy is in agreement with the Galactic col-
umn densityNy = 0.3 x 10?2 cm2 along the source direc-
The Gaussian centroid energyQ(.65 keV) is consistent with tjon derived from radio maps (Dickey & Lockmann 1990) and
fluorescence emission frorv@ or Oviil, and the abundancesyith the value (@7 x 10?2 cm2) derived from the extinction
of O and Ne, assuming thepHABS model, are reported in gg ,, = 0.55 of the optical counterpart by M89, adopting the
Table 2. For the reasons discussed by J2001 we prefer the ingey-, vs. Ny relation by Diplas & Savage (1994). We find no
pretation of the 0.7 keV excess in terms of absorption in neogyidence of emission lines in the spectrum. The luminosities in
rich material local to the binary. the same energy ranges adopted for X1543-624 are reported in

Stimulated by the residuals in the 5-10 keV energy rangable 2. As can be seen, the source luminosity derived with the
during the first observation (see Fig. 5), we investigated thgo models are similar in the 1-20 keV energy band. However,
presence of Fe K emission lines goK edges. Assuming for the partially extrapolated 20—-200 keV luminosity is model de-
the emission line a Gaussian profilg/( V2ro) x exp[-(E =  pendent: it is higher in the case &g pluscompBB than in the
Ei)?/207%]), with centroid energyE; in the range from 6.4 to case o8B plususc.

6.9 keV the best fit was obtained with = 6.4 keV, with

a decrease in the?/d.o.f. from 160130 to 150128 (signifi- 4.2. Timing properties

cance level 0~1%) in the first observation and from 1/3B0

to 125128 (significance level 0£5%) in the second obser-No periodicity down to~10 ms time scale can be inferred from
vation. The best fit parameter values of the line are reportée power spectral density (PSD) estimate of the 2—10 keV light
in Table 2. We note that these values are marginally consistentves (MECS data) of the two sources. The PSD, evaluated in
with those obtained by S94 and A2000. TBRE(E) unabsorbed ~10-3-10 Hz frequency range, do not show statistically signif-
spectrum of the source with its best fit model, components andnt fractional variations of the source fluxes: in the case of
residuals of the data to the model is shown in Fig. 7 for boXi1543-623 the upper limit at 95% confidence level 8% in
observations. the first observation and 12% in the second one, in the case of
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Table 2. Best fit continuum parameters of the observed LMXBs.

X1543-624 X1556-605
Parameter Obs. 1 Obs. 2 Obs.21
VPHABS(DBB + COMPBB + GAUSSIAN)  WABS(DBB +COMPBB)  WABS(BB + USC)
NG 02192 031522 030921 03722
KTy, (keV) 145551 L4aqoy 14900 14905
kTe (keV) 6.75> 25.432 17.525° 41733
T 1.3%1 057 0591 -
r : X - 1.033
KTin (keV) 0.6439 0.625% 0.9329 -
Rin Vcos{) or Ryp (km)  14.17%9 16.2°11 3.9°04 1.2:52
Lo, or Lo, 8.6 9.7 2.9 11
E (keV) [6.4] [6.4] - -
o1 (kev) 0.7°04 0.741 ~ -
I (104 cm2s?) 5.37%7 3.87%8 - -
EW (eV) 653 55129 - -
0/0, 0.32:92 <0.33 - -
Ne/Ne, 24703 2.8'32 - -
x?/d.o.f. 150129 123129 134124 147124
L5 200 kev 18.9 18.6 6.8 7.2
L2 o kev 15.0 13.8 5.8 5.9
LS5 200 kev 0.3 0.6 0.14 0.05

2 In units of 162 cm 2.

b Unabsorbed luminosity in units of ¥0erg s* assuming a distance of 10 kpc for both sources.

X1556-605 the upper limit at 95% confidence level is 14% &nd the other up to 25 keV. Both sources show many similar
properties. We discuss now the implications of these properties.

the first observation and 16% in the second one.

5. Discussion

5.1. Source nature and classification

Itis the first time that two unclassified LMXB sources, X1543Fhe spectrum of both X1543—624 and X1556-605 can be de-
624 and X1556—605, have been deeply investigated in a breadbed by a two—component model consisting of a soft com-
energy band (0.4-200 keV) with two observations separatedpgmnent pBB), likely coming from a cool accretion disk, plus
about one month. The first source was detected up to 50 ka\hard component provided by the Comptonization @Ba
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of X1556-605 and best fit folded model consisting oBm plus a

DBB photoelectrically—absorbedvABs). Bottom panelresiduals to is given byRer ~ Rin

The BB temperaturek Ty, of both sources is-1.5 keV, while
their DBB temperaturekT;, ranges from~0.6 to ~0.9 keV.
Both kT, and other parameters of the modeT, R, vcos{))

are in the range of values generally found for LMXBs con-
taining a low—magnetic field NS. Only the best fit value of
7 (<1), for both sources, is lower than the typical range of
values (5-15) found for this class of sources (see review by
Barret 2001). However the best fit value of this parameter is
model dependent (e.g., we find> 10 for aBB plus COMPTT
model). All that strongly points to a NS nature of both X1543—
624 and X1556—605. The projected inner disk radius obtained
for X1543-624 is consistent with this conclusion, while a very
small value £4 km) is found for X1556—-605. However, small
values of the projected inner disk radius have been found
in other weakly magnetized accreting NS (e.g., 2.8 km for
GX3+1, Oosterbroek et al. 2001). Actually tlegectiveinner

Gisk radius (Shimura & Takahara 1995; Merloni et al. 2000)

x f2

i Where fo is the spectral hard-

the model in units ofr. The excess above 15 keV can be recoveréding factor. As discussed by Shimura & Takahara (1995), for
either replacing th@s with a Comptonize®s or replacing thebBB
with anusc model (see text).

luminosities down te-0.1 times the Eddington luminosity, the
conventional valudf¢, = 1.7 can be adopted. This condition
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can be applied to X1543-62841-200 kev ~ 0.1 X Lgqg, S€€ be- second with RXTE (Bloser et al. 2000) in both the “island” and
low), finding Reg ~ 60 km for a disk inclination angle= 60° upper “banana” states. As can be seen, X1543-624 and X1556—
(the source does not show dips or eclipses) and, marginally, 8@5 are both in theX—ray burster boxntroduced by Barret
X1556-605 Lo.1-200 kev ~ 0.05x Lggqfor a distance of 10 kpc, et al. (1996), but this fact does not help to constrain the source
see below), findindRss ~ 16 km for the same disk inclinationclass. Indeed, from one side, XTE J1%480 is inside this
angle. box, while, on the other side, an atoll, 4U1820-30, is outside

A common property of our sources is their flux and spethe box in both the island and banana states, moreover in po-
trum stability. From the ASM data archiv@ne can see thatsitions which are indistinguishible from Z sources with hard
both sources show intensity variations not greater than a féails and from some of BHCs. Note that also the Z sources
tor of 2 on time scales of months. As shown in Table 2, tHeyg X-2 (Kuulkers et al. 1995) and GX%2 (Sztajno et al.
parameter values of the best fit spectrum of X1543-624 alt886; Kuulkers et al. 1997) are X—ray bursters, and are outside
do not change from the first to the second observation, excipe X—ray burster box.

the plasma electron temperatk® which increases from7 If X1543-624 and X1556—605 are atolls, the absence of

to ~25 keV. The spectra obtained in the two observations Bfoad—band noise, as found from the PSD estimate, would be
X1556-605 are consistent with each other, as diSCUSSEdHrﬂa\/OUf of a banana state for these sources.

Sect. 4.1.2. On longer time scales the source spectra appear,
stable: when we adopted the same models used to deSC{\ilpg
the source spectra obtained in the previous observatioBs (a0
pluspBB for X1543-624, A2000; a simplesc or COMPST for

n open question is the absence of X-ray bursts from the
sources, which would definitively confirm the NS nature
f the compact object. However the fact that bursts have not
?(1556—605, M89) the fits, even if unsatisfactory, provided sirri%eiguogz?r;ﬁd ei?;? Si:\/c;t gg\? gatg 2 t Otfh ?(/)tfmo ano 5t 4(;0_06u2r,4 tgﬁ;e
llar parameter values.“ . X1556—-605 (either wittBeppoSAXor with other satellites),
The spectral stabll_lty of both sources is also apparegy 1, sts can be easily missed, especially if both sources have
fr_o_m their CD (see F'_g' 3), which is unllke_ those of tr_arow burst recurrence. In fact there are sources which, even
ditional Z sources, which show spectral variations on t'”Tﬁough they have been known for many years, only recently
scales of hours to days. Both the soft and hard coloy(s e shown X—ray bursts (SLX 1737282, in 't Zand et al.
chqnge by about 20%, gn extgnt consistent with that 8¥002; 2S 1711-339, Cornelisse et al. 2002). In the case of
hibited .by.at.oll sources in their banana _branch. The ¥1543-624, an unusual composition of the companion might
sh_ape is similar to that of atoll sources with lO\_N flux Valliead to atypical burst properties, such as very long recurrence
ations Emax/Fmin < 10) (Muno etal. 2002). A similar CD 465 ¢.0.5 yr for thermonuclear flashes in pure C layers) and
pattern is shown, e.g., by the X-ray burster GS1826-238 e5n0nding large fluences (Joss & Li 1980). Three of the
which also exhibits intensity variations within a factor of Zour sources analyzed by J2001 (4U 06091, Swank et al.
(Muno et al. 2002). The only fference we find with GSl826—1978, Brandt et al. 1992: 2S 0918-549. Jonker et al. 2001:
238 is in the centroid value of the hard colour, which g, 1850-087, Himan et al. 1980) have shown burst prop-
the latter source is significantly higher1.5), as found with ¢ ieq which induced the authors to exclude the possibility of
BeppoSAX(Del Sordo et al. 2003). the donor being a C-O dwarf. However we suggest that the
The luminosity of X1543-624 and X1556-605 supporignclusion of J2001 cannot be extended to X1543-624, be-
an atoll classification. In the case of X1543-624, the ayase this source, unlike the three sources mentioned above,
erage bolometric IunlanSI.ty (0.1-200 keV) Isc ~ 2 X gl has not shown X—ray bursts whose properties could ex-
10° (d/10 kpcf ergs™, which corresponds te 0.1 X Ledd  ¢lude a C-O dwarf nature of the companion. In the case of
(the Eddington luminosity ifgqq = 1.48x 10%M/Mo ergs™  x1556-605, the burst absence (or recurrence on very long time
if an H mass fractionfy = 0.7 and a NS mass 0f.4 Mo gcgjes) could be due to an underabundance of CNO, which was
is assumed), and, in 1the case of X1556-605 ibis~ 7 X ghserved in this source by M89. CNO is an important parame-
1036_(d/1.0. kpcy erg s corresponding t0-0.05X Leda. Both  er which determines the rate at which hydrogen burns into he-
luminosities are typical of X—ray bursters (see e.g., Barret et gy, (Hoyle & Fowler 1965) and therefore the recurrence time
2000, hereafter B2000). of X—ray bursts (Fujimoto et al. 1987). Moreover in X1556—
We have also checked the atoll assumption using the §p5 the accretion rate is low, as inferred by its X—ray lumi-
minosity comparison criterion first introduced by Barret et allwosity. Wallace et al. (1982) have shown that low metallicity
(1996). In Fig. 9 we show the hard X-ray (20-200 keV) lun conjunction with a low accretion rate favours the long inter-
minosity versus the soft X-ray (1-20 keV) luminosity no{a) petween bursts and very energetic thermonuclear runaways,

only for the X—ray bursters and BHCs candidates listed R this could be the case of X1556—605 (M89).
B2000, but also for Z sources during their exhibition of

hard tails (see Sect. 1), for a new transient BHC (XTE
J1118-480, Frontera et al. 2001), and for two additional atoB.2. Accretion geometry
sources, 4U1728-34 and 4U1820-30, both detected up to

100 keV, the first withBeppoSAX(Di Salvo et al. 2000b), the Including the corrections for the spectral hardening factor we
found that the inner disk radius of X1543-624 should be at

1 ASM archive is available by internet at ~5 NS radii. A likely explanation of this result, taking into
http://xte.mit.edu/XTE/asmlc/ASM.html account the low magnetic field of the source class to which
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Fig. 7. Absorption—correctedE F(E) spectra for the firsi¢ft pane) and secondright pane) observation of X1543—624 with superimposed the
best fit model composed bymsB (dotted ling pluscompBB (dashed lingplus a Gaussiardptted—dashed lieat 6.4 keV (see textBottom
panels residuals, in units ofr, to the best fit model photoelectrically—absorbed with non—standard values of O andiMa§).
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Fig. 8. Same as in Fig. 7 but for the time averaged spectrum of X1556-t&F6panel DBB (dotted lin§ plus comPBB (dashed ling Right
panel BB (dotted ling plususc (dashed ling Bottom panelsresiduals, in units of-, to the best fit models, photoelectrically—absorbwdxs).

X1543-624 belongs, is that the inner accretion disk is replaced In the case of X1556—605, the inner disk radius, once cor-
by an optically thin hot accretion flow, following the scenarioected for the spectral hardening factor, is consistent with being
suggested by B2000 on the basis of the spectral properties ofase to the NS surface, so that for this source the ADAF sce-
sample of bursters studied wiXTE Optically thin hot accre- nario appears less suitable. On the other hand, on the basis of
tion flows (theAdvection Dominated Accretion FlowSDAF) the above considerations, it is unclear why the ADAF scenario
have been demonstrated (Narayan & Yi 1995) to be stable afwuld occur in X1543—-624 and not in X1556-605, which is
preferrably occur at relatively low accretion rates (such as liess luminous and thus is expected to have a lower accretion
the case of X1543-624) and this scenario strengthens the ataté. However, given that the X—ray spectrum of X1556-605
hypothesis for this source. One controversial point is that than be also described bysa plus usc (Western model), an-
spectrum hardens (as testified by the significant incredsk.pf other accretion scenario can be considered for this source, in
see Table 2) despite the fact that teB luminosity increases, which the soft componensg with kTp, ~ 1.5 keV) arises
while the 0.1-200 keV luminosity remains constant. Anothé&om the NS surface (or the boundary layer) and the hard com-
anomalous behaviour has also been noticed by Schultz (20@@nent is due to Comptonization of the radiation from the inner
as discussed in Sect. 2.1: a spectral hardening as the sourcdikk. In this scenario the smalB radius derived{1 km, see
minosity increases. The reason for thigfelient behaviour is Table 2) could be ascribed to non—isotropic emission from the
unclear and could be connected to a quite complex geometl$, as in the case of emission coming from an equatorial belt
of the accretion flow.
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squares X-ray bursters detected up to 100 keV and listed in the analoguous figure by B@0&®;diamondsZ sources;crosses black

holes candidates. THX—ray burster box” introduced by B2000 is also shown. BHCs are mostly located on the right, but one of them (XTE
J1118-480) is inside the X—ray burster box. The position of our two souriiiésd(squareywithin the X—ray burster box is shown. The points

(a) and p) for Sco X—1 denote the minimum and maximum fluxes observed by D’Amico et al. (2001) during their detection of a hard tail; the
points @) and ) for Cyg X—2 denote the cases in which the the hard X-ray tail was detected and not detected, respectively (Di Salvo et al.
2002). The pointsd) and ) for Cyg X—1 denote the loghard state and the hi¢goft state, respectively. The numbers from 1 to 16 denote the
X—ray bursters listed by B2000, while 17 and 18 denote two additional atoll sources included in the figure; 1: Agl X-1; 2: SLX1732-304; 3:
4U0614+09; 4: XB1323-619; 5: SAXJ1808.4-3658; 6: 4U1915-05; 7: SLX1735-269; 8: A1742-294; 9: 4U1608-52; 10: SAXJ1748.9-2021;
11: 1E1724-3045; 12: GS1826-238; 13: KS1731-260; 14: GX354-0; 15: Cen X—4; 16: 4U1705-44; 17: 4U1728-34 (Di Salvo et al. 2000b);
18: 4U1820-30 (Bloser et al. 2000).

(Inogamov & Sunyanev 1999), or to the fact that the plasnfiar which an ADAF scenario appears suitable to describe their
responsible for the Comptonization of the radiation from thgpectral behaviour (B2000). X1543-624 shows, in addition to
inner disk also intercepts part of the flux coming from the N&n Fe K emission line, a stable emission feature@¥ keV,
surface, thus reducing ths flux and hence its radius. which is likely due to the K edges of local O and Ne with non—
The evidence of an Fe K emission line from X1543-624plar abundances, as found for other sources (J2001). Even in
with the energy centroid of the line at 6.4 keV, suggests fluthis case X—ray bursts, although with atypical properties and
rescence emission from a neutral medium, such as from a ditgdquencies, should be expected, but they have not been ob-
not extending down to the NS surface, in agreement with teerved until now. For X1556-605 both the scenarios proposed
above considerations. However the non—detection of an Febithe Western and Eastern models are possible, and on the ba-
line from X1556-605 remains unclear if the disk extends dovais of our data we cannot decide which of them is preferrable.
to the NS surface. A broad-band, long and more sensitive monitoring could be of
key importance to better understand these LMXBs and to better

) constrain the mass accretion scenario.
6. Conclusions

From the above discussion it emerges that X1543-624 amgknowledgementsMany thanks to the anonymous referee for the
X1556—-605 show properties of atolls in the banana stateyy useful suggestions and comments on the first version of our pa-
even if the shape of the CD is not strictly reminiscent gfer. This research is supported by the Italian Space Agency (ASI)
a banana. However it is similar to the CD of atoll sourceaid Ministry of University and Scientific Research of Italy (COFIN
with small intensity variations (e.g., GS182838). The high funds).BeppoSAXis a joint Italian and Dutch program.
L1-20kev/L20-200kev ratio is also found in atoll sources (see

Fig. 9). The absence of type | X—ray bursts may be explained by

their long recurrence times and by the short observation tm@gferences

of the two sources. The accretion geometry of X1543-624A4sders, E., & Grevesse, N. 1989, Geochim. Cosmochim. Acta, 53,
consistent with that of sources inside the X-ray burster box, 197
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