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Abstract. We report on 4BeppoSAXTarget Of Opportunity 1. Introduction

observations of MXB 1730-335, the Rapid Burster (RB . ) .
made during the 1998 February—March outburst. In the fir)glPe Rapid Burster (MXB 1730f335’ hereafter RB) 'S a
ell known and extensively studied low mass X—ray binary

observation, approximately 20 days after the outburst pe ) . .
the X-ray light curve showed Type Il bursts at a rate of 4 MXRE; see the recent review by Lewin et al. 1995) lo-

hr-1. Nine days later, during the secoBeppoSAXointing, cated in the globular cluster Liller 1 at a distance~a8 kpc

;o Ortolani et al. 1996). It is a recurrent transient with outbursts
only 5 Type I bursts were detected at the beginning of tlilvehich last for few weeks followed by quiescent intervals which

rvation. During the thir inting no X—r rsts wer ) :
observatio uring the third pointing no ay bursts were nerally last for~6 months. Recently, a likely radio coun-

detected and in the fourth' and flnall opservauon the RB Werpart 10 the RB was observed by Moore et al. (2000) during
not detected at all. Persistent emission from the RB was
everal X—ray outbursts.

. . o S
detected up to 10keV during the first three pointings. The . . . -
spectra of the persistent and bursting emissions below 10 kg%;rrr:\tiiéss l:)?ereaargsrr;?slf_l'\{lxs?EJ?SEZaJVEiSLSZIr?;S t\ilr:zl
were best fit with a model consisting of two blackbodies. An ay - Ypeh ’ b
o f many LMXRBs with low-magnetic field neutron stars (NS)
additional component (a power law) was needed to describe :
and Type Il bursts. The former events are interpreted as due to

the 1-100 keV bursting spectrum when the persistent emission . :
. . . nyclear burning of accreted material onto the surface of the NS;
was subtracted. To our knowledge, this is the first detection

the RB beyond 20 keV. We discuss the evolution of the spect APe Il bursts, instead, probably Tesu't from spasm.odic accre-
parameters for the bursting and persistent emission during 0 onto the NS surface (e.g. Lewin etal. 1995). Until 1996, the

: Bt was the only X—ray source from which Type Il events were
outburst decay. The light curve, after the sec POSAX deglected. Now another transient X—ray source, GRO J1744-28,

pointing, showed a steepe_n ing of th_e previous decay trend, ?Q nown to show hard X—ray bursts, that likely have the same
a sharper decay rate leading to quiescence was observed Wi in of the RB Type Il bursts (Kouveliotou et al 1996). The
BeppoSAXn the two subsequent observations. We interprgsg:qat re ofGROy§1744 UZS‘Hés chla\:anche;rI es:taBI'sr)léd from
this behaviour as caused by the onset of the propeller effect. Fi- u B Y :

nally, we infer a neutron star magnetic figid~ 4 x 10° Gauss. the'observatlon in its X—ray emission of coherent 0.467 s pul-
sations[(Finger et al. 1996).

The RB shows a variety of emission modes. At some times it
Key words: stars: individual: MXB 1730-335 — stars: neutrory PPEArs as atypical low magngtlc ﬂelq LMXRB W_'th persistent
_ X-rays: bursts — X-rays: general — X-rays: stars emission (PE) and Type | bursting emission (BE); but there are

times when both Type | and Type |l BE are observed, and times
with only Type Il BE. In the presence of Type Il bursts only,
the PE is well visible after long{30 s) events, but is weak or

absent during short Type Il events. The time behaviour of the PE
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(Lubin et al. 1993) and periodicities known as ‘ringing tail’ ob-
served shortly after long Type Il bursts (Lubin et al. 1992).

Type |l bursts have been observed with durations between
~3sand 640 s: the shortest events (less th2ds) show a sharp
rise and a decay with multiple peaks (‘ringing’), instead the_
longer events are flat topped. Their time behaviour is like that of
arelaxation oscillator: their fluendeis roughly proportional to "
the time interval At, to the following burst.(Lewin et al. 1976). ©

Quasi-periodic oscillations (QPOs) with centroid frequeng
cies in the range from-2 to ~7 Hz were observed in Type Il =
bursts; the centroid frequency was found to be anti-correlateg
with the burst peak flux (see review by Lewin et al. 1995). Als¢
in the PE QPOs were observed with centroid frequencies from
~0.04 to~4.5 Hz with no frequency—intensity correlation, a
repetitive pattern from-4 Hz to to~2 Hz, and a positive cor-
relation with spectral hardness (Stella et al. 1988).

The spectral properties of the Type Il BE and of the
PE have been extensively investigated in the X—ray energy
band up to about 20 keV. Some authaors (Marshall et al.[1979;
Barr et al. 198]7) found that Type Il burst spectra were well fit
by a blackbody (BB) spectrum withT' ~ 1.5-2 keV, while Fig. 1.R-XTHASM 2-10 keV light curve of the 1998 February-March
Stella et al. (1988), analyzing long Type Il bursts, found that thatburst of the RB. The vertical dashed lines indicate the times of the
best fit was obtained with an unsaturated Comptonization mod&eppoSAX OO observations
(N(E) x EYexp(—E/kT),withT ~ 0.7 andkT ~ 2.6 keV
for 1.5-2 min events). Instead, a two-component blackbody ) _

(2BB) plus a power law (PL) provided the best fit to the spect%oe”a et al. 1997b), and the Phoswich Detection System _(PDS:
between 2 and 20 keV (Guerriero et al. 1099). The unsaturafed 300 keVLFrontera etal. 1997). The two MECS consist of

Comptonization model was found to describe well the PE sp&@Zing incidence telescopes with imaging gas scintillation pro-
tra [Barr et al. 1987 Stella et al. 1988), with~ —0.06 and portional counters in their focal planes. The LECS uses an iden-

kT ~ 2.8 keV in the time periods after 1.5-2 min Type jtical concentrator system as the MECS, but utilizes an ultra-thin

events((Stella et al. 1988). Instead Guerriero et al. (1999) fouffgirance window and a driftless configuration to extend the low-
that the PE is well described by the same model used for §fRErgY response downto0.1keV. The LECS and the MECS have
Type Il bursts (i.e. 2BB+PL). An observation of the source it circular field of view with diameter 3and 56, respectively.

quiescence with the ASCA satellite provided a positive deteb€ PDS (field of view 0f~1°.3x~1°.3 FWHM) consists of

tion with a 2-10keV luminosity of (1.85:3) x 103 ergs! four independent detection units arranged in pairs, each one

for a distance of 8 kpc and an hydrogen column density BfViNg a separate rocking collimator. _
1x1022 cm~2 (Asai et al. 1996). Table 1 reports the log of the TOO observations presented

Up to now, a detailed study of the evolution of the sped? this paper. They spanned just over one month (from February
tral properties and the decay profile to quiescence of tf48 to March 18) and caught the object during different emission

RB has never been performed. In addition, the high—enerB}Pdes and flux levels as it was decaying from an X—rayintensity
emission from the source is still poorly known (see, e.gg_ about 20% that of the outburst peak down to quiescence.
Claret et al. 1994). In order to address these issues, a sefids 1 Shows the 2-10 keV light curve obtained with AieSky

of observations was performed during the 1998 Februafyonitor (ASM) onboard theRossi X—ray Timing ExploreR-
March outburst (Fox et al. 1998) with tBeppoSAXatellite XTE) satellité]. AIso. shown in Fig. 1 are the times of the four
(Boella et al. 1997a). In Sect. 2 we describe the observationsBfPPOSAXbservations. ,

Sect. 3 we present the spectral results, while in Sect. 4 we dis- DU€ to the presence of a strong and variable X-ray source,

cuss them and the source transition to quiescence together fiith! 728—-34 (=GX 354-0, locates30' away from the RB),
their implications. a special observation strategy for the latter instrument was

adopted in order to minimize the contamination from this
source: the PDS rocking collimators were offset by dldng
2. Observations a direction opposite from that of 4U 1728-34. Unfortunately,
due to an incorrect instrumental setting, these collimators did
ot move during TOO2 and TOOS3. Thus only the LECS and
ECS data are usable for these two observations.

0 20 40 60
Days from Jan 28, 1998

The RB was observed with tligeppoSAMNarrow Field Instru-
ments (NFIs) four times as a Target Of Opportunity (TOO),
The NFls include the Low-Energy Concentrator Spectrom-
eter (LECS: 0.1-10 keV; Parmar et al. 1997), two Medium-! R-XTHASM light curves of X-ray sources are available at
Energy Concentrator Spectrometers (MECS: 1.5-10 kehp://space.mit.edu/XTE/asmlc/
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Table 1.BeppoSAXbservation log of the TOOs presented in this paper

TOO Outburstday Startday Starttime Duration Exposure 2-10keV MECS

(1998) (um (ks) (MECS; ks)  count rate (%)
1 21 Feb 18 15:17 17.5 9.5 7.88
2 30 Feb 27 03:55 57.1 27.0 1.01
3 33 Mar 2 19:57 61.5 29.8 0.15
4 48 Mar 17 09:52 56.7 31.3 <0.02

During the last observation the RB, very faint at that timéng standard files, while the background for the PDS data was
was not detected with the NFls. Contamination from 4U 172&valuated from offset fields.

34, which was unusually intense at the time, adversely affected The 2—-10 keV MECS light curves of TOO1 and TOO2, with
the sensitivity of all the NFIs during this observation. This issuetime binning of 1 s, are shown in Fig. 2 and Fig. 3, respectively.
is analyzed in more detail in Sect. 3.4 of this paper. The gaps in the light curves are due to non-observing intervals
during Earth occultations and during passages through the South
Atlantic Geomagnetic Anomaly. The mean source count rates
with the MECS are given in Table 1.

The LECS and MECS spectra were rebinned to oversample
Good NFI data were selected from intervals when the elevay a factor 3 of the FWHM of the energy resolution, and hav-
tion angle above the Earth limb wass° and when the instru- ing a minimum of 20 counts per bin such that tyestatistics
ment functioning was nominal. The SAXDAS 2.0.0 data analgould reliably be used. The PDS spectra were rebinned using
sis package (Lammers 1997) was used for the LECS and ME@% standard technigues in SAXDAS. Data were selected in the
The PDS data reduction was performed using XAS version 2aergy ranges where the instrument responses were well deter-
(Chiappetti & Dal Fiume 1997). The LECS and MECS eventsined: 0.5-8.0 keV for the LECS, 1.8-10 keV for the MECS,
from the RB were extracted from circular regions with radand 15-100 keV for the PDS. The only exception to this choice
between 3and 8, centred on the source position. These exvas during TOOL, in which LECS data were selected between 1
ctraction radii were chosen case by case in order to optimize #ral 8 keV due to poor signal-to-noise ratio below 1 keV. We used
signal-to-noise ratio for different X-ray intensities of the RBthe packagespEec v10.0 (Arnaud 1996) for the spectral fitting.
The MECS exposure times are given in Table 1. Backgroufthe broadband fits, normalization factors were applied to the
subtraction for the two imaging instruments was performed us=ECS and PDS spectra following the cross-calibration tests be-

3. Data analysis and results
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tween these instruments and the MECS (Fliore et al.11999). Bod the low flux level of 4U 1728-34 at that time, the contami-
clarity of display, the spectra from multi-instrument fits (Figs. H)ation from the latter source was negligible.

6 and 7) are shown normalized to the level of the MECS. The The BE 1-10keV spectrum can be well fi(/v = 463/395,
reported uncertainties throughout the paper are single parametieerer indicates the number of degrees of freedom in the fit)
errors at 90% confidence level. For the luminosity estimates with a 2BB model, photoelectrically absorbed (the hydrogen
will assume a distance to the RB of 8 kpc (Ortolani et al. 199&olumn density was modeled using the Wisconsin cross sections
as implemented iRsPEC; see Morrison & McCammon 1983).
The same fitting model applies to the PE spectryytiyf =
217/203). In Table 2 we show the fit results. The 2BB model
During TOO1, the RB was in a state of strong bursting actiwas also used by Guerriero etal. (1999) to fitthX TEPCA BE

ity: indeed, the MECS light curve (Fig. 2) showed 113 X-ragind PE spectra of the RB in the 2-20 keV band. These authors
bursts during 9.5 ks of good observation time, correspondihgwever noted that the PE between 10 and 20 keV was better
to an average rate of 43 burstshr Their Type Il character fit by adding a PL component. In our 2-10 keV band spectra
is apparent from the ‘ringing’ visible in their profiles and bythis was not necessary; but, when the data beyond 10 keV were
the time between them. The RB appeared to be in the Phasedhsidered (see Sect. 3.1.2), an additional component had to be
Mode Il of the classification by Marshall et al. (1979): all theadded.

events occurred almost regularly (at a time distance of about As it can be seen from Table 2, the BB temperatures did
100 s) and had short time durations (about 15 s). Also in thet significantly change for the PE and the BE, while the 2BB
0.1-2 keV LECS data these Type Il bursts were visible. The taminosities were much higher during BE than during PE. The
tal time-averaged 2—10 keV unabsorbed flux level during TO@blumn densities appeared also to be different for PE and BE

3.1. TOO1

was 8.% 107 1% ergenr? s spectra(1.5 + 0.3)x10*?2 cm~2 and (3.5 + 0.5) x 10?2 cm™2,
respectively. The increase of thg; column density during the
3.1.1. 1-10 keV spectrum of BE and PE BE is apparent. The value obtained for the PE is consistent with

the color exces# (B — V') measured along the RB direction
For the spectral analysis in the 1-10 keV energy range, {¥@an etal. 1991).
MECS TOOL1 data, binned at 1 s, were divided into two subsets: From the MECS 2—10 keV TOO1 observation we also com-
PE (below 5 countss) and BE (above 5 counts$). Then, puted the ratioy, between the (unabsorbed) PE and BE fluences
LECS and MECS BE and PE spectra were accumulated usinggrated over the TOO1 observation time. We found that
these two time windows. Given the small extraction radii us€x1544-0.002, that is about two orders of magnitude lower than
(4’ for the MECS, 8for the LECS), the high RB intensity levelthe mimimum value observed-(0) in the case of Type | X—
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Table 2. Best-fit parameters for the TOO spectfais the unabsorbed luminosity in units bi*¢ erg s assuming a distance of 8 kpc

TOO1 TOO2 TOO3
Model and 1-10keV 1-10keV ~ 1-100keV  1.8-10keV  0.5-10keV  0.5-10keV
parameter BE PE BE PE BE PE PE
X2lv 463/395 217/203 262/223 59/128 110/113 59/55
2BB:
Ny (x10*2cm™2) 3.540.5 1.5+0.3 49077 [4.0%] 1.6 £0.3 1.1794
kT (keV) 0.46 £0.04 0.63+£0.06 0.32703% 0467053 0.65+0.07  0.64+0.09
LB 1578 0.857058 10722 1475 0.3279003 0.06 + 0.01
RE® (km) 51+13 6.5+1.3 901 35° 48133 3.7+0.8 1.70.5
kT (keV) 1.64+0.03 1.72%91% 1674004 157791 1.787010 2.1793
L5B 47 4£0.8 0.7479:9¢ 40 £2 24.271% 0.764+0.03  0.106730:%
RBB (km) 71407 0814017 6.3+0.3 5.6712 0.76+0.08 0.210:07
+ power law:
r 317903
K (phkevVlecm2s!atlkeV) 3.3132
+ Fe emission line:
Fy (keV) 6.5+ 0.2
EW (eV) 100155
FWHM (keV) 0.475%
I, (x1073 phem 2s71) 7
Lo—10 kev 435403 1.08+0.02 473403 24.6+0.9 0.78+£0.01 0.109 % 0.002
L10-100 kev 72+1.1

# fixed at the best fit value determined from the 1-10 keV BE spectrum of TOO1

ray bursts[(Lewin et al. 1995). This result confirms the Type With temperature given by one of the two temperatures of the
character of the detected bursts. 2BB model. A fit quality §?/v = 278/225) similar to that
achieved with the PL model was obtained, but electron tem-
perature and optical depth of the comptonizing cloud were not
constrained by the dataT. ~ 20 keV andr ~ 0.4, with large
During TOO1 the RB was also visible in hard X-rays (15ancertianties). When the Comptonization model was used, the
100 keV). However, due to the lower statistical quality of thfit quality did not depend on the chosen seed photon tempera-
data, the PDS light curve was much noisier and it was diffiare: both the cooler and the hotter BB photons provided fits of
cult to single out the bursts. In order to separate the BE frasomparable quality. Also, disk and spherical geometries for the
the PE, two PDS spectra (‘persistent’ and ‘bursting’) were aGomptonization resulted in equivalent fits.
cumulated using the time intervals of the bursts given by the The addition of a Fe K emission line to the 2BB+PL im-
MECS data. Given the residual contamination from 4U 172§roved the fit {? /v = 262/223); the probability of a chance
34, we only derived the high energy spectrum of the BE usin@provement, computed by means of an F-test, was quite low
as background level the count rate spectrum measured duiirRd x10~3). The flux and energy centroid derived for the Fe K
the PE time intervals. line (see Table 2) are consistent with the findings by Stella et al.
The combined LECS+MECS+PDS PE-subtracted BE spg@988), while the width is lower by a facter3. However Barr
trum in the 1-100 keV energy band is shown in Fig.5. Ast al. (1987) gave an upper limit to the width of this line which
it can be seen, the source was clearly detected at high efi®konsistent with our measurement. No evidence of the same
gies. To our knowledge, this is the first time the RB is detectéidle was found in the 1-10 keV PE spectrum; however the flux
above 20 keV. A simple 2BB model did not clearly fit the datevas too low to allow a similar detection.
(x%/v = 326/228), especially at high energies-L0keV). A
satisfactory fit {2 /v = 281/226) was obtained by adding 025 1002
the 2BB model a PL. The best fit parameters are givenin Table 2.”
We also tried to use, alternatively to the PL, a ComptonizBuring this observation the RB drastically reduced its bursting
tion model of soft photons in a hot thermal plasma (Titarchudctivity (see Fig. 3): only 5 bursts were detected at the beginning
1994;ComMPTT model inxspEC), by assuming seed photonof the observation, with time duration e§30-40s and time

3.1.2. 1-100 keV spectrum of the BE
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The 1.8-10 keV spectrum of the BE in TOO2 was still

100 r ] consistent with the 2BB model with7; ~ 0.5 keV and
50 o B kT, ~ 1.6 keV, even though, due to the poor statistics par-
r ] ticularly in the LECS and below 2 keV, we could not derive
0 . : accurate parameter values. Therefore, to better constrain the
L main parameters of the model, we fixed tNg value to that
100 3 obtained from the spectral fit of the TOO1 1-10keV BE. The
a . results of the TOO2 BE fit are reported in Table 2.
20 |- 7 The PE also (see Fig.6) was best fi(r = 110/113)

with a photoelectrically absorbed 2BB model (see Table 2) with
kT, = 0.65+0.07 keV andkT, = 1.787012 keV, although

a photoelectrically absorbed bremsstrahlung model also gave
an acceptable fity®/v = 122/115). The 2BB temperatures

of BE and PE did not appear to change significantly from the
corresponding values measured during TOO1. No substantial
improvement in the fit was seen if a PL or a Comptonization
component was included. No indication for a Fe K emission
line was present in the TOO2 data.

O

—
(@)
O

(@)

X—ray flux (cts s7!)
o o
S )

3.3. TOO3

O it HHHHH During TOO3, 33 days from the outburst onset, the source
100 - - further reduced its X—ray emission and no bursts were seen
r ] throughout the observation. The unabsorbed and time-averaged
50 ] 2-10 keV flux,1.4 x 107! ergemr?s™!, had decreased by a
r ] factor 7 with respect to TOO2.
0k et | T ] The 0.5-10 keV spectrum of the PE is shown in Fig. 7. Again

it was well fit (x2/v = 59/55) with a photoelectrically ab-
—100 —50 0 50 100

) sorbed 2BB model (see Table 2), witli; = 0.64 £+ 0.09 keV
Time (seconds from X-ray peak) andkT, = 2.17073 keV. The temperature of the hotter com-

Fig. 4. 2-10 keV band light curves of the 5 bursts observed duriPnent seemed to be marginally higher than the corresponding

TOO2. Times are expressed in seconds from the burst peak. Differéatue observed in TOO2, whileT; was fully consistent with

shapes and lengths with respect to TOO1 bursts (see enlargemerifhgfvalue obtained during TOO2. A photoelectrically absorbed

Fig. 2) are apparent bremsstrahlung gave a poorer fi?(v = 70/57). As in the
case of TOO2, no Fe K emission line was detected.

distance among them spanning fres20 to~90 minutes. The 3 4. TOO4

general shape of these 5 bursts (Fig. 4) is similar each other and

differs from those of TOO1 for the pre-maximum during theiPuring this observation the RB was no longer visible in the

rise. This appears to be a sort of ‘hybrid’ shape between shbRCS and MECS images. Instead, strong contamination due

(<155s) and long (1 min or more), flat-topped bursts (see, e.{g stray light from 4U 1728-34 was apparent and extended up

Lubin et al. 1992, 1993, and Guerriero et al. 1999). to the center of the MECS image, where the RB emission was
The 2-10 keV flux level of the PE decreased by a fact§specially located. 4U 1728-34 was particularly active during

1.4, while the total time-averaged 2—-10 keV unabsorbed fl%2O4 and prevented us from getting a deep observation of the
(1.0 x 1010 ergenT2s~1) decreased by a factor of about §2B. The PDS data were excluded from the analysis of TOO4

with respect to TOO1. data since it proved impossible to disentangle the RB emission

The 2-10 keVa ratio between the (unabsorbed) PE antiom the contamination induced by 4U1728-34.
BE fluences integrated over the TOO2 observation time was USing the background level present in the extraction circle
4.17 + 0.15, thus significantly higher than that found durin§f the RB image, we evaluated the upper limit o the 2-10keV
TOO1, but lower than the minimum value measured in the cag@ntrate from the RB. The result of this analysis indicates that,
of Type | X—ray bursts. Given that some bursts might have be@?ﬁum'f%the best2f|t_nl‘|odel spectrum of TOO3, an emission of
lost during the source occultation by the Earth, we have alk®><10“ergenm= s from the RB would have been clearly
computedy for the first three orbits of TOO2, i.e. where the gletected at@at the relevant position in the MECS field of view.
bursts were seen. In this case, we found that1.40+ 0.05. Thus, we can conservatively consider this value as afder
This value is still higher than that found in TOO1, but lowelimit to the RB X-ray emission in the 2-10keV energy band.

than the minimum value measured in the case of Type | bursts.
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two-component blackbody model
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Fig. 7. TOO3 0.5-10keV count rate (left panel) and photon (right panel) PE spectra. The fit corresponds to a photoelectrically absorbed
two-component blackbody model
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The correspondinga@upper limit to the 2-10 keV luminosity BB radii (see Table 2) decrease with time}P® from 6.5 to
is1.1x 103 ergs . 1.7 km, andR5E from 0.8 to 0.2 km.

Within the errors, PE and BE have hotter BB components
with the same temperatures, while the temperature of the cooler
BB component is slightly higher during PE than during BE
The BeppoSAXobservations of the RB have permitted us tf-63:0.03 keV against 0.4%); keV). During TOO1, the BB
detect for the first time high energy X-rays-20 keV) from luminosities are however much differentinthe two source states:
Type Il bursts and to study the source in the late phase of & BE/PE luminosity ratio of the hotter BB is £& during
flux decay, from 21 to 48 days after the outburst onset. TypelPO1 and 322 in TOO2, while that of the colder BB is
bursts were detected in TOO1 and TOO2, corresponding toip1TOO1 and 44-12 during TOO2. Also, in TOO1, during the
and 30 days since the outburst start, while the PE was obserf&dthe hotter BB component is brighter (by nearly a factor

in all TOOs but the last observation, when the RB was not visibke than the cooler BB, while during the PE they have similar
anymore. luminosities. In TOOZ2, instead, the latter ratio becomé@gue

to the lower PE luminosity of the cooler BB.
On the basis of these features, a possible picture of the 2BB
model (already discussed by Guerriero et al. 1999) is that the

The broad band (1-100 keV) PE-subtracted spectrum of §lder component originates from an accretion disk, while the
BE, measured during TOO1, is well described by a 2BB+Hotter from the NS surface. A comptonizing plasma cloud is the
model, with BB temperatures 0£0.3 and~1.7 keV, while likely origin of the BE high energy component. The increase
the photon index of the high energy PL component& The in luminosity of the colder BB component during the BE can
presence of a high energy component is not apparent in thePe-interpreted as an increase of the disk emitting surface (by
10 keV spectrum, well described by a simple 2BB model. A factor~ 20 in TOO1 and~ 40 in TOOZ2) as a consequence
thermal Comptonization model (Titarchuk 1994) also fits tHef the reduction of the inner radius of the accretion disk, while
high energy component of the BE PE-subtracted spectrum, Biat of the hotter component could be due to an expansion in
the thermal plasma parameters are not well constrained. ~ Size (by a factor- 60 in TOO1 and~ 30 in TOOZ2) of the NS

The presence of a high energy component is commonsSHrface that emits X—rays.
persistent low-luminosity LMXRBs (mainly X-ray bursters,
see e.g. the review paper by Tavani & Barret 1997), andity. outburst decay toward quiescence
is also seen during the outburst in some Soft X-ray Tran-
sients (SXTs) containing NSs (e.g., Agl X-1 and Cen X-4nother relevant result of our observations is the determina-
se€ Campana et al. 1998). Instead this component is generd. for the first time, of the source flux decay toward qui-
not observed in high-luminosity LMXRBs (Z-sources; see e.§scence. In Fig. 8 we show the decay curve of the 1998 Feb-
White et al. 1988). Only recently, thanks BeppoSAxXevi- Mar outburst of the RB based on tfieXTHASM and Bep-
dence of high energy components in Z sources has been repoP@aAXdata. As it can be seen, starting from day 28 after the
from some objects. (Frontera et al. 1998; Masetti et al. 200Qptburst onset, the flux decay becomes much faster than be-
This component has been interpreted in these sources as f@iR thee-folding decay timer changes fromr; ~ 10 days to
to the presence, along with an accretion disk, of a cloud of Hat~ 0-2 days. This behaviour is reminiscent of the final evolu-
electrons which Comptonize soft photons Coming from the d|§'@n of dwarf novae outbursts (Osak| 1996) and of the transition
similarly to what occurs in stellar mass black-hole candidatt® quiescence of the SXTs that harbour a low magnetic field
(Barret et al. 2000). NS (e.g., Agl X-1, Campana et al. 1998; SAX J1808.4-3658,

The BE spectrum (not PE-subtracted) below 10 keV duriifgilfanov et al. 1998) or ablack hole (see the review by Tanaka &
TOO1 and TOO2 is well fit with a 2BB model, in spite of a>hibazaki 1996). In the case of Agl X{1 (Campana et al. 1998)
different shape of the burst time profiles as seen in these i} time behaviour was interpreted as a consequence of the pro-
BeppoSAXointings. The 2BB temperatures of the BE do ndieller effect|(lllarionov & Sunyaev 1975). In the present case,
appear to change from TOO1 to TOO2, as well as the coolBe same effect can explain our observational results also. In-
BB luminosity, while the hotter BB component changes its Iifleed a magnetosphere may be presentin the RB as consequence
minosity by a factor 2. This means that the BB radius of tHaf the relaxation oscillator character of the Type Il bursts recur-
hotter Component is Sensib]y lower during TOO2 BE. rence behaviouf (Lamb etal. 1977, Baan 1977, 1979) and low

The PE, with decreasing intensity, has been detected ugr@fiuency QPOs detected in the BE and PE (Stella et al./ 1988;
10keV in all but the last TOO observations (see Table 2). kewin et al. 1995). In the model by Baan (1977, 1979), areser-
spectrum is well fit by a 2BB model over the luminosity rang¥0ir of matter floats on the top of the NS magnetosphere, partly
over which the source could be studied with the LECS and thdpported by centrifugal forces. In the intervals between bursts,
MECS (from TOO1 to TOO3). The temperatures of the twihe magnetosphere becomes larger than the corotation radius.
BB components do not change with time, except for a margirfy$ mMatter accumulates on the magnetospheric boundary, this
evidence of an increase in the hotter component during TOG@8rinks. When the magnetospheric radius becomes lower than
The BB luminosities instead do change. As a consequence, baitical value at which gravity overcomes the centrifugal and

4. Discussion

4.1. Spectral properties of the Type Il bursts and of the PE
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ag | _| same assumptions made fa,;,, (Campana et al. 1998). From
- 1 Fig. 8, we can estimatB,,;, ~ 3 x 10% ergs!.
e ) On the other hand, Fox & Lewin (1999), from a timing anal-
L Pog, | ysis ofR-XTEdata from the RB, found two peaks in the power
37 - o B - spectral density spectrum of the Type | BE, one at 150.9 Hz
i 2 5@2 71 and the other at 306480.1 Hz. Assuming the lower frequency
i ﬁ | as due to the spin period, from the estimated valug,gf, we
- 4 would obtainL.,; ~ 6 x 10%% ergs™!. This is significantly
36 |- 1 lower than the luminosity measured during TOO2, which can
be considered as a lower limit fdr..,. A higher value ofL,,
- 1 (9x10% ergs') is expected in the case we assume as spin
a5 | - | period that corresponding to the higher frequency reported by
Fox & Lewin (1999). This spin period (3.3 ms) is more consis-
- 4 tent with our results and implies a magnetic fi#d- 4 x 108
r 1 Gauss, which then appears, on the basis of our luminosity data,
34 L § _| the most likely value of3 to be associated to the NS harboured
1 inthe system.
I Ll Ll Ll Ll L1 The contamination from 4U 1728-34 prevented us to draw
0 10 20 30 40 50  conclusions on the quiescent luminosity from the RB. Our
Days from Jan 28, 1998 30 upper limit to this luminosity (¥10**ergs!) is con-

. . o> 5 2 .
Fig. 8. Light curve of the 1998 February-March outburst of the RESIStEN with the luminosity level (1/9: x 10**ergs™) re-

The filled squares are tfeppoSAX—10 keV fluxes derived using thePorted by Asai et al. (1996) during quiescence. The lat-
best-fit model given in Table 2, while the open circles represent 3ter value is consistent with the minimum accretion luminos-
detections of the RB taken from tfR:XTHASM archive. The errors ity (1.6x10°*ergs™') that can be emitted in the propeller
of theBeppoSAXneasurements were not plotted since they are smalfeigime ¢ 2 x 1034B§p:§/2 ergs!, [Campana et al. 1998),
than the corresponding symbols even though the detected luminosity, as discussed by Asai et al.
(1996), could be partially due to low-luminosity X—ray sources
within the globular cluster Liller 1. An unbiased estimate of the
B quiescent luminosity is highly desirable to test the role of
e propeller effect in quiescence.

Log of X-ray luminosity (erg s™)
|

magnetospheric forces, Type Il bursts occur. This modelis qu
itatively in agreement with our observations. As long as we
observed (in TOO1) Type Il bursts, the flux decay was on t}AeC

extrapolation of the earlier light curve. During'T0.0Z, when We. o ox\ voru for the analysis of the TOO4 MECS daBeppoSAJ¥s a
mainly observed PE (only 5 bursts at the beginning oBBp-  oint jtalian and Dutch programme. This research was partly supported
poSAXpointing were detected), we found the first deviatiomy the Italian Space Agency.
The sharper decrease of the PE intensity continued down to our
quiescent luminaosity upper limit.
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