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The Rapid Burster (MXB1730-335) is a unique object showinthhype | (thermonuclear) and

type Il (spasmodic accretion) X-ray bursts. It experieneggilar outbursts every 100-200 days,
lasting for 2-4 weeks. In January-March 2009 the Rapid Burskperienced a long (20 days)
plateau. We obtained 20ks of Swift TOO observations durig period, between February 26
and March 5. A Type | X-ray burst with photospheric radiusangion was observed on 2009
March 5 among type Il bursts.
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1. Introduction

The Rapid Burster is a low mass X-ray binary discovered in 1976, locatbd iBalactic bulge
globular cluster Liller 1 (Lewin et al 1976), at a distance of 8-10 kpanfthe Earth (Ortolani et
al. 2007). A radio transient counterpart was detected (Moore etG0)2®ut no IR or optical
counterpart has been identified so far (Homer et al. 2001). The Gatgehiogen column density
towards the source isiN(1.2-1.7)<10%?cm 2 (Dickey & Lockman 1990; Kalberla et al. 2005).
Its behaviour is unique, showing both type | (thermonuclear) and tymp#smodic accretion) X-
ray bursts (for a review see Lewin 1995). It is one of the only two smsishowing type Il bursts,
together with the Bursting Pulsar (GRO 1744-28). Type |l bursts exhibispectral softening
and show a range of durations (frorRs to~700s), with intervals between bursts fron¥s to
~1hr. Type | X-ray bursts are due to thermonuclear flashes on thecewfahe neutron star and
display spectral softening during the decay. They occur at intenas irto 10 hours. At long
time-scales, as daily monitored by the RXTE X-ray All Sky Monitor, the RapidsBu is usually
at low intensity (< 10 mCrab), showing outbursts (increase to a higher fiexy €00—-200 days.
Outbursts start with a fast rise up to 100 mCrab (1.5-12 keV), followedd®scay over two to four
weeks.

In January-March 2009, the RXTE/ASM showed the Rapid Burster in @ kigh intensity
plateau. We triggered Swift Target of Opportunity observations to follavtyipe | and type I
bursting behaviour during this long outburst. On 2009 March 5, among geelbyursts a bright
type | burst with indications of photospheric radius expansion (PREdetected.

2. Observations and data analysis

Daily monitoring observations were performed between February 26 (BHEB8.7) and
March 5 (MJD 14895.8), accumulating more than 20 ks (Sala et al. 200)bgervations show
intense type Il bursting activity, with bursts intervals between 25 and 2@ghsks. Due to the high
average flux of the source, all XRT observations are in Window Timing matieeh minimizes
the pile-up at the brightest peaks of the bursts. Most bursts peak attihaord 00 cts/s in the first
Swift/XRT (WT) sequences (Feb. 26), which implies fluxes of about¥g cnt/s in the range
1-10 keV (L1 - 1.6) x 10%® erg/s). The peak intensity decreases in the last Swift observations,
with most bursts showing maximum intensities of less than 60 cts/s in XRT (WT) sohVia

Swift XRT software was used for data reduction (xrtpipeline) and HEEB@ol xselect for
light-curve and spectra extraction. XSPEC was used for spectralsimaljue to the small count
rate of our spectra, C-statistics (Cash 1979) was used for all fits.

Figure[l shows the Swift/XRT light-curve of the Rapid Burster during the dibservation
sequence in 2009 March 5 (OBS ID: 00031360008). Six faint typeiistaare observed, and one
bright burst, with a structured double peak and a long tail is observedgthem. The evolution
of the hardness ratio (figuf¢ 2, left panel) indicates clearly the coolirigeophotosphere during
the decay. For comparison, the light curve and hardness ratio of altippest are shown in the
right panel of figurg]2, showing no cooling during the burst tail.

For time resolved spectral analysis of the cooling tail, spectra have bématex for small
time bins. Time bin duration ranges from 0.9 seconds at the maximum of theuptst 8.3
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Figure 1. Left pand: 0.2-10 keV lightcurve of the Swift/XRT snapshot in 2009 Makc containing the
type | burst and six type Il burstfRRight pane: Swift/XRT light curve (0.2-10 keV) of the Type | X-ray
burst.

seconds for the last part of the tail. For each time bin, a spectrum wagtextrand fit with
an absorbed blackbody model. The Tuebingen-Boulder absorptionl fWwides et al 2000) is
used for the interstellar absoprtion. Since statistics in each of the time respeetta is low,
especially in the soft band, the hydrogen absorbing column was unawrestrin most of our fits.
To obtain reliable fits for the blackbody parameters, we fixed the hydrdgesity column to its
average value towards the sourc 1 10?2cm 2 (Dickey & Lockman 1990). The evolution of the
effective temperature and photospheric radius obtained from the alfigstis shown in Figuré] 3.

3. Results

Three clear phases are visible in the PRE Type | X-ray burst light anglespectral parameters
evolution: expansion of the photosphere, during the first rise in caief lasting~ 3 seconds;
contraction, lasting- 7 seconds and finishing at the so calledch dowrof the photosphere, when
the photospheric radius falls back down to the neutron star surfacdinahdooling down of the
envelope.

During expansion, the observed flux and thus the count rate in the Kanag increase as a
consequence of the photospheric radius expansion. A small incretigeriie is observed just at
touchdown (secondary peak in the light curve shown in the right pdriigiuse [1), when the color
temperature reaches its maximum and the photospheric radius is almost at its mifimsimay
be a geometrical effect caused by the reappearance of the lower hengigi the neutron star, hid-
den by the inner edge of the accretion disk while the photosphere wasdegésee Shaposhnikov,
Titarchuk & Haberl 2003).

The colour (blackbody) temperature decreases during expansiomenedses again during
the envelope contraction, reaching its maximum at touchdown, when thesphete reaches the
neutron star surface. The cooling of the envelope clearly occursth#teéouchdown.

The photospheric radius increases during expansion, and dexckas®y contraction, reach-
ing its minimum at touchdown, when the photosphere reaches the staresuifétackbody suc-
cessfully fits the neutron star observed spectra, but it is well knowrnthkaderived temperature
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Figure 2: Left panel: Swift/XRT light curve of the Type | X-ray burst on 2009 Marchirbthe soft 1-4 keV
band (upper panel), the hard 4-10 keV band (middle paneRtenihtio of the two (hard/soft, lower panel).
The softening in the burst tail is evident in the ratRight panel: Light curves and hardness ratio as in left
panel for one of the type Il bursts observed by Swift/XRT. Mfiening is observed in the tail.

is systematically higher than the actual effective temperature due to thenlrayd# the spec-
trum in the atmosphere. Assuming a hardening fatterTyyody/Tett = 1.5, our observed pho-
tospheric radius at touchdownyigqy= 6.7 km at 10 kpc (4.3 km at 8 kpc) would correspond to
Rns= Roboayt?(1+2) "1 = 15.1(1+z) 1 km for a distance of 10 kpc, orfR= Rypoaf?(1+2) 1 =
9.7(1+z) 1 km for 8 kpc.

Expansion of the photosphere in Type | X-ray bursts is caused by thedsityimeaching the
Eddington limit. The neutron star mass can be estimated assuming that the toucfi.domaxi-
mum) luminosity corresponds to the Eddington limit as seen by a distant ohsghare X is the
hydrogen abundance and (1+z) is the gravitational redshift at thteomestar surface. For 10 kpc
(Lmax= 6 x 10%® erg/s) and solar abundances (X=0.7), the estimated neutron star rQgss il
(1+z) M, unrealistically large. This may indicate either a smaller distance or higher metalicity
Also for the smallest end of the distance in the accepted range, 8 kpc, Vttabandances, the es-
timated neutron star mass is largey$ 2.5 (1+z) M,. Since the abundances are actually enriched
with respect to the solar values by the nucleosynthesis during the Typeay Kurst, we adopt
more realistic abundances for the mass estimation. José et al (2010)tpdeaaletailed analysis
of the nucleosynthesis and nuclear processes involved in thermonetegrbursts using a hy-
drodynamic code linked to a nuclear reaction network that contains 32pesoétmd 1392 nuclear
processes. Their results show that for a neutron star accreting matghiablar abundances, after
several Type | X-ray bursts the neutron star envelope has an rgrmass fraction of X=0.04
(Burst 4 of Model 1 in José et al 2010). With this we estimate the neutrometas to be Ms=
2.5 (1+z) M for 10 kpc and Mys= 1.6 (1+2) M, for 8 kpc. This last value is consistent with the
average oberved values for neutron star masses in X-ray binariggn@a& Prakash 2006) and
favours both the higher metalicity in the envelope and the smaller distance, 8 kpc
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Figure 3: Time resolved spectral analysis: evolution of the speptieameters during the type | X-ray burst.
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