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ABSTRACT

GS 0836-429 is a neutron star X-ray transient that displgge-T X-ray bursts. In 2003 and 2004 it experienced two owstisun X-
rays. We present here an analysis of the system burstingpiepduring these outbursts. We studied the evolutioh@f003-2004
outbursts in soft X-rays usingXTE(2.5-12 keV; ASM), and in hard X-rays wilENTEGRAL(17-80 keV, IBIZISGRI). Using data
from the JEM-X monitor onboartNTEGRALwe studied the bursting properties of the source. We detégteType-| X-ray bursts
during the 2004 outburst, and confirm that the source displayquasi-periodic burst recurrence time of about 2.3 hdViesmprove
the characterization of the fuel composition, as well asdiscription of the typical burst durations and fluences. ¥fenate the
average value of to be 49+ 3. This value together with the observed burst profiles mdia regime of a mixed Hd runaway
triggered by unstable helium ignition. In addition, we regbe detection of four series of double bursts, with bugstirrence times
of < 20 minutes. The secondary bursts are always shorter andriesgetic than the primary and typical bursts from the saurbe
measured recurrence time in double bursts is too shortdw dlie accretion of enough fresh material, necessary tgdrig Type-I
X-ray burst. This suggests the presence of left-over, urdglimaterial from the preceding burst which gets ignitedtima scale of
minutes. The energies and time scales of the secondarglsuiggest a lower fraction of hydrogen compared to that agtigfor the
primary bursts. The persistent emission was roughly cahgizing the period when the Type | X-ray bursts were detbdiée derive
an average accretion rate during our observatioms of 8 %omgq4q. The spectrum of the persistent emission during these wdttsams
can be fit with a non-thermal component, indicative for therse to be in a hard state when the INTEGRAL observations were
performed.

Key words. Neutron star — X-rays: bursts, accretion disks, X-ray bewiindividual: GS 0836-429

1. Introduction erally distinguish three burning regimes in @¢ accretor (see

Strohmayer & Bildsten 2006, and references therein): atdow
Type | X-ray bursts are thermonuclear runways on the surfaggion ratesm’ < 900 g cm?sL, unstable H ignition triggers
of accreting neutron stars (hereafter NS) in Low Mass X-rgyixed HHe X-ray bursts, while at 90& m < 2000 g cm?s *
Binaries (LMXB), caused by the unstable ignition of He ad ;s steadily in a shell via the CNO cycle while the pure He
H fuel accreted from the low-mass companion (for reviews, sepq| ignites. For higher accretion rates, > 2000 g cm?s .
e.g., Lewin etal. 1993, Strohmayer & Bildsten 2006). 1 accretion is faster than H-burning and mixetHe bursts are

They are short events (10-100s), detected as a fast rise 'ntﬂﬂggered by unstable He ignition.

source X-ray light curves, several orders of magnitude alblos , ,
persistent level, followed by an exponential-like decayte- During bright Type | X-ray bursts, the peak flux can reach the

burst fluxes. The observed rise times are of the order of siscorfocal Eddington luminosity. The outward radiation pressiien

while the decays can generally last from seconds to minut€§uals (or exceeds) the gravitational force, pushing ther day-

both scales related to the relative amount of H to He burned d@'s ©f the neutron star photosphere outward. Tfeceobserved

ing the bursts (e.g., Schatz et al. 2001). At higher photar-en!S 2 decrease in the obs_ervgd black-body temperature idle t

gies, the profiles generally show shorter exponential dedag nferred black-body radius increases, followed by a retiorn

to the cooling of the neutron star surface (see Lewin et 319 the pre-expansion radius while the temperature incre&ses)

Type | X-ray bursts show generally thermal X-ray spectrehwitburStS can be used as standard candles, as they can provide a

black-body shapes (Swank et al. 1977), from a sphericabregﬂOOd estimate of the distance of the source (e.g., Basiriska e

with a radius of about 10 km and temperatures upddeV that 1984; Kuulkers et al. 2003).

cool during the burst decay. The energy released duringthes There are some bursts showing recurrence times of the or-

processes is typically #*°erg, and it is expected that duringder of minutes: the so-called ‘short waiting-time’ (SWT)$ts.

the flash over 90% of the fuel accreted burns into carbon ag@vT bursts were first reported by Lewin et al. (1976), who, us-

heavier elements (e.g., Woosley et al. 2004). Hence, trigge ing SAS 3 data on MXB 1743-28, detected a sequence of 3 suc-

a subsequent burst requires a new layer of fuel to be accurgéssive bursts with recurrence times of 17 and 4 minutgseces

lated. The burst recurrence time can be regular or irrequiar tively. The time elapsed between successive bursts is to sh

time scales of minutes to days (see Lewin et al. 1993). to accumulate enough material to trigger the typical thenmo
The burst properties depend on the composition of the agiear runaway, implying that the available fuel is not esitir

creted material, and therefore on the accretion rate. Wgean exhausted in the first burst (Fujimoto et al. 1987). Explorin

sample of X-ray bursts from EXO 0748-676, Boirin et al. (2007

Send gfprint requests toe-mail:e.aranzana@astro.ru.nl detected burst triplets with recurrence times of 12 min.yThe
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measured that the total energy released in doublets oetsiplwith a total éfective area of about 2600 értLebrun et al. 2003),
is higher than in a normal Type | X-ray burst from that sourcend the JEM-X. IBIS has a wide field of view (FOW & 9°
Later, Galloway et al. (2008) reported the detection of SWilllly coded and 29x 29 partially coded; full-width at zero re-
bursts from 9 sources in a sample of 48 bursters. Keek et gphonse, FWZR). JEM-X has a circular field of view with a di-
(2010) analysed doublets, triplets and even quadruples &o ameter of about 13(FWZR). This instrument consists of two
sample of 15 sources. They suggested several explanationsuhits, which do operate simultaneously. They are sensititlee
this phenomenon, one of them considering the possible E0en8—-35keV energy range and each detector hasflacteve area
that the fuel of a bottom layer is ignited, leaving an unbdrneof about 500 cri GS 0836—429 was serendipitously detected in
layer on the top that could be triggered leading to a secorst.buthe IBISISGRI field of view during the first and second out-
GS 0836-429 is a transient LMXB, first detected in 1970bursts of the 2003-2004 activity phase. The source was mwithi
1971 by UHURU (Kellogg et al. 1973) and>SO-7(as MX the JEM-X field of view only during the second outburst; this
0836-42; Markert et al. 1977; Cominsky et al. 1978). A sultlifference is due to the smaller field of view of JEM-X compared
sequent outburst from this source was detected from Novemb®IBIS/ISGRI. The total exposure on GS 0836-429 wéd80 ks
1990 until February 1991 by the All Sky Monitor (ASM) on-with JEM-X and~1 Msec with IBISISGRI (see Tablgl1).
board Ginga (Aoki et al. 1992). The persistent source spettr  We also used the publicly availallRXTEASM light curves
during the outburst was described by a power law with a phof the source (Levine, Bradt & Cui 1996), to characterize the
ton index of 1.5. 28 Type | X-ray bursts, with typical recureverall outburst evolution in the 2.5-12keV range. The ASM
rence times ot~ 2 hours were detected by Ginga during theonsists of three scanning wide-angle shadow cameras (SSC)
1990-1991 outburst. A pair of bursts with short recurreimmet Each camera has a FOV of%2 110° (FWZR) with a collecting
(~ 8 minutes) was detected (Aoki et al. 1992). There is no repaitea of 90 crh and spatial resolution of’3« 15. Counts are
of an optical counterpart to this source, due to the higlrétée  recorded in 18 s time bins for three energy bands, 1.5-3, 3-5,
lar absorption in the line of sight (A~ 11™; Cherepashchuck 5-12 keV.
2000). Hence, it has not been possible to determine thendista
to the source yet (see Belloni et al. 1993).
GS 0836-429 became active again in the period Januag/-Data reduction and analysis
May 2003 (Rodriguez et al. 2003), and reactivated later in
September 2003-June 2004. The evolution of these two olife INTEGRALdata were reduced with th@f-line Scientific
bursts was monitored by the All Sky Monitor (ASM) onboard\nalysissoftware (OSA) distributed by thélTEGRALScience
the Rossi X-ray Timing Explorer (RXTE) Satellite7 Type | X- Data Center (ISDC; Courvoisier et al. 2003) version 10.0 re-
ray bursts were detected by RX/REEA during the first outburst leased on October 18, 2012, using the OSA default parameters
in 2003 (Galloway et al. 2008). The burst activity was alse dd he routines employed to analyse JEM-X and ISGRI data are de-
rived usingINTEGRALdata by Chelovekov et al. (2005), whoscribed in Westergaard et al. (2003) and Goldwurm et al.32.00
reported the detection of 24 Type | X-ray bursts by the Joiféspectively. In the next subsections we detail the arabfshe
European Monitor (JEM-X) onboati TEGRALduring the sec- Persistent emission of the source, and the detection amdecha
ond period of activity. GS 0836—429 was serendipitously déerization of Type | X-ray bursts.
tected durindNTEGRALobservations of the Vela region (UT
November 27 — December 19, 2003; Rodriguez et al. 2003),
well as during a few Galactic Plane Scan pointings in Aprd20
(see Tablgll). The persistent emission of the source must be separated from
We here report on the results obtained from the analysistak burst spectrum when we fit it (Swank et al. 1977, Kuulkers
allINTEGRALobservations of this source during the 2003-20Q# al. 2002; but see, e.g., Worpel et al. 2013). In order to ex-
outbursts. We characterise the system persistent emiasion tract the spectrum of the persistent emission, we grouped th
study the properties of 61 Type | X-ray bursts we found usirgvailable JEM-X pointings between two consecutive bursts t
JEM-X (i.e., more than double the amount of bursts report¢dild an integrated X-ray spectrum. In the cases when there
by Chelovekov et al.). We also include a detailed study of fowas no data available between two consecutive bursts, we ex-
SWT bursts from this system. tracted the spectrum of the persistent emission in the ipgint
where the burst had been detected, using a so-called ‘Gooel Ti
Interval’ (GTI) to exclude the burst. Due to the weakness of
the persistent emission of GS 0836—429[FF0 — 200keV] ~
1.7x 10 %rg s*cm?), we extracted the JEM-X persistent emis-
INTEGRALIs an ESA scientific mission (Winkler et al. 2003)sion spectra from the mosaic image, a procedure recommended
dedicated to fine spectroscopy/fE~500; SPI; Vedrenne et al. for weak sources (see Chernyakova et al. 2012). We processed
2003) and fine imaging (angular resolution?! ERVHM; source the JEM-X data from the correction st€fORto the image cre-
location accuracy: 1-31BIS; Ubertini et al. 2003) of celestial ation/MAZ2 level. We then used the tonlosaicspecon the mo-
X-ray sources in the energy range 15keV to 10 MeV with skaiced image to derive the source flux in 16 energy bins, in the
multaneous monitoring in the X-ray range (3-35keV, angulanergy range 3—35keV, and generated appropriate detetor a
resolution: 3; Joint European X-ray Monitor, JEM-X; Lund etancillary response files. The IBISGRI data were processed
al. 2003) and in the optical (V-band, 550 nm; OMC; Mas-Hesgeom the correction ste@ORup to the spectrum creation level
etal. 2003). All the instruments onbodITEGRAL exceptthe SPE The IBISISGRI X-ray spectrum was extracted in the 15—
OMC, have coded masks. 200keV range using default parameters. In the analysis we ha
We analysed all the available data on GS 0836-429 duringly considered those pointings for which the source was les
the 2003—-2004 outbursts collected by two of INTEGRAL than # (JEM-X) and 12 (ISGRI) of-axis.
instruments (see Tablg 1): tHAITEGRAL Soft Gamma-Ray To describe the persistent emission of the source we fit-
Imager (ISGRI, part of IBIS) sensitive froml5keV to 1 MeV ted the JEM-X and IBIBSGRI spectra simultaneously with a

89 Persistent emission analysis

2. Observations
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Table 1. Observation log of GS 0836—-429.

Date MJD ObsID JEM-X ISGRI Bursts
Exposure (ks)  Exposure (ks)
27/11/2003 — 1112/2003 52970 — 52984  011000®06 455.4 999 58
02/01/2004 53006 0299820001 2.2 4.4 1
24/04/2004 53119 0299820001 4.4 6.6 1
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Fig. 1. Top: 5-day average light curve in counts per secon®XTEASM data covering the period of the two outbursts (January
2003 to June 2004) in the energy range 2.5-12 IBattom:4-hrs average light curve of tHBITEGRALIBIS/ISGRI data in the
energy range of 17-80keV in the same period. The time bettreedashed lines corresponds to the period when the sousce wa
within the JEM-X field of view, and burst searching analysasswonducted. A zoom on this time interval is provided in Fégu

2, where the times of detection of X-ray bursts are shown. Sdiel lines indicate the times of additional Galactic Pl&wan
pointings, when GS 0836—-429 was again within the JEM-X fiéldew. The outlier observed in the IBISSGRI light curve around
MJD 53400 is an instrumental artifact.

model consisting of a power-law with a cuff@t high ener- keV range by multiplying by a bolometric factor. This factesis
gies (cutdiplin XSPEC v.12; Arnaud 1996) modified by photo-determined by using the total average source spectrum. & us
electric absorption ghab3. We fixed the column density to the persistent emission fluxes to derive the burst parameter
Ny = 2.7 x 10?tcmr? (Chelovekov et al. 2005). In order to ac-used to characterize the composition of the fuel triggetirey
count for the relative JEM-XSGRI calibration uncertainties we thermonuclear runaway (see Section 4.2).
introduced an additional multiplicative factor in the fiue to
calibration uncertainties below 5 keV, we neglected the JEM
energy bins below that value to fit the spectra, so that theggne
range covers from 5 up to 200 keV. The luminosities derivegl, 1 X-ray bursts light curve and burst detection
from this analysis are provided in Table A.1. Note that fars
cases when the persistent emission spectra was extradbed ug/e applied X-ray burst searching routines to the 5-s binned
< 2 pointings it was not always possible to obtain a satisfgctosource light curves extracted in the 3.5-25 keV energy band.
spectral fit to the system persistent emission. The potential onset of a burst was flagged when, in a time bin,
the diference between the source count rate and the average
The total average source spectrum for the dataset analyzedaurce count rate in that pointing exceeded four times tit¢ li
this work was also extracted and fitted. To estimate the absolcurve noise (measured as the standard deviation of theiqpgint
persistent fluxes before a burst, we first extracted the flulién source count rate). The subsequent burst decay was fit with an
5-35 keV band using the JEM-X and ISGRI persistent specgaponential function (expt/7)). From the fits to the burst light
(see analysis procedures above) and extrapolated that#2@ curve we derived the basic burst parameters: burst peakt coun

3.2. X-ray bursts analysis
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Fig. 2. 4-hrs average light curves in counts per second of the pensismission of GS 0836—429 built from data collected by JEM
(3.5-25keV, upper panel) and IBISGRI (17-80keV, lower panel). The red arrows and the bloeves shown in the upper panel
indicate the time when the normal Type | X-ray bursts and W& Dursts, respectively occurred (57, see Table 1).

rate, burst duration, burst e-folding decay timeand burst re- The spectrum of the persistent emission in the same energy
currence time. Burst starting and end times were also ifilethti range was subtracted from the total burst emission, asgumin
they are defined as, respectively, the time when the inteimsit that the persistent emission during the burst remains unysth
creases above 10% of the burst peak count rate, and the tiéMtnough Worpel et al. (2013) suggested that the persistens-
when the intensity decreases again below 10% of it. Theastart sion may increase during bursts, the statistics of the JE&pet-
end times were used to generate GTI files which allowed the ctea, are not sensitive enough to include thiget. Our net-burst
ation of images and spectra covering the burst durationimhe spectra are well described by a black-body component modi-
ages were checked to verify that the eventindeed origirfeded fied by the interstellar absorption, which is dominated bgtph
GS 0836-429, and not from the other transient source GS 08&dectric absorption. Itsfiect appears as a low-energy ctit-oVe
430, at an angular distance of 24’ from our target. GS 083@—4fixed the photo-electron absorptionNy = 2.7 x 10 cm2. To
is a high mass X-ray binary (HMXB) with an accreting pulsaget an estimate of the neutron star photospheric radiusse® u
(see Miyasaka et al. 2013). the XSPEC modelbbodyrad Note, however, that this analysis
We also extracted burst light curves with a time step of 2Bay contain systematic errors, more important in the taihef
to built an average burst profile to estimate the burst aweriag burst where the fluxes are low. As a consequence the inferred
time, peak count rate and exponential decay time. radii obtained may become artificially small (see Lewin et al
1993). Also, in the fitting process the radius is derived fitin
i burst colour temperature, and not from ttéeetive temperature,
3.2.2. Burst spectral analysis so that the values are underestimated (e.g., van Paradijg 19

Applying the above described GTIs, we processed the JEMmLendon et al. 1984). From these spectral fits we measure the
data fromCORto SPEsteps using 16 energy bins in the energ§urst fluxes and derive the burst fluences.

range 3.5-35keV. The spectra of the weakest bursts in our sam

ple, i.e., those showing shorter duratiorlQ s) angor lower

peak intensities{65 countss'), were extracted using 8 energy

bins in the same energy range. We also generated the apgieopd. Results

detector and ancillary response files. Due to uncertaimtigse

flux reconstruction at highf-axis distances, we did not extractWWe report in this Section the results of the analysis of the pe
spectra for those bursts detecte@d4? off-axis (see Table A.1). sistent emission during the 2003—-2004 outbursts (Segt.ah

Due to the uncertainties in the calibration below 5 keV, aad b provide the X-ray burst parameters obtained in the anabfsis
response from the detector above 25 keV, we fit the burstispeaiur sample of 61 X-ray bursts (Sect. 4.2, see Table A). We note
from 5 — 25 keV. that 24 of these bursts were previously reported by Chelmvek
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et al. (2005f] An overview of the properties of the single bursts
and the persistent emission around the burst is also given inT
Sect[4.]l. We searched for possible correlations betweepeth
rameters of the bursts and the source persistent emissidn, a
derived the distance and an estimate of the mass accret@an ra
Finally, we describe in detail the properties of the SWT taurs
detected in this work in Sect. 4.3.

4.1. Persistent emission 2 F T ‘ TT ! ]
The RXTEASM 5-day average light curve of GS 0836—429 1f Jﬁ J( «P{» | + ]

0.01 E

10° | 1

keV (Photons cm= s-1 ke!

(2.5-12keV) during the the 2003-2004 outbursts is predente * 0 |

in Fig.[ (top). Contemporaneous IBISGRI measurements in T \ £ er Tﬁ

the 17-80 keV energy band are also presented in this figute (bo E i Jﬁ R f
tom). Both outbursts display a similar morphology: a bigdler 1o 0 ey kv 100 200

soft and hard X-rays followed by a plateau lasting severakse
until the source decays to quiescence. The outburst dosasie, Fig. 3. Top: Overall, average persistent emission spectrum as
however, diferent: the first outburst lasted about 100 days in sgi€en by JEM-X (5-25keV) and IBIESGRI (25-200keV). The
X-rays, while the second one had a duration of about 250 aaysspectrum has been fitted with a cut-power-law with pho-
the same energy range (see Elg. 1). The onset of the outauestgon index of 1.5 and a high energy cut-at 57 keV (see text).
different as well, i.e., the onset of the first outburst is briginte Bottom: Residuals from the above fit in unitsyaf
hard X-rays, while the onset of the second outburst is beight
soft X-rays. The plateaus of the two outbursts have comparab
fluxes. The observed light curves are indicative that thersgc 80
outburst started earlier in the soft X-rays, than in hardast as
observed in other LMXB transients (e.g., Lewin et al. 1998).
closer view of the epoch when the source was within the JEM-X
FOV and Type | X-ray bursts were detected is shown in[Hig. 2. In
this figure we show the system light curve in two energy bands
(3-25keV and 17-80keV); the rates in both energy bands de-
crease during our observations by about 20%.

The overall, average source persistent emission was ddtect

)
\

Count rate (cts/s
~
o
I

up to about 100 keV with IBISSGRI (see Fig.13). Its spectrum 201

was fitted by a power-law model with a cuffat high energies.

The photon indexI() derived from this fit (with a(rzed of 1.7 for

22 degrees of freedom, d.o.f.) is 148205, with a cut-& en- ol

ergy of 574 keV. The best estimate of the bolometric correction —20 0 20 40 60 80 100

Time since burst onset (s)

was determined from a joint analysis of the average JEM-X and
ISGRI spectra (see Sect. 3.1): we obtained a valuel@0.16. _ _
We also performed spectral fits to the absorbed persist&hg- 4- Average burst profile (3.5-25keV) of GS 0836-429 built
spectra (3—200 keV) around the burst detections. The véatuesfrom all standard X-ray bursts in our sample (i.e., exclgdiac-
the fluxes derived in these fits are typically betweehst 109 ondary bursts in SWT events) detecte#? off-axis. Time reso-
and 24 x 10erg slem™. The flux decreased by a factor oflut|on is 2s. The average burst profile shows a fast riségec)

about 1.3 in 15 days (see TaBle A). Ig”p())rv(\al-et()jukr)gt?el\(/)(;g exponential tail (e-folding decay tim@9 s)

4.2. Type | X-ray bursts

4.2.1. Burst light curves (see Fig[h; excluding SWT doublets). In Aig. 5 we also digpla

Using JEM-X we detected 61 Type | X-ray bursts during thée burst peak count rates and e-folding decay times fortdurs
2003-2004 outburst (see Table A.1). The X-ray burst light SWT doublets. Primary bursts in SWT doublets occupy the
curves show a fast rise, which last on averag@#, followed by Same regions in this plot as the typical single bursts, wéele-

a |0ng exponentia| decay (see F@ 4) The average burgﬁduraondary bursts in SWT dOUb'etS tend to show lower peak count
defined as the time elapsed since the burst count rate excd@®s and faster decays. Since for the weakest bursts itiis mo
10% of the peak count rate until it decays to 10% of the burdtficult to fit the exponenthl decay an_d this can bias our results
peak count rate is 49 2s. The average e-folding exponentiaive have tested whether this relation is real. First, we explo
decay time is 1% 1s. However, we found bursts with expolhe gfect of_ adding extra noise to the bL_Jrst pr0f|Ie. and we con-
nential decay times in the rang& to ~47 s. The average of the firmed that_lt does notféect the exponential decay fit. Secondly,_
net-burst peak count rate is 53.2 cts s, with burst peak count We tested if a decrease in burst strength due to the bursg bein
rates ranging from 22 to 101 cts's(3.5-25keV). We find that at higher di-axis angles fiects the exponential decay fit, but no

bursts with higher peak count rates tend to display fastemyke correlation has been found indicating that the relatioeds.\WVe
have tested whether a linear fit describes better the datastha

I The report by Chelovekov et al. (2005) is not detailed enaisgh constant fit performing an F-test, and we can reject the eohst
assess why their sample of bursts is smaller than ours. model with 0.99 probability.
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We find a quasi-periodic waiting time between two sudhe energy range 3.5-25 keV, and were in the range ®.8 x
cessive bursts. The average value of the recurrence timel@s’ergcnt?, with an average of (3 + 0.7) x 1077 ergcnt?,
2.3+ 0.5 hr. This value is derived excluding the secondary burste fits showe(;lgrzed values in the range 0.1-1.3 (for 12 d.o.f.).
in SWT doublets, but takes into account the data gaps betwegie very lowy2 , values can be explained by several reasons: 1)
two bursts events caused BYTEGRALs 5x5 dithering observ- weakness of the burst; 2) burst detected at hifjtaxis values,
ing pattern: 1 source on-axis pointing, 2#-source pointings, which leads to uncertainties in the flux reconstruction;®er-
with a 2.17 degrees step. In the calculation of the average-e tainties in the determination of the persistent emissiaedun
rence time, we have divided by two the burst recurrence timesthe fits to the net-burst spectra), caused by a limited ameoiunt
the range 4-6 hr (see F[g. 6). data between two consecutive bursts.

In our data we do not find a Significant Correl_ation between We exp|0red possib|e correlations between burst fluence,
the burst peak count rate and burst recurrence time. Onedwoplrst peak count rate and burst recurrence time. We do not find
expect that for longer waiting times between two burstsnte  significant correlations between these parameters.
tron star would have accreted more material, and, thergloee  ~ \ne used one of the brightest bursts in our sample detected
bursts would be brighter and more energetic (if the trigieri 5t an ¢f-axis distance of @ (i.e., the one occurring on MJD
conditions are the same; see Lewin et al. 1993). We do not figdg77 46563) to estimate a representative apparent gitwds
any correlation, either, between persistent emission arst ke-  radius of the neutron star. We found a value ef 9 km, consis-
currence time. tent with a canonical neutron star radius of 10 km. For the res
of the bursts we found an average inferred black-body raafius
4 + 2 km (but see Sect. 3.2.2).
o Using the bolometric persistent flux, burst recurrence time
100 7 and burst fluence in the energy range of 3.5 up to 25 keV, we
I y = —1.0x + 76.1 | determined the parameter This dimensionless number is used
: ] to compare the amount of gravitational energy released éy th
80 = accretion of the fuel that powers an X-ray burst with the nu-

i ’ 7 clear energy released during the X-ray burst burning offtielt
e | I + 1 We only determined this cdiécient for bursts which allowed un-

501 by 4 ambiguous recurrence time determinations (i.e., thosk reit
- % j%%» 8 currence times of2 hr, see below). We derive = 49+3, in-

Peak (cts/s)

] dicative of a regime of mixed Hie fuel (see, e.g., Galloway et
ok + al. 2008). We explored correlations betweenpersistent flux,
i - ' i burst recurrence time and burst fluence. No significant torre
] tions were found. Howeveg is seen to decrease when the flu-
- . ence increases; this is as expected since they are invensely
““%“““““" portional.
10 20 30 40 Although we did not find any evidence for Eddington-limited
e—folding decay time (s) radius-expansion bursts, we derive an upper limit of the dis
tance to the source using the brightest X-ray burst of oursam
Fig. 5. Relation between burst peak count rate and e-folding exte (i.e., the one on MJD 52983.82, see Table A.1), assum-
ponential decay time for the bursts in our sample. To avo#d S)ing the peak is below the Eddington limit. We used the burst
tematic éfects related to flux reconstruction at higfi-axis dis- peak count rate and a conversion factor between count rdte an
tances, only the parameters of the bursts detectef-aks dis- flux in the energy range of 3-25keV, i.e., 148 clsequals
tances< 4° are shown. Blue symbols correspond to primarg.9 x 108ergsicm2 (J. Chenevez, 2015, private commu-
bursts in SWT doublets. Red symbols belong to secondarysburiication). We derive a maximum peak flux for that burst of
in SWT doublets. Each pair of bursts in a SWT pair are reprg;[3 — 25 keV] = 1.978x 108 ergsicm 2[4 Assuming canoni-
sented using the same symbol shape. For standard bursts incl neutron star parameters (mass of 14avd radius of 10 km)
sample, the peak count rate decreases as the e-foldinge&xpoand hydrogen-rich accreted material, we then find an upmér li
tial decay increases. The solid line indicates the lineaviftt a  on the distance to the source of about 9.2 kpc.
Xfq Of 1.4 for 40 d.o.f., excluding bursts in SWT doublets. Using the upper limit to the distance, we estimated the local
mass accretion rate of < 8 %mgqq, again assuming a canoni-
cal mass and radius for the neutron star (see Eq. 2 from Gajlow
et al. 2008).

4.2.2. Fits to the net-burst spectra

Fits to the net-burst integrated spectra allowed to detieeaty- 4-3. Short Waiting Time (SWT) bursts

erage burst apparent temperature and fluence. We also builig, getected four groups of burst doublets with recurremoegi
average, overall burst spectrum from those bursts detet@d ot 954 minutes within the doublets (see Fig. 7). The pararset
off-axis distance less or equal than four degrees to derive Mgy, oqe hyrsts are provided in TaBle 2. For each of thesgsburs
refined parameters. Secondary bursts in SWT doublets were 8X 4155 determined the parameter. The fluence was derived

cluded from this selection. . . .
. . using fits to the net-burst X-ray spectrum, whenever possibl
We fitted the burst spectra with a black-body model sub- g Y sp P

. - He . e
jected to a fixed interstellar absorption ofy N 2.7x 107 cm™®. 2 Tpyis i the brightest burst observed in our sample; the brigh

We found apparent black-body temperatures, KT, in the rangif burst which occurred in the previous outburst and dedebty
of 1.2-2.4keV, with an average value22: 0.4keV. Fluences RXTEPCA had a lower flux oF,[3-20 keV] = 1.63x 108 erg s tcm 2
were determined using the time integrated flux of each buarst(e.g., Chelovekov et al. 2005).
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left over from the primary burst is contributing to the buitat
1S T T T T ence of the secondary burst.

5. Discussion
5.1. GS 0836—429 outburst and Type | X-ray burst properties

Using the available data, we have studied the propertieleof t
transient low-mass X-ray binary system GS 0836-429 over the
period 2003-2004, when two outbursts were detected in X-
rays. We have analyzed in more detail the period November
27 to December 19, 2003, when the source was serendipitously
detected by the JEM-X and IBISGRI instruments onboard
INTEGRAL. The average system bolometric luminosity during
Recurrence(h) the period of the outburst where the source was in the field-of
view of the JEM-X instrument wasZx 10°” ergs® (assuming
a distance of 9.2 kpc). The luminosity was observed to deerea
157 by ~ 20% during this period. The average persistent spectrum
of the system was fitted with an absorbed power-lBw~( 1.5)
modified by a cut-& at high energies (at 57 keV). The non-
detection of a soft component suggests that the source was in
hard state during that part of our observations.
Using the available JEM-X data we detected 61 Type-| X-ray
bursts. We fitted the burst light curve profiles and derivedith-
sic burst light curve parameters: rise time (on averags), peak
luminosity of 11 x 10°8erg s at 9.2 kpc, and e-folding expo-
nential decay time (on averagd9s). Fits to the burst spectra
allowed to derive the apparent burst temperatusegskeV), as
L T well as the total energy released during the bursts (i.eentle
0 10 20 30 40 ~7x 10°ergs™).
e—folding exponential decay (s) Similar burst durations, burst fluences and value fordhe
parameter have been reported by Galloway et al. (2008), us-

Fig.6. Top Distribution of burst recurrence times below 6 hring & sample of 17 PCA X-ray bursts that occurred during the
The black line shows the distribution of single bursts in odffst 2003 outburst. Chelovekov et al. (2005) reported frbeirt
sample, with a peak value around 2.3hr. Secondary burstsSfnple, which overlaps with ours, also similar burst prefded
SWT doublets are represented by the solid blue histograrflgences. They, however, estimated@analue of 144, suggest-
Recurrence times around 4 hr and above are due to gaps inifigethat the X-ray bursts were triggered by pure He fuel (but
observationsBottom Distribution of e-folding exponential de- they concluded that the shape of the bursts was consistent in
cay times. The black line shows the distribution of singlesks1 Stead with HHe mixed bursts). We note that they used an av-
in our sample. The data suggest a maximum in the distribatiorerage burst duration of 12.3 s, which is shorter than theageer

around 15s. Secondary bursts in SWT doublets are repreisefgrst duration ot 50 s derived in this work, and explains the
by the solid blue histogram. higher value ofr. Comparing our results with those of Galloway

et al. (2008), we conclude that the burst activity in termsroé

scales and energetics is similar in both outbursts andefines,

the burst triggering mechanism and fuel composition is #mees
the burst was too weak to allow the extraction of the integtat  \We derive an upper limit to the distance to the source of
burst spectrum, we estimated the fluence by converting trst biabout 9.2 kpc, consistent with previous distance detertioing
peak count rate to flux (see Sect. 4.2) and multiplying it ke ttby Chelovekov et al. (2005) and Galloway et al. (2008). We de-
e-folding exponential decay time. rive an apparent neutron star radius-¢f km, consistent with the

Primary bursts in SWT doublets display light curves simieanonical neutron star radius, which was inferred fromdithie

lar to those of single bursts in our sample, but secondargtbuspectrum of a bright burst in our sample. We derived the lacal
are~ 60 % weaker with fluences®- 0.9 x 10 ’ergsicm™ cretion rate onto the neutron star to be atmau 8 % meqq. This
and display durations from 11.5 up to 15.5 seconds, shdraer t would correspond to case 2 in Fujimoto et al. (1981), wheiee it
single bursts in our sample. The average burst profile ofethgwedicted that for above approximately 58&yq H is accreted
four SWT bursts has a peak count rate ofi22 countsst and faster than it can be consumed by steady burning (limitedhby t
an e-folding exponential decay4s+ 0.8 s. We do not find sub- rate ofg decays in the CNO cycle), and He ignites unstably in an
stantial diferences on the waiting times before and after SWH-rich environment. The long tails displayed by the burghti
events, compared with the single bursts in our study. Psimaturves, and the value efderived for the bursts analyzed in this
bursts in SWT doublets tend to shevwalues from 70.4 up to study &49), are compatible with this assumption.
127, larger than the typical values found for this work thatare ~ We derive a quasi-periodic waiting time 0f32+ 0.5 hr be-
~ 49, which suggest that the accreted material is not entirdlyeen two successive bursts. Quasi-periodic bursting bas b
burned in the burst (Galloway et al. 2008). The secondarstburfound in other sources, the best example being GS 1826-24,
in the SWT doublets, on the other hand, disptayalues~ 20, which consistently displays quasi-periodic Type-l bunsith
smaller than the averagefrom our sample, suggesting that fuefecurrence times of 3.56 — 5.74 hr (see, e.g., Cornelisse at

Number of bursts

o
N
W
~
a
(o3}

Number of bursts
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SWT # MJD time to Peak 7 (s) [=H a
previous burst (h)  (cts$) (x107ergsicm2)

| 52972.05397 2.38 47 33.3 2.4 70.4
52972.06034 0.15 25 115 0.6 18.9

I 52975.37217 10.53 66 19.1 1.8 90.7
52975.38611 0.33 34 17.3 0.9 26.0

1l 52982.65130 2.87 37 18.2 1.6 127.3
52982.65917 0.19 23 - — —

\Y 52983.50750 4.49 44 23.6 1.9 85.9
52983.51408 0.16 194 15.5 0.6 19.3

Table 2. Parameters for our double SWT bursts.The the last column indicates that these values have beenastl assuming
the regular recurrence found in this work of 2.3 h, since tmgltimes to the previous burst as displayed in the 2nd colgrdne
to data gaps in the observations.
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Fig. 7. JEM-X light curves (3-25 keV) of the four SWT pairs studiedtliis work. In the four the cases the primary bursts are
brighter than the secondary bursts. The secondary burstetddisplay the long exponential tails detected in the stashdbursts

in this work, indicating a lower H content in the burning fu€he parameters for the bursts in these pairs are providé&alite 2.

(@) SWT I, (b) SWT I, (c) SWT IlI, (d) SWT IV.

al. 2003, Galloway et al. 2004, and references therein; &ait $.2. SWT bursts

Chenevez et al. 2015). AnalyzinBeppoSAXdata of a sam-

ple of 9 galactic X-ray bursters, Cornelisse et al. 2003 tburwe found four pairs of SWT bursts. The measured recurrence

that for luminosities k < 2 x 10*”ergs?, bursts occur quasi- times in these burst doublets (9-20 minutes) are too shait to

periodically, and the burst rate increases linearly wittreion low the accretion of enough fresh material to trigger the sec

rate. The persistent emission of GS 0836-429 inferred duriondary bursts. This implies that they are probably trigdeng

our observations, £ = 1.7 x 10°”ergs?, is consistent with fuel left over after the primary burst. This hypothesis ip-su

this accretion regime. The non-detection of significanteler ported by thex values derived for the bursts in the SWT dou-

tions between burst recurrence time and flux (and hence-acdiets in our sample (see Talile 2). The primary bursts in SWT

tion rate) is probably due to the small variations in acoretate doublets display values from 70 up to 127, higher than the av-

during our observations. eragex ~ 49 derived for the single bursts in this work. The sec-
ondary bursts, on the other hand, display lowemlues ¢ 20)
than the average in our sample. If the accreted fuel is not com
pletely consumed in the primary burst, the observed flueriite w
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be lower than expected, andwill be in excess of the expectedneither for GS 1826—24 nor for GS 0836—429 are neutron-star

value (Galloway et al. 2008). The left-over fuel will be bath spin estimates knowinwhich would enforce this suggestion.

during the second burst, for which the observed fluence will

be higher than expected, andwill be smaller than for single Acknowlt_edgem_ent_sThis work is base(_i on observations WHKTEGRAL an

bursts. The profiles of the secondary bursts lack the lorg tdfSA Project with instruments and science data centre furje@SA mem-

detected in the single bursts in this study, causedogyrocess. S‘:Jitzséﬁt:ﬁd (eSSpefc'a"y the Pl countries: Denmark, Franamny, ltaly,
X Y ; , Spain) and with the participation of Russid #re USA. We are

This may indicate that the fuel burned in secondary bursis hayrateful to Jerome Chenevez for the conversion factoEM-X Crab count rate

a lower H content than primary bursts and standard burskssn tto flux units.

work. A study by Boirin et al. (2007) showed that in EXO 0748—
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It is interesting to note that our bursts from GS 0836-429 CuUrve parameters

show similar exponential decays @0 sec), durations<(100 srious burst parameters are provided in TaBle A, includirey
sec), and values of alpha (50) as the bursts from GS 1826—,,inting ID, the start of the burst and thé-axis angle. At high
24 (see, e.g., Galloway et .al. 2008), so that the thermoaucl% -axis anglesx¥ 4°) the data quality is not sficient enough to
process and fuel composition must be comparable. Keek etgliract a time integrated spectrum: for these bursts nspait-
(2010) reported that neutron stars with spin frequensi®0 (5| parameters are provided. The same applies to the wehk an

Hz tend to show SWT bursts, so that in a fast rotating neutr@Rort pursts such as the SWT bursts. In particular the SWat bur
star the fresh fuel could mix faster with the ash layers aigdér

a secondary burst in time scales of minutes. This would sstgge: A tentative high-frequency burst oscillation at 611 Hz fr@s
that GS 1826—-24 contains a slow rotating neutron star wrle G826—24 was reported by Thompson et al. 2005, but not cordirses
0836—429 should exhibit a fast spinning neutron star. HewevWwatts 2012 for a discussion.
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at MJD 52982.65917, that occurs at the end of the pointing; it
was not possible to fit the exponential decay in that lighteur
Bursts previously detected by Chelovekov et al. (2005)ade i
cated in the MJD column with an asterisk. Parameters exfact
from the light curve fitting are also presented in the tahlehsas

the burst recurrence time, the rise time, the e-folding expe

tial decay time and the peak count rate. The burst tempestur
and burst fluences that were obtained from the spectral sinaly
are also shown. Finally, a measure of the persistent luritynafs

the source when the Type | X-ray bursts occurred is giveneNot
that in various cases there were observation gaps between tw
consecutive bursts.
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Table A.1. Table with parameters of the bursts obtained after the aisabf the light curves and spectra. In the 3rd column we mtalkbursts
which are also present in the sample from Chelovekov et @05P The last column shows the persistent luminosity oSthece at a distance of

9.2 kpc in the energy range of 5 — 200 keV.

Pointing

Onset (MJD)

Duration (s)

Peak (cts§ E, (10 "er

KT (keV)

Ly (10°"ergs?)

13700150010.001
13700240010.001
13700280010.001
13700330010.001
13700370010.001
13700750010.001
13700800010.001
13700800010.001
13700840010.001
13700910010.001
13800030010.001
13800080010.001
13800200010.001
13800410010.001
13800510010.001
13800590010.001
13800620010.001
13800670010.001
13800710010.001
13800900010.001
13800910010.001
13800980010.001
13900230010.001
13900320010.001
13900360010.001
13900400010.001
13900450010.001
13900730010.001
13900770010.001
13900800010.001
13900890010.001
13900930010.001
13900980010.001
14000230010.001
14000270010.001
14000320010.001
14000360010.001
14000640010.001
14000720010.001
14000760010.001
14000810010.001
14000850010.001
14000890010.001
14100060010.001
14100110010.001

52970.59361
52970.77731
52970.88039
52970.97652
52971.06346
52971.95467
52972.05397
52972.06034
52972.15864
52972.32276
52973.40368
52973.50531
52973.77511
52974.24485
52974.45362
52974.63962
52974.73375
52974.84099
52974.93333
52975.37217
52975.38611
52975.55933
52977.08360
52977.29309
52977.38241
52977.46563
52977.57044
52978.22162
52978.31238
52978.39566
52978.58350
52978.68097
52978.79877
52979.84076
52979.93076
52980.03770
52980.12437
52980.76314
52980.95392
52981.04882
52981.14644
52981.24207
52981.32780
52982.42880 26.42
52982.53187
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85
30
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94
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328
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Table A.1. Continued from previous page

Pointing Qf-axis ¢) Onset (MJD) At (hr) 7 (s) Duration (s) Peak (cts§ E, (10 7ergcnt?) KT (keV) Ly (10°7ergs?)
14100160010.001 23 5298265130  2.87 182 57 3%8 160 150 L6302
14100160010.001 2.3 52982.65917 0.19 — 60 +23 — — 1.63¢
14100200010.001 4.1 52982.74237 2.00 20.8 53 4214 1.3%% 2.0f§:§ 1.45j§3%§
14100240010.001 3.7 52982.82781 2.05 20.8 73 5511 3.7 2.4 —
14100460010.001 3.8 52983.32016 11.82 30.5 71 4213 21:825 Z.Zg:g —
14100550010.001 2.4 52983.50750 4.49  23.60.6 58 449 1.918 1508 L5502
14100550010.001 2.4 52983.51408 0.16 133 40 19.46.4 — — 1.55¢
14100590010.001 4.0 52983.60479 2.18 10.3 32 5%15 2.60¢8 1793 1.49ﬁ835
14100630010.001 08 52983.71024 253  16.505 44 56:8 1583 2.4 1.428%8
14100680010.001 4.1 52983.82023 2.64 10.2 40 10%18 3.223 1.9ﬁ§§ 1.36%%
14100950010.001 3.2 52984.44225 14.93 8.%40.2 28 8813 3.09: 2.2 1.69°
14101000010.001 4.0 52984.54426  2.45  24.8 59 4414 1.7j§;§ 1.4j§;g 2.15j?;§§
14101040010.001 2.3 52984.63308 2.13 16.5 43 499 1.5%4 1.9% 1.40924
14101090010.001 4.1 52984.74813 2.76 101 39 6316 3.483‘71 2.28:21 1.267*81%3
14900030010.001 2.2 53006.42482 ~ — = 23B 58 449 2.1jgfé z.qgfg 1.490%8
18600820010.001 1.8 53119.17252 — 1B 47 689 2.00% 2.0°3 —
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