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Abstract. We report the first-time detection of a type-l X-2. Observations

J171824.2-402934. The detection was made on Sep 23, 1 :
. . : ' .cameras on board the BeppoSAX satellite (Boella et al. 199
with the Wide Field Cameras on board the BeppoSAX Sat(\a’lclvzj;\ich was launched on April 30, 1996. Each camera consi

lite. The burst had a peak intensity of 1.3 Crab units in 2 tc% a coded mask and a position-sensitive proportional count
28keV and is relatively long (at least 3.5 min). Analysis of th@ P prop

burst gives clear evidence for photospheric radius expansi¢f€ field of view is40 < 40 (full width to zero response),
Assuming the peak luminosity to be close to the Eddington lim{{!® @ngular resolution’nd the source location accuracy i
standard burst parameters and taking into account gravitatiop@erally better than’1The energy range is 2 to 28 keV with
redshift effects, the distance to the source is approximately &/ energy resolution of 18 at 6keV. The on-axis detection
kpc. No other bursts from this source have been observed diifeshold is of the order of a few_mCrgb]mf’ s, and varies as
ing the rest of the WFC observations. The detection of a typ@_lfunctlon of the total flux contained in the field of view. Th

burst implies that 1RXS J171824.2-402934 in all likelihood {&/FCS are particularly suitable for the study of fast transie

a low-mass X-ray binary where the compact object is a neutr§f @Y Pheénomena at unexpected sky positions, thanks to
large coverage of the sky in combination with good angul

star. :
resolution.

Key words: stars: individual: LRXS J171824.2-402934 — stars; N 1996 the Galactic center was targeted by the WFCs f

neutron — X-rays: bursts 22 days during August 21 to October 29. The source report
here is 134 from the Galactic center, well within the field of
view. The net exposure time of the source during this period
550 ks.

1. Introduction

1RXS J171824.2-402934 was first detected during the ROSAT _ -

All-Sky Survey (Voges et al. 1999) on September 2, 1990, whén Detection and position

it had_gcount ratg of 0.157 c$ (0.1-2.4 keV) in the Position ne of the WFCs detected the X-ray flare on Sep 23.3
Sensitive Proportional Counter. The spectral hardness of 6 (UT, or MJD 50349.313) at a position ofo.o —
source was high, suggesting an X-ray binary (Motch etal. 199 )/‘h18m23.,65 Sa000.0 = —40°29'46". The error radius is ‘@

Two pointed observatio.ns were done wi.th ROSAT in Marc  the 99% confidence level). IRXS J171824.2—-4029343is
and September 1.994 W't.h net exposure tlmes_of 790 and 2 Fo?n this position and well within the WFC error circle. Th
seconds respectively using the High-Resolution Imager. T Earest other known X-ray source is IRXS J171935.6-4100

count rates were 0.048 and 0.019¢ sespectively. The posi- at an angular distance of 3&Ve conclude that the flare is from

—40°29'30”4 with a 90% confidence error radius of 15 The WEC d.ata do not. show a detection of the persist

(Motch et al. 1998). Motch et al. searched for the optical COUBMission of 1RXS J171824.2—-402934 over any part of t

terpart, but were unable to identify one. 996 observations. The upper limitds< 10! erg cnr2 s~}

Wﬁ ?ere pr:esent the analy;i_s of 3§hﬁ“ \f,l\?(rje tE_zatlt;/v?:sl%z—_lo keV), over all the 1996 data. The flux measured wi
served from the same sky position with the Wide Field Cangrngat and translated to 2-10 ke numbers (assumingapo

eras (WFCs) on the BeppoSAX satellite in September 1996 g1 spectrum with a photon index of 2.1 afd; = 9.2 x
explain it within the framework of thermonuclear flashes ofy21 ., -2 "see below) varies from x 10-11 erg ent2 s
neutron stars. (September 1990) t6 x 1072 erg cnT2s~! (March 1994)
Send offprint requests t&R.G.Kaptein (ronaldk@sron.nl) to4 x 10712 erg cnm2 s~ ! (September 1994). The uncertaint
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of these numbers is large due to the lack of knowledge of the 3
persistent spectrum, and we estimate it to be a factor of 2. ‘g 2§

Unfortunately, the flare occurred close to earth occultation, , £
Model calculations predict that the flux in the heaviest degraded ,
calibrated WFC-channel experiences absorption by less than3 &
10% as long as the direction is higher than 145 km above t :
earth limb. 1RXS J171824.2-402934 sets behind the earth 209 s ¢
afterthe flare onset, while the height of 145 km was reached aftér' -
135s.

N [&N) o
L L 4

4. Data analysis T

o 1+
The light curve of the flare is shown in various passbands in o
the top panels of Fig. 1. The rise time to the peak level is quick :
(~6's), while the decay is comparatively slow2005s). During ¢ ¢
the first minute the flux is approximately constant at a peak IeveZI T
of 2.6 cts' cm~2 or 1.3 Crab units (2—28 keV). The flare starts™-5 |
off at a relatively high hardness ratio (see Fig. 1d), after whichit o +

decreases during20 s, followed by anincrease ove7fOstoa <

similar peak value. Finally, it decreases again for the remainder” |
of the flare. <L
We modeled the flare spectrum with black-body radiation, o b ERTEA e

thermal bremsstrahlung andapower—lawfunction,aIIsubjectgio £ S s e E
tointerstellar absorption. We used the data of the firstand bright- | s te Lo A+ E
est 60 s of the flare. This duration is a compromise between obs | - AA +++ st + E

- o o , 20 F +rht ,
taining sufficient statistics for a meaningful model comparison, ,; £ % EEE E

and limiting the spectral change within the data set as suggested 0 50 100
by the hardness ratio. The best fits of the three models resulted in
x?2 values of 0.72, 2.52 and 4.59 respectively, all for 26 degrees
of freedom. We conclude that black-body radiation is the bgsp. 1. a b andc show the light curve in the 2-28 keV, 2—-7 keV and
description of the data. During later parts of the flare, black-body28 keV energy bandsl shows the hardness ratio during the flare.
fits also gave the best results. Two examples of burst spectra gte hardness ratio is the ratio of the count rates in the 7-28keV and
shown in Fig. 2. the 2—7 keV bands. Th_e bin time fard is 3 s, and typical erro_r bgrs
We carried out time-resolved spectroscopy by resolving tﬂ{elength Y for respectively the fluxes and the hardness are indicated

. . . . . t the left. The crosses imandf show the black-body temperature
flare in 20 time intervals, generating spectra for those mterva‘&bb (in keV) and the effective black-body radit,, (at a distance

and fitting & black-body mod_el with absqrptlon to _eaCh of tho%? 10 kpc) of the radiating object during the flare, respectively. The
spectra. We kept the absorbing colur¥ip tied to a single value gjanges ine andf represent the temperature and the radius corrected
over all intervals up to the point where the source direction efar scattering effects (see Sect. 5.2). The horizontal linesificate

ters the earth atmosphere (indicated by the dotted line in Figtfg time intervals for which spectra are shown in Fig. 2. The dashed
and leftittied again in the group of spectra after that. The resulitse marks the time when the source sets behind the earth and the dotted
of the fit for the black body temperaturdil, and radiusky,;, line the time when the source is below 145km above the earth limb
at an assumed distance of 10 kpc are presented in Figs. 1e (@ag Sect. 3).

f. The errors in the fit parameters are single-parametenrt
certainties. The absorbing column over all intervals up to ear
atmosphere entry was found to b&1 + 1.3) x 10%? cm—2

P R N TR |
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%rst, after which it starts to decrease, reaching a minimum after
about 1 minute. It then increases again and levels off. There is

1 H 21 -2
(90%.c0nf|den9e). This comparegm x 10" em™* as found a strong anti-correlation between the temperature and the black
from interpolation of HI maps (Dickey & Lockman 1990), Sooody radius

is 3 times as high at about the 8onfidence level. This appar-
entinconsistency is, however, not unexpected (see Arabadjis &

Bregman 1999). During earth-atmosphere entry the absorbmgDiscussion
column was found to bé + 4) x 10?2 cm~2. :

After the peak of the flare>> the temperature of the emittin59'1' Physical nature
object is decreasing. The radius plotted in Fig. 1f is that of Type-I X-ray bursts are believed to originate from thermonu-
sphere with an area equal to that predicted by the black-badlgar flashes on the surfaces of neutron stars and have three
flux, assuming that the source is at a distance of 10 kpc and thmtin characteristics (see Lewin et al. 1993 for a review): 1)
the emissionisisotropic. The radius peaks atthe beginning of the shape is commonly described by a fast risel(Q s) and a
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++$+H {1 increase again after it reaches a minimum value. This beha

Jr + 1 is not unique and has been seen in other bursts (e.g. Tawar

Q Q | al. 1984, Hoffman et al. 1980, Van Paradijs et al. 1990). T

«k QQ % 1 durations of those bursts were also long §0s). A possible

Q Q P explanation is the deviation of the spectra from that of tr
<><><> | Dblack-body radiation. This will be discussed in Sect.5.2.

JV ] If the burst is indeed Eddington-limited, it is possible to d
Jﬁ@ 1 rive the distance. The Eddington luminosity,qq for 1.4 M,

<> { neutron stars is about 2:010% erg s!. Note that there is an

1 uncertainty in this number because of the uncertainties in t

<> | composition (and therefore the opacity) and the mass of the n

tron star. By makingLgqq €quivalent to the observed flux we

Q | find a distance of 6.5 0.5 kpc, assuming that the burst emis

c s kev!

0.01
T

sionis isotropic, that the black-body temperature correspond
the effective temperature and taking into account gravitatio
redshift effects.

Instead of the theoretical value fdrgqq We can use the
observed peak luminosity of Eddington-limited bursts seen
globular clusters, for which the distances are known. This pe

luminosity is 3.0x10%% ergs ! (Lewin et al. 1993). From this
- W‘o 20 we find a distance of about 8 kpc. It is clear that our distan
determination to 1RXS J171824.2-402934 is a rough estim

Assuming a distance of 6.5 kpc, the total energy emi
Fig. 2. Two examples of burst spectra from the time intervals indicatéed in the burst is>2.3x10%° erg. If the energy released pe
in Fig. 1e. The crosses indicate the first interval and the diamongiam in the nuclear fusion is between £®'®ergg! and
the second. The fitted blackbody temperatureslatd + 0.04keV  6x10'8 ergg ' (Lewin et al. 1995), a mass of at leds8 x
(crosses) and.38 £ 0.07 keV (diamonds). 10%! g accreted material is involved. The persistent emissi
is quite uncertain, but if the level is lower than the maximu
ROSAT value, k107! erg cnt2s7!, the time needed to ac-

longer exponential decay, 2) the spectrum is best describedcbynulate3.8 x 10! g is at least 150 days. From the WFC upp
a b|ack-b0dy model and 3) the spectrum shows Softening dl_!jmlt we infer that the waiting time is at least 26 days. Itis n
ing the decay phase (i.e. the neutron star photosphere codigjprise that no other bursts have been seen from this sourc
Some of the type-I bursts show evidence for photospheric i
dius expansion. The luminosity in such a burst becomes so high The relatively low persistent emission can also explain t
(i.e., reaches the Eddington limit) that the atmosphere of tlg§g duration of the burst. At very low accretion rates, the flas
neutron star expands due to radiation pressure. When theiflg layer is expected to be hydrogen rich (Fujimoto et al. 198
minosity decreases below the Eddington limit, the atmosphéed because of the long time scales involved in proton-capt
contracts again until it reaches the neutron star surface. Durff§cesses, bursts are expected to last longer. Observations
the expansion and contraction phases, the luminosity will sté§n this anti-correlation between low accretion rate and bur
close to the Eddington luminosity, because the excess luminggration from a variety of burst sources (Van Paradijs et
ity is effectively transformed into kinetic and potential energy gf988).
the atmosphere (Lewin et al. 1993, and references therein). TheAll known type-I X-ray bursters that have identified opti
profiles of these bursts do not satisfy the first characteristic cof@ counterparts are low-mass X-ray binaries (LMXBs, e.
pletely (fast rise and exponential decay): an Eddington-limitd@n Paradijs 1995). In analogy, it is very likely that 1RX
burst can show a period of almost constant flux after the rise, Br71824.2-402934 is a LMXB as well. Given the high lev
a double peaked light curve. In extreme cases a brief precur@balactic absorption (predicting a severe optical extinction
can be seen to the main event. Ay ~ 18) and the relatively large distance, it is difficult to find
The flare from 1RXS J171824.2—-402934 shows charact@h optical counterpart.
istics of an Eddington-limited type-I burst, see Fig. 1. The hard-
ness (and equivalently the temperature) shows a peak in #1¢ Non-Planckian spectra
beginning, corresponding to the start of the burst and a follow-
ing decrease due to the expansion. When the atmosphere st@rtgality, X-ray bursts are not true black-body emitters. Th
contracting, the temperature rises again, until the radius reachiegctra resemble Planckian functions, but the colour temp
its original value, after which the neutron star shows coolingtures derived from these spectra are generally substanti
similar to type-I bursts. The initial rise and the following conbigher than the true effective temperatures (Van Paradijs et
traction can be seen in Fig. 1e. Surprisingly, the radius startsi®20, and references therein). The reason is that electron s

Energy (keV)
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tering dominates the opacity at high temperatures, causing #ugnowledgementsie thank Jaap Schuurmans and Gerrit Wiersma
photons to be Comptonized to higher energies. This has béaWFC software and data archival support. Paolo Soffitta is acknowl-
confirmed by detailed modelling of neutron star atmospheregged for his work on the earth atmosphere absorption model. The
(e.g. London et al. 1984, 1986, Ebisuzaki 1987, Foster et data reported here were obtained during the Science Performance Ver-
1986). These calculations show that the ratio of colour tempéication phase. The BeppoSAX satellite is a joint Italian and Dutch

ature to effective temperature depends mainly on the ratiozcg?gram. This research has made use of the Simbad database, operated

. . . . . CDS, Strasbourg, France, of data obtained through the High Energy
the luminosity to the Eddington luminosity. The dePenden‘%Ystrophysics Science Archive Research Center Online Service, pro-

on other parameters such as surface gravity and chemical cflsg by the NASA/Goddard Space Flight Center, and of the ROSAT
position is very weak (see Lewin et al. 1993, and referencgga Archive of the Max-Planck-Instituiif Extraterrestrische Physik
therein). (MPE) at Garching, Germany.
To evaluate the magnitude of this effect in our burst, we made
a correction using analytical fits from Ebisuzaki and Nakamura
(1988) to the numerical results from Ebisuzaki (1987). Accorgk_eferences
ing to these fits the colour temperature can be twice as highsabadiis, J.S., Bregman, J.N., 1999, ApJ, 510, 806
the effective temperature if the luminosity is close to the E@oella, G., Butler, R.C., Perola, G.C., et al., 1997, A&A, 122, 299
dington luminosity. The corrected temperature and radius digkey, J.M., Lockman, F.J., 1990, ARA&A, 28, 215
also shown in Fig. 1. We assumed a hydrogen-rich compositigbisuzaki, T., 1987, PASJ, 39, 287
(X = 0.73). It can be seen that the radius now increases a facktisuzaki, T., Nakamura, N., 1988, ApJ, 328, 251

of ~1.6 after the minimum, i.e. less than the original increagé’?ter' A.J. Ross, R.R., Fabia_n, A C., 1986, MNRAS, 221, 409
(a factor of~2) 9 ujimoto, M.Y., Hanawa, T., Miyaji, S., 1981, ApJ, 247, 267

. L. . . .. . Hoffman, J.A., Cominsky, L., Lewin, W.H.G., 1980, ApJ, 240, L27
Observations indicate that close to the Eddington limit ”:‘)Pager R. Mels. WA Iqu/inkman AC. etal 1997 AE;A 125. 557

spectral hardening may be even larger than suggested above@%l W.H.G., van Paradijs, J. & Taam, R.E., 1993, Space Sci. Rev.,

Lewin et al. 1993). If this is true, the increase of the radius will g2 223

be even less than the factor 1.6 derived above. Lewin, W.H.G., van Paradijs, J. & Taam, R.E., 1995, in “X-ray bina-
We verified the above theoretical approach by an empirical ries”, eds. W.H.G. Lewin, J. v. Paradijs, E.P.J. van den Heuvel,

approach obtained by Sztajno et al. (1985) from analysis of the CUP, 175

source 4U 1636-53 and find similar results far kK2 keV. London, R.A., Taam, R.E. & Howard, M.W., 1984, ApJ, 287, L27
London, R.A., Taam, R.E. & Howard, M.W., 1986, ApJ, 306, 170

. Motch, C., Guillout, P., Haberl, F., et al., 1998, A&A, 132, 341
6. Conclusion Sztajno, M., van Paradijs, J., Lewin, W. H. G., et al., 1985, ApJ, 299,

We have discovered an Eddington-limited thermonuclear bu%hi?; Y. Kii, T., Hayakawa, S., et al., 1984, ApJ, 276, L41

from the ROSAT source 1RXS J171824.2—-402934. In analog paradijs, J., Penninx, W., Lewin, W.H.G., 1988, MNRAS, 233
with other X-ray bursters, this identifies this already-suspected 4, T o ’ ' ' T
X-ray binary as a low-mass X-ray binary with a neutron stajan paradijs, J., Dotani, T., Tanaka, Y., Tsuru, T., 1990, PASJ, 42, 633
From equivalence of the peak flux and the Eddington luminogan paradis, J., 1995, in “X-ray binaries”, eds. W.H.G. Lewin, J. v.
ity, we find a distance of 6.5 kpc. ROSAT over the years detected Paradijs, E.P.J. van den Heuvel, CUP, 536

variable low-level persistent 0.1-2.4 keV X-ray emission froivbges, W., Aschenbach, B., Boller, Th., et al., 1999, A&A, 349, 389
this source which at maximum, given the distance, translates to

a 0.1-2.4 keV luminosity of O erg s'. No persistent emis-

sion was detected just before and after the burst above an upper

limit which is one order of magnitude larger than the ROSAT

measurements made several years prior to the burst.



