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The principal motivations for studying the X-ray binarieghat the accretion onto neutron stars
and black holes provides a unique window on the physics oftitoeg gravity and dense matter.
For this reason, a renewed interest has developed in ulina&ct X-ray binaries and their iden-
tification is very important, albeit complex because of tif@lty in measuring orbital periods
in low mass X-ray binaries. The ultracompact low-mass X&iaary 4U 0513-40 in the globular
cluster NGC1851 reveals a clear sinusoidal periodic sigitala period of~17 minutes when the
source is in a typical higkoft state with a dominant soft thermal component (usingpB&AX
and Chandra data). The periodicity disappears when thesasiiin a lowhard state and the
thermal soft component is no longer required any more to ithéedata (using XMM-Newton
and INTEGRAL observations). These properties indicatethéal nature of the detected signal
and imply an high inclination angle of the binary systes8(°).
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1. Introduction

Ultracompact X-ray binaries (UCXBs) are systems with @lbgeriods Pg) shorter than
~1 hr in which a neutron star or black hole accretes matter f@ampanion low mass star. UCXBs
are rare objects and their identification is verffidult because of the fliculty to measurindPop
in LMXBs. The most recent compilation of ultracompact X-faiparies lists 27 candidates (in
't Zand et al., 2007). Eight out of 52 LMXBs with measured tabperiod are in the ultracompact
regime (in 't Zand et al. 2007, Nelemans & Jonker 2006). IBiSuits from long-term monitoring
of the UCXBs showed that these sources spend most of the tiriezicanonical loyhard state,
with X-ray luminositiess 7x10%¢ erg s1, plasma temperatut€Te > 20 keV andr < 4-5
(Fiocchi et al. 2008).
4U 0513-40 is an X-ray binary in the Galactic globular cla6&C 1851 with a 17-minute orbital
modulation first observed with thdubble Space Telescope (Zurek et al. 2009). It is a persistent
source showing evidence for variability of a factor~of0 in X-ray luminosity on timescales of
weeks, and a factor of more than 20 overall (Maccarone eD4l0R

2. Observations and Data Analysis

Table 1 gives a summary of source observations performddingtruments on boarBep-
poSAX, Chandra, XMM-Newton andINTEGRAL satellites.

The LECS, MECS and PDBeppoSAX (Boella et al. 1997) event files and spectra were gener-
ated with the Supervised Standard Science Analysis (Féwaijnazzi & Grandi 1999). Both LECS
and MECS spectra were accumulated in circular regions of@iarradius. The PDS spectra were
extracted using the XAS version 2.1 package (Chiappetti &Hdane 1997). The&Chandra (Weis-
skopf 1999) data were processed with the CIATDdndra Interactive Analysis of Observations)
software, version 4.1.2, i.e. the same version of CALDB i{tation Data Base), provided by the
Chandra X-ray Center and following the science threads listed orCti#O websité. We extracted
source photons from a circular region centered on the sauitbean extraction region of 8 arcsec.
For the background, we used circular source-free regiotigisame CCD of the studied source.
XMM-Newton (Turner et al. 2001) data have been processed starting fienoliservation files
with SAS 7.0.0. X-ray events corresponding to patterns 0-4 were seleatéakei EPIC-pn cam-
era. Source light curves and spectra were extracted frazalairregions of 10 arcsec centered on
the source, while background products were obtained frifraad regions close to the source.
The analyzedNTEGRAL (Winkler et al. 2003) data consist of all public observagion which
4U 0513-40 was within the field of view of the IBIS and JEM-X etdbrs. Broad-band spectra,
~5-80 keV, are obtained using data from the high-energyunstnts, JEM-X (Lund et al. 2003)
and IBIS (Ubertini et al. 2003). The IBIS and JEM-X data haeerprocessed using thdéfdine
Scientific Analysis (OSA v. 9.0) software released by tNREEGRAL Science Data Center (ISDC,
Courvoisier et al. 2003). These runs were performed with 8\tuster, designed to optimize
performances and disk storage for the INTEGRAL data aralysderici et al. 2010).

Lavailable at httpycxc.harvard.edaiag
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Table 1: Summary of the X-ray binary 4U0513-40 observations

Instrument Tstart Exposure
MJD ks
BeppoSAXLECS 51597.6 315
BeppoSAXMECS 51597.6 73.6
BeppoSAXPDS 51597.6 34.9
XMM Newtor/EPIC-pn  52730.0 235
CHANDRA/ACIS 54560.6 18.8
INTEGRAL/JEM-X 53917.6 102.8
INTEGRAL/IBIS 53380.4 601.5
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Figure1: The power spectrum and efolding phase diagram using ACI5 @e3/ data

3. Temporal analysis

Using the ACI$Chandra data, we accumulated a 16s bin light curve in the 0.3-5 keVggne
band of 4U 0513-40 detected atl4Qr in this energy range and calculated a power spectrum
over the whole observation following the method outlinedidnael & Stella (1996). The power
spectrum is shown in Figure 1 (left panel) where a peak at0®9MHz is clearly observed. The
4U 0513-40 period was obtained with an epoch-folding tesunni The best-fit period is (10848)

s with uncertainties at & confidence level. Using this period value, we folded thetlighrve and
a sinusoidal shape of the modulation was found (see FiguiigHt, panel) with a pulsed fraction
of ~ 11% (i.e. the semi amplitude of the modulation divided byriean source count rate).

During the BeppoSAX observation, a type-l thermonuclear burst was detectetieatime
51597 MJD - 15:29:55s (see below for details). The same pruoeeused focChandra data was
applied to 10s bin MECBeppoSAX light curve in the 3-5 keV energy band, with exclusion of the
burst data. The best-fit period is (1@413}) s with uncertainties atd confidence level. Using this
period value, we folded the light curves and a sinusoidapsiw the modulation was found (see
figure 2) with a pulsed fraction of 4%.

We have also searched for periodicity in tiM-Newton andINTEGRAL X-ray light curves,
but no periodic signals were detected.
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Table 2: Spectral analysis results. I fixed to the Galactic column density was included in the fitoEr
are given at 90% confidence level for one parameter of irttétgé = 2.71). The absorbed 1-10 keV flux are
reported in units of 10" erg cnT2 s71. 1: BeppoSAX spectrum before the burst event; 2:BeppoSAX-sp
trum after the burst event; XMM-Newton average spectrum;@handra average spectrum: SNTEGRAL
average spectrum

kTBB To kTe T NBB2 NcomMPTT Flux )(z/d.O.f
keV keV keV 1073 10l ergem2 st
41 2.6 153

1 022+0.04 74 3625 86712 15.2 156127
2 049+004 018+002 26+02 68+06 21+16  38:4 18.9 155128
3 0068+0.002 157, 23 86+ 20 8.9 573387
4 034:£004 013005 524 6+2 392l 07+04 0.7 280284
5 <11 21732 <24 <50 11.0 37

Norm Intens Ser 1

Figure2: The efolding phase using MECS 3-5 keV data

In the soft X-ray band, two thermonuclear X-ray bursts haserbdetected, during thhan-
dra andBeppoSAX observations. The first HRChandra burst event was described by Homer et al.
(2001). For the second, not yet reported in the literatueextracted the MEGBeppoSAX light
curve in the 1.5-10 keV keV energy band and we detected aryXuiest starting at 51597 MJD
(15:29:55 s), with a decay time 022 s, computed from exponential fits to the burst decay profile
Fitting the spectrum (extracted at the burst peak with exyosme of~10 s) with a simple black-
body model, a thermal temperature of 4061keV with a extrapolated flux of 3A0%ergcm2s1
in 0.1-30 keV energy band has been derived.
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Figure 3: The BeppoSAX, Chandra, XMM-Newton and INTEGRAL spectra are shown together with the
total model and its components.

4. Spectral behavior of the persistent emission

We extracted thdeppoSAX spectra before the burst event with the LECS, MECS and PDS
exposure times of 1.6, 3.4 and 1.5 ks, and after the burst evigtmthe LECS, MECS and PDS
exposure times of 30.1, 67.5 and 31.2 ks, respectively.

IBIS and JEM-X spectra are produced summing up spectra afdghece from each science win-
dows in the period for which both instrument data are avhgl@nd source was detected above
50-. The exposure times are 103 ks and 36 ks for IBIS and JEM-¥eiwely. ForChandra and
XMM-Newton observations, to extract the spectra we use the total exptisue, 18.8 and 23.5 ks,
respectively.

Each spectrum was fitted with a model of thermal Comptorimatin XSPEC bycompTT
(Titarchuk 1994; a spherical geometry was assumed), abddap a column density\y. Adding
a blackbody component (modeled in XSPEC by BBODYRAD mode$ulted in a substantial
fit improvement forChandra and BeppoSAX (after the burst) data. This reducg$/d.o.f. from
452/310 to 374308 for theChandra data and from 17330 to 15%128 for theBeppoSAX data,
with the low corresponding F-test chance probabilities »fl4-12 and 9x 1074, respectively.

The spectral fit results are reported in Table 2 and speatratawn in Figure 3 in dlierent
colors.

5. Discussion

The binary system 4U 0513-40 in NGC 1851 exhibits a cleaiopérisignal withP ~ 17 min
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in soft X-ray. This signal is sinusoidal and has an amplitfrden ~4% to ~10%. It is observed
only in two observationsGhandra and BeppoSAX after the burst) when the source is in a typical
highysoft state. This result is independent from the extrapdlateinosity of the system, which
spans from 0.7 to 5.2 10°¢ erg s in the 0.5-50 keV energy band, f@handra and BeppoSAX
(after the burst), respectively. This periodicity is notsevhen the source is in a Idnard state
(XMM-Newton andINTEGRAL data).

The far-ultraviolet photometry obtained with thieibble Space Tel escope has shown the same
periodicity described here (Zurek et al. 2009). These tinproperties seen in Ydptical obser-
vations and the eclipse observed in the X-ray band imply tthatrigin of this modulation is of
orbital nature and the inclination angle is higher tharf 88rons and King 1993).
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