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ABSTRACT

Context. 4U 1323-619 is a low mass X-ray binary system that shows typedy bursts and dips. The most accurate estimation of
the orbital period is 2.941923(36) hrs and a distance frarstiurce that is lower than 11 kpc has been proposed.

Aims. We aim to obtain the orbital ephemeris, the orbital periodhef system, as well as its derivative to compare the observed
luminosity with that predicted by the theory of secular exiain.

Methods. We took the advantage of about 26 years of X-ray data and grbilye selected observations when close in time. We folded
the light curves and used the timing technique, obtaininglip2arrival times. We fit the delays of the dip arrival timestbwith a
linear and a quadratic function.

Results. We locate 4U 1323-619 within a circular area centred at RA{02 201.6543 and DEC (J200®) -62.1358 with an
associated error of 0.0002and confirm the detection of the IR counterpart alreadyudised in literature. We estimate an orbital
period of P=2.9419156(6) hrs compatible with the estimations that eeeent in the literature, but with an accuracy ten timesdrigh
We also obtain a constraint on the orbital period derivafibrethe first time, estimating = (8 + 13) x 10712 /s. Assuming that the
companion star is in thermal equilibrium in the lower maigence, and is a neutron star of 1.4,Me infer a mass of 0.28.03 M,

for the companion star. Assuming a distance of 10 kpc, wemdstiea luminosity of (4.20.5)x10% erg s, which is not in agreement
with what is predicted by the theory of secular evolutioninigsa 3D extinction map of the Kradiation in our Galaxy, we obtain

a distance of 428 kpc at 68% confidence level. This distance implies a lumigasstimation of (0.&0.3)x10% erg s*, which is
consistent with the adopted scenario in which the compastianis in thermal equilibrium.

Key words. stars: neutron — stars: individual (4U 1323-619) — X-raysalies — X-rays: stars — Astrometry and celestial mechan-
ics: ephemerides
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¢ 1. Introduction glei between 60and 80 (Frank et all 1987). Zolotukhin etlal.
CY). (2010), using &Chandra observation performed in continuous

. . clocking mode, obtain the X-ray position of the source thaty-
O 14U 1323-619 is a low mass X-rays binary system (LMXE) thaetver, siffers from the indetermination in one direction because

f the Chandra observational mode. The same authors also es-

«— tent bylWarwick et 8l.[(1981). Periodic dips and type | bursé?nate the X-ray position of the source with an associateorer
f

- ='were discovered in the European X-ray Observatory Satellit: ou ‘At .

> . . : = f 3" using dat_a of the X-ray Multi error)(MM-NeNton) mis-

" g%)égsp_‘l-_rg Ilahtttm;rt\r/eﬁ E‘V?P gef; Kr:]'stﬁt al. n11981;| Eartm:i;];t a. |on._ZoIotukh|n et a.l._ (2010), analysing the 2MASS catalng

>< ; 9). The matter tra Serrec 1o € companion star, paldentlfy two possible infrared counterparts of 4U 1323-@1&

- Ing onto _the_ outer accretion disc, forms a bulge of cold fand are associated with the X-ray position estimated us{ivM-
partially ionised) matter that photoelectrically absofast of eton data. From the intersection of the positional error boxes
the X-ray emission, which comes from the inner region of tf}ﬁ Chandra and XMM-Newton, they suggest that the probable

system. The shape of a dip is generally |rre_gul_ar and Vart¥rared counterpart is a source with a magnitude of 180120
from one cycle to another. However, the periodic occurrente -« pand
s .

of the dips in the light curve is strictly connected to the or- .
bital motion of the binary system and the study of their peri- The spectral analysis of the source shows that the equivalen

odicity can give information on the orbital period of theya. CcPlumn density of neutral hydrogenyNis large and depends on
From EXOSAT andBeppoSAX lightcurves| Parmar et al. (1989)the mgdel used to fit the spectra gnd on the fonlergy bazmd Egvered
and Baludhska-Church et 4l (1999) inferred an orbital period d#atucinska-Church et al. (2009) findN= (3.2257) X 10%2cm
2.932(5) hrs and 2.94(2) hrs, respectively. Levine b{ 4113, usingSuzakudata| Boirin et al. (2005) infer N = (3.5737)x 1072
studying the RossiXTRASM 1.5-12 keV light curve from 1996 cm™2 usingXMM-Newton data and Parmar et!al. (1989) obtained
to 2011, find an orbital period of 2.941923(36) hrs. AlthougNy = (4.0+0.3)x 10?2 cm2 usingEXOSAT datal Smale (1995)
the light curves of 4U 1323-619 show dips, they do not shosuggested that the large extinction to the source also iespla
eclipses, which implies that the source has an inclination avhy the optical counterpart has not been detected yet. &urth

was discovered by Forman el al. (1978) and identified assperP
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Table 1: Observation log.

Point  Satellitéinstrument Observation ID Start time Stop time fold
(uT) (T (TJD;TDB)
1 EXOSAT/ME 1401 1985 Feb 11 18:48:49 1985 Feb 13 04:39:18 6108.428229
2 ASCAGIS2 42005000 1994 Aug 04 12:21:11 1994 Aug 04 20:10:47 B7498892
3 RXTE/PCA P20066-02-01-00, P20066-02-01-01, P20066-02-01-02,1997 Apr 25 22:04:48 1997 Apr 28 03:44:49 10565.04185436878
P20066-02-01-03, P20066-02-01-04
4 BeppoSAXMECS 20102001 1997 Aug 22 17:06:09 1997 Aug 24 02:02:39 1388858095225
5 RXTE/PCA P40040-01-01-000, P40040-01-01-00, P40040-01-02-00 1999 Jan 18 02:42:30 1999 Mar 13 09:10:46 11223.245347406
P40040-01-02-00, P40040-01-03-000, P40040-01-03-00
6 ASCAGIS2 47015000 2000 Feb 02 12:16:04 2000 Feb 04 23:19:15 1245691772565
7 XMM/Epic-pn 0036140201 2003 Jan 29 09:03:42 2003 Jan 29 22:57:0172668.666973091815
8 RXTE/PCA P70050-03-01-00, P70050-03-01-01, P70050-03-01-02 003 Sep 25 07:54:56 ~ 2003 Sep 25 23:57:20  12907.661355385295
9 RXTE/PCA P90062-03-01-010, P90062-03-01-01, P90062-03-01-002004 Dec 30 21:46:40 2004 Dec 31 13:53:03  13370.2405163956
P90062-03-01-02
10 SuzakyX1S0 401002010 2007 Jan 09 11:50:53 2007 Jan 10 21:58:37  01204689820065
11 RXTEPCA P95442-01-01-00, P95442-01-01-01, P95442-01-01-02,2010 Dec 25 08:01:54 2011 Mar 28 12:14:06 15601.92228420802
P96405-01-01-01, P96405-01-02-00, P96405-01-02-01
P96405-01-01-00,
12 ChandrAHETG 13721, 14377 2011 Dec 19 01:03:11 2011 Dec 24 19:01:07 916191815760006

more,| Batuanska-Church et all (1999) suggested the possil#e Observation and data reduction

presence of a local dust halo surrounding 4U 1323-619. T(ﬁ]e

main dfect of the halo is to absorb part of the source radiati ) X .

owing to its optical depth, which depends on the inverse ef tH1¢ available X-r;agkarchlval data that 'nCIUR%TE' Char;)dra,

incoming radiation energy (Predehl & Schmitt 1995). l\iI_M—NeWton, Suzaku, BeppoSAX, EXOSAT and ASCA obser-
The spectral analysis of 4U 1323-619 also highlights thgHons-

f : - We used theChandra data of the ObsIDs 13721, 14377,
g‘:rrigfgyaffp?fg;g Ile?r?c;ng]a;ﬁgt% i 't?]‘g’ %%Tvz?_negrt]d 3826. Both the ObsID 13721 and ObsID 14377 data were

law component of 1.580.07, [Boirin et al. [(2005) obtain g collected in December 2011 in timed graded mode, while the
I of 1.9°2% and, adopting a cutfb power-law component, data of the ObsID 3826 were taken in continuous clocking
== . . +0.10 mode in September 2003. To process@mandra data we used

Baiumnska-Churc?r; etal.(2009) findaof 1.67"g; and an en- o aq v, 4.7. The observations have been reprocessed with the
ergy cut-df of 85°;; keV.|Galloway et al. (2008), analysing thechandra_repro routine. We used the ObsID 13721 to obtain an
type | X-ray bursts properties of 4U 1323-619 with data olyccyrate estimation of the X-ray source position usinghen-
tained with the proportional counter array (PCA) on boal thy 5 tool tg_findzo. The revised coordinates for 4U 1323-619
RXTE mission, only infer an upper limit for the distance fronyre: RA (J2000} 201.6543 and DEC (J200@) -62.1358, with
the source because they do not find any evidence of photasphgh associated error of 0.6", which represents the 90% cordéde
radius expansion (PRE). The upper limitis of 11 kpc, assgrain |eye| Chandra positional accuraély
companion star with cosmic abundances, and of 15 kpc, assyigs report the ChandfdETG image of 4U 1323-619 that was
ing a pure hydrogen companion star. Furthermore, the same gitained from the reprocessed level 2 data in [Fig. 1. Thengree
thors show that the light curves demonstrate many doubBt$burng plack circles indicate the X-ray source position shown i
where the secondary bursts are fainter and suggest thaaihis s work and il Zolotukhin et al[ (20110), respectively. Tihe
be explained taking into account a mixed composition of hyred sources, A and B, suggested by Zolotukhin et al. (P010
drogen and helium of the companion star, which causes shgi indicated with crosses and have an error circle with msad
recurrence bursts generated by the hydrogen ignition dv®0 b0 2" The B source is located inside a circular area, whas
neutron star. In addition, using EXOSAME data in the energy 5 radius of 0.2" that has been determined with the 2MASS cat-
band 1.5-11 keV, Parmar et al. (1989) gave a lower limit of I{)oque. On the basis of our results we confirm that the source
kpc forphe distance from the source on the basis of the obderg s the infrared counterpart of 4U 1323-619 as suggested by
properties of the bursts. _ - [Zolotukhin et al.[(2010). Hereafter we use the new X-@an-

Zolotukhin et al.|(2010), studying the photometric pro@st dra coordinates to apply the barycentric corrections.
of 4U 1323-619 in the IR band and assuming a distance W applied the barycentric corrections to the Level 2 events
10 kpc, find a discrepancy of one order of magnitude betweg@ ysing theaxbary tool and extracted the first ffiiaction or-
the observed value of the flux and that predicted by a modgirs and background-subtracted HEBEG light curves using
that describes the system as an accretion disk illuminateal bthe dmextract tool. To subtract the background from the light
central spherical hot corona, which has a luminosity ok8@°  cyryes, we selected a background events extraction reish o
erg stinthe 0.1-10 keV band (Boirin et al. 2005). Based on thig radius, far away from the real source position.
discrepancy, they suggest a distance from the source bevee The available RXTEPCA observations span a period of
and 5 kpc. about 13 years (from 1997 to 2011). We produced background-

_ ] . o _subtracted light curves, including all the energy chanaeid

In this work, we find the first orbital linear and quadratigbtained the data from the HEASARC data archive. These light
ephemerides of 4U 1323-619, using all the available X-ragtpo curves have a temporal resolution of 0.125 s and the banjcent
ing observations from 1985 to 2011. We find a weak constratrrections have been applied using flagbary tool.
on the orbital period derivative. We compare the obtainsdlte The only available observation of XMM-NewttEpic-pn is
with the prediction of the secular evolution of the binargteyn the ObsID 0036140201 of January 2003, performed in timing

(see e.g. King 1988; Verbunt 1993) and suggest that the souigode. The data have been processed witketiperoc tool of the
distance is less than 5 kpc (close to 4.2 kpc for a companéon st

in thermal equilibrium). 1 See httpycxc.harvard.edaafASPECTcelmori for more details.

analyse the dips arrival times of 4U 1323-619, we used all
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Table 2: Best-fit parameters obtained by fitting the dips énftiided light curves.

Point  Phase interval Y Y, Y3 1 o ¢3 b4 X (d.0.f)
count st count st count s*
1 0-1 4.88 0.04 3.2%2 0.05 4.94 0.04 0.248 0.008 0.322 0.008 0.519 0.007 0.604 0.008 1.18(506)
2 0-1 1.4%0.02 0.780.02 1.52:0.02 0.35%0.006 0.3840.005 0.5980.005 0.62%0.006 1.66(438)
3 06-1.6 19.8%0.05 15.620.07 20.320.06 0.92@.0.005 1.0090.004 1.1590.005 1.30%0.005 5.44(482)
4 0-1 0.954-0.008 0.6340.008 0.9610.010 0.3590.007 0.4320.006 0.6430.008 0.7440.009 1.56(506)
5 0-1 21.23%0.05 16.530.06 21.060.05 0.334.0.004 0.4140.004 0.58@0.003 0.65%0.003 4.89(506)
6 0-1 1.23%0.012 0.7240.011 1.2680.012 0.2940.008 0.4020.007 0.6150.007 0.6760.007 1.50(506)
7 0.3-13 28.40.2 22 (fixed) 27.40.2 0.632:0.008 0.6920.007 0.93%0.007 0.9820.007 15.65(506)
8 0.6-1.6 19.31:0.08 14.5 (fixed) 18.960.07 0.9360.006 1.0520.005 1.1320.006 1.2460.007 2.72(495)
9 0.9-1.9 17.340.13 12.830.10 17.620.12 1.224.0.007 1.2590.008 1.53%0.006 1.5890.006 4.94(495)
10 0.3-1.3 0.9220.009 0.50a80.009 0.9320.010 0.6290.006 0.6860.005 0.8810.008 1.02&0.009 1.65(505)
11 1-2 18.420.11 13.640.11 18.320.09 1.2780.006 1.3380.006 1.53%0.008 1.63@0.010 2.09(505)
12 0.27-1.27 0.7840.007 0.4940.005 0.8130.007 0.56%0.006 0.60#0.005 0.9140.004 0.9560.005 2.72(505)

Bintime: 24.00 s
T T

[0.5 - 10 keV] —

.0

o1

08.0

-62:08:10.0 09.0

1.0

1st-ord HETG Count/sec
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g \_/
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Fig. 1: ChandrAHETG image of 4U 1323-619. The colour scale @)
reports the number of photons. The green circle indicates th
X-ray position obtained in this work, while the black cirgie Bin time:  24.00 s

dicates the position obtained by Zolotukhin et al. (2010hgs
XMM-Newton data. The A and B crosses are the two candidate | ps-10kev] ,
infrared counterparts identified by Zolotukhin et al. (2010

Scientific Analysis System (SAS) v. 14.0.0 and the barydent
corrections have been applied with therycen tool. The
extraction region of the source photons has been chosenton
the basis of the analysis of the histogram showing the numkier
of photons versus the RAWX coordinate of the image. V\&
selected a box region with a width of 21 RAWX and centred at "
the RAWX coordinate of the peak of the photons’ distribution
(RAWX=36). Thus, we extracted the light curve with the
evselect routine, selecting events with PATTERM (single ‘ ‘ ‘ ‘
and double pixel events) and FLA® (to ignore spurious ©°tC ‘ w ‘ w ‘ w ‘ L]

< 4

G Count/sec

events), in the energy range between 0.5 and 10 keV. We binned ° 20t T 610t g0t
the resulting light curve at 1 s. (b)

The availableSuzaku observation of 4U 1323-619 is the ObsID

401002010 of January 2007. This has been processed withthe 2: 1st order background subtracted ChafdIETG light
aepipeline routine and the two available data formats (3X3urves of the observations 14377 (a) and 13721 (b) in the en-
and 5X5) have been unified with each other. We applied tBeyy range 0.5-10 keV. The light curve (a) starts on 19 Decem-
barycentric corrections to the events file with thebarycen ber 2011 at 01:03:10 UT, while the light curve (b) starts on 23

routine. We extracted the 0.2-10 keV light curve using thBecember 2011 at 20:11:09 UT. The bin time is of 24 s.
xselect tool and adopting a circular region around the bright-

est pixel of the source with a radius of 50". We used a bin time

of 16 s.

We also used the EXOSAWIE observation performed onearth2sun.

February 1985. The light curve has been extracted in tRarthermore, we used two ASQRBIS2 observations: the first
energy range between 1 and 8 keV with a bin time of 10 s ahds been taken on August 1994 and the second one on February
the barycentric corrections have been applied with thel fta2000. Both observations were performed in medium bit rate
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Fig. 3: Folded light curve of the jointed Chandra observatio 3 Sl e ‘H‘ e I A
ObsID 14377 and ObsID 13721. The red line is the step-argl- | + \ 1
ramp function that better fits the dip. The blue arrows higjitli *-200 |- \ -
the phases of ingresg (and¢,) and egress#z and¢,) of the
dlp. 400 ] . ] . ] R I R I
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mode and the light curves were extracted with a bin time of 0.5 ) o

s. We applied the barycentric corrections using theeconv Fig. 4: Upper panel: delays of the dip arrival times (calteda
ftool. with respect to p of 10590.864 s and ¢lof 10683.3987 TJD)
Finally, the only available observation ddeppoSAX is of as a function of the number of cycles. Both the linear and the
August 1997. The BeppoSAMECS light curve has beenduadratic models are shown as a solid and a dashed linecrespe
extracted with thexselect ftool in a circular region of 4’ tively. Lower panel: residuals associated with respechéolin-

of radius, without energy filters and with a bin time of 4 sear fit.

The barycentric corrections have been applied with thel ftoo

earth2sun.

After this preventive selection process, we analysed 18pgd

and barycentric-corrected light curves that contain d @ft@5
3. Data analysis dips. The observations that we selected for the analysisels

as their grouping, are shown in Tdh. 1. Bursts were excluded
The whole analysed data-set spans a temporal range of agsth each light curve by removing the segments starting 5-s be
26 years. All the selected observations have been grouped wipre the rise time of each burst and ending 100 s after the peak
close in time to obtain folded light curves to increase tlaist time. We verified that the shape of the dips in each light curve
tics of the dips. We grouped the Chandra ObsIDs 13721 agdyuite similar from one cycle to another and folded thetligh
14377. The light curves of these observations are sepgrai@irves with a reference time and a trial period4J and R,
shown in Fig. 2a and 2b with a bin time of 24 s. The curvegspectively). To estimate the dip arrival time, we adoptes
have been extracted from the firsfidaction order of the HETG same procedure used by laria et al. (?015) For each |igh‘90ur
grating and the individual observations have a duratiorbolid T, is defined as the average value between the start and stop
62 and 80 ks, respectively. In the ObsID 14377 five dips ocCiine of the observation. We fit the dip in each folded lightveur
plus one more at the beginning of the observation that is oj)th a step-and-ramp function that involves seven pararsete
partially visible. In addition, during the observation 1Blseven the count-rate before (Y, during (Y») and after (%) the dip,
dips occur, pIus; one more that is par_tially visible attheibeig and the phases of ingress: (and¢,) and egressgi andgs) of
of the observation. In both observations several Type Itbws-  the dip. We show the step-and-ramp function fitting the fdlde
cur. The persistent emission is mainly at about 0.8 cgsiatsd  |ight curve of the joint Chandra observations ObsID 1437d an
the count-rate at the bottom of the dips is close to 0.3 cgints OpsID 13721 in Fig13.
Three RXTEPCA observations have been ruled out from OoUurhe phase of the d|p arrival has been estimatedﬁ% =
analysis: the observation whose ObsID is P40040-01-0201 iy, + ¢,)/2. The corresponding dip arrival time is given by
cause the dip is only partially visible in the light curve,vesl| Taip = Ttold + daipPo-
as the observations whose ObsIDs are P96405-01-03-00 gfd yalues of the2 , in Tab.[2 are quite high. We can assume
P96405-01-04-00, owing to the lack of dips. We furthermatre eyt this is a direct cause of the underestimation of thaeas-
cluded four additional RXTE?CA observations from our anal-sqciated with the fitted data points. The uncertaintiesldhake
ysis (ObsIDs P96405-01-05-00, P96405- 01-05-01, P964B5-Qt5 points can be increased by a constant factor to hgfg a
05-02, and P96405-01-05-03) and one Chandra observaten (Qqual to 1, multiplying the uncertainties on the fitting paea
sID 3826) owing to the fact that their folded light curveswho > i
a high count-rate variability outside the dips that doesatiotv  t€rs by a factor equal to thg/x7,, of the fit. As a consequence
us to obtain a valid fit for the dips by using the step-and-rangp this, for the calculations of the uncertainty on the fiftipa-
function that we define below. rameters, all the uncertainties relative to the valuegyfhave
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Fig. 5: Folded RXTFASM light curves of 4U 1323-619 in the 2-10 keV energy banagshe Ty and orbital period suggested by
Levine et al.|(2011) (left panel) and the linear ephememswhin Eq[2 (right panel). We adopted 14 phase-bins per gerio

been rescaled by the factqf)(rzed, when the best-fit model gaveat 68% confidence level. _ . _
We also try to fit the delays using a quadratic function:

a Jszed greater than 1. Moreover, we use a trial orbital period

2
Py Of 10590.864 s and a reference epogioT10683.4663 TIp Y1) =8+ BN + N’ 3)
to obtain the delays of the dips’ arrival times with respedite  wherea is the reference epoch correctiakilp) in secondsb is
reference epochol We choose the values of Bnd T arbitrar-  the orbital period correctiorAPo) in seconds, and = %PoP
ily, which are similar to those given by Levine et al. (201Te in units of seconds. The best-fit model parameters are mgort
values of T are shown in Tablel1, the best-fit parameters amgl Table[2. The fit returns a value of thé(d.o.f.) of 36.04(9),
they2, obtained by fitting the dips are shown in Table 2. Finallyyhile the F-test probability of chance improvement withprest
the dip arrival times, the cycle and the delays for each elaserto the previous linear fit is only of 52%. This suggests that,
tion are shown in Tablg 3. adopting the quadratic ephemeris, we do not improve thegfit si
First, we fit the obtained delays as a function of cycles with-a nificantly. The orbital ephemeris obtained with the quadrit
ear function, taking into account only the errors assodiatigh is

the delays. The fitting function is 10590896(2)
Taip(N) = TID(TDB) 106834641(7
: : : , : 4(7)x10°
where N is the cycle numbdyjs the correction to the trial orbital 86400 N%  (4)

period APyp) in seconds, and is the correction to the trial refer-

ence epochATy) in seconds. Thus, we obtain a first estimatiowhere 10683.4641(7) TJD is the new reference epoch,
of the corrections to the reference epoch and to the orldtadg. 10590.896(2) s is the new orbital period aRd= (0.8 + 1.3) x
Taking into account the error associated with the numbehef t10-'s/sis the orbital period derivative obtained by thparam-
cycles (AX), we obtain a total errod = +(AY)Z + (b * AX)2, eter that was returned by the fit. The associated errors &894t
whereAy is the error associated with the dip arrival time (segonfidence level. In the upper panel of Fig). 4 we show the delay
laria et al 2014). We repeated the fitting procedure, obtgin Versus the orbital cycles and, superimposed, two best-fileiso
ay?(d.o.f.) of 37.81(10). For the same reason adduced befol&; the linear and the quadratic ephemeris. At the botttwn, t

the uncertainties of the parameters returned by the linglzanfie  '€Siduals resulting from the linear fit are shown. The maximu
discrepancy between the delays and the linear best-fit medel

been rescaled by the factqfx7,, when the best-fit model gavet ahout 300 s, which is about 2.8% of the orbital period.

' To verify the goodness of the linear ephemeris shown in Eq.
a ., /szed greater than 1. The best-fit model parameters are Sh%ﬂ/ve folde)(; the gRXTEASM light curve in &e 2-10 keV energy q
!n Tabldz- The Ol’bital ephemeris Obtained W|th the |ineadB10 band_ Th|s ||ght curve covers a t|me interva| Of 15.5 yearsr(f
IS 5 January 1996 to 24 September 2011) and barycentric correc-
10590896(2) tions have been applied using tfiexbary tool. We show the
WN’ (2) folded light curve using the reference epoch and orbitaloper

suggested by Levine etlal. (2011) and by our linear epherimeris

where 10683.4644(5) TID and 10590.896(2) s are the referetie left and right panels of Fi§l] 5, respectively. We adoyitéd
epoch and orbital period, respectively. The associatadsare phase bins per period (each phase bin correspond3%a@ s).

Taip(N) = TID(TDB) 106834644 (51
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Table 3: Journal of arrival times of the X-ray dips obtainemhf
each folded light curve. The number of dips in each grouped ,, [
observation is also shown. ¢
Point Dip time Cycle Delay  Numberof & # *
(TJD;TDB) (s) dips g 3 —
1 6108.5412(7) -37322  -13@84 12 £
2 9568.7220(7) -9094 -5356 2 3
3 10565.0554(10)  -966 B4 8 10+ |
4 10683.4663(9) 0 @79 11 ‘
5 11223.3058(7) 4404 -3%3 9 L T ‘
6 11577.8062(8) 7296 70 7 5 1
7 12668.766(3) 16196 25216 5 g T ‘ Jr \ JFTLL na
8 12907.6725(9) 18145 1898 4 e 0 ‘ ‘ ‘ ‘
9  13370.2904(13) 21919 45110 6 P B —
10 14110.3063(9) 27956 7196 10 = r % L # iJ» 4‘
11 15601.9779(11) 40125 9865 7 : = 5 =

12 15917.0112(8) 42695 133865 14 Energy (keV)

ig. 6: Upper panel: JEM-X (black) and ISGRI (red) spectra of
U1323-619in the energy range 3-65 keV. Lower panel: residu
als in units ofo.

Table 4: Best-fit values obtained from the linear and qua'mlrai
fits on the delays of the dips arrival times.

zarameter Linear Quadratic Table 5: Best-fit parameters of the spectral fitting on the JEM
s 163+ 23  -186+ 29
b (chrs s) 31.9+0.9 32+ 1 and ISGRI spectrum.
c (x10°8s) - 4+7
x2(d.o.f) 37.81(10)  36.04(9) Component Parameter Value
Tabs Ny (x10%%cm™?) 4 (frozen)
nthComp T 3.0702
We note that, using orand Ry, from Eq.[2, the dip occurs at nthComp KT (keV) >10
phase zero, while using the values from Levine et al. (2abg), nthComp KT (keV) 1.13%4
dip occurs at a phase close to 0.1. nthComp inp_type 0 (frozen)
nthComp Redshift 0 (frozen)
. nthComp Norm. x1073) 6.9'13
4. Spectral analysis (d0.f) 1.069(11)

We present the spectral analysis of 4U 1323-619 performtd wi »

INTEGRAL data. This analysis is useful in Segt. 5 when extra lotes. The fitting parameters were set equal for both the JEM-X and
ing the unabsorbed flux of the source between 0.5 and 100 kEAPR! data-sets. The uncertainties are given at 90% cortidievel.

to obtain an estimation of the luminosity.

We found a number dfNTEGRAL pointings (science windows,
SCW) collected on 2003 July 10-13 in the field of 4U 1323-61
To maximize the spectral response, we selected only SCWs (

a typical duration of 3 ks) with the source located W|th|n°4a5_d enable us to well constrain the value of NAs a consequence of

3.5’ from the centre of the IBIS and JEM-X FOVs, respectively.c "\ e fix the column densit
- , y of neutral hydrogen to the galu
Thus, we analysed IBJfSGRI (Lebrun et al. 2003) data of 805, und byl Parmar et all (1989), which is also the highest avalil

SCWs and JEM-X2 (Lund etal. 2003) data of 51 SCWs (JE ble in literature. The fit gives;afed of 1.07 with 11 degrees of

1 was switched- at that time) with the standard INTEGRAL¢.coqom. The best-fit ; .
—. L . -fit parameters are shown in [Tab. 5, whale th
software OSA 10.1.(Courvoisier et/al. 2003) We verified that, o.onvolved model and the resulting residuals in unity afre

the JEM-X2 lightcurve, no type-I bursts were present and ”’@hown in FigL®.
the source flux was almost constant, so that, an averagettapec
(3-35keV) has been extracted in 16 channels for a total expos
time of 156 ks. Because of the faintness of the source in hardX piscussion
rays, the ISGRI spectrum has been extracted by the totalifabo
198 ks) mosaic image with thesaic_spectool in four energy We estimated the orbital ephemeris of 4U 1323-619 using the
bins, spanning from 22 keV up to 65 keV. whole available X-ray archival data from 1985 to 2011. We-pro
The spectral analysis was performed using XSPEC v. 12.8l2ced the linear and quadratic orbital ephemerides, fintiay
(Arnaud 1996). We modelled the joint JEM-X2 and ISGRI spethe value of the orbital period is 2.9419156(6) hrs. Thisose
trum with a thermal ComptonisationthComp in XSPEC). This patible with previous estimations (see_Levine et al. 20b,
spectral component takes into account the nature of the segth an accuracy that is ten times higher than that propoged b
photons (represented by tigp_type parameter that is equal toLevine et al.|(2011).
0 for blackbody seed photons or to 1 for disk blackbody se&uda binary system the accretion of matter from the companion
photons), the temperature jgTof the seed photons, the elecstar onto the neutron star is the main mechanism of genaratio
tron temperature k' an asymptotic power-law photon indEx of radiation. The mass accretion rate, however, is govebyed
the redshift, as well as a normalisation constant. The altisor the angular momentum losses to which the binary system is sub
that is due to the interstellar medium has been taken into gested. The main channels of angular momentum loss are: the

ount by using th&Babs model with the chemical abundances
f IAsplund et al. [(2009) and the cross-sections of Vernetlet a
W1996). The energy domain of the spectrum, however, does not
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mass loss from the binary system as a consequence of the aqsexl King 1988), where we substitute figr the expression of
tion, the generation of gravitational waves (especiallglmse Eg.[4, and assume an NS radigs of 10 km. Since we need
binaries composed by massive stars), and the magnetimigrakio compare the predicted luminosity with the bolometric ob-
which consists of a transfer of angular momentum from the-coserved luminosity, we extrapolate the 0.5-100 keV luminos-
panion star to the ionised matter that surrounds it and titet-i ity from all the available observations. For some obseovesi
acts with its magnetic field. The redistribution of the arsguho- the spectral analysis of the source was already shown in lit-
mentum induced by these interactions causes a variatidmeof érature. Since the energy spectrum in this case is dominated
orbital period of the binary system. As a consequence oféims by a cut-d¢f power-law component with a cutfoenergy at 85
estimation of the orbital period derivative is importantieder- keV (Batuchska-Church et al. 2009), we only use this spec-
stand the orbital evolution of the system. tral component to extrapolate the unabsorbed luminosdy, u
As a first step towards the extrapolation of an evolutive aden ing the photon index and normalisation values reportedtin li
for 4U 1323-619, we infer the companion star mass Mssum- erature for each observation and fixing the cfitemergy at 85

ing that 4U 1323-619 is a persistent X-ray source in a RockeV. We find a flux of 3.0&10°%, 3.61x1071° 3.38<10°%C,
lobe overflow regime, as suggested by the long time monigoriand 3.6%107° erg cn?f s for the observations taken by
of the RXTEASM (see Figll), then the companion star fills itSuzaku (Batucinska-Church et al. 2009 XOSAT (Parmar et al.
Roche lobe and, consequently, the companion star radiis R1989), BeppoSAX (Batucinska-Church et al. 1999), arlRXTE

equal to the Roche lobe radiugR (Galloway et all_2008), respectively. On the other hand, we e
The Roche lobe radius is given by the expression tract a flux of 4.%1071% erg cn? s7* in the 0.5-100 keV energy
3 band from theXMM-Newton observation, and of 3:3.071° erg
Ry = O.46224a( m ) (5) Cm’ s from the JEM-XISGRI observation.
my + If we consider the 2-10 keV RXTBRSM light curve spanning

of Paczyiski (1971), wheren, andm, are the NS and compan-ls's years of data, from 3 March 1996 (10145 TJD) to 12
ion star masses in units of slolar masses aigithe orbital sep- September 2011 (15816 TJD), we can observe that the source
aration of the binary system. Assuming that the companian Sglamtalned a roughly constant count-rate (seelig. 7)ngithe
o . SM light curve with a constant function, in fact, we obtain a

belongs to the lower main sequence, we adopt the relation countrate of (0.4880.011) ¢ s with ay2(d.o. f.) =5042(1388).
R 0.877 0807 6 As a consequence of this, we estimate the mean flux for 4U
R, My 6) 1323-619, averaging all the values of flux just obtained. The

. . : . . ean value of flux is of 3:61071° erg cn? s™X. To be more con-
aI|d_ for M-stars (Neece _1984). Comb'”"?g equatins S a rvative, we verified that this result is not sensitive &® $he-
with the third Kepler law and assuming a neutron Si@fc yalue of Ny that was previously used for the JEMISGRI

(NS) mass of M=1.4 M, and the orbital period obtaineds; \yhich is the maximum availabie in literature. Adoptirtet
from our ephemeris, we find that the companion star MasSplimum value of Ny available in literature (321072 cm2;

M2 ~0.28:0.03 M. Here we took into account an accuracy ko, cifska-Church et al. 2009), we extract a flux of 81210
10% in the mass estimation (see Neece 1984). Our result is CUYy cn? s for the JEM-XISGRI observation in the 0.5-100
patible with 0.25 M, as suggested by Zolotukhin et al. (2010)e\; energy band. Again, we obtain a mean value of flux of
Since the companion star mass is 0.28 We expect that it is 3 g,10-10 grg cn? s averaging all the values of flux obtained
fully convective and, consequently, it cannot have a magnefy e

field anchored to itl(Nelson & Rappaport 2003). This impliggging the mean flux and adopting a distance of 10 kpc we de-
that magnetic braking as a driving mechanism of the orbita e ;o mine a mean luminosity of (4:8 0.4)x10% erg s for 4U
lution is ruled out. Assuming that the unique mechanism of ai323.619. In this estimation, we took into account an aabjtr
gular momentum loss in this binary system is due to the grayor of 109%. We observe that the luminosity predicted by Eq.
tational radiation and, considering a conservative massster, m .o reach a maximum value of %7036 erg s for n=-1/3

we can infer the secular mass accretion rate by re-arrargjng nd a value of 7.810% erg s! for n=0.8. We show the me,an

10 of Burderi et al..(2010), i.e. luminosity together with that predicted by Ed. 8 in the upper

. 8/3 2 _1/35-8/3 panel of Fig[B8. From this comparison, we can conclude that,

Mg =06 3q-3n-% myPo*(1+ 0) Py, (7)  for a distance of 10 kpc, the observed mean luminosity ismot |
2 2

accordance with that predicted by the theory of the secutar e
wherem_g is the mass transfer rate from the companion star lmtion. We note that a wrong distance value could contrilbate
units of 108 My, yr~t, q is the ratio of m to my, and By, is the the observed inconsistency.

orbital period in units of two hours. The indexcan assume the  For this purpose, we take into account the 3D extinction map
values -13 or 0.8 and is associated with the internal structure of the radiation in the Kband for our Galaxy (Marshall etlal.
the companion star. If the star is in thermal equilibriumjiidex 2006). This map suggests how great the extinction of thexradi
nis 0.8 (the index of the mass-radius relation we adopted in Hipn is in the direction of the sourcé € 307, b = 0.5°) as a

[6) whilst it is equal to the adiabatic index= —1/3 otherwise. function of the distance. In Fi§] 9 we report the extinctioa-p
The values ofn predicted by Eq.]7 are 640! M, yr~! for  dicted by the model of Marshall etlal. (2006) as a functiornef t

n=0.8 and 1.421071°M,, yr~! for n=-1/3. distance from the source. We extrapolated the profile, takito
Following the theory of secular evolution for X-ray binaryss account the galactic coordinates of 4U 1323-619. We caleula
tems, we can write the X-ray luminosity as the visual extinction using the Giver & Ozel (2009) relation
L GMM Ny = (2.21+ 0.09)x 107*Ay, (9)
1 Ry where N; is the equivalent column density of neutral hydrogen
0x 10%7 11/3,2(1 -1/3p-8/3 -1 qf the absorbing mtergte_llar mqtter ang #s the visual extinc-
5.0 10° 39-3n-3 m (1 +q) 2 €195 (8) tion of the source radiation. Using the;Nalue 3.%10? cm 2
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Fig. 7: RXTEASM light curve in the 2-10 keV energy band. Distance (kpc)
The red line represents the mean count rate maintained by 4U L . L
1323-619 over 15.5 years. The bin time is four days. Fig. 9: Extinction of the K radiation in the direction .of the
source [ = 307 , b = 0.5°) as a function of the distance
——— 77— (Marshall et al. 2006).
d=10 kpc
S b
A e 1 (Nishiyama et al. 2008), wherejA is the extinction in the K
3l | band. With this relation we find a value for the extinction of
w | Aks=0.90£0.09 mag.
> 2| 1 We fitted the profile of the extinction of Figl 9 with a quadcati
) ] function between 3 and 6 kpc, imposing a null value of the ex-
& 1 \ tinction for a null distance. The fit gives usyd,; of 1.38 with
= 12 degrees of freedom, a linear parameter of 8.0®M2, and a
> "t quadratic parameter of 0.028.004. The uncertainties are given
'g 1.6} d=4.2 kpc with a confidence level of 68%. According to the value gf,A
€ 14l ] obtained before, we estimate a distance ojgﬁ:kpc with a con-
= fidence level of 68%. This distance is fully in agreement i
3 L2t 1 value of distance suggested|by Zolotukhin etlal. (2010).
1r 1 Taking into account a distance of 482 kpc, we infer a lumi-
o8b—m = ———— nosity of (0.8+ 0.3)x10% erg s* that is compatible with the
06l ] one predicted by Ed.8 formindex close to 0.8 and thus for a
04l 1 thermal equilibrium state of the companion star (see[Hig. 8)
' A value of luminosity that completely matches the one priedic
02—t by Eq.[8 forn=0.8 is obtained for a distance to the source of
04 -02 0 02 04 06 08 1 g~4.17 kpc. According to the Marshall et &l. (2006) model (see
n Fig.[9), an extinction of 0.88 mag competes for this value of

distance in the Kband, and thus, by EQ. 110 and E§. 9, we infer
Fig. 8: The red lines represent the luminosity as a functidhe A,=14.2 mag arlfd N ~3.1x1022 cm‘%/. Tﬁtisnvalue oleﬁh is fully

indexn for a distance of 10 kpc (upper panel) and 4.2 kpc (oWt o5reement with that obtained ty Batfiska-Church et al.

panel). Th_e bIl_Je continuous lines represent the best vqfuhs (2009). :

mean luminosity, while the dashed lines represent the &8dc \yjg 150 explored a non-conservative mass transfer scelégio

errors. observe that in the case in which the mass is expelled from the
position of the companion star, for an indexh8 and a distance

found by Batluahska-Church et all (2009), we estimate a visu pem the source of 4.2 kpc, the Iummosm_es ob'gamed from.'.‘h
extinction of Ay=14.5:0.7 mag that is compatible with the valud'lvidual X-ray observations are compatible with the lunsity
found by Batuchska-Church et al (1999). The visual extinctioRrédicted by a non-conservative mass transfer theory fafuev
is related to the extinction of the radiation in thet¥and through ©f # > 0.8, whereg is the fraction of matter accreted onto the

the relation neutron star. This implies that the observations are ineagest
with a scenario in which more than the 80% of the mass is ac-
Ak, = (0.062+ 0.005) Ay mag (10) creted onto the neutron star. Thus, on the basis of the fatt th

Article number, page 8 ¢f110



A. F. Gambino et al.: New orbital ephemerides for the dipgingrce 4U 1323-619: constraining the distance to the source

only the 20% of mass of the companion star is lost from the sys¢lLevine et al.[(2011). We obtain a refined measure of the pe-
tem, we can confirm that the mass accretion mechanism coréi of P = 2.9419156(6) hrs, in line with previous estimates,
be rightly considered conservative. as reported in the literature. We infer for the first time a kvea
To investigate the orbital evolution of the system, we ne®ed ¢tonstraint on the orbital period derivative of the systeat th of
compare the Kelvin-Helmholtz time-scatgy (i.e. the charac- P = (8 + 13)x 1072 g/s. Assuming a fully conservative mass-
teristic time to reach the thermal equilibrium for a stanjhwthe transfer scenario and that the companion star is an M-tyfe-ma
mass transfer time-scadg,. We calculate the Kelvin-Helmholtz sequence star, we estimate the mass of the companion to be of
time-scale adopting the relation 0.28+0.03 M,. This result suggests that the star is fully convec-
) tive and that the magnetic braking mechanism can be ruled out
2(M2)\" Ro Lo as an explanation of angular momentum losses from the binary
Tk = 3.1x10 (M_o) R L system, which is therefore driven by the mechanism of gaavit
tional radiation.
of Verbunt (1998), together with the mass-luminosity rielafor e inferred that the companion star transfers matter orgo th

(11)

a M-type star neutron star surface via the inner Lagrangian point in a@ens
261 vative regime. According to the conservative mass-trarsfe-

L - 0231 (&) (12) nario, and taking into account the map of the tadiation ex-

Lo ' Mg tinction in our Galaxy, we estimate a distance of (%33 kpc at

68% confidence level.
of[Neece((1984). Moreover, we assumelthe Neece (1984) mass-

radius relation of Ed.]6 for a main sequence M-type star in-equ

librium. Our estimation of the Kelvin-Helmholtz time-sed$ of Acknowledgements
TkH=9x10° yrs.

On the other hand, we extrapolate the mass transfer tinle-s
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