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ABSTRACT

Context. The source 4U 1702-429 (Ara X-1) is a low-mass X-ray binarstey hosting a neutron star. Albeit the source is quite
bright (~ 10°7 erg s?) its broadband spectrum has never been studied. Neithendipeclipses have been observed in the light curve
suggesting that its inclination angle is smaller thah 60

Aims. We analysed the broadband spectrum of 4U 1702-429 in thé @&V energy range, usingVIM-Newton and INTEGRAL
data, to constrain its Compton reflection component if itrespnt.

Methods. After excluding the three time intervals in which three tipéray bursts occurred, we fitted the joint XMM-Newton and
INTEGRAL spectra obtained from simultaneous observations

Results. A broad emission line at 6.7 keV and two absorption edges&t @nd 8.82 keV were detected. We found that a self-
consistent reflection model fits the 0.3-60 keV spectrum.wigie broadband continuum is composed of an emission compone
originating from the inner region of the accretion disc, anptonised direct emission coming from a corona with an sdedemper-
ature of 263+ 0.06 keV and an optical depth= 136 + 0.2, and, finally, a reflection component. The best-fit indisakeat the broad
emission line and the absorption edge at 8.82 keV, both ededavith the presence of kev ions, are produced by reflection in the
region above the disc with a ionisation parameter of kpg(2.7. We have inferred that the inner radius, where the broadsani
line originates, is Gggg km, and the inner radius of the accretion disc isg%m. The emissivity of the reflection component and

the inclination angle of the system aré2s? and 4432 degrees, respectively. The absorption edge at 0.87 ke\sixiaed to the
presence of @ur ions and it is produced in a region above the disc with kpg(1.9
Conclusions. .
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O ‘1. Introduction were found between the accretion flows and the overall sgectr
CD. shapes in LMXBs hosting neutron stars (NSs) and black holes
Low-mass X-ray binaries (LMXBs) usually show discrete fegBHs). In both systems, an accretion disc surrounds a Campto
tures such as emission lines and absorption edges. The nigiat corona located around the compact objects. This ths le
— prominent feature is an emission line at 6.4-6.97 keV, ugirl  to the conclusion that in both LMXB systems, these emission
. . terpreted as a fluorescence line from iron dfedtent ionisation lines may be produced by reflection of the primary continuum
—> ‘states. Infact, iron is a relatively abundant element vhithttigh-  over the inner accretion disc. In this scenario, the lindfilaro
'>2 est fluorescence yield among the most abundant atomic spedieshaped by Doppler and relativistifects caused by the fast
. ‘These features are powerful tools to investigate the stract(Keplerian) motion of the plasma in the inner regions of the a
g of the accretion flow close to the central source; in pardicul cretion disc. As a consequence, the line shows a charditeris
important information can be obtained from the detailedcspebroad and asymmetric (red-skewed) profile, the detailepesha
troscopy of the line profile, since it is determined by the-iorof which depends on the inclination of the system with resfmec
isation state, geometry, and velocity field of the reproogss the line of sight, and on how deep the accretion disc extertds i
plasma (see Cackett etlal. 2010, for a review). the NS gravitational potential (see Fabian et al. 1989; gtz

These emission lines are usually broad with Gausstan1992).

from 0.3 up to more than 1 keV. This broadness is incompat- If the origin of this line is from disc reprocessing, one wabul
ible with a simple thermal broadening caused by the plasraso expect the presence in the spectra of other discrete fea
temperature, because of the large mass of iron atoms. It hags (such as emission lines and absorption edges from the
been interpreted as being caused by Compton broadeningtiner abundant elements) and an excess of emission (Comp-
a Comptonising medium of moderate temperatures and optital hump) caused by direct Compton scattering of the pri-
depth (see e.g. Ng etlal. 2010) or Compton scattering caysedary spectrum by the electrons in the disc. Indeed, broad-emi
strong outflowing winds illuminated by the radiation fromethsion lines from Silicon, Argon, and Calcium have been de-
innermost part of the system (Titarchuk et al. Z009). Siritiess tected together with iron features in the spectra of bright N

60
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LMXBs (such as 4U 1705-44, e.q. Di Salvo etal. 2009; GX The region of sky containing 4U 1702-429 was observed by
349+2,llaria et all 2009; GX34€0,|D’Ai et all|2009; GX 31, XMM-Newton between 2010 March 09 14:11:26 UT and March
Piraino et al. 2012 and Pintore etlal. 2015), and in some case$0 00:22:08 UT (OBSid 0604030101) for a duration of 38 ks.
broadened absorption edge at 85 keV was also required. TheDuring the observation, the MOS1 and MOS2 instruments were
ionisation states of these elements were compatible with sioperating in Small window mode, while the EPIC-pn camera
ilar values of the ionisation parametgrand the ratios of the was operating in Timing mode with medium filter. To reduce
widths of these features with respect to the corresponding ¢he XMM-Newton data, we used the Science Analysis Software
ergy were compatible with being constant for each source, i(8AS) v. 14.0.0 and the calibration files at the date of 2014lAp
plying that all these features were produced in the samereisc25. Initially we produced the EPIC-pn light curve in the @3-
gion. The Compton hump at 20-40 keV has also been detecked/ energy range. We extracted the 0.3-10 keV EPIC-pn events
in the hard spectral state of these sources with high statistf the source selecting RAWX between 24 and 48 and setting
cal significance (see elg. Di Salvo et al. 2015; Miller et 81l2 PATTERN<4 (single and double pixel events) and FLAG
Degenaar et al. 2015; Piraino etlal. 2016), in combinatiath wiThe 0.3-10 keV background events were extracted by segectin
the presence of the iron line, and both these features hare bLRAWX between two and 12. Then, we used #giclccorr
modelled with self-consistent reflection models. The réiftec to obtain the background-subtracted EPIC-pn light cureg ith
model is able to simultaneously fit all these features (bevaid- shown in Fig[lL (top-left panel) with a bin time of 1 s. Threpdy
sion lines and absorption edges as well as the Compton hurh}ray bursts occurred during the observation, betweer0286
and is therefore the most promising explanation for thagior and 2980 s, 20780 and 20900 s, and 36150 and 36300 s from
(see e.d. Di Salvo et al. 2015; D'Ai etial. 2010; Reis et al.2200the start time. The persistent emission has a count rate ®f 28
Cackett et al. 2010). ¢ st whilst during the bursts the count rate increases to 2100

The X-ray source 4U 1702-429 (Ara X-1) is a NS LMXBc s. Since the aim of this work is the spectral analysis of the
showing type-1 X-ray bursts. The source was detected agersistent emission, we excluded the time intervals coingi
burster with OSO 8 (Swank etal._ 1976), whilst the persisthe burstsin all the analysed datasets. The light curveeopér-
tent X-ray emission was detected by Lewin & Clatk (1/979%istent emission is shown in Fig. 1 (top-right panel) andutime
Oosterbroek et al[ (1901) classified 4U 1702-429 as an afdihe is 100 s. The light curve shows a count rate almost cahsta
source using EXOSAT data. Using Chandra HRC-I dataf 280 ¢ s* up to 28000 s from the start time, then the count rate
Wachter et dl.[(2005) gave the accurate position of the X-rayddenly decreases at 260¢ and gradually increases again up
source with an associated error ¢f@[Galloway et al.[(2008), to the end of the observation, coming back to 280 Since
analysing the photospheric radius expansion during the dbe maximum count rate to avoid pile-up issues is 800'dar
served type-l X-ray bursts, inferred a distance to the soofc the EPIC-pn camera used in Timing mode, we are confident that
4.19+0.15 kpc and %46+ 0.19 kpc for a pure hydrogen and purghe persistent EPIC-pn spectrum is nffeated by pile-up. Using
helium companion star, respectively. Furthermore, thetieoas the SAS toolepatplot, we found that the pile-up fraction for
suggested that the companion star should have a mass fracsiogle and double events is only 0.1% and 3.3%, respectively
of hydrogen lower than 50%. Markwardt ef al. (1999), usirgy tithe 2.4-10 keV energy range.

data of the proportional counter array (PCA) onboardRbssi- We also extracted the 0.3-2 keV and 2-10 keV EPIC-pn light
XTE (RXTE) satellite, detected burst oscillations at 330 Hz thaurves and produced the corresponding hardness ratio @R, s
could be associated with the spin frequency of the NS. bottom-left panel in Figl]1). The HR value is quite constant a

Up to now a few works reported the analysis of the persisteh85 from the beginning of the observation up to 28 ks; after
spectrum of 4U 1702-429. Christian & Swank (1997) analysedis, its value ranges between 2.65 and 2.8, suggestinghtbat
three observations taken by tRstein satellite combining the spectral shape is softer in the last 10 ks of the observaien.
data of the solid-state spectrometer (SSS; 0.5-4.5 keVdai@ nally, we show the HR vs. the 0.3-10 keV EPIC-pn count rate
monitor proportional counter (MPC; 1.2-20 keV). The authoin Fig.[d (bottom-right panel); the HR increases when thentou
fitted the spectrum of the source with an absorbed fiytawer- rate increases.
law obtaining an equivalent hydrogen column densigyof the The MOS1 and MOS2 light curves were initially extracted
interstellar medium betweenIlx 107 and 17 x 1072 cm™2. sing a circular region centred to the source position arntl wi
The photon-index spanned the range between 1.3 and 1.5, angldius of 48. The count rate of the 0.2-10 keV MOS1 and
the cut-df temperature between 8 and 16 keV. Markwardt et a)0S2 light curves is close to 50 cs Since the maximum count
(1999) analysed three observations of 4U 1702-429 takem Wite to avoid pile-up issue is 4.5 c'for MOS cameras used in
RXTE/PCA These_authprs fitted the peI’SIStent Spectrum W@]}na" window mo we expected the presence of heavy p”e_
a cut-af power-lavy inferring a cut--temperature betwegn 3-5up in this case. Using the SAS toepatplot, we estimated a
and 46 keV. In this work we show the SpeCtraI analyS|S of th@'ge pi|e-up fraction of 20% in the 0.2-10 keV energy raﬁ@:e_
persistent spectrum of 4U 1702-429 in the 0.3-60 keV energjnimise the pile-up issues, we extracted the MOS1 and MOS2
range using botXXMM-Newton andINTEGRAL observations.  source events from an annular region centred on the X-ray pos

tion of the source and with an inner and outer radius d¢f 8ad
45", respectively. In this case the persistent count rate is 8.
2. Observations and data reduction and the pile-up fraction is less than 2% for MOS1 and MOS2
) events in the 0.2-10 keV energy range. We show the 0.2-10 keV
The XMM-Newton observatory |(Jansen et al. 2001) includggosi light curve in FiglP (left panel).
three 1500 crhX-ray telescopes each with an European Photon Finally, we extracted the first order RGS1 and RGS2 light

Imaging Camera (EPIC, 0.1-15 keV) at the focus. Two of t.n:%rves of the persistent emission. The count rate of the RGS1
EPIC imaging spectrometers use MOS charge-coupled dewg

CCDs (Turner et al. 2001) and one uses pn CCDs (Strider et aﬁa RGS2light curvesis 1.63 and 1.6 sespectively, during
2001). Reflection grating spectrometers (RGS, 0.35-2.5 keV

den Herder et al. 2001) are located behind two of the telescop! httpy/xmm2.esac.esa.jiibcgdocumentsCAL-TN-0200-1-0.pdf.
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Fig. 1. Top-left panel: EPIC-pn light curve of 4U 1702-429 with a bime of 1 s. Three type-I X-ray bursts occur during the obagon: between
2860 and 2980 s, 20780 and 20900 s, and 36150 and 36300 s feastathtime. Top-right panel: 0.3-10 keV EPIC-pn persislight curve. The
bin time is 100 s. Bottom-left panel: 0.3-2 keV EPIC-pn pstesit light curve (upper panel), 2-10 keV EPIC-pn persislight curve (middle
panel) and the corresponding HR (lower panel). The bin tg1D s. Bottom-right panel: HR vs. intensity (bin time of 4)0

the persistent emission. We show the two light curves exetud MOS12 spectrum). The MOS12 spectrum was grouped with a
the bursts in Fid.12 (right panel). minimum of 25 counts per energy channel.

To analyse the persistent spectrum of 4U 1702-429, we ex- We extracted the first-order RGS spectra using the SAS tool

: d excluding the time intervals in which the three
tracted the EPIC-pn spectrum from events with PATTERN rgsproc an .
and FLAG=0. Source and background spectra were extracted S5/t occ_ur._lAfter che_crlflng that the RCBfSl and RGEZ Spec-
lecting the ranges RAWX[24:48] and RAWX=[2:12], respec- ra were similar and wit outhsystematlc eatures in t ed.5-
tively. EPIC-pn spectra were rebinned in energy with an ov%fv energy range, we used the SAS togkcombine to obtain
sample of three using the SAS tospecgroup. MOS1 and e merged spectrum (hereafter RGS12 spectrum). The RGS12

MOS2 spectra were extracted from events with PATTERR spectrum was grouped with a minimum of 25 counts per energy

|. Thefective times of the persistent spectra are 37 ks for
and FLAG=0. The MOS1 and MOS2 background spectra Wegganne
obtained using the same settings and the same annulus §RGS12 spectrum and 36 ks for MOS12 and EPIC-pn spectra,

tred in a source-free region. Furthermore, using the SA$ tégspectwely.

epatplot, we found that the fraction of pile-up is close to 3% We searched for INTEGRAL observations performed on
in MOS1 and MOS2 spectra. After checking that the MOS1 a2910 March, both with the JEM-X| (Lund etial. 2003) and
MOS2 spectra were similar and that systematic features wéBeS (Ubertini et all 2003). We selected three JEM-X poigtn
absent in the 0.3-10 keV energy range, we used the SAS toamely science windows (SCW), performed in March 10 and
epicspeccombine to obtain the merged spectrum (hereafterl, and 58 IBIS SCWs performed in March between 5 and 15.
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Fig. 2. Left panel: 0.2-10 keV MOSL1 light curve obtained extracting events from an annular region with inner and outer raofi3§” and 45.
The bin time is 10 s. Right panel: the first-order RGS1 and RI&fB2 curves (bursts excluded) with a bin time of 100 s.

The data-set selection criterion was based on the maximvsatdescribe a black-body spectrum; in our scenario, the seed-
of the spectral response of the two telescopes, obtainédiét photons originate from the NS surface grdthe boundary
source located within 4°5and 3.8 from the centre of the IBIS layer. We took into account photoelectric interstellarapton

and JEM-X FOVs, respectively. Thus, we analysed JBB&RI using the multiplicative componeiphabs, assuming the cos-
(Lebrun et al. 2003) and JEM-X2 (JEM-X1 was switchefflad mic abundances and the photoelectric cross sections shgpwn b
that time) data with the INTEGRAL standard software OSA 10Wilms et al. (2000) and Verner etlal. (1996), respectivehe Tit
(Courvoisier et gl. 2003). to the data provided g2(d.o.f.) of 2845(2252). The best-fit val-

A JEM-X2 spectrum was extracted in 16 channels and an ks and the corresponding residuals are shown in the third co
fective exposure time of 6 ks was derived. Because of thé-fainmn of Tablé&lL and in the left-top panel of Hiy. 3. Due to thgdar
ness of the source in hard X-rays, the IBSGRI spectrum was residuals observed between 0.8 and 1 keV, we added to thd mode
extracted by the mosaic of the pointing images. We obtainedm absorption edgedge in XSPEC) with the threshold energy
total mosaic in three energy ranges, 20-26 keV, 26-37 ke¥, aand the depth left free to vary. We found that the threshold en
37-60 keV, and an IBISSGRI spectrum (130 ksfiective ex- ergy associated with the absorption edge 9@ 0.02 keV with
posure) by using theosaic_spec tool on this image. We note the error at 3 confidence level (c.l.); the obtaingd(d.o.f.) is
that, based on the latest calibration issues, the JEM-X@spa 2761(2250). The absorption edge can be only associatedheith
was used from 5 keV up to 22 keV. Ovm (~0.871keV) or Cav (~0.895 keV) ions (see Verner et al.

We fitted simultaneously theXMM-Newton (RGS12, 1996). Since Wilms et al. (2000) showed that the abundance of
MOS12, and EPIC-pn) antNTEGRAL (JEM-X2 and ISGRI) 0Oxygen and calcium are@x 10~% and 219x 10°%, respectively,
spectra using XSPEC v. 12.8.2. We selected the energy rangésconclude that the absorption edge close to 0.89 keV is as-
0.6-2.0 keV for RGS12, 0.3-10 keV for MOS12, 2.4-10 keV fogociated with the presence ofv@x ions. Fixing the threshold
EPIC-pn, 5-25 keV for JEM-X2, and 20-50 keV for ISGRI. Weenergy at 0.871 keV, we obtainedyé(d.o.f.) of 2771(2251);
ignored the EPIC-pn energies channels lower than 2.4 kedésithe improvement from allowing the energy threshold to be fre
a soft excess is present that is not reconciled with the RGS@2vary compared to being fixed gives an F-test probability of
and MOS12 spectra, suggesting that the EPIC-pn calibmgiom only 4.3 x 10, The latter model (hereaftendel2) is shown
still uncertain below this energy (internal XMM-Newton mep in the fourth column of Tablgl1. The addition of thdge com-
CAL-TN- 2 0088 see also Piraino et gl. 2012; Pintore et aponent to the initial model gave a F-test probability of aten

2015). improvement of 13 x 1074 and suggested that its addition is
highly significant.
3. Spectral analysis The residuals shown in the top-left panel of Fig. 3 suggest th

presence of an absorption edge close to 9 keV. Adding this com
Initially, we fitted the data adopting the model component tomodel2 (the model composed of the continuum plus
posed of a multicoloured disc black-bodydigkbb in the two absorption edges is hereafter nai€iE), we obtained a
XSPEC, see Mitsuda etlal. 1984; Makishima et al. 1986) pltiweshold energy of.8722 keV (3o confidence level). This value
a thermal Comptonisation componenithcomp in XSPEC, is marginally compatible with the energy threshold of anoasps
see| Zdziarski et al. _1996Zycki et al. |1999). The parametertion edge associated with kev ions. For this reason, we fitted
inp_type of the nthcomp component was fixed at zero, im-the spectrum again fixing the threshold energy value at 8.829
posing that the seed-photons of the Comptonised componkea, obtaining ay?(d.o.f.) of 2729(2250) and a corresponding
F-test probability of chance improvement 064 10-° with re-
2 httpy/xmm?2.esac.esa.jidiocgdocumentsCAL-TN-0083.pdf. spect tanodel2; that is, we achieved a statistical improvement at
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Fig. 3. Left panel: 0.3-60 keV residuals corresponding to the triatlels (see Tabld 1) described in the text. Right panel:ldedospectrum and
residuals corresponding to the modeE+Reflection. The red, black, green, blue, and light-blue data corre3poMOS12, RGS12, EPIC-pn,
JEM-X2, and ISGRI spectra, respectively. The shown datgaehically rebinned.

more than & c.l.. The best-fit parameters and the correspondiagchored and imposing the value of the paramiier type to
residuals are shown in the fifth column of Table 1 and in Eig. B We found g/?(d.o.f.) of 2551(2246) and the F-test probabil-
(the second panel from the top, left side), respectivelystMav ity of chance improvement was16x 10732 with respect to the
the corresponding residuals in Fig. 3 (the second panel fhem CEE model and 16 x 10~* (significance of improvement of Br
top, left side). There is still a large excess in the resisll- c.l.) with respect to th€EE+Gaussian model, respectively. We
tween 6 and 7 keV. show the corresponding residuals in Hi¢). 3 (bottom panél, le

To fit the residuals between 6 and 7 keV. we added tage Sid€)- The best-fit values are shown in the seventh columa-of T

model a Gaussian component. The addition of the Gaussian @lgl]l. We found that the energy of the smeared emission line is

+0.08 i L :
to the model substantially changes the best-fit parametéing o 4511 keV, the power !aw qependence of emlss“ﬁ% (the pa
continuum components. We found that the inner-disc tempef@metemetor10 of thediskline component) is-2.9%5z, the

ture (KTin = 0.430% keV) is compatible with the temperaturd"ner radius of the accretion disc at which the line origiisas

0.09 +12 ot - _ L
of the seed photons of the Comptonisatiomgk = 0.61j°~°$ 24+“ gravitational radii Ry = GM/c?), the inclination angle

keV). Thus, we performed a new fit with th@k and KTy %?é_ of the binary system is 39 d_egrges find, finally, the equivalent
rameters being anchored and imposing the value of the pardifith of the smeared emission line is & eV.

eterinp_type to 1, that is, assuming that the seed-photons of
the Comptonising spectrum has a multicoloured disc blamdkyb
distribution. We obtained g?(d.o.f.) of 2571(2248) and a F-
test probability of chance improvement ok3.0-3° with respect
to theCEE model (see the best-fit values in the sixth column ®
Table[1 and residuals of the fit in FIg. 3). The Gaussian compe
nent has an energy of @ + 0.07 keV, a width of 046 + 0.09
keV, and a normalisation of 813 x 10~* photons cm? s%; the
corresponding equivalent width is 354 eV.

Finally, we adopted a self-consistent model (hereafter
CEE+Reflection) to take into account the possible pres-
ence of a reflection component from the accretion disc. The
opted reflection modetfxconv in XSPEC combines the
nised disc table model (see Ross & Fabian 2007) with the
ompton reflection code of Magdziarz & Zdziarski (1995). An
accurate description of thefxconv model was shown by
Kolehmainen et al! (2011). To take into account possibleasme
ing from relativistic éfects, we convolved thefxconv model
Motivated by the broadening of the Gaussian componeniith the rdblur model. The convolution modedblur has the
we investigated the scenario in which the residuals betvéeeisame parameters of thk skline above defined. We tied the
and 7 keV are produced by an emission line smeared by redaed-photon temperature of the Comptonised componenéto th
tivistic effects. Thus, we fitted the spectrum usingdliekline inner-disc temperature, and the outer radiusdiflur was fixed
component (see Fabian eflal. 1989, for an accurate descriptit 1000 gravitational radii. Initially, we left free to vatlye value
of thediskline component) instead of theaussian compo- of the abundance of iron, but the spectrum does not have énoug
nent. We fixed the outer radius of tidéskline component at statistics to constrain it. Then, we fitted the data keepixexdfi
1000 gravitational radii because of the fit was insensitivés the value of the parameter at 1, 1.5, 2, 2.5, and 3. We found a
change. We started by leaving the inner-disc temperatutéen slight flattening of the residuals close to 7 keV for a valu@ of
seed-photons temperature free to vary during the fit. Werdda of the parameter, while there was not a substantial chanigpein
KTin = 043705 keV and Ky, = 0.60*330 keV, respectively. residuals for the largest values of the abundance. We datain
Since KT, and Kry, were compatible within the uncertaintiesa y?(d.o.f.) of 2582(2246) and 2572(2246) for a value of 1 and
we fitted the spectrum with theTk, and Ky, parameters being 2 of the parameter, respectively. We show the best-fit vetues
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Table 1. Best-fit values of the parameters.

Model Parameters Continuum ContinuemContinuun CEE+ CEE+ CEE+
edge edge+edge Gaussian diskline reflection
(model2) (CEE)
PHABS Ny (x1072 cm?) 25270%  235+0.05 239+0.05 246+005 246+005 252+0.05
EDGE E (keV) - 0.871 (fixed) 0.871 (fixed) 0.871 (fixed) 0.871 (fixed).871 (fixed)
T - 059+010 064+010 070+010 Q70+0.10 076799
EDGE E (keV) - - 8.828 (fixed) 8.828 (fixed) 8.828 (fixed) 8.828 (fixed
T - - 0042+ 0.010 Q034+ 0.011 Q038+ 0.010 Q037+ 0.011
DISKBB KT, (keV) 057+0.04 053+004 046+003 037+002 037+0.02 034+0.02
Ring,, Vcosd (km) 151+21 17+2 2273 40+7 408 50'%,
NTHCOMP  T'comp 158+0.02 159+002 164+002 1689+0.013 1692+0.011 17107339
KTh, (keV) <0.26 <0.24 <0.26 037+0.02 037+002 034+0.02
kTe (keV) 227+004 230+004 244+0.05 255+005 257+0.05 263+0.06
inp_type 0 (fixed) 0 (fixed) 0 (fixed) 1 (fixed) 1 (fixed) 1 (fixed)
Norm 027+0.03 0292092 0327092 035+0.02 035:£0.02 0366733
GAUSSIAN E (keV) - - - 675+ 0.07 - -
o (keV) - - - 046 + 0.09 - -
I (x10™* phot. cn? s°1) - - - 6273 - -
eq. widthuss (eV) - - - 35+ 14 - -
DISKLINE Egsine (keV) — - — — 674+ 0.10 —
betor10 - - - - —2.9i§;g -
Rin (Ry) - - - - 243 -
inclination (degree) - - - - 397 -
| (x10™* phot. cn1? s°71) - - - - 6052 -
eg. width (eV) - - - - 3&7 -
RDBLUR  betor10 - - - - - —3.2§§;§
Rin (Ry) - - - - - 31
inclination (degree) - - - - - 4%5
RFXCONV  Reler - - - - - 0072§§;§§§
Log¢ - - - - - 26975715
Fe/solar - - - - - 2 (fixed)
x?(d.o.f.) 2845(2252) 2771(2251) 2729(2250) 2571(2248) 12BB346) 2572(2246)

Note — The reported errors are at 90% confidence level.

an abundance of iron of 2 in Talilé 1. The spectrum and the c2815; Pintore et al. 2015, where value€y®r around 02-0.3
responding residuals are shown in Fify. 3 (right side). Waadouare found) , but it is compatible with the values shown by
that the best-fit parametersodblur are compatible with those|Cackett et al.[(2010) for Ser X-1 and 4U 1820-30; moreover, a
obtained usingliskline: the ionisation parameter, Lag)( of similar value of the reflection fractiof/2zr = 0.094 + 0.008)
the reflecting medium is.89f8:}g and the reflection fraction is has been measured in the case of the accreting millisecdsalpu
0‘0728853_ SAXJ1748.9-2021 (see Pintore el al. 2016). Such a smaltrefle
' tion amplitude might indicate a small solid angle subtenilgd

the reflector as seen from the corona, caused, for instagee, b
guite compact corona with no superposition with the disa or
patchy corona above the inner part of the disc, or by a (mildly
We fitted the broadband spectrum of 4U 1702-429 using thnestativistic velocity of the corona away from the disc.
different models: aJEE+Gaussian, b) CEE+Diskline, and c) The self-consistent model should include also the absorp-
CEE+Reflection. Hereafter, the discussion will be focussed otion edges associated with transitions of ionised iron; daw,
the latter. In fact, comparing the fitting results reporredabl[1l we needed to add an absorption edge associated with highly
, we observe that diskline component gives a slightly betterionised iron (transition of Fexv). This incongruity was dis-
fit of the iron line profile with respect to a Gaussian compdnereussed by Egron et al. (2013) studying the broadband spectru

The reflection fraction obtained from the fit, which is a meaf 4U 1705-44 in the soft state. In that case, the authors fitte
sure of the solid angle subtended by the reflector as seen friormadband spectrum of the source using the self-consisiget
the Comptonising corona in units ofr2is small with respect elsreflionx andxillver reproducingthe spectrum; neverthe-
to the values obtained for these sources (see e.g. Di Saalo eless, the authors needed to add an absorption edge at@1

4. Discussion
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keV and 85+0.1 keV (using thereflionx andxillver model, | |
respectively) and suggested that the high energy resolatid | |
the large statistics available with the XMM-Newton obséovna | |
require an improvement of the self-consistent model to aell ol ! !
count for the threshold energy of the absorption edges &dsdc | |
with ionised iron. ! !
Galloway et al.|(2008), assuming a neutron star mass of 1.4 ! !
Mo, estimated as a possible distance to the soufdc-0.15 and I L * ,{ ,,,,,,,,,,,,,,,,,,,,,,,,,, |

5.46 + 0.19 kpc for pure hydrogen and pure helium companion .
stars, respectively. Furthermore, the same authors stegitbat I ! ,{ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
the companion star should have a mass fraction of hydrogen, < +

of less than 50% (i.eX < 0.35) because the observed bursts have ., \
short rise times< 2 s) and lowr-values ¢ = 7.8+ 0.7 s). Using e *
this argumentation, the lower limit of the distance igQk 0.16 , H
kpc for X = 0.35. +
We estimate the distance to the source using the obtained
value of the equivalent hydrogen colum, of the interstel- I +
lar matter| Guver & Ozel (2009) show thilf is related to the }
visual extinctionAy from the relation —

Ny = (2.21+ 0.09)x 1'A, cm2, T T E—T

. . . . . . Distance (kpc)
while Ay is related to the infrared extinction in tH€ band

through the relation Fig. 4. Infrared extinctionA, versus the distance along the Galactic co-
ordinated = 344 andb = -1.25° (Marshall et al. 2006). The solid and
Ak, = (0.062+ 0.005)Ay mag dashed horizontal lines indicate the valuesAgf and the correspond-

ing errors that we infer from the equivalent hydrogen colutensity
(see Nishiyama et al. 2008). Combining the last two relativa Ny obtained from the fit.
find Ny = (3.6+ 0.3)x 10?2A.. Using the value oNy obtained
by our fit and combining these two relations, we find thaf = :
0.70+ 0.06. We take into account the 3D extinction map of thehimura & Takaha'a 1995) and= 0.41 for a z6ero-torq_ue con-
radiation in the K band for our Galaxyl (Marshall et/al. 2006)9““9” (Kubota et al. 1998). We obtaim, = 3973 km using the
to infer the distance to the source. We use the availablalradficlination angle of 4%obtained from the best-fit and adopting a
profile of A, closest to 4U 1702-429 obtained for 344 and distance to the source of 5.5 kpc. Furthermore, the inneusad
b = —1.25° (the Galactic coordinates of 4U 1702-429 are Rreri, where the reflection component originates, isiSDrav-

3439° andb = —1.3%). itation radii (see Tablgl1) that, assuming a NS mass of 1,4 M
We show A, versus the distance in Figl 4. In the same fig:0"résponds to a radius of &4 km. o _
ure, the horizontal solid line indicates the best-value gfdb- To estimate the optical depthof the Comptonising region,

tained above and the horizontal dashed lines indicate the W€ adopted the relation
ues of A, taking into account the associated error at 90% of

confidence level. The vertical lines indicate the corresiin 9 1 vz 1
range of the distance to the source. We find a distance to the Feomp = 2T T | 32
source of 5471¢ kpc that is compatible with the range 4.5-5.7 T(1+3) (@)

kpc suggested by Galloway et al. (2008) and indicates that ou i .
estimate of the equivalent hydrogen column density of therin (Se€_Zdziarski et al. 1996), wheng andc are the electron rest
stellar medium is correct. The value bf; ~ 1.7 x 1022 cm2  mass and the speed of light, respectively. Using the begadfit
shown byl Christian & SwahK (1997) implies a distance to tH&€S Ofl'comp and KT we obtainr = 13.6 + 0.2. We estimate the
source smaller than 4.3 kpc, while a valueNyf ~ 0.9 x 10?2 emission radius of the seed photons, assuming a sphgrlwl em
cm2 suggested by Oosterbroek et al. (1991) implies a distarf@n and that most of the seed photons are scattered in the opt
smaller than 2.8 kpc. We adopt hereafter a distance to thesoifally thick corona. Following in 't Zand et al. (1999), the ism
of 5.5 kpc. sion radius of the seed photons in units of km can be calallate
We extrapolate an unabsorbed flux 0k40°° erg st cm™2  @sRo = 3 x 10d [fpa /(L + Y)]/*(KT0) 2, whered is the source
in the 0.1-100 keV energy band, corresponding to an undfistance in units of kpoy, defined ay = 4kTer?/(mec?), is the
sorbed luminosity of B x 1037 erg s. For comparison with Compton parameter arid is the seed photons temperature; in
Markwardt et al.[(1999), we extrapolate the unabsorbed fluxQur casekTo = KTin. We find thatRy = 38+ 7 km, assuming a
the 1.6-30 keV (B x 100 erg s cm2) which is in line with conservative error of 10% associated wigh. We conclude that
their findings. Finally, we extrapolate the unabsorbed fiithe the values oRin, Ro , andRrer are consistent with each other.
Comptonisation spectrunfyy, obtaining 34x107° erg s cm™2 Assuming that the Comptonising region has a spherical ge-
in the 0.1-100 keV energy band. ometry surrounding the NS and that it has a roughly homoge-
The R, value shown in TablE]1 represents the apparent ideous density, we estimate the electron densityrom 7 =
ner radius of the accretion disc. We apply a correction fato Neorl, whereor andl are the Thomson cross-section and the
convert the apparent inner radiBs, into the realistic inner ra- geometrical size of the Comptonising plasma, respectivedy
diusrin (see Kubota et al. 1998, for a detailed discussion). TREMIng that the region extends from the NS surface up to the ob
relation betweerri, and Ry, is rin = ax?Rn, wherex ~ 1.7 servedinneraccretion disc radius, we find that 5.2*99x 108
for a luminosity close to 10% of the Eddington luminositygsecm.

Article number, page 7 ¢f|9



A&A proofs:manuscript no. ms

We also estimate the electron densigyof the reflecting skin we should observe only the smeared relativistic iron lirsmeis
above the accretion disc using the relation Ly/(ner?), where ated with the Faxv ions because the fluorescence yiEldle-
Ly is the unabsorbed incident luminosity in the 0.1-100 keV epends onz*/(30* + Z%), whereZ is the atomic numberE is
ergy range¢ is the ionisation parameter (see Table 1), ansl 5 x 10°2 and 0.36 for oxygen and iron, respectively; weighting
the inner radius of the disc where the reflection componegt orthe fluorescence yield for the cosmic abundances and th@fnac
inates Rref. Since we find thak, ~ 1 x 10°” erg s, we obtain f of O vmr and Fexxv shown above, we obtain thatis 6.4x 107’
Ne ~ 5% 10%° cm3 adopting' = 64 km. The electron density as-and 1x 107> for oxygen and iron, respectively. This means that
sociated with the reflecting skin is a factor of one hundregda the strength of the smeared relativistic line associatet thie
than that associated with the Comptonised corona surragnd® vin ion should be only 6.6% of that associated with thecke
the NS. Because the reflecting region above the disc has td@® The large interstellar photoelectric absorption doetsal-
optically thin, using the relationsorl < 1, we find that the up- low us to significantly detect the presence of the smeared rel
per limit to its geometrical depth is 0.03 km. tivistic line associated with the @u ion. To test this, we added
The height, H, of the accretion disc isH = 1.7 x anadditionaliskline modelto theCEE+Diskline model, fix-
1082 01m°m; %/8r%8 cm (see eq. 5.46 in_Frank et Al 2002)ing the smearing parameters to that of the smeared retaivis
e ot 10 - I __iron line. This does not include the energy which has bee fixe
wherenmyg is the mass accretion rate in units of*4.@/s, m; is K hich is th d gy f i i
the NS mass in units of solar masses, aids the radius of the at 0-6536 keV, whichis the expected energy for an emissien li
associated with @m. We find an upper limit to the normalisa-

accretion disc in units of £ cm. Adoptinge = 0.1 and using ;. 1 L .
fye ~ 8 g's (obtained from the unabsorbed flux showed above{" of 0.17 phot. o s at & c.l., and the fitis notimproved
adding this further component.

we find thatH ~ 0.65 km for a radius of 64 km. This implies
that the height of the accretion disc is a factor of 20 largant
the reflecting skin at a radius of 64 km.

We detect two absorption edges associated withu@nd
Fexxv ions, respectively. We estimate that the correspondifgthis work, we have shown the first broadband spectral aigly
photoionisation cross-section values atg = 9.9 x 102°and of the persistent spectrum of 4U 1702-429 in the 0.3-60 keV en
ore2s = 2.2 x 10720 cn? (see Verner et al. 1996). The observedrgy range. We detect the presence of a prominent featuse clo
optical depthr associated with the absorption edge of thefe to 6.7 keV and two absorption edges at 0.87 and 8.83 keV, re-
IS T = oFepsNrezsl, Wherenges is the number density of Bexv  spectively. The emission line at 6.7 keV is associated with t
ions andl is the geometrical size along the line of sight of th#uorescence emission of kev ions and it can be modelled us-
region where the absorption edge originates. The correpon ing a Gaussian component with= 0.46 keV and an equivalent
equivalent column of Fexv can be written afNeeps = Neezsl  width of 36 eV. Alternatively, it can be described by a relisti

5. Conclusions

and the optical depth can be re-written as tic smeared line caused by Compton reflection originatingnfr
the inner disc. We have fitted the spectrum with a self-coersis
T = Ores NFe2s Nre Ny model composeq ofla multicoloured disc black-b(_)dy compbnen
Nee Ny plus a Comptonisation component and a reflection component.

) ) . ) We find that the inclination angle of the system iS,4#e inner
where frezs = Nrezs/Nre is the fraction of Fexv ions with re-  a4jys of the accretion disc is ¥km, and its inner tempera-
spect to whole population of iron-ions aftte/Nw is the abun- e is 0.34 keV. The inner radius of the reflecting regionereh
dance of iron with respect to hydrogen abundance. Adoptigk Fexxv smeared relativistic line and the Fev absorption
the cosmic gbundances shownlby Wilms etlal. (209)/Nn  edge are produced, is &% km, and the corresponding ionisa-
is 269 x 107, The_parametefpez5 is inferred using t_he resultStion parameter is Log] = 2.69. The ionisation parameter of
of Kallman & Baut|_33ta (2001) for an electron density equal Gpe reflecting region where the absorption edge associaitad w
larger than 18 cm® and an ionisation parameter of L&)(= oy jons originates is Log) ~ 1.9. The electron temperature
2.69 as obtained from the fit. We find thiteos ~ 0.50. Con- ot ihe Comptonised componentis 2.6 keV and the correspgndin
sidering that the spectral fit indicates an iron abundanqxeetwoptica| depth is ~ 136.
that of the cosmic one, we fl_nd that_the corres;pon_dlng equiva- From the best-fit value of the equivalent hydrogen column
lent hydrogen column associated with thexke ion is Ny = density of the interstellar mediunNg ~ 2.5 x 1072 cm2), we

2 A2 . ’
(6:+2)x 10 cm . , _ _ have estimated the infrared extinctid@, = 0.70 + 0.06 mag
__Assuming that the absor_ptlon edge a_ssoc.lated with the O and inferred a distance to the source @n‘ﬁg&‘j kpc. This value is
ion originates from a region in the accretion disc surfacselo compatible with a previous estimation obtained from théyeis

the region where the smeared relativistic line and the @ieor ¢ ¢ photospheric radius expansion of the type-1 X-raystsur
edge of Fexxv originate, we can roughly assume that the equiyp carved for 4U 1702-429.

alent column of neutral hydrogen associated with thenQon
is the same as that inferred for thexze ion. Using the relation
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