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ABSTRACT

Aims. We present the spectral analysis of a large set of XM&\ton observations of EXO 0748-676, a bright dipping low-mass
X-ray binary. In particular, we focus on the dipping phenome as a result of changes in the properties of the ionisedlgas to
the source.

Methods. We analysed the high-resolution spectra collected withréflection grating spectrometer on boattM-Newton. We
studied dipping and persistent spectra separately. We thseHpic data to constrain the broad-band continuum. Weoesgltwo
simple geometrical scenarios for which we derived physjcaintities of the absorbing material like the density, sirel mass.
Results. We find that the continuum is absorbed by a neutral gas, andthyaxollisionally (temperature ~ 70 eV) and photoionised
(ionisation parameter l@g~ 2.5) absorbers. Emission lines from OVII and OVIIl are alscedétd. This is the first time that evidence
of a collisionally ionised absorber has been found in a loassnX-ray binary. The collisionally ionised absorber mayrbie form

of dense if > 10" cm ) filaments, located at a distancez 10'* cm. During dips, the photoionised absorber significanttyeases
its column density (factor 2—4) while becoming less ionisgus strengthens the idea that the colder material of theetion stream
impinging the disc is passing on our line of sight during dipsthis scenario, we find that the distance from the neuttants the
impact region £ 5 x 10'°cm) is similar to the size of the neutron star's Roche lobee §as observed during the persistent state
may have a flattened geometry. Finally, we explore the piliggibf the existence of material forming an initial, hatteortion of a
circumbinary disc.

Key words. Atomic processes — Stars: binaries — X-rays: binaries —ys:radividuals: EXO 0748-676

1. Introduction Recently, Boirin et gl/ (2005) have proposed figtent approach
o ) . to modelling the dipping spectra in the LMXB 4U 1323-62.
Low-mass X-ray binaries (LMXB) show flerent types of vari- They find that the spectral changes during dipping emission ¢
ability in their light curve, including X-ray bursts, eclips, and pe modelled by varying the properties of a photoionised dieso
characteristic obscuring events called dips. A dip showsnup (i e. column density and ionisation parameter). No absbrbe
the light curve as a decrease in count-rate, which can be agnapsorbed components or progressive and partial covering
deep as an eclipse, but with a much less clear start and egdan extended corona is necessary and absorption lines and
Dips are probably caused by the line of sight interceptirg thhe continuum are modelled self consisteritly. Diaz Trigale
impact region of the accretion stream on the accretion digg06) show that this approach can be used on a number of other
inclinations in the range of 66- 80° (Frank et al. 1987). EXO 0748-676.
Two different models have been used to explain the dipping gxo 0748-676 is an LMXB that shows all the variabil-
emission. In the first model _(e.g. Parmar et al. 1986) two COMYy mentioned above: bursts, eclipses, and dips. It was dis-
ponents (both power laws with an exponential cfiil are used coyered in 1986 (Parmar et al. 1986; Gottwald et al. 1986) and
to model the dipping emission. The first component is absbrbgss peen studied regularly since its discovéry (Parmai et al
and the second one is not. This approach is sometimes réfe[{gg7 | Hertz et 4. 1995, 1997; Thomas €t al. 1997; Church et al
to as the "absorbed unabsorbed approach”. » 1998; [Sidoali et al.. 2005/ Wl et al. [2005) especially since
The second model, which consists of two types of emitting-Coffhe |aunch of the high resolution X-ray observatories XMM-
ponents, was proposed oy Church etial. (1998). The first cOfayton (Bonnet-Bidaud et al. 2001; Cottam et fal. 2001, 2002;
ponent is point-like blackbody emission from the neutrar stijoman et al. 2003:[ Diaz Trigo etlal, 2006), archandra
itself, and the second componentis extended Comptonisid eMimenez-Garate et/al. 2003). -
sion from the accretion disc corona. During dipping intésytae Parmar et 41.[(1986) derived the basic properties for EXO
accretion disc corona is progressively covered, henceaien o74g_g76. The LMXB has a period of 3.82 hours as measured
progressive covering approach’”. by X-ray eclipse timings, and the eclipses themselves hake a
ration of 8.3 minutes. Assuming a compact object afM,,
Send offprint requests to: E. Costantini Parmar et &l.| (1986) infer the mass of the companion to be
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between M85M, and 045M, and the system inclination be-We process the RGS data with the SAS task “rgsproc”. After we

tween 75 and 82. Recently a strong X-ray burst was observedheck the source coordinates and correct them if necessary,

(Wolff et al. 20056) from which a distance to EXO 0748—-676 wageate a spectrum of the RGS.

derived that depends on whether the burst is hydrogen doadinaWe apply an &ective area correction to the RGS data processed

(5.9+ 0.9 kpc) or helium dominated (7+ 0.9 kpc). In this paper with SAS version 6.5.0 (private communication of J. Vinkje

we use the average value aBtkpc. fit the area-corrected spectra with the X-ray and UV fittingkpa
We study here the ionisation state of the accretion disge SPER (Kaastra et al. 1996). The best fit was found by min-

around the neutron star of EXO 0748-676 in order to get a batisation of they?. Errors are at & unless otherwise stated.

ter understanding of the geometry, dynamics and ion stratifi

tion of the disc. We use all RGS data available in the waveleng
range 7-35A. 2.1. The data set

In Sectiorl 2 we describe the observations and the data angltaple[1 we list the observations from the XMNewton
ysis, in Sectiol3 we present the results of the spectraidittn  archive used in this paper. In the first column the orbit inafhi
sectiorl4 we discuss the results and derive physical paeasnethe gbservation was made is listed. The second column shows
of the system and in Sectiéh 5 we present our conclusions.  the observation identifier and the third column shows which i
struments were used to observe the source. The “obs. ddte” co
2. Data analysis umn gives the date on which the observation was made. The la-
. bel “observing time” gives the time subdivided in “total’ep
The (_jata were taken f_rom the XMMewton archives and_ were sjstent (“per”) and dipping (“dip”) times. Mierences are caused
acquired with the Epic PN_(Struder ef al. 2001), Epic MOgnainly by the fact that eclipses and bursts are left out.
(Turner etal. 2001) and RGS (den Herder et al. 2001) instife grouped the observations, when possible, (column “group
ments. For the analysis of each data set we require first #ik avin table[]) using the SAS-task “rgscombine”. The first cider
ability of the RGS and then of either the PN or MOS cameragr combining separate spectra is to look whether the observ
(Table1). We processed the data with version 6.5.0 of the XMMons were close in time. Secondly, we fit a continuum model
Newton Science Analysis System (SAS). For the Epic analyncluding absorption (as defined in the next sections) taitita
sis, the background was extracted from a circular regioién tand calculate the errors of the model parameters. If thepara
same field of view of the source. From this region we produgers of the separate observations are consistent withiertoes,
a light curve from which we removed any background flaregse combine the observations.
Only four observations were totally discarded because @fra pwe combine the observations from orbits 0055, 0067 and 0212
sistently flaring background. To obtain the source lightewnd into group A, the observations from orbit 0338 into group B an
spectrum we use an annular extraction regiBa (+ 8” and  the observations from orbits 06 X067 XX in three groups. In par-
Rou ~ 515”) to prevent pile-up. We divide the source radiatioficular, we kept the observation from orbit 0710 as a separat
into hard (5< E(keV) < 10) and soft (B < E(keV) < 5) X-ray  group C1. We then combined the observations from orbits 0693
emission. We use the hard X-ray light curve to obtain theistr and 0719 into group C2, those from orbits 0694 and 0695 into
and ending times for the bursts and the eclipses, sincertbrg¢ group C3 (Tabl€ll).
range is marginallyf@ected by dipping (Diaz Trigo etal. 2006). e yse a single observation from each of the groups defined
EXO 0743—_676 occasmnally shovv_s two, or even three,_ burstsy, Table[1 to create a spectrum of the PN (or MOS, if no PN
a row (Bairin et all 2007), with an inter-burst time that ischu g present) data and we fit both the RGS spectra and the PN
shorter than between two normal bursts. We count these @oufibectrum of a group simultaneously to obtain the best fit. The
and triple bursts as one, since we are only interested indne s opservation we use to obtain the PN spectra is indicateden th
ing and ending times of the total interval containing bursts |55t column of tabl€]l. There are two reasons to use PN data.
We also use the PN data to obtain the Good Time Intervals (GHije first is to constrain the power-law photon index in theavav
for the dipping and eclipsing emission (we will call persist |ength range of the RGS instrument. The second is that PN data
emission everything that is not dip, burst or eclipse). B83Is ay dffer us further constrains on a possible highly ionised ab-

were subsequently used to extract the RGS spectra. If, fer-a Gorper, whose features would show up in the 6—7 keV band (e.g.
tain observation, PN (or MOS) were not switched on at the safggjin et al 2005).

time as RGS, we only use the overlapping intervals.
Next, we divide the hard X-ray light curve by the soft X-ragtt
curve. We use the resulting hardness ratio curve to disgshgu2.2. Spectral modelling

between dipping and persistent emission: a dip intervalvsho ) . L
up as an increase in the hardness ratio. We use the averagh/¥§t representative RGS spectra of persistent and dippinig-em

a representative portion of the hardness ratio curve tiearlgi SN are plotted in Fid.11. In both spectra we see a number of
belongs to the persistent emission to select dipping ansisserinteresting absorption features. At 23.1 A we see an absorp-
tent emission: values higher than 2 times the average fensistion edge that is produced by neutral oxygen in the intdestel
hardness ratio were selected as dipping emission. medium. We also see two other absorption edges, at 14.2 A and
Upon close inspection of the hardness ratio curves we fcuaid t16.8 A due to OVIIl and OVII respectively. We can also clearly

it was not possible to distinguish between persistent aopiidi) discern two emission lines, OVIl at 21.8 A and OVIII at 19 A,
emission in the way that was described above for the obseryge latter being more evident in the dipping spectrum.

tions from orbits 0692 and 0708. The reason for this is that th

hardness ratio curve for these observations does not steaw cl 1 more  information can be found on  the
separate periods of dipping and persistent emission asa@up wepsite of the XMMNewton users group:

to a normal case. For this reason, even if these two dataatets Bittp;/xmm.vilspa.esa.gsxterngixmm.usersupporfusersgrouf2006051&gs calib.
isfied our first selection criteria, we did not analyse them arThis correction has been incorporated into subsequent Slkgges.
further. 2 nttpy//www.sron.nldivisiongheaspex
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Table 1. XMM observation summary for EXO 0748-676.

orbit obs. ID instruments obs. date observing time (ks)  grouspectrum
(yymmdd) total per dip mgpn
0055 0122310301 mgsgs 00-03-28 61.0 119 0.9 A -
0067 0123500101 mg=yrgs 00-04-21 62.1 169 145 A yes
0212 0134561101 mgmyrgs 01-02-03 8.4 0.0 38 A -
0212 0134561201 mg=myrgs 01-02-04 6.6 03 17 A -
0212 0134561301 mgmyrgs 01-02-04 6.9 16 13 A -
0212 0134561401 mg=myrgs 01-02-04 6.6 15 14 A -
0212 0134561501 mfmyrgs 01-02-04 6.6 1.2 13 A -
0338 0134562101 mgsgs 01-10-13 8.7 47 21 B -
0338 0134562201 mgsgs 01-10-13 6.9 48 13 B -
0338 0134562301 mgsgs 01-10-13 6.9 6.2 0.0 B -
0338 0134562401 mgsgs 01-10-13 6.9 28 23 B -
0338 0134562501 mgsgs 01-10-134 6.9 25 24 B yes
0693 0160760201 mgmyrgs 03-09-222 934 415 231 Cc2 -
0694 0160760301 mgmyrgs 03-09-224 108.3 47.8 29.6 C3 yes
0695 0160760401 mgmyrgs 03-09-2R6 82.0 29.4 26.6 C3 -
0710 0160760801 mgmyrgs 03-10-2R6 67.9 21.8 18.1 Ci yes
0719 0160761301 mgmyrgs 03-11-1213 94.7 31.3 35.3 C2 yes
| : ,
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Fig. 1. Two representative spectra of RGS1 and RGS2, taken frond @i€§0760201. The left plot shows the persistent spectrum
and the right plot shows the dipping spectrum. In both plugsupper panel shows the data (points) and model (solidiinépunts

st A-1. The dotted line at the bottom is the background. The lowaepshows the model residuals ((data-mogetpr). The data
have been rebinned for clarity.

As a starting point, we modelled the RGS spectra followingjon data. The column density of this additional compongnt i
Diaz Trigo et al.[(2006), who analysed the lower resolutlata  ~ 1.8 x 10?Lcm2 with ionisation parameter lgg~ 0.8. The
of Epic-PN (orbit 0719). In particular their absorption nebd OVII edge region, close to the iron unresolved transitiamyar
consisted of the combination of a neutral absorber and one plUTA), between 14 and 20 A, is where the model fails the most
toionised absorber. The continuum was modelled by a emissiq fitting the data (Fig2). Next we tried a more complex apsor
from a black body and a powerlaw. In our case, applying th&n model, which mimics a continuous distribution of colum
same model to the RGS wavelength range of 7-35 A does miensities as a function of the ionisation parameter (madetn
yield a satisfactory fit. In particular, the model is not dalgeof in SPEX). Thewarm model did not improve the fit significantly
fitting the OVII and OVIII edges simultaneously, stronglygsu with respect to a single-ionisation-parameter gas compone
gesting the presence of a second, ionised, absorbing camponThe best fit is reached when a collisionally ionised gas cempo

nent is added to the model (modhet in SPEX) with ay?/dof =

We therefore departed from this starting model to fit the631/1188= 1.37 for this specific data set. The gas temperature
high-quality, high-resolution RGS data. For clarity, iretfol- is ~ 75eV and the gas column density~s1.5 x 1071 cm™. In
lowing the modelling is referred to the data set shown in Big. Fig.[2 we compare the two interpretations in the 14-20 A mregio
(left panel). In addition to the neutral absorber and onéseth \where the OVII edge and the iron UTA creates a broad trough
absorber (with log ~ 2.5, where¢ is defined as the ratio i the data. In the upper panel the transmission due to the pho
between the ionising luminosity and the product between th§ionised (light line) and the collisionally ionised gasi(k line)
gas density and its squared distance from the central sourg® shown. In the next panel the data and the models, comlolve
¢ = L/nr?) we included first an additional photoionised abpy the instrument resolution, are shown (with the same colou

sorber (modekabs in SPEX). This did not yield a satisfactory|apelling as above). It is evident that the photoionisecbeter
fit (y?/dof = 227631/1188 = 1.92, for the persistent emis-
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model causes a too shallow absorption at 16.6-17 A. At thesam ‘ ‘ ‘ ‘ ‘
time this model severely underestimates the data at 174-18 W'Ot ]
where absorption by OVI and OVII takes place. On the confrarys 0-8
the collisionally ionised absorption model provides a gdibd ¢

The parameters for the absorption components includeg[(ino "
the final fit are listed in Tablg]2. The underlying emission |s
produced by a power law, a blackbody and two Gaussian'to?-'0
model the OVII triplet and OVIII Lyr emission lines (Tablgl2). » 0.08
The Gaussian profiles FWHM ranges from 0.25 to 0.5 A for 006

OVIl and from 0.05 to 0.35 A for OVIII, respectively. The main o.ogt
4

G b
to the data. The reason is that given a temperature, a coMisi % o6 r ]
ally ionised gas ionic column density distribution strongeaks & 0.4 .
around a single ion (OVIl in this case), while for a photosed E 05 o mﬁs 3
gas, a range of ions around a main ion is allowed. This pro- ]
duces the unwanted OV and OVI absorption in xabs model 098: 1
in Fig.[2. 0.14F =

il

component of the OVII triplet line arises around the wavgtan

of the intercombination line at 21.8A. There is no eviderme f
the forbidden line at 22.1 A. The second emission line in the fi 2

is the OVIII Lya line, at 18.96 A. The value of the reducet, 5 o il Lt i
reported in Tabl&]2, reflects the cross calibration unasties oF A
between RGS and PN that can be up to 10-15%. However we r KABS ]
are interested in narrow features located in a spectralerang 4? . E
where instruments are well calibrated. We verified that ghsli ’8 g 1
change of the continuum shape does rffgct our results. s =
2F g

<>]< O I|| i | | | - { |

3. Results -2F =
- HO =

The persistent and the dipping state of EXO 0748—676 can be —*
interpreted using the same model for all data groups (Taple 2 : : : : :
While the central source flux changed over time, the contimuu 15 16 .18 19
shape remained stable. On the contrary, the absorbers ghowe Wavelegth (A)

significant variability. In FigLB we show the values of theé-co Fig. 2. Comparison between the collisionally-ionised gas model
umn density of the three absorbers and the ionisation paeamehot model, dark line) and a photoionised gaal{s model, light

of the ionised absorber as a function of time. The column deline) in the OVII edge-iron UTA wavelength region. This is a
sity of all three absorbers systematically increases dudip-  zoom of Fig[d, left panel. From top to bottom, first panel-the
ping emission. oretical transmission curve. Second panel: data pointstieg

Fig.[3 (first panel) shows that during dips, the column defvith the hot and xabs models. Thexabs model fails to fit the
sity of the neutral gas increases. As we cannot disentamgle @ata due to extra absorption by OV-OVI in the 17.5-18 A region
intrinsic neutral absorber from the interstellar one, we $8s and in the iron UTA region. Third and fourth panels: residual
as an increase of the total neutral absorption. Howevecdhe terms ofo to thexabs andhot models, respectively.
umn density in the direction of the systemud.01x 10?1 cm2
(Kalberla et al. 2005), comparable to the neutral absorber i
the persistent emission. This suggests that neutral (ailymil due to slow changes of the persistent emission during lorg ob
ionised) material must exist in the vicinity of the sourgepar- servations. For the power-law parameters the values afid
ticular near the gas producing the dips. normalisation, appear instead more scattered when we gempa

The collisionally ionised absorber that models mainly theipping and persistent emission. This may be partially due t
OVIl edge (Secl 212, Fif]2) generally shows an increaselin ccross-calibrationfects between RGS and PN.
umn density during dipping, while the temperature of thimeo
ponent does not show a clear change. Theedint behaviour ) )
of this ionised absorber in group A (see Table 2 and [Hig. 3) 4s Discussion
probably caused by the low statistics of that group in th@idig
spectrum.

The photoionised absorber shows the same behaviour tha find that the spectrum of EXO 0748-676 can be best mod-
was already found for this source by Diaz Trigo et al. (2006glled by adding a collisionally ionised absorber. This mwodsl
during a dip the column density increases, while the ioitsat fits both the persistent and the dipping emission in all dets. s
parameter decreases. Compared to the persistent intéreals- This is the first time that a collisionally ionised absortssidund
sorbing material becomes denser and less ionised durirgy dipa low mass X-ray binary system. The column density of &l th
(Bairin et al.l 2005). absorbers present in our model increases during dips stilgges

For most groups the values of the blackbody normalisati@m association with the gas producing the dip. A collisignal
and temperature overlap within errors when we compare dipnised plasma can exist in the presence of a high ionising ra
ping and persistent emission. A moderate scattering isasge diation field ( ~ 2 x 10°”ergs?) only if it is located at a suf-

~
N
(@)

4.1. Evidence for a collisionally ionised gas
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Table 2. Parameter values and theiwlerrors for all data groups.

group A group B group C1 group C2 group C3

parameter pers dip pers dip pers dip pers dip pers dip

neutral abs.

N3 128+0.05 381+08 |[110+0.03 221+0.17|1.11+0.05 236+0.13|0.82+0.02 148+0.03|0.84+020 125+0.03

Cl

N3 405+ 025 18+16 095+ 010 528+0.56| 3287938 59+0.6 195+ 007 41+01 1.09+0.08 342+0.13

TC 66+ 3 <80 61+4 63+5 70+ 3 70+ 7 73+2 69+1 80+ 4 65+ 2

b <1227 0 fixed < 4.83 123+30 | <76 <111 <47 <112 < 357 <1591

PI

N3 41+ 4 160°% 37+4 74+ 11 46+ 4 140+10 |[39:4 80+3 19+ 2 51+2

logé 235+004 224+0.04|256+0.04 236+0.05|240+004 239+0.03|263+0.04 238+001|251+0.04 233+0.02

ob <87 <6.1 <325 21+9 <48 113 17+ 2 13+3 14+ 2 11+2

power law

nornf 107+0.05 160+0.16|180+0.08 111+0.17|1.76+0.07 192+012|185+0.05 115+0.02|1.91+0.04 149+0.04

r 123+0.02 142+005|155+0.03 134+0.08|1.42+0.02 146+003|144+0.01 124+0.02|147+001 135+0.01

blackbody

nornf 34+05 2250 120+0.13 36+10 18+04 14 +6 110+0.12 195+0.25|1.10+0.09 188+0.21

TC 0.10+0.01 008+0.02|0.14+0.01 012+0.01|0.11+001 008+0.01|0.12+0.02 011+001|0.12+0.02 011+0.02

ovil

nornf 11+1 13653 33+09 2713 9+1 40+ 8 36+04 96+ 0.8 29+04 76+0.7

FWHM 0.28+0.04 035+0.06| <05 022328 0.23+0.03 044+0.07|028+0.05 036+0.05|0.24+006 <05

ovil

nornf 27+0.3 1672 16%%8 530 2397371 8497579 1 0.51+£0.16 232+026|087+0.21 156+ 0.24

FWHM' 0.16+0.04 034+0.09|0.07+0.07 <0.11 0.07+0.05 005+ 0.05] 0.20'520 010393 0.33+0.09 019+0.05
x?/dof 1.29 1.41 1.42 1.52 1.38 1.50 1.68 1.83 1.59 1.66
Notes:

& Column densitiesNy) are given in units of 18 cm2 for the neutral, collisionally ionised (CI) and photoiosis(P1) absorbers.

b The widtho, of the absorption lines is expressed in kths

¢ TemperaturesT, are in eV for the collisionally ionised gas and in keV for tiiackbody.

4 The normalisation (norm) of the powerlaw is given irf4ph st keV-! at 1 keV. The normalisation of the blackbodly is in units of>kr?.
© The normalisation of the emission lines (OVII and OVIII) axpressed in units of #Hphs?.

f The FWHM of the emission lines is in km's

ficiently large distance from the central source. If we puw thAssuming a 1.8, central object then the distance must be of
gas at such a large distance few x 10''cm) and we require the order of 1é°cm. Therefore the emission spectrum could be
£=L/nr? <1, wefindn > fewx10"cm 3. From the measured dominated by the photoionised gas producing broad line#)di
column density we then derive a very narrow thickness of && gthe narrow emission lines produced by the collisionallyised

I = Ny/n < 1.5 x 10’ cm. The geometry of this gas could thergas. Indeed, the inferred line width of a collisionally ised gas
be a uniform shell of gas, with a thickness of less than 150 kmatating at larger( ~ few x 10'*cm) distance is of the order of
More realistically, the medium could be inhomogeneoushwait 100 kms*. The absence of the OVilline is however consistent
low filling factor, as in a smoke-like medium. with our requirement oh > few x 10*cm for the collision-

In parallel, a further test of the physical process prodyitire ally ionised gas. For the photoionised gas, the suppres$iiie
absorption comes from the associated three OVII emissi@sli zline could be due either to a high gas density or to a strong UV
These can be in principle used as a deristgperature diagnos- radiation field illuminating the gas.

tic (e.g..Porqguet & Dubau 2000; Cottam etlal. 2001). The inter

combination x+y) line is evident in the data while due to ab-

sorption some flux from the line may be suppressed. There i 2. The geometry of the system

no evidence of the forbiddem)(OVII line at 22.1 A, suggesting

either a high-density photoionised gas (Cottam =t al. 2008) ere e test two simple geometries for the absoreinting
collisionally ionised gas. For a photoionised gas we wolsd a photojonised gas. We consider the absorption during dips as
expect radiative recombination continuum of OVII, which@® 5 ,,seq by photoionised gas (See Boirin &t al. 2005, for &l d
detected inthe data. o tails). In both case 1 and 2, described below, we assumetthat t
However, both the collisionally ionised and thedog 2.5 pho-  §inping gas has constant densityand it is located at a distance
toionised plasma included in our model (T&le2) do have fom the central source in a protuberance (the impact r¢gion
significant amount of OVII and OVIII and they can both congf the disc.

tribute to the emission spectrum, makingfidult to disentangle ag dips are merely caused by absorption, we further assume

between the two ionising process contributions. The mealsugy o the intrinsic luminosity of the source remains conistan-
width of the lines is however large (Seict.2.2). This SUGBHEIt g g the observatiors Diaz Trigo et al. (2006) and Bodiral.
a considerable amount of matter should be located well in t{)57), - ‘

accretion disc, assuming Keplerian motion (Cottam et 0120 g 7 depicts the geometries described in detail belowbtn
The FWHM of the detected oxygen lines is roughly 1000kf's panels, the right hand sides describes the observer’s viewgl
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Fig. 3. Parameter values as a function of observation date. Diaswaidr to persistent and triangles to dipping state. Frgmdo
bottom, left to right: neutral absorber column densitylismnally ionised absorber column density, photoioniabdorber column
density and ionisation parameter lagerror bars are atd level.

the dipping state. The left hand sides shows the view duhiag t§3 and tabléR).
persistent emission.

Case 1: the absorption during persistent intervals is dae to  Case 2: the persistent gas is in a spherical cloud encompass-
thin shell of gas of widthx and ionisation parametép (Figure ing the whole neutron-star-disc system (lower plot in Fajd).
[4and the caption). The shell is located at a distdRgeWe as- This cloud of photoionised gas with ionisation paramétenas
sumex to be approximately the same as the size of the compactadiusR,, a densityn,. The dipping gas is again a compact
impact region that produces the dips (fil. 4, upper-righe)a region of widthx (Fig.[4, lower-right panel). In this second case
The rationale behind this is that the gas that produces the pge further make the assumption that the disc is geometyicall
sistent absorption could well be gas that trails from thedntp thin (Frank et all_2002; Lewin et al. 1995). Therefore, we-con
region into the rest of the disc. With the assumption thairnthe sider the height of the didd ~ 0.1Ry, and alsoH ~ x (Fig.[4).
trinsic luminosity does not depend on the dipping state ef tiThe persistent gas is sphere-shaped, theréfgre= Rp2n,. For

source, we can compute: the dipping gas\Nnu 4 = xng = Hng = 0.1R4n4, because of the
noR2 simple relation betweeh andRy, defined above. We can now
&d _ P71 1) substitute the values &f in equation[(ll) and obtain the relation

& ngR%, betweerR, andRy for case 2:

where& is_the ionisation parameter d(_afi_ned befaré¢he hydro- Rz 10-& - Nug

gen densityR the distance to the ionising source and the su?d— = —N 3)

scriptsp andd refer to persistent and dipping emission respec-42 &p - Nip

t|veISy_. that the density h dial d d For both case 1 and case 2, we have calculated the value of
Ince we assume that Ine densily has no radial dependeREir, and listed them in Tablg 3. The values foy and¢ are

we can rewrite the above for case 1 as: taken from TaH.2

Rp1 &q - Nug We see that in case 1 the radius of the shell is comparable

Ra = m (2)  to the distance of the impact region to the central souRgex(

Rp). This is consistent with the idea that the shell could be a
HereNy = xnis the hydrogen column density derived from oucontinuation of the impact region. On the contrary, in caiee?
fits for the dipping Nnq) and persistentNy p) emission. (see cloud of gas in the persistent state is an order of magnitudet



J. van Peet et alXMM-Newton observation of EXO 0748-676 7
combinations that produce the ling, is the fractional abun-

PERSISTENT STATE DIPPING STATE dance of the ion in ionisation statel andA is the absolute
\ abundance of the element. The radiative recombination-coef
disk " N -~ dis

ficient agg at 10 eV, which corresponds to the plasma tem-
S ] K K 1.6 x 10t cm’s™ (Verner & Ferland 1996). The fraction of
// recombinations that produce the OVII linesgoviy = 0.75

‘? perature for the best-fit ionisation parameteraigoviy =
(Cottam et al. 2001). The absolute abundance for oxygen is
taken from Anders & Grevesse (1989)= 8.5114x 107*. The
emission measure is defined as:

Rp1 Ra1
Liine
EM = f ndv = ——~ 5
¢ arr(T)m fA ®)
The integral in equation{5) can be estimated for both th#-she
.4 ~ .. ? like (case 1) and the sphere-like (case 2) geometry for the pe
sistent gas.
disk (\NS/) i K\T) For case 1, for a shell extending franto r + X (X < r) we have
_ EMga
oy —— ©)
Rp2 Ra2

In fact we consider = R,. For case 2 we simply have for a
sphere of gas:

Fig. 4. Two possible geometries: case 1 in the upper plot the gas

producing the persistent absorption has a shell-like gégmoé nr = 3 EMsphere @)
thicknessx and distanc&y; from the central source. In case two 4 nr2

(lower plot) the persistent gas is a cloud-like geometryaofius _ o

Rp2 encompassing the whole system. The labels “NS” and “dis¢he value ofr? can be derived from the ionisation parameter:
indicate the position of the NS and the accretion disc, respe

tively. On the right-hand side of the drawings, on both panel, 2 _ ﬂ 8)
is the impact region of sizg and distancézy from the central &

source. The drawn line of sights indicates which environimen

the observer intercept during the persistent and dippitgst ~ Inserting equatiori{8), the column densities of equatiGhsuid
(@) are now a function of the ionised absorber, the line lwwin

Table 3. The ratio of the persistent over dipping radiRs/Ry ity, the emission measure and the photoionisation parandte

for the two geometries and for each data group (A—C3). these parameters can be evaluated from the spectra! analysi
In Table4 we compare the expected column density (for case
A B C1 o C3 1, nx and case 29r) of the gas, as derived by the line emission,

Case 1 T104 11z01 17x027 11z01 13z01  With the one we measure (from the absorbed spectrum) for each
case2 3@13 13+3  30+6 11x2  17+3  datagroup.
Assuming at first that the material subtends a solid anglsqes
from the neutron star) ofsr, the emission of the line will be
(Rp > Ry) than the distance of the impact region to the centralaximised and, as a consequence, also the derived column den
source. sity of the photoionised emitting gas. If we attribute anffett
ence to geometricafcts, the ratio between obseryexpected
column density provides us a flattening factor (TdBle 4)niro
the Table we see that the derived column density is systemati
For both case 1 and 2 described in the previous section, itcglly lower than the measured one, suggesting that the ialater
also possible to put additional constraints on the geonuétitye  does not fully extended in the vertical direction, but ratités
persistent absorbing gas. This can be achieved using the Ofattened.
and OVIII emission lines and the absorption edges (Cottaah et In case 1 the flattening factéf is ~ 4.5-9. In case 2 the discrep-
2001). As justified in Sedf. 4.1, we assume here that the @missancy between observed and expected column density is some-
lines are dominated by photoionisation. In this calculatiee what lower,~ 1.5-3. For case 1, the flattening factor is in agree-
only use the OVII line and edge for the data groups where theent with that found previously for this source (Cottam et al
associated errors on those values were the smallest. Bhere2001). Converting the flattening factor into an opening angl
we excluded group B. the ionised persistent gas subtends an average angl€ é6r18
We start with the equation for the line luminosity of a givergase 1 and a wider angle of S#r case 2.
ioni (Liedahl 1999):

4.3. A flattened geometry for the persistent gas

4.4. Density, size, and mass of the photoionised gas

Line = [ récVars(Timt.A [phs] @

Using the information we gathered above, we calculateddhe v
wherene is the electron densityyrg is the radiative recom- ues for the gas density and distanceR,, (Table[4). For both
bination codicient for the transitiony, is the fraction of re- geometries we use the identity= (nr)?/nr2.
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Table 4. For each data group, we list the relevant observed atyibes of binary systems (e.g. cataclysmic variables, netae
calculated values to obtain the flattening of the gas (E€8}. 4[Deufel et al.l 1999/ Solheim & Sioh 1994), including neutron
For case 1 and case 2, we also derive the persistent gas colstans (Muno & Mauerhan 2006). The existence of such material
density, flattening, density, distance from the centrate®R, leading possibly to the formation of a circumbinary disc
and its mass. We also calculate the distance of the dipping-mgDubus et al. 2002), would have important implications foe t

rial Ry. evolutions of the binary system (Spruit & Taam 2001). In this
scenario, the detected collisionally ionised gas ($ef).ebuld
A C1 C2 C3 also be a further extension, too far away to be photoionised,

observed values of the persistent emission. However, the measured temyerat
Leont 10°"erg9s 138 1.05 1.06 0.97 of the collisionally ionised gas is70eV, which translates in a
logé erg-cm 235 240 263 251 thermal velocitynem Of about 140km's. If the gas is located
NS 10 cm? 412 463 397 194 4t g distance> 102cm from the central sourc@nem becomes
f, , 0317 0.274  0.132  0.200 comparable to the escape veloaity. ~ 190 km s1, making the
Liine 10%ph/s 112 904 3.63 297 gas a short-lived component, unless continuously regiediby
calculated values ST the accretion disc activity. However, if the distance i$0'! cm,
rl?r,\z/l 1034221/_01 g'ig j‘ig g'ig :1,)'33 the escape velopity already _becomes four.ti_mes Iar_ge_r than
case 1 - . - . Vinerm:_guaranteeing the stablllty of_ the collisionally ionised
X 1072 cmr2 045 062 086 039 9as This would favogr a scenario S|m|Iar to case 1, where the
£=N22S/(nX) 023 7.47 462 497 distance of the 1perS|ste.nt anq dipping gasses range between
n 10" e 3 276 504 640 122 0.5 and 1.410"cm. With this geometry, the collisionally
R 10 cm 1.4 0.9 0.6 15 ionised gas could well be an extension of the persistent gas,
Ry 102 em 0.8 0.5 0.5 1.1 perhaps constituting a first, hotter, portion of a circunalpyn
M 102 M, 1.1 0.5 0.2 0.6 disc, which may eventually join a colder phase ¢600K)
case 2 which extends up to four times the distance of the accretien d
nr 1072 cm2 134 185 259 116 (Muno& Mauerhan2006).
/=N /(nr) 3.08 250 153 1.67 Inthe hypothesisthatthe collisionally ionised gas is dstatice
n 10"cm® 02 05 06 01 comparable to the persistent and dipping material, it islyik
Rp 1011‘3”1 149 90 62 155 that there is interaction with the system where the acaretio
Ry 107 cm 05 03 05 09  gream impacts with the disc, together with neutral maitefia
M 10" M, 225 89 3.1 10.9 higher concentration (implying a higher column density}rof

collisionally ionised and neutral gas in correspondendh thie

For case 1 we adopt~ 0.1 xr as the thickness of the shell. Wedlppmg material is then possible (elg. Boirin etlal. 2008d a

obtain: Sect[3).
_ 100(an')2 [ 10F'Liine \f €\ The average gas density is of the ordef efix 10*2 cm2 for
- nr2 \dnoranfA) \Leont ) a shell-like geometry (case 1, Table 4) and about 100 tinsss le

2 o4 EA L \2 for the spherical geometry (case 2, Tdldle 4). However, the-co
r=R. = 01 _ DAnmarrilz ( Com) ) (9) Plete suppression of the forbidden line in the persisteatspm

P nxf’ f'Liine é requires a gas density 10 cm 3, unless the gas is irradiated
by a strong ultraviolet field. Therefore, if the shape of tAdIO
triplet is dominated by densityfiects, we have to require that
(nr £7)2 ( 3" Lyine )2( £ )3 is not uniform in the gas, having for example a radial gradien

For case 2 we have:

Sl Finally, we calculate the mass of the persistent gas eratlosth

in a flattened shell and in a sphere usiig= nm,V whereM is
2 Araggn A (Leont 2 the mass in the gas,is the densityin, is the proton mass and
- 3L (T) : (10) s the volume of the gas (Tallé 4).

The average distance from the neutron star to the dipping
materialRy is simply obtained using thR,/Ry ratio (TableB).
The distance from the neutron star to the inner Lagrangiaém po5. Conclusions
(L1) varies between.8 — 9.7 x 10*°cm (Frank et al. 2002). For
both the geometries under study, the location of the dippitg this paper we present the spectral analysis of a |xig#-
material, where the flow of matter from the donor impingeNewton data set of EXO 0748—-676 mainly focusing on the RGS
into the accretion disc, is consistent with the distance bf Lhigh-energy resolution data in order to investigate in depe
The gas seen during the persistent phase is at approxintia¢elygaseous environment of the source.
same distance of the dipping point in case 1, while in case 2 tRor both the persistent and dipping spectra, the best fit hiode
sphere of persistent gas should extend much further. Thag&e a combination of a neutral absorber, a collisionally iodisé-
thermal velocity of the photoionised gagngm ~ 77kms?) sorber, a photoionised absorber, a power law, a black body an
is more than a factor two lower than the escape velocity atwo Gaussian emission lines at the energies of OVII interkcom
distance of 1&#cm (Vese ~ 190km s?1). Therefore in principle bination line and the OVIII Lyr. The scatter in the parameter
the photoionised gas can survive also beyond L1. values for the dferent data groups gives an idea of the level of

uncertainty of our conclusions.

Observational evidence of cold gas extending beyond the étere we summarise the main physical implications of thig-ana

bits of the components has been found in infra-red féiedént ysis:

dra RRT] f,A Lcont

r=Ry, =
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This is in line with the idea of ionised absorbers causing thReesearCh'

dipping phenomenon_(Boirin etlal. 2005; Diaz Trigo et al.
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— It is the first time that a collisionally ionised absorber is

found in a low mass X-ray binary system. In order for

this component to survive to the strong radiation field, it

should be located far away from the central sounce~(

few x 101 cm). This is supported by the evidence that both

the temperature and the column density of such gas change

very little during the dipping or persistent phase and seem

to be unperturbed on very long (years) time scale. We es-

timated that this collisionally ionised absorber shouldrbe

the form of dense filaments, with a very low filling factor.

In the hypothesis of a circumbinary disc, this gas might also

be an ulterior continuation of the persistent gas. In thigeca

the collisionally ionised gas should not be located beyond

fewx 10* cm, in order not to easily escape the system. This

would favour a more compact-sized geometry for the whole

gas environment of the neutron star, as the one described in

case 1, where the persistent gas is a trailing tail of theidgpp

bulge, at a distance of about'#@m.
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