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We analyse two Chandra HETGS (High Energy Transmissiorir@y&pectrometer) observations
and one XMM-Newton observation. The HETGS and XMM/Epic-frserved X 1822-371 for
140 and 50 ks, respectively. We extracted an averaged apeatrd five spectra from five selected
orbital-phase intervals that are 0.04-0.25, 0.25-0.580-0.75, 0.95-1.04; the orbital phase zero
corresponds to the eclipse time. The spectra cover thebargl between 0.4 and 12 keV. We
confirm the presence of local neutral matter that partiatlyecs the X-ray emitting region; the
equivalent hydrogen column is3x 10?2 cm~2 and the covered fraction is around 60 %. We
detected and identified several emission lines associatadHeg-like and H-like ions. The He-
like transitions of Ovii, Neix, Mg X1, SixllI show that the intercombination dominates over
the forbidden and resonance lines. The fluxes of the linesigteer during the orbital-phase
interval 0.04-0.75 while their intensities decrease dytimre dip and the eclipse.We discuss the
presence of an optically thin corona with optical depth @fl0that scatters the luminosity from
the inner region indetyfing it with the hot corona showed b¥][th the disc illuminated by a
central sources.
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1. Introduction

X1822-371 is a compact binary system with a period of 5.57 hr. The ligivecof the source
shows an almost sinusoidal modulation and eclipse. Analysing RXTE data8#2<371 [1] de-
tected a pulse period of 0.59 s deriving that the orbit of the system is alrirostac with an
eccentricity less than 0.03, a mass functiori203+0.03) x 1072 M, and a pulse period deriva-
tive of (—2.85+0.04) x 10712 s s indicating that the neutron star is spinning up. The distance
to the X1822-371 is 2.5 kpc ([2]) and the measured luminosity 0*° erg s'* (see e.g., [2, 3]),
however [1] using the relation between luminosity and spin-up rate foundftka822-371 is at
a luminosity of 18° erg s the neutron star magnetic fieRishould have an unlikely intensity
of ~ 8 x 10*® G while for a luminosity of 18 erg s B ~ 8 x 10'° G. [4] using ultraviolet and
visual data of X1822-371 well constrained the inclination amglethe source at 88° 4+ 1.5°, this
value indicates that the modulation in the light curve of X1822-371 canndubéo dips because
these can be observed for inclination angles betweérafi@ 80 ([5]). [6] analysed the eclipse
arrival times of X1822-371 using data from RXTE, XMM-Newton, anda@tira observations,
spanning the years from 1996 to 2008. Combining these eclipse arrivahigasurements with
those already available ([7] and reference therein) covering fror7 1® 1996, the authors found
that the orbital period of the binary system increases with aRae= 1.499(71) x 10710 g/s, that
is three orders of magnitude larger than what is expected from cotigergzass transfer driven
by magnetic braking and gravitational radiation. [6] concluded that the treassfer rate from the
companion star is between 3.5 and 7.5 times the Eddington limit suggesting that thieansfes
has to be highly non-conservative with the neutron star accreting at tiedtdn limit and the
rest of the transferred mass expelled from the system. [8] studying tiwlognd UV data of
X1822-371 reached similar results.

The eclipse observed in the X-ray light curve of X1822-371 is partial afgiament combined
with the high inclination angle of the system suggests that we observe thgefrigsion coming
from an extended corona above the disc, the so-called accretion d@mtac(ADC, [9]). The
properties of the ADC are still debated. In a scenario with an optically thin ABGhould expect
that only a small part of the emission produced in the inner region is scatigribe ADC along
the line of sight (see e.g. [10]), on the other hand an optically thick casboald imply that it is
itself seat of the observed extended emission ([9]). [11] analysed simeoliia observations with
Rossi X-Ray Timing ExploréRXTE) and ASCA of X1822-371. They showed that both the source
spectrum and light curve can be well fitted by two equivalent modelsesepting the scenario in
which X1822-371 has an optically thick corona or an optically-thin coreaapectively. Both
these models could well describe the data. [3] analysed a BeppoSAXvatiee of X1822-371
finding that the continuum emission is well fitted using a Comptonised compoiitbramelectron
temperature of 4.5 keV that is partially covered by a local neutral abisdrbe authors suggested
that the Comptonised emission is due to a diffuse emission from the ADC whilertired pavering
is produced by a cold wall subtending an angle ¢fidih respect to the equatorial plane and placed
in the external edge of the accretion disc.

In this work we briefly present the analysis of two Chandra/HETGS wehtiens and show
why the presence of an extended optically thin corona well explains sultse
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Figure 1: Folded light curves corresponding to the Obs. ID. 9076 aeddhbs. ID. 9858. The data were
folded adopting the recent ephemeris obtained by [6] amius28 channels per period.

2. Observation and spectral analysis

X1822-371 was observed with the Chandra observatory using the BEGIG total observa-
tion time of 66 and 84 ks (Obsid. 9076 and 9858), respectively. Bothredasens were performed
in timed faint mode. The region of sky containing X1822-371 was obsdsyetMM-Newton for
a duration of 53.8 ks (Obs. ID. 0111230101). For our analysis we aisky the Reflection Grating
Spectrometers (RGSs) and Epic-pn data. We summed the first-order HEG®IEG) spectra of
the two Chandra observations to increase the statistics obtaining a totaliexpiose of 142 ks.
The MEG and HEG energy range was 0.5-7 keV and 0.77-10 keV, ctrgplg. We extracted the
RGS1, RGS2, and Epic-pn spectra from the whole observation with arsesgtime of 43, 42, 38
ks, respectively and adopted a 0.4-2 keV energy range for RG&a@axl 1-12 keV for Epic-pn
spectrum. We fitted the continuum emission adopting the model proposed by [iBle broad
band BeppoSAX spectrum of X1822-371: i.e. a Comptonised compo@enp&t in XSPEC)
partially absorbed by neutral matter and absorbed by interstellar madties (in XSPEC).

Adopting this continuum to fit the RGS and Epic-pn data we found a valyggfd.o.f.) that
was 1.89(2321). Since the residuals showed the presence of sawisaion lines we added seven
Gaussian components associated with theiQntercombination line, Q/111, Ne 1x intercombi-
nation line, Sixiv, Fel, Fexxv intercombination line, and FPexvi respectively. The addition
of the Gaussian profiles improved the fit giving\g? of 1613 and axrzed(d.o.f.) of 1.18(2302).
Fitting the HETGS spectra with the same model we obtained a valyg gf.o.f.) = 0.92(3507);
in the residuals we observe several emission features. To fit the risside@added ten Gaussian
components and identified the emission lines associated with the following trassi@oni in-
tercombination line, @111 Lya, Neix intercombination line, N& Lya, Mg X1 intercombination
line, Mg x11 Lya, Sixiil intercombination line, Skiv Lya, Fel Ka, Fexxvl Lya. The addi-
tion of the Gaussian components improved the fit withx& of 805 and a value oxrzed(d.o.f.) of
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0.68(3478). The best-fitting values of the continuum parameters obtapradHfETGS and XMM

spectra are compatible with those obtained by [3] and are consistent witlotess.

Table 1: Best-fitting values of the Continuum emission as a functibtihe orbital phase of X1822-371

Spectra Parameters Phase-Intervals
0.04-0.25 0.25-0.50 0.50-0.75 0.75-0.95 0.95-1.04
Ny (1022cm2)  0.11 (fixed) 0.11 (fixed) 0.11 (fixed) 0.11 (fixed) 0.11 (fixed)
N, (1072cm™2)  3.2+0.2 32+0.2 30+0.2 3092 29124
f 0.62+0.04  058+0.04  058+0.05  060+0.06 060297
HETGS KTe (keV) 29193 29103 26+03 28703 28732
T 2042 20+2 22+2 213 218
Ncompst 0.067+0.009 Q0689507  0.054+0.007 Q05079933  0.042+0.012
X24(d.0.f) 0.51(2988 0532989  0.53(2841) 0452729  0.34(2704)
Ny (10%2cm™2)  0.10 (fixed) ~ 0.10 (fixed) ~ 0.10 (fixed) ~ 0.10 (fixed)  0.10 (fixed)
Ny, (10%2cm=2) 3497312 3.71+0.10 356139 311+0.14 37+03
f 0.60+£0.02  0591+0.014 056970512  058+0.02  064+0.04
XMM KTe (keV) 3077008 3.07+006  308+0.07  301+0.08 31793
T 197+0.7 204405 193792 216+038 188712
Noompst  00407°0%3% 0045433092 0.0465°5%012 00321'9%%% 0030732
Unabs. Flux 22+0.09  707+008  653+£0.09  551+0.09 407598
x24(d.0.f.) 1.02(800) 1.05(964) 0.99(1062) 1.04(692) 0.97(457)

NOTE — Best-fitting values for the parameters of the continuum component. rtairtiges are at the 90% confidence
level (hereafter c. I.) for a single parameter. The parameters finredeas in XSPEC. The equivalent hydrogen column
of the local neutral matter is indicated with..L)J, the covered fraction of the emitting surface is indicated WitlThe
szed(d~0~f-) values are obtained taking into account the emission lines. The unatishnbés calculated in the energy
range 0.4-12 keV and it is in units of 1 erg s cm 2.

For a distance to the source of 2.5 kpc the extrapolated luminosity in the 0.kelOénergy
range was & 10°° erg st and 10 x 10°% erg s from XMM and HETGS spectra, respectively.

We performed a phase-dependent spectral analysis selecting thdriglfbve phase-intervals
0.04-0.25, 0.25-0.50, 0.50-0.75, 0.75-0.95, and 0.95-1.04, respigctiVhis selection allows to
constrain both continuum and line emissions at different phase intertidl$iasing a suitable
statistics to constrain the spectrum, and corresponds to the count raté&eistha eclipse, the
maximum, the count rate decrease, the minimum and, finally, the eclipse, as shbig. 1. We
adopted the same continuum model of the averaged spectrum. Becausdavieh statistics we
fixed theNy value to 011 x 10?2 cm~2 and 010 x 10?2 cm~2 in Chandra and XMM spectra, re-
spectively. The electron temperatik® and the optical deptl of the Comptonised component
do not change along the orbit while the normalisation changes. Finally wethraitéhe Epic-pn
unabsorbed flux in the 0.4-12 keV energy range changes along tite pdriod reaching the min-
imum during the eclipse because of the companion star occults the emittingeswiaalso note
that out of the eclipse the unabsorbed flux is not constant suggestipgetbence of an optically
thick shield that partially blocks the X-ray emission and modulates the light curné&22-371
with an almost sinusoidal shape (see Fig. 1).
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3. Discussion

Our results are consistent with those reported by [3] using the same mod¢hedontinuum
although we will give a different interpretation in the light of the recent wook [6] and [8]
that show a large derivative of the orbital period of X1822-371. Amsashin sec. 1 [8] and [6]
independently concluded that X1822-371 accretes at the Eddington limdth&nclue that the
luminosity of X1822-371 is at the Eddington limit is given from the rdtjg/Lopt, WhereLx and
Lopt are the X-ray and optical luminosity. [10] showed that the ratigLop for X1822-371 is
~ 20, a factor 50 smaller than the typical value of 1000 for the other LMXBseyTadopted a
X-ray luminosityLy ~ 10% erg s%, considering that the X-ray luminosity of X1822-371 is larger
of a factor one hundred then the ralig/Loy is in agreement with the other LMXBs. Finally [1]
showed that for a luminosity of X1822-371 at the Eddington limit The NS magfietitassumes a
conceivable value of 8 10'° G (see sec. 1). These four independent arguments lead us to conclude
that the true luminosity of X1822-371 is at the Eddington limit.

Taking into account that the outer disc is thick and that the high inclination afithe system
is 825° +1.5° we conclude that we are not observing the direct emission from the iegienrand
invoke the presence of a corona above the disc that scatters 1% ofdhmgyted luminosity along
the line of sight, a similar scenario was discussed by [10] for this soutds.s€enario is different
from that proposed by [3] and other authors, in fact if an extendé&daily thick corona is present a
large part of the Eddington luminosity should be reprocessed in coralta@awobserved luminosity
would be almost 1% erg s apart to consider the unlikely scenario in which the emission from
the inner region of X1822-371 is extremely beamed.

The photons produced in the inner region near the NS are Comptonisedaptieally thick
plasma ¢ ~ 20) with a temperature of 3 keV, the comptonising cloud is a compact regian nea
the NS. X1822-371 has a peculiar geometry for two reasons: a) tharsistebserved at high
inclination angle £ 82°5[4]) and b) the heighH of the outer accretion disc is unusually large
because the Eddington radiation from the central region illuminates the astesuttl evaporates
its outer layers (see [12]). Combining these two effects we do not abgeedirect emission from
the central regiohg but it is scattered by a corona. The scattered flux, considering thaf, is
Lo [(1—e7")/(4nD?)] ~ Lot /(4mD?), whereD is the distance to the source, we conclude that the
scattered flux ig times the emission produced near the NS. Assumingrtha0.01 we match the
expected luminosity at the Eddington limit and the observed luminosity b8° erg/s.

The mass function of X1822-371(8.03-0.03) x 10-2M,;, ([4]), assuming a typical NS mass
of 1.4M., we derive a companion star mass of 0.408. Considering that the orbital period of
X1822-371 is 5.57 hours we derive that the orbital separatian=id.34 x 10! cm using the third
Kepler's law. The Roche lobe of the NS and the companion star are taspe® , = 9.8 x 100
cm andR,, = 3.7 x 10'% cm. We obtained a mass ratip= M2/M; ~ 0.3, for thie value ofg
the tidal truncation radius, that is the maximum possible value of the accretionadisisRy, is
0.43a= 5.7 x 10'° cm ([5, 8]), we will adoptRy = 5.7 x 10'° cm as outer accretion disc radius.
The estimated orbital parameters allow us to infer the size of the optically thimz@ssuming
reasonably the Roche lobe radis, of the companion star is almost the radius of the companion
starR, and taking into account the different count rates observed at mid-eclipse and out of
the eclipse. Since the spectral shape does not change along the drlliteaimclination angle
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of the source is 88° then we impose that the change in count rates, in and out the eclipse, is
mainly due to the volume of the optically thin ADC occulted by the companion starkihgat

the HETGS folded light curves of X1822-371 in Fig. 1 we observe thatthumt rate oo ~ 3

cts s at the mid-eclipse time an,; ~ 6.6 cts st at its maximum that indicates the minimum
shielding. We also note that the valuesGaf) andCqyy; in the EPIC-pn light curves are 37 and 84
cts s1, respectively; the results below reported are consistent considegrgjttter the EPIC-pn
or HETGS count rates. Assuming a geometry of the corona similar to thatgediby [12], where
the heightH of the corona increases with the distance from the neutronlidtar kr with k < 1)
and as maximum radius of the corona the outer accretion disc radius we tt&tRapc is well
constrained between 5.5 and 520'° cm depending on the height of the ADC. We estimated
thatRapc is ~ 5.5 x 10'° cm with Rapc ~ H andRapc = Ry for Rapc ~ 1.1H. Our results imply
that the corona is extended up to the outer radius of the accretion dise fiolldwing we assume
thatRapc = Ry ~ 5.7 x 10'% cm. Considering the ADC as an extended optically thin cloud with
T ~ 0.01 we estimate that its average electron density is 3 x 1011 cm3, this value is consistent
with the density of the hot corona for distance from the NS larger thahctd ([12]).

The scenario of an extended optically thin corona is furtherly suppostetidodetection of
the pulse period of 0.59 s in X1822-371 ([1]) that could not be detectgsdaming an extended
optically thick ADC because it should wash out the coherent pulsations.s€nario predicts
an extended optically thin ADC with an electron density~ 3 x 10 cm™3 and 1 ~ 0.01, the
mean free path of the photons crossing the AD@ is 5 x 102 cm, a factor 40 larger than the
orbital separation of the system. We expect that only 1% of the photonatieied in ADC, the
escaping photons are scattered one time maximum and the average delagsufapieg photons
is TA /c~ 2 s. The absence of self-occultation in ADC and the spread in the atirives of the
coherent photons depends on the travelled lemgthADC. In the worst case, for the photons
scattered in the outer region of the ADG= Rapc thenAt = Rapc/c ~ 2 s, while for the photons
scattered in inner regions of the ADC, for exampl&at 10'° cm, we findAt = 0.3 s allowing to
observe the 0.59 s pulse period.
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