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Abstract. Results of a 1999 November 16—17 BeppoSAX olh-MXRB and is modulated with a period of 17.1 hr (llovaisky et
servation of the low-mass X-ray binary X 2127+119 located &l.[1993; hereafter 193). The X-ray lightcurve is weakly modu-
the globular cluster M15 are presented. The system is believatbd with the same period, but shows a more complex behavior
to be one where the central neutron star is normally obscuigde e.g., Homer & Charlés"1998; hereafter HC98). The cur-
by the accretion disk, and only X-rays scattered into our liment model for the system consists of an X-ray binary viewed
of sight by an extended accretion disk corona (ADC) are oét a high inclination angle such that the central X-ray source
served. The 0.1-10 keV lightcurve is energy dependent asdbscured by an accretion disk and only X-rays scattered into
shows two partial eclipses separated by the 17.1 hr orbital plee line of sight by an extended accretion disk corona (ADC),
riod. The 0.1-100 keV spectrum is unusually complex, but can wind, are observed. This obscuration accounts for the low
be successfully modeled using a partially covered power-ldw /L., ~ 20 ratio for X2127+119, typical of other ADC
and disk-blackbody model. Together with a column consistesturces. Variations in the disk rim height and obscuration by
with the interstellar value to M15,60% of the source is coveredthe companion produce the observed modulation. The detec-
by an additional column of10%2 atom cnt2. The absorbed tion of a luminous 4.5 x 103® erg s! at the peak, assum-
component may be X-rays that pass through the outer layersmaf isotropic emission) X-ray burst from X 2127+119Gynga
the accretion disk. The energy dependent intensity variatiozenfirms that the compact object is a neutron star and implies
by a factor of~2 may be modeled as due to a changing nothat, at times, the neutron star is viewed directly (Dotani et al.
malization of the disk-blackbody. None of the other spectf@B90; van Paradijs et al. 1990). The mean M15 metallicity is
parameters appear to clearly depend on luminosity. The saomy ~0.01 solar (Geisler et al. 1992; Sneden ef al. 1991) al-
spectral model is also able to fit an archival ASCA spectrum. Weough this does not necessarily mean that the accreted material
demonstrate that during the luminousEddington) X-ray burst in the X 2127+119 system is strongly metal depleted since the
observed from X2127+119 bginga material located in the companion star may have undergone a non-standard evolution
outer regions of the accretion disk could have been temporduring which its envelope composition was altered.
ily ionized, so allowing the central neutron star to be viewed The X-ray spectrum of X 2127+119 is complex and varies
directly. on time scales shorter than the orbital period. Hertz & Grindlay
(1983) combined data from tHeinsteinMonitor Proportional
Key words: accretion, accretion disks — stars: individualCounter (MPC) and High-Resolution Imager instruments and
X2127+119 — stars: neutron — Galaxy: globular clusters: ifeund that a two component model was required. One com-
dividual: M15 (NGC 7078) — X-rays: general ponent is a thermal bremsstrahlung with a temperature, KT, of
~5 keV and the other appreciably softer. The source exhibited a
strong anti-correlation between luminosity and absorpiiagn,
The EXOSAT Channel Multiplier Array and Medium Energy
1. Introduction Detector Array spectra of Callanan et al. (1987) are well fit

The X-ray source X2127+119 is one of 12 brighPy a two component model c_onsisting om keV blackbody
(L. > 10% erg s'') low-mass X-ray binaries (LMXRBs) lo- together with a power-law with a photon index, of 1.6, or

cated within globular clusters. The X-ray source is locatéyPlackbody with a similar kT together with a 7-15keV ther-
within 2" of the core of M15 (NGC 7078) and is coincidenf@! bremsstrahlung. Thi¥y; was variable in the range 0.15-

with the variable blue V& 15 star AC 211 (Aurére et al. 1984) ,3X 10" atom cn1* and showed a corrglatlon with Iumlnc.)S|'ty,

which exhibits prominent optical and UV emission and absorB"— contras’F to the result of Hertz & G“”O!'ay (_1983)' Christian
tion lines (Charles et al. 1986; Downes et[al. 1996). The opfit &l- (1997) present results from thinsteinSolid State Spec-

cal lightcurve exhibits the largest amplitude variations of arfjPmeter and MPC instruments and the broadband X-ray tele-
scope (BBXRT). They find that the continuum is well described

Send offprint requests ta. Sidoli (Isidoli@astro.estec.esa.nl) by the same model used for the EXOSAT data (a power-law
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Fig. 1. The 1.8-10keV lightcurve of X2127+119. The 4 intensity intervals used in the spectral analysis (dee Sect. 3.3.2) are indicated. The bin
time is 256 s

plus a 1 keV blackbody) with some evidence for the same argented. Due to technical reasons the HPGSPC was not operated.
correlation as Hertz & Grindlay (1983). When the best-fit valudhe MECS consists of two grazing incidence telescopes with
of Ny are plotted against orbital phadg,a factor~10 increase imaging gas scintillation proportional counters in their focal
in Ny is evident aroundd = 0.4-0.7 (where® = 0.0 corre- planes. The LECS uses an identical concentrator system as the
sponds to the center of the partial eclipse of the X—ray sourceM{£CS, but utilizes an ultra-thin entrance window and a driftless
the companion star). If a spectral model with abundances fixedahfiguration to extend the low-energy response to 0.1 keV. The
the mean M15 value is used to model this extra absorption, thean-imaging PDS consists of four independent units arranged
the fitis significantly poorer, with the model over-estimating thi@ pairs each having a separate collimator. Each collimator was
observed data at1.2 keV (see Christian et al. 1997, Fig. 5). Nalternatively rocked on- and 216ff-source every 96 s during
narrow Fe line is seen in the BBXRT data, with@a®per limit the observation.
of 150 eV. The region of sky containing X 2127+119 was observed by
We report here on a BeppoSAX observation of X 2127+1BeppoSAX on 1999 November 16 01:15 to November 17 00:50
made as part of a systematic study of luminous globular clust¢fC. Good data were selected when the instrument configu-
X-ray sources (see Guainazzi etlal. 2000 for an overview). Rations were nominal, using the SAXDAS 2.0.0 data analysis
sults for the sources located in Terzans 1 and 2 and NGC 64#ckage. LECS and MECS data were extracted centered on the
are to be found in Guainazzi et &l. (1998, 1999) and Parmapetsition of X 2127+119 using radii of &nd 4, respectively.
al. (1999), respectively. M15 has a low reddenifig; (v = The exposures in the LECS, MECS, and PDS instruments are
0.10 &+ 0.01; Durrell & Harris [1993) which corresponds tol1.1 ks, 35.5 ks, and 16.6 ks, respectively. Background subtrac-
Nu ~ 7 x 10?0 atom cnr?, using the relation betweeA, tion for the imaging instruments was performed using standard
andNy in Predehl & Schmitti(1995). This lody means that files, butis not critical for such a bright source. Background sub-
the source is particularly interesting at energigks keV. We traction for the PDS used data obtained during intervals when
compare the BeppoSAX results with an unpublished ASCAe collimators were offset from the source.
spectrum obtained in 1995. We note that EUV emission has The BeppoSAX datais compared with results from the Solid
been detected from M15 which may originate from X 2127+11State Imaging Spectrometers SISO and SIS1 (0.6-10 keV), on-

(Callanan et al. 1999). board ASCA (Tanakaet al. 1994). ASCA observed X 2127+119
between 1995 May 16 00:54 and May 17 03:50 UTC. Timing
2. Observations results from this observation are reported in HC98. The SIS

i exposure is 25.0 ks using 1-CCD BRIGHT2 mode with the
Results from the co-aligned Low-Energy Concentrator S,p%'aximum available telemetry allocation. All data were screened
trometer (LECS; 0.1-10 keV; Parmar etal. 1997), the Mediungpy hrocessed using the standard Rev2 pipeline. The source
Energy Concentrator Spectrometer (MECS; 1.8-10 keV;, Boegﬁuntrates 0£9.0s ! SIS~ mean that pulse pile-up is unlikely
et al.[1997), and the Phoswich Detection System (PDS; 1%

) be significant.
300 keV; Frontera et al._1997) on-board BeppoSAX are pre-
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Fig. 2. X2127+119 lightcurves in different energy bands and hardness ratios (lower 2 panels). HR1 is MECS 1.8-5.5keV counts / LECS
0.1-2keV counts and HR2 MECS 5.5-10 keV counts / MECS 1.8-5.5keV counts. The bin time is 256 s

3. Analysis and results perform a spectral analysis in different source intensity ranges
3.1. BeppoSAX lightcurve (see SecL.313).
The BeppoSAX observation durati_on of 85 ks includes one efn. Eclipse timing

tire orbital cycle of X2127+119. Fifj] 1 shows the 1.8-10 keV

background subtracted MECS lightcurve of X 2127+119 witRecently HC98 refined the orbital ephemeris of 193 using re-
a binning time of 256 s. Figl 2 shows background subtractgdlts from all available X-ray lightcurves from HEAO-1 (1977)
lightcurves inthe energy ranges 0.1-2 keV (LECS), 1.8-5.5 ké¥ R-XTE (1998). At the time of the BeppoSAX observa-
(MECS), 5.5-10 keV (MECS) and 15-100 keV (PDS) togeth&en, the difference in® between the two ephemerides is
with hardness ratios (1.8-5.5 keV counts divided by 0.1-2 keVv0.05. HC98 explained this difference either as an up-dated
counts, and 5.5-10 keV counts divided by 1.8-5.5 keV countggriod of 0.713021 days 7 larger than the 193 value of
There is strong variability in the energy range 0.1-10 ke¥,713014 days), or by the introduction of a period derivative of
with two deep minima separated byL7 hr and a broad sec-Porb/Porb = 9 x 1077 yr~!. Fig[3 shows lightcurves in dif-
ondary minimum that occured approximately midway betwed@rent energy bands plotted agaidstusing the HC98 linear

the two deep minima. Theo3upper limit to any variability in ephemeris. There is good agreement between the BeppoSAX
the 15-100 keV PDS lightcurve (rma®.61) is consistent with data and the refined ephemeris. In order to investigate whether
the amount of variability seen at lower energies. The complthe BeppoSAX data can be used to further refine the ephemeris
variations in hardness ratio suggest that it may be importanwé performed a detailed timing analysis.
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Fig. 3.X2127+119 lightcurves scaled to show the same range of variability

The occurrence time of the first minimum in the BeppoSAR.3. BeppoSAX spectrum
lightcurve is 2,451,498.66140.0044 JD,, which corresponds 3.3.1. Overall spectrum
to cycle 5200 using the 193 epoch. This eclipse time was cal-""~"
culated by folding the 1.8—-10 keV MECS data at the HC98 lirFhe overall spectrum of X 2127+119 was first investigated by si-
ear ephemeris and selecting an interval of 0.2 in phase arownaltaneously fitting data from the LECS, MECS and PDS using
the partial eclipse. A fit with a model consisting of a constaispec version 11.01. All spectra were rebinned using standard
plus a gaussian was made to this data. The uncertainty in giecedures. Data were selected inthe energy ranges 0.1-4.0 keV
eclipse time was obtained frofy?=1.0 after scaling the errors(LECS), 1.8-10 keV (MECS), and 15-100 keV (PDS) where the
such thaty? was~1. The partial eclipse arrival time extrapoinstrument responses are well determined and sufficient counts
lated to cycle 5200 starting from this same epoch, but using thistained. This gives background-subtracted count rates of 2.1,
new HC98 period of 0.713021 days is 2,451,498.670423 3.7, and 1.0 s! for the LECS, MECS, and PDS, respectively.
(JDy), adifference of 0.0160.023 days. Note that, since HC98The photo-electric absorption cross sections of Morrison & Mc-
and 193 apparently did not apply a barycentric correction, vammon [(1983) and the abundances of Anders & Grevesse
have included this correction (which is however much small¢f989) are used throughout. Factors were included in the spec-
than the uncertainties). Using the quadratic ephemeris of HG94 fitting to allow for normalization uncertainties between the
(for which the difference with respect to the 193 ephemerigastruments. These factors were constrained to be within their
is estimated from HC98 Fig. 2 and amounts~0.07 cycle) usual ranges during the fitting. All spectral uncertainties and
we obtain an expected occurrence time of 2,451,498:693 upper-limits are given at 90% confidence.

JDy, a difference of 0.030.03 days. Similarly, the pre- Initially, simple models were tried, including absorbed

dicted partial eclipse center using the original 193 ephemepewer-law, thermal bremsstrahlung and cutoff power-law mod-
is 2,451,498.64180.023 (JIy), resulting in a difference of els, all yielding unacceptable results for the broad band spec-
0.020+£0.023 days. trum. When a power-law model is used, examination of the

Thus, our measure of the partial eclipse occurrence isrissiduals shows a curved spectrum in the energy range 2—10 keV
agreement with the 3 previously published ephemerides aitH a structured soft excess below about 1 keV. Several different
does not allow us to distinguish between them. combinations of spectral model were tried next, always includ-

ing a power-law, which is required by the PDS data. Both a
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blackbody and a bremsstrahlung were added to the power-Igable 1.Best-fit parameters for the overall BeppoSAX spectrum. The
in order to account for the curvature of the 2—10 keV spectrumpdel consists of a partial covering(rass) absorption, N, for a

but always gave unacceptable results, primarily due to the striéskBB and a power-law (see text). Flux is in the 2-10 keV energy
tured residuals below 1 keV. range and in units of erg cnd s™'. The luminosity (2-10 keV) has

An absorbed (N ~ 102! atom cnr?2) multicolour disk- been corrected for interstellar absorption and assumes a distance of

blackbody (thev1skBE model inxspEC) (with KTy, ~ 1.8key) 10-4 kpe (Durrel & Harris 1933)
together with an absorbed power-law with~ 1.7 gives signif-
icantly better results, but again low-energy residuals are pres&2meter

The multicolour disk-blackbody model of Mitsuda et AL (1984)z.: (10°° atom cn1?) 7 (fixed)
and Makishima et al[(1986) assumes that the gravitational & (10** atoment) 1-03£§1§§
ergy released by the accreting material is locally dissipat&d 0.64 7004

[ iati i i i in (keV) L7700
into blackbody radiation, that the accretion flow is continuoys (c0s )05 /dyo (km)  1.03 10'8705
throughout the disk and that the effects of electron scatteringog‘ﬁ 10 2:10 1 0:10
the spectrum are negligible. There are only two parameters in 0.063 + 0.01
the model: R, (cos 0)°-5 /d;o where R, is the innermost radius gpserved Flux 2.7 % 10~ 10
of the disk,¢ the inclination angle of the disk; gl the source | uminosity erg s 3.3 x 1036
distance in units of 10 kpc, and kTthe blackbody effective y2/dof 147.5/125

temperature at R. The limitations of this model are discussed
in Merloni et al. (2000).

The low metallicity of the hosting globular cluster@.01 ©f a column density fixed at the galactic value, together with
solar) prompted us to try using a photoelectric absorption modhgirtial covering absorption for the previous two components (a
with variable abundances¥uass in xsPEC), together with a disk-blackbody and a power-law):
photoelectric absorption fixed at the interstellar valug of
102° atom cnv 2. Different combinations of linked abundance

were tried. First, fIXIng the He abundance at the cosmic VaIMere N; is the intrinsic absorption for both Spectra| compo-
and linking all the abundances of the metals together as a singd¢\ts and f is the covering fractiof & f < 1). The? is sig-
parameter. Then, linking C, N and O together and grouping tAgicantly reduced to 147.5 for 125 dof. The count and photon
other metals (Ne, Na, Mg, Al, Si, S, Cl, Ar, Ca, Cr, Fe, Co, Nigpectra are shown in Fig. 4 and the best-fit parameters given in
as another parameter, both fixing the abundance of the metgig|d7 .
at 0.01 of the solar value and Iettlng it vary freely. In all cases In order to test the second poss|b|||ty’ we rep|aced the par-
unacceptable results are obtained. No ikon line is present tjg| covering absorption with an ionized absorbgBgorI in
with a 90% confidence upper limit to the equivalent width of &spgc) in our best fit model. The new model resulted in a worse
narrow line of 50 eV. fit, both when the iron abundance was fixed at the M15 value
The positive residuals below 1 keV suggest the presenge = 176.6 for 125 dof and an ionization parameter LInR
of either (1) partial covering, (2) an ionized absorber or (3) afy - 20) and when fixed at the solar valugX= 166.3 for 125
additional soft component. Thus, we first used the same moggf and an ionization parameter tit + 10).
as before (a power-law plus a disk-blackbody), but allowed the The final possibility is the presence of an additional
absorption of each component to vary separately, while beiggft component. To test this hypothesis, we included a
constrained to be not less than the galaCtiC value. Signiﬁcar}s%msstrah|ung (',F, 0.1 keV)' a b|ackb0dy' and a broad Gaus-
better fits were obtained when the disk-blackbody suffered ex#ian line to the disk-blackbody and power-law model. None
absorption, and so the absorption of the power-law compongfithese additional components significantly improved the fit,
was set equal to the galactic valdg,, (7 x 10** atom cnT?).  giving values ofy2/dof of 229/124, 890/127 and 245/123, re-
The model can be written as follows: spectively. Thus, we exclude the possibility that the low-energy
residuals are caused by such an additional component. We there-
fore conclude that of the models tried, the partial covering gives
where Ippgg and Ipr, are the normalizations of the disk-the most reasonable fit and we refer to this subsequently as
blackbody and power-law components, aNg is the addi- the best-fit model. The lower limit to any high energy cutoff
tional column density of the disk-blackbody. The best-fit valués 60 keV at 90% confidence level. Since Eig. 2 indicates that
are Ny = (7.07089) x 102! atoment?, KTy, = 1.7275-02 keV,  there are strong energy dependent intensity variations, we next
Rin(cos0)%® /d1o kpe = 1.2 £+ 0.05 km, o = 1.84 & 0.05. Al-  investigated whether the best-fit model could be successfully
though the fit is not formally acceptable withy@ of 177 for applied to individual intensity selected spectra.
125 degrees of freedom (dof), the overall shape of the spectrum
is reasonably well accounted for by this model. ,
A significantly better fit is obtained if a partial covering3'3'2' Intensity selected spectra
absorption (thecras model inxspEC) replaces the different A series of intensity selected spectra were produced. Intervals
absorbing column for the two components. This model consistarresponding to MECS 1.8-10 keV count rates<@f6, 2.6—

%ntensity = ¢~ Naal [fe_”NH + (1= f)] (Ips + IpL),

Intensity = e “Nea! (Ipgge "N 4 Ipp),
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Fig. 4. Best-fit partial covering model to the BeppoSAX broad band spectrum of X 2127+119. SeElTable 1 for the parameters

3.6,3.6-4.6, ant+4.6 s !, when the data are accumulated witthe best-fit model. The results, shown in [Eig. 6, may be com-
a binning of 256 s, were determined (see Hig. 1). These intpared with the variations in spectral parameters with intensity
vals were used to extract a set of four corresponding LECS$hown in Figlh. The four sets of spectra correspond to primary
MECS and PDS spectra which were rebinned and energy seaimum, primary maximum, secondary minimum and sec-
lected in the same way as in Séct. 313.1. The different intensitydary maximum, respectively. The column density does not
ranges correspond approximately to the deepest minimum (isplay any obvious dependence ®nexcept possibly when
the broad secondary minimum (2), the secondary maximum (B source is in the secondary maximum. As expected, the disk-
and the brightest first maximum (4). Since the power-law aftackbody normalization exhibits the most obvious dependence
disk-blackbody with a partial covering absorption provides then ®, showing a similar correlation to that with source intensity.
best-fit to the overall spectrum, this model was also fit to these
new spectra. Acceptable fits are also obtained in this case érllg_ ASCA spectrum
the results reported in Taldlé 2 and [Elg. 5.
Examination of the parameters given in Table 2 showde next examined whether the BeppoSAX best-fit model pre-
that Ny, f, kTi,, o, and by, do not vary systematically with sented above is consistent with results from ASCA. The best-fit
luminosity, but that the normalization of the disk-blackbodBeppoSAX model was fit to the SIS spectra (see[Rig. 7) and
(Rin(cos 0)°® /dy0) increases significantly with increasing luthe results are presented in Table 3. We only considered data
minosity. See FidLl5 for the dependence of the spectral paraabove 1keV due to SIS calibration uncertainties at lower en-
eters on intensity. The disk-blackbody component contributergies (Hwang et al. 1999). Our results show that the best-fit
between 24% and 62% of the observed flux (uncorrected eppoSAX model also provides a good fit to the ASCA SIS
the interstellar absorption) in the 2—10 keV energy range. Thepgectra giving a of 912.0 for 848 dof. This is a significantly
the energy dependent variations shown in Kifys. 2[dnd 3 niagtter fit than when an absorbed disk-blackbody plus a power-
be largely explained by variations in the normalization of thiaw model is used which gives& of 1034 for 849 dof. During
component. the ASCA observation the 2—10 keV flux uncorrected for inter-
stellar absorption wa3.0 x 1071° erg cn12 s~1, within 10%
of the value during the BeppoSAX observation, and the disk-
blackbody contributed 32% of the total observed flux in this
In order investigate the spectral variation as a functio®pf energy range.
four sets of phase selected spectra were extracted and fit with

3.3.3. Phase selected spectra
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Table 2. Best-fits to the BeppoSAX NFI spectra in intensity intervals 1 to 4. The model consists of a partial covenngy) absorption,
Nm, for aDIskBB and a power-law (see text). Fluxes are in the 2-10 keV energy range and in ubits'8ferg cnm 2 s—1. Luminosities
(2-10 keV) are in units of03° erg s™* and are corrected for interstellar absorption and assume a distance of 104 kg¢hé fraction of the
total observed flux contributed by the disk-blackbody component in the energy range 2—10 keV

Parameter 1 2 3 4
Nu (1022 atoment?) 1124930 1.22+£0.3 0.90 £+ 0.1 1.3670%
f 0.52702 0.597015 0.67 £ 0.06 0.57 £ 0.2
KTin (keV) 1.397052  1.897017 1.8010:9 1.637015
Rin(cos 0) /dio (km) ~ 0.99%0-%5 0.87 £0.12 1.14jg;5§ 1.5240.18
oY 2.01703%,  2.01702%, 2.197005 1.9740.2
IpL 0.0537502¢ 0,049 4+0.020 0.062+0.020 0.060 == 0.030
Observed Flux 1.7 2.4 2.9 3.5
Luminosity 2.1 3.0 3.6 4.4
fob 0.24 0.53 0.62 0.60
x>/dof 137.9/113 138/117 128/121 114.8/115
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Fig. 5. Variation of the best-fit spectral parameters with intensity (S¢gq. 6. variation of the best-fit spectral parameters with orbital phase
Table2)

than the primary minima. The overall variation in the hardness
ratios HR1 and HR2 reveals a complex behaviour, with a large
We present results of a 1999 November BeppoSAX observatidmnge of the HR1 during the partial eclipses. In particular, no
of X2127+119 covering two partial eclipses and compare theggectral softening with increasing intensity is found, contrary
with an earlier ASCA observation when the source had a simitarthe EXOSAT results of Callanan et dl.{1987).

2-10 keV intensity. The decrease in the 0.1-10 keV flux during The 0.1-100 keV BeppoSAX spectrum is unusually com-
the partial eclipses is smooth and gradual and lasts for at le@lstx and cannot be fit by any of the usual models applied to
0.2 in phase and the secondary minimun®at 0.5 is broader LMXRB such as an absorbed power-law and a blackbody. A

4. Discussion
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density remains constant (within uncertainties) during and after
the partial eclipse (Fi@l 6).

E The secondary minimum is one of the most variable and
1 puzzling feature of this source. Its locationfat- 0.5 is difficult

{ toexplain in terms of material located in a bulge formed by the
4 impact of an accretion stream with the outer edge of the the disk
1 since this is usually located @t ~ 0.8 (see e.g., White & Holt
1982; Mason & Cordova 1982). 193 and Christian et[al. {1997)
suggestthat the secondary minimum s due to obscuring material

1

keV™

—1

Counts s

o = | H } 1 JFJ? 71 located in a ring at the circularization radius in the accretion
= R %ﬁﬁﬁﬁw%%w Mﬂ%fwﬂﬁﬁﬁ%#ﬁ%ﬁﬁ+i#+%% disk, as in the model by Frank et al. (1987). However, we find
2 b ﬂ { 3 no evidence for a higheXy during the secondary minimum
. 5 ‘ —— "5 (see Fig[h). We caution however, that the complex low-energy

Energy (keV) X2127+119 spectrum makes the detailed interpretation of any

Fig. 7. Best-fit model to the ASCA-SIS spectrum of X2127+119. Seseoect.ra! changgs difficult, .
It is interesting to speculate as to the physical nature of the

Table[3 for the parameters . : .

different components required to fit the X 2127+119 spectrum.

The disk-blackbody component is most likely emission from
Table 3.Best-fit parameters for the overall ASCA spectrum. The modgﬂe inner regions of the accretion disk and/or from a bound-
consists of a partial covering(:F@B.s) absorption, N, for aDISKBB ary layer (see e.g., Popham & Sunyaev 2000). This emission
and a power-law (see text). Fluxis in the 2-10 keV energy range anddiyhey scattered into the line of sight by the extended ADC.
units of erg cm? s™*. The luminosity (2-10 keV) has been correcte he power-law component is usually interpreted as being due
for interstellar absorption and assumes a distance of 10.4 kpc o

to the Comptonization of soft photons by hot electrons located
in the ADC. In this case, the photon index translates into a

Parameter Comptonization y parameter 6f0.7. This non-thermal com-
Ngal (10%° atoment?) 7 (fixed) ; g ;

99 o, ponent does not show any evidence for a cut-off, with a lower
][\IH (107 atom cm ) 8'32 i 8'(2)2 limit of 60 keV, indicating that the electron temperature must
KTin (keV) 1.96+920 bex20kev.
Rin(cos 0)%3 /dio (km)  0.70 % 0.12 It is interesting to note that the ADC source X 1822-371
o 2.18+0°15 has also a very complex X-ray spectrum. If the BeppoSAX and
lpL, 0111952 ASCA spectra are fit with simple power-law model then a strong
Observed Flux 3.0 x 10710 deficit is visible at~1.5 keV. This may be modeled as an edge
Luminosity 3.7 x 1036 at ~1.3 keV together with the intersection of power-law and
x2/dof 912/848 blackbody components (Parmar et al. 2000). There is also low-

energy complexity in the X2127+119 spectrum (see [Big. 4),
but no edge is required. This difference may be related to the
low abundance appropriate to X 2127+119. It is suprising that

good fit is obtained with the combination of a power-law andt@e intensities of the two spectral components in X2127+119
disk-blackbody modified by a partial covering absorption (witd0 not vary in the same way in the intensity selected fits. This
additional absorption fixed at the interstellar value). The satw@uld be the case if the modulation was simply caused by the
model provides a reasonable fit to an ASCA SIS spectrum deometric obscuration of a homogeneously emitting ADC. The
tained in 1995. We have divided the BeppoSAX data into 4 ifact that the power-law normalization during the partial eclipses
tensity selected intervals and fit the above best-fit model to thés@erfectly consistent (within the uncertainties) with the values
data. We find a positive correlation between the disk-blackbogijtside the partial eclipses (see Eig. 5), implies that the region
normalization and the source intensity with the disk-blackbodnitting this component is significantly larger than the com-
contributing between 24% and 62% of the total 2—10 keV fluRanion star. On the other hand, we note that the uncertainties on
The absorption, the blackbody k&, and the power-law nor- the power-law normalizations are large and an obscuration of
malization do not vary systematically as the 2—10 keV sourd@ homogeneously emitting ADC by a factor-e8 during the
intensity varies by a factor2. partial eclipse by the companion star (with the estimated dimen-
A phase selected Spectra| ana|ysis also shows a COfr@i@.ﬂS) would be undetectable as a decrease of this same factor
tion of the disk-blackbody normalization with source intensitij) the power-law normalization (within the uncertainties).
(see Fidb, bottom panel). The variability of the disk-blackbody The nature of the absorbed component required in both the
component dominates the overall intensity and hardness vaB&PPOSAX and ASCA spectral fits is uncertain. One possibility
tions of the source. The variation in hardness ratio HR1 durigthat this is emission that passes through structure at the outer
the partial eclipse is better modeled by a variation in the contfidge of the accretion disk after first being scattered in the ADC.
bution of the disk-blackbody component. The absorbing colurffther than a single value ¥y, the measured valued would
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then represent an average, since a range of absorbing coluStience Archive Research Center Online Service, provided by the
would be expected in this case. NASA/Goddard Space Flight Center.
The orbital period P=17.11 hr implies the presence of a
(sub)giant companion (e._g., Verbunt & Van den ngvel 1999 eferences
The parameters of the binary system can be derived from the
orbital periodP,,;, and assuming the mass ratio, q, betwedmders E., Grevesse N., 1989, Geochimica et Cosmochimica Acta 53,
the mass of the companion Mind the mass of the neutron 197
star M. Taking M. = 0.8 M, (the typical mass for a turn- Auriere M., le Fevre O., Terzan A., 1984, A&A 138, 415

. o . Boella G., Chiappetti L., Conti G., et al., 1997, A&AS 122, 327
off star na gI(_)buIarlciIuster) and ‘M = 1.4Mo, the blngry Callanan P.J., Fabian A.C., Tennant A.F., Redfern R.M., Shafer R.A.,
separationd a = 3x10"** cm, the radius Rof the companion

1987, MNRAS 224, 781
i~ . S ompant : ,
star, filling the Roche lobe, is&~ 107 cm, the disk radius cyjjanan p.J., Drake J.J., Fruscione A., 1999, Ap 521, 125

is Raisk ~ 10" cm, the diameter of the extended X-ray Sourc€narles P.A., Jones D.C., Naylor T., 1986, Nat 323, 417

(ADC)is ~ 1.5 x 10'! cm (193). Christian D.J., Smale A.P., Swank J.H., Serlmitsos P.J., 1997, ApJ 477,
The nature of X2127+119 is intriguing. The fact that 424

X2127+119 contains a neutron star was firmly established bgtani T., Inoue H., Murakami T., et al., 1990, Nat 347, 534

the detection of a radius expansion X-ray burst durigggaga Downes R.A., Anderson S.F., Margon B., 1996, PASP 108, 688

observation in 1988 (Dotani et al. 1990, van Paradijs et &urrell P.R., Harris W.E., 1993, AJ 105, 1420

1990). Although theGinga Large Area Counter has a large "ank J, King AR., Lasota J.P., 1987, A&A 178, 137

field of view (0.8 x 1.7°), it is clear that the burst came from”"ontera F., Costa E., Dal Flume D., etal., 1997, A&AS 122, 371

X 2127+119 since there was no other known X-ray source in tgg"c‘ler D., Minniti D., Claria J., 1992, A) 104, 627

) . . tainazziM., Parmar A.N., Segreto A., Stella L., Oosterbroek T., 1998,
field of view and between the precursor and the main peak of the AGA 339 802 g

burst there was a significant reduction in the persistent X-ray,ainazzi M. Parmar A.N.. Oosterbroek T.. 1999. AGA 349 819

flux. Thus the burst must almost certainly have come from tgainazzi M., Parmar A.N., Oosterbroek T., 2000, Ap. Lett & Comm.
source of the persistent emission, X2127+119. The detection sybmitted

of such a luminous4(5 x 10%® erg s'! at the peak, assumingHertz P., Grindlay J.E., 1983, ApJ 275, 105

isotropic emission) burstindicates that at times the surface of themer L., Charles P.A., 1998, New Astron. 7, 435 (HC98)

neutron star is directly observed. The evidence that X 2127+14@ang U., Mushotzky R.F., Burns J.O., et al., 1999, ApJ 516, 604

is primarily an ADC source comes mainly from the extremeljovaisky S.A., Chevalier C., Auere M., et al., 1993, A&A 270, 139

low Ly /Loy ratio, typical of other ADC sources, the partial ~ (193) ) _

X-ray eclipses and the optical spectrum which resembles tﬁ@if:'?gKémii{giX’ '\{'gzgd:;" 266t 2a|£ 513?86' ApJ 285, 712

of oth('ar ADC sources. (e.g., Downes et al. 1996). . erloni A., Fabian A.C., Ross R.R., 2000, MNRAS 313, 193
This apparantly discrepant nature could be resolved if t

. . o ) = ~Mitsuda K., Inoue H., Koyama K., et al., 1984, PASJ 36, 741
highly energetic burst ionized the absorbing material in the ligg)rison D.. McCammon D.. 1983 ApJ 270, 119

of sight, as proposed by Smale et al. (1992) for an X-ray bugsirmar A.N., Martin D.D.E., Bavdaz M., et al., 1997, A&AS 122, 309
observed from the dipping LMXRB X 1916-053. Followingrarmar A.N., Oosterbroek T., Guainazzi M., et al., 1999, A&A 351,
Smale et al. (1992), the number of photons per unit area emitted 225

by the burst and available to ionize the obscuring material cBarmar A.N., Oosterbroek T., Del Sordo S., et al., 2000, A&A 356,
be calculated fronN,;, = LAt/e4nR?, where L is the lumi- 175

nosity of the burstAt the duration of the most luminous part of?opham R., Sunyaev R., 2000, preprint (astro-ph/0004017), ApJ sub-
the burstg is the mean X-ray energy, and R the distance of the Mitted _

obscuring material to the source. Takibg- 103 ergs s'!, At Predehl P, Schmitt J.H.M.M., 1995, A&A 293, 889

~1s.e~1keV and R 10! cm, gives Ny, ~ 5 x 1023 pho- Smale A.P., Mukai K., Williams O.R., Jones M.H., Corbet R.H.D.,

t 2, a hundred ti | than the intrinsic col 1992, ApJ 400, 330
ons cn*, a hundred times larger than the Intrinsic cOlUMB, . jo, ¢ kraft R.P., Prosser C.F., Langer G.E., 1991, AJ 102, 2001

density determined here. So, material located in the outer ¥&raka Y. Inoue H.. Holt S.S.. 1994. PASP 46. 37

gions of the accretion disk could have been temporarily ionizeghn paradijs J., Dotani T., Tanaka Y., Tsuru T., 1990, PASJ 42, 633
allowing the neutron star to be viewed directly. VerbuntF., van den Heuvel E.P.J., 1995, In: Lewin W.H.G., van Paradijs

J., van den Heuvel E.P.J. (eds.) X-ray Binaries. Cambridge Univ.
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