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We have analysed an XMM-Newton observation of the Low Mass X-ray Binary and atoll source MXB 1728−34 on 2002 October 3rd. The source was in a low luminosity 
state during the XMM-Newton observation, corresponding to a bolometric X-ray luminosity of 5 x 10e36 ergs/s for a distance of 5.1 kpc. The 1−11 keV X-ray spectrum 
of the source, obtained combining data from all the five instruments on-board XMM-Newton is well fitted by a Comptonized continuum. Evident residuals are present at 
6−8 keV which are ascribed to the presence of a broad iron emission line. This feature can be equally well fitted by a broad Gaussian, by a relativistically smeared line 
or by a self-consistent, relativistically smeared, reflection model. In the hypothesis that the iron line is produced by reflection from the inner accretion disk, we can 
infer important information on the physical parameters of the system, such as the inner disk radius, Rin ~ 18 Rg, and the inclination of the system with respect to the 
line of sight, 44° < i < 60°.

The broad iron line in the energy range 6.4−7 keV has 
been detected in many X-ray systems such as AGN and 
X-ray binary systems containing either a black hole or a 
neutron star. It could be produced from irradiation 
by hard X-rays of cold matter in the accretion disk.
When a hard X-ray photon hits the accretion disk, it is 
subject to different interactions such as Compton 
scattering, photoelectric absorption. The fluorescent iron 
line is produced to re-adjust the iron atom or ion after 
one of the two K-shell electrons is ejected following 
photoelectric absorption of an X-ray photon.

Fig. 2. The line profile results from the superposition of 
different effects: Doppler shifts (double-horns due to the 
approaching matter, blueshift, and receeding matter, 
redshift, respectively), relativistic beaming enhancing the 
blue peak, and gravitational redshift because of the 
strong gravitational field close to the compact object. 
(Mueller, 2007, Proceedings of Science)

The line profile can be equally well fitted using a relativistic line or a self-consistent reflection model. The inclination angle of the system with respect to the line of 
sight is found to be > 44°, which is in agreement with the fact that this source does not show any dips in its lightcurve (which implies i < 60°). The inner radius of 
the accretion disk is estimated at 25−100 km from the neutron star center. That means that the disk would be truncated quite far from the neutron star surface. 
Usually a soft blackbody is required to fit the broad band X-ray spectra of LMXBs, interpreted as emitted by the accretion disk. This component is not significantly 
detected in the XMM-Newton spectrum. This is in agreement with a disk truncated relatively far from the neutron star.

Fig. 3. Top panel: EPIC-pn (black), 
MOS1 (red), MOS2 (green), RGS1 
(cyan), RGS2 (blue) data points of 
MXB 1728−34 in the range 1−11 keV. 
Bottom panel: Residuals (Data
−Model) in units of sigmas for the 
continuum reported in Table 1. 

Table 1. Best fitting parameters of 
the continuum emission. The 
model used is const*phabs* 
compTT. The aborbed flux is in units 
of 10e-10 erg cm-2 s-1. 

1. Gaussian line: Improvement of the fit with respect to the best fit 
continuum 
2. Diskline profile: The profile appears broad and possibly asymmetric. We 
ascribe this shape to Doppler and relativistic effects in the inner part of the 
accretion disk, which is coherent with a disk-reflection scenario.  
3. Relativistic line: The results are perfectly consistent with the diskline 
model.
4. Two absorption edges: Comparison with the results obtained by D’Ai et al 
(2006). The fit is not as good as with the previous models. We favor in the 
interpretation of the iron feature as a broad emission line.
5. Self reflection model: Relativistic distorsions are required to take into 
account the broad line 

Fig. 4. Top panel: EPIC-pn data points of MXB 1728-34 in the range 2.4−11 
keV. Bottom panels: Comparison of the residuals (Data−Model) in units of 
sigmas  for the continuum, for Model 3 including a relativistic line (relline), and 
for Model 5 using a relativistic reflection component (reflion). 
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3. Spectral analysis

Data were fitted by using Xspec (Arnaud 1996) v.12.5.1. All un-
certainties are given at the 90% confidence level for one inter-
esting parameter (!!2 = 2.706). We fitted simultaneously the
broad band energy spectra of the source obtained from all the
five instruments. Considering the best calibration ranges of the
di"erent detectors, the data analysis from EPIC-pn, MOS1 and
MOS2 cameras was restricted to the energy range 2.4!11 keV,
and to 1!2 keV for RGS1 and RGS2. The di"erent cross calibra-
tions of the five instruments were taking into account by includ-
ing normalizing factors in the model. These factors were fixed to
1 for pn and kept free for the other instruments.

We first fit the continuum with a thermal Comptonized com-
ponent using the compTT model (Titarchuk 1994), modified at
low energy by the interstellar photoelectric absorption mod-
elled by phabs using photoelectric cross-sections of Balucinska-
Church & McCammon (1992) with a new He cross-section
based on Yan et al. (1998) and standard abundances of Anders &
Grevesse (1989). The !2/degrees of freedom (d.o.f.) correspond-
ing to this fit was unacceptably large, 1732/903.We then tried to
add a blackbody component (bbody model) to improve the fit.
The addition of this component resulted to be not statistically
significant, thus we decided not to include the blackbody in our
model. The values of the parameters of the continuum emission
are reported in Table 2.

With respect to this continuummodel, an excess was present
in the residuals between 5.5 and 8 keV, probably indicating
the presence of iron discrete features. The fit was improved
by adding a broad iron emission line, modelled by a simple
Gaussian line (Model 1 in Table 3), centered at 6.6 keV with
the sigma parameter frozen at 0.6 keV. The fit gave a !2/d.o.f. =
1489/901 (corresponding to a significant improvement of the fit,
with a !!2 = 243 for the addition of two parameters).

We then tried to substitute the Gaussian at 6.6 keV with
a diskline profile and obtained a slightly better result with a
!2/d.o.f. = 1463/899 . Due to the large uncertainties on the outer
radius of the disk and on the inclination of the system if they
were let free, we have frozen the first one at 1000 Rg and the in-
clination at 60" (the source does not show any dip in its ligtcurve,
implying i < 60"). The improvement of the fit corresponds to
!!2 = 26 for the addition of two parameters (the F-test gives a
probability of chance improvement of about 10!4). This model
(Model 2 in Table 3) gives an estimation of the inner radius of
the disk Rin # 18 Rg (Rg = GM/c2 is the Gravitational radius).
We searched for an absorption edge in the energy range 7!10
keV, but no statistically significant edge was detected.

To fit the iron line, we also used a new model for a relativis-
tically distorted disk line, called relline1 (Dauser et al. 2010),
which calculates line profiles taking into account all the rela-
tivistic distortion in a disk around the compact object. To take
into account the emissivity in the best way, the model contains
two emissivity indices. The radius where the emissivity changes
from Index1 to Index2, and the Index2were frozen at 400 Rg and
3 respectively. We also fixed the outer radius of the disk and the
inclination of the system to the same values used in the diskline
model. The !2/d.o.f. obtained in these conditions is 1464/899.
The best fit line parameters obtained in this way are perfectly
consistent with those obtained using the diskline model. In par-
ticular this model (Model 3 in Table 3) estimates the inner radius
of the disk to be Rin # 19 Rg.

1 http://www.sternwarte.uni-erlangen.de/#dauser/research/relline/
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Fig. 2. Top panel: EPIC-pn (black), MOS1 (red), MOS2 (green), RGS1
(cyan), RGS2 (blue) data points of MXB 1728–34 in the range 1!11
keV. Bottom panel: Residuals (Data-Model) in unit of sigmas for the
continuum reported in Table 2. Data have been rebinned for graphical
purposes.

We tried an alternative model for the iron features (see D’Ai
et al. 2005) using two absorption edges (instead of an emission
line) which are found at 7.50 keV (" # 0.06) and 8.49 keV (" #
0.06), associated to mildly and highly ionized iron, respectively.
The !2/d.o.f. for this fit is 1519/899 (which has to be compared
to 1489/901 that we obtained fitting the iron line with a Gaussian
(Model 1) or to 1463/899 that we obtained fitting the iron line
with a diskline (Model 2)). Therefore this model (called Model 4
in Table 3) gives a worse fit of the iron features than the previous
ones.

In order to test the consistency of the broad iron line with a
reflection component, we fitted the data using reflion, a self-
consistent reflection model including both the reflection con-
tinuum and the corresponding discrete features (Ross & Fabian
2005), in addition to a thermally comptonized continuum mod-
elled with nthComp, by Zdziarski et al. (1996), and extended
by Zycki et al. (1999)), instead of compTT. The !2/d.o.f. was
1555/901, without the inclusion of relativistic smearing. Since
the iron line was found to be significantly broad in the previous
models (Model 1, 2, and 3), we added the relativistic smearing
using the rdblur component. The addition of this component to
the model constitutes Model 5 in Table 3 and led to a !2/d.o.f.
= 1466/899. The decrease of the !2 for the addition of the rela-
tivistic smearing was !!2 = 89 for the addition of 2 parameters
(corresponding to an F-test probability of chance improvement
of # 10!12). Assuming that iron has a solar abundance and freez-
ing the emissivity betor index to -2.7 (standard value) and the
ionization parameter # = LX/(nr2) to 660, where LX is the ion-
izing X-ray luminosity, n is the electron density in the reflector,
and r the distance of the reflector to the emitting central source,
the inner radius has been estimated again to be 18 Rg and a lower
limit to the inclination angle was found to be 44".

4. Discussion
We performed a spectral analysis of MXB 1728–34 observed
by XMM-Newton on 2002 October 3rd in the 1!11 keV energy
range. The best fit continuum model consists of an absorbed
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Fig. 3. Top panel: EPIC-pn data points of MXB 1728–34 in the range
2.4!11 keV. Bottom panels: Residuals (Data-Model) in unit of sigmas
for the continuum model reported in Table 2, for Model 3 including a
relativistic line (relline), and for Model 5 using a relativistic reflection
component (reflion), respectively. Data have been rebinned for graphi-
cal purposes.

(FeXXV!XXVI), respectively. Although the fitting with two
iron edges cannot be excluded yet, we think that the most prob-
able explanation is that a couple of edges may mimic, given the
relatively low statistics, the shape of a broad iron line. We favor
the interpretation of the iron feature as a broad emission line,
since this gives a slightly better fit of the XMM-Newton spec-
trum and very reasonable values of the reflection parameters.

The equivalent hydrogen column inferred from the Galactic
photoelectric absorption component, NH " 2.8 # 1022 cm!2, is
in agreement with typical values for this source (NH " 2.6 !
2.7 # 1022 cm!2, (Di Salvo et al. 2000; Piraino et al. 2000;
D’Ai et al. 2005)). The Comptonized component can be pro-
duced by inverse Compton scattering from relatively hot elec-
trons (kTe " 3.3 keV using the compTT model or kTe " 4.8 keV
using the nthComp model) o! soft photons (kTseed " 0.7 keV
using the compTT model or the nthComp model). The seed pho-
tons for Comptonization are compatible with coming from the
neutron star surface. In fact we can estimate the size of the emit-
ting region of the soft photons, using the formula given by in
’t Zand et al. (1999). For this, one assumes that the bolomet-
ric luminosity of the soft photons is equal to the correspond-
ing blackbody luminosity at the Wien temperature. The rela-
tive gain y = 5.01 (for a spherical geometry) takes into account
the energy gained by the photons scattered o! relativistic elec-
trons through the inverse Comptonization process. This leads to
a value Rseed = 4.9d5.1 km, where d5.1 is the distance in units of
5.1 kpc, considering the unabsorbed flux that we extrapolated in
the energy range 0.1–150 keV, Fbol " 1.5(2) # 10!9 ergs cm!2
s!1.

Usually a soft blackbody component is required to fit the
broad band X-ray spectra of LMXBs, most frequently inter-
preted as emitted by an accretion disc. This component is not
significantly detected in the XMM-Newton spectrum. This may

be ascribed to the relatively low X-ray luminosity of the source
during the XMM-Newton observation, specially in the soft band.
Also the bolometric X-ray flux in the range 0.1!150 keV im-
plies a bolometric X-ray luminosity of LX " 5 # 1036d25.1 erg
s!1, corresponding to 2% of the Eddington luminosity, that is
LEdd = 2.5 # 1038 erg s!1 for a 1.4 M$ neutron star (e.g., van
Paradijs & McClintock 1994). In fact, during the high/soft state
the disk is expected to be very close to the compact object, while
in the low/hard state the disc should be truncated far from the
compact object, and therefore its contribution is expected to be
less important. We therefore conclude that the blackbody com-
ponent is just too weak to be detected. This is in agreement with
the results obtained from the fit of the iron feature with a reflec-
tion model. This indicates that the inner accretion disk is proba-
bly truncated far from the neutron star (Rin > 25 km), and with
a relatively high value for the system inclination with respect to
the line of sight estimated at 44% < i < 60% which would fur-
ther reduce the disk luminosity with respect to the Comptonized
component in the hypothesis that the last one has a spherical ge-
ometry around the compact object.

Acknowledgements. This work was supported by the Initial Training Network
ITN 215212: Black Hole Universe funded by the European Community.

References
Anders, E. & Grevesse, N. 1989, Geochim. Cosmochim. Acta,
53, 197

Arnaud, K. A. 1996, in ASP Conf. Ser. 101: Astronomical Data
Analysis Software and Systems V, 17

Balucinska-Church, M. & McCammon, D. 1992, ApJ, 400,
L699

Basinska, E. M., Lewin, W. H. G., Sztajno, M., Cominsky, L. R.,
& Marshall, F. J. 1984, ApJ, 281, 337

Bhattacharyya, S. & Strohmayer, T. E. 2007, ApJ, 664, L103
Cackett, E. M., Miller, J. M., Bhattacharyya, S., et al. 2008, ApJ,
674, 415

Claret, A., Goldwurm, A., Cordier, B., et al. 1994, ApJ, 423, 436
D’Ai, A., Iaria, R., Di Salvo, T., et al. 2005, AIP Conference
Proceedings, 797, 545

Dauser, T., Wilms, J., Reynolds, C. S., & Brenneman, L. W.
2010, ArXiv e-prints (arXiv:1007.4937v1)

den Herder, J. W., Brinkman, A. C., Kahn, S. M., et al. 2001,
A&A, 365, L7

Di Salvo, T., D’Ai, A., Iaria, R., et al. 2009, MNRAS, 398, 2022
Di Salvo, T., Iaria, R., Burderi, L., & Robba, N. R. 2000, ApJ,
542, 1034

Fabian, A. C., Iwasawa, K., Reynolds, C. S., & Young, A. J.
2000, PASP, 112, 1145

Fabian, A. C., Rees, M. J., Stella, L., & White, N. E. 1989,
MNRAS, 729

Galloway, D. K., Psaltis, D., Chakrabarty, D., & Muno, M. P.
2003, ApJ, 590, 999

Grindlay, J. E. & Hertz, P. 1981, ApJ, 247, L17
Hasinger, G. & van der Klis, M. 1989, A&A, 225, 79
Ho!man, J. A., Lewin, W. H. G., Doty, J., et al. 1976, ApJ, 210,
L13

in ’t Zand, J. J. M., Verbunt, F., Strohmayer, T. E., et al. 1999,
A&A, 345, 100

Lewin, W. H. G., Clark, G., & Doty, J. 1976, iauc, 2922, 1
Mason, K. O., Breeveld, A., Much, R., et al. 2001, A&A, 365,
L36

Miller, J. M. 2007, ARA&A, 45, 441

The iron line as a reflection component

Fig. 1. Top panel: The three main components of the X-
ray emission from an accreting black hole (top) and a 
plausible geometry of the accretion flow in the hard 
spectral state (bottom). 
(Marat Gilfanov,2009, arXiv:0909.2567)
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Table 2. Best fitting parameters of the continuum emission for
the XMM-Newton pn, MOS1, MOS2, RGS1 and RGS2 spectra of
MXB 1728–34.

Parameter Value
NH (!1022cm"2) 2.4 ± 0.1
kTseed (keV) 0.59 ± 0.02
kTe (keV) 2.74 ± 0.04
! 16.5 ± 0.2
Norm 9.54 ± 0.02
Flux 2.0"10.0 keV (pn) 8.06
Flux 2.0"10.0 keV (MOS) 8.17 (MOS1) - 8.07 (MOS2)
Flux 1.0"2.0 keV (RGS) 0.186 (RGS1) - 0.185 (RGS2)
Total "2 (d.o.f.) 1732 (903)

Note: The model used to fit the continuum is cons*phabs*compTT. The
absorbed flux is in units of 10"10erg cm"2 s"1 .

cameras was restricted to the energy range 2.4"11 keV, and to
1"2 keV for RGS1 and RGS2. The di!erent cross calibrations of
the five instruments were taking into account by including nor-
malizing factors in the model normalizing factors. These factors
were fixed to 1 for pn and kept free for the other instruments.

We first fit the continuum with a thermal Comptonized com-
ponent using the compTT model (Titarchuk 1994), modified at
low energy by the interstellar photoelectric absorption mod-
elled by phabs using photoelectric cross-sections of Balucinska-
Church & McCammon (1992) with a new He cross-section
based on Yan et al. (1998) and standard abundances of Anders
& Grevesse (1989). The "2/degrees of freedom (d.o.f.) corre-
sponding to this fit was unacceptably large, 1732/903 . We then
tried to add a blackbody component (bbody model) to improve
the fit. The temperature of the blackbody was found at 0.70 keV,
which seems to be very high compared to the di!erent values
obtained in the previous papers about this source (Di Salvo et al.
2000; D’Ai et al. 2005), in average at 0.55 keV. The "2/d.o.f.
decreased to the value 1679/902. However an F-test estimates a
probability of chance of improvement of the fit of 10"7, thus we
decided not to include the blackbody in our model. The values of
the parameters of the continuum emission are reported in Table
2.

An excess was present in the residuals between 5.5 and 8
keV, probably indicating the presence of iron discrete features.
We are going to fit several models which are reported in the Table
3.

The fit was improved by adding a broad-iron K line, mod-
elled by a simple Gaussian line (Model 1) at 6.6 keV with the
sigma parameter frozen at 0.6 keV. The fit gave a "2/d.o.f. =
1489/901 (corresponding to a ""2 = 243 for the addition of two
parameters and an estimation of the F-test of 3 ! 10"30).

We substituted the Gaussian at 6.6 keVwith a diskline profile
and we obtained a "2/d.o.f. = 1463/899 . Due to the large uncer-
tainties on the outer radius of the disk and on the inclination of
the system if they were let free, we have frozen the first one at
1000 Rg and the inclination at 60# (the source does not show any
dip in its ligtcurve, implying i < 60# ). The improvement of the
fit corresponds to ""2 = 26 for the addition of two parameters
(the F-test gives a probability of chance improvement of about
10"4). This model (called Model 2) gives an estimation of the in-
ner radius of the disk Rin $ 18 Rg (GM/c2). We searched for an
absorption edge in the energy range 7"10 keV, but no statiscally
significant edge was detected.

We also used a new model called relline1 (Dauser et al.,
in prep.) which calculates relativistic line profiles. To take into
1 http://pulsar.sternwarte.uni-erlangen.de/wilms/research/relline/

10!2

10!1

10 0

10 1

!5

0

5

2 5 10

N
or

m
al

iz
ed

 c
ou

nt
s s

!1
 k

eV
!1

! 
("

)

Energy (keV)

Fig. 3. Top pannel: EPIC-pn (black), MOS1 (red), MOS2 (green), RGS1
(cyan), RGS2 (blue) data points with error bars of MXB 1728–34 in the
range 1"11 keV. Bottom pannels: Residuals (Data-Model) in unit of
sigma for the continuum reported in Table 2. Data have been rebinned
for graphical purposes.

account the emissivity in the best way, the model contains two
emissivity index. The radius where the emissivity changes from
Index1 to Index2, and the Index2 were frozen at 400 Rg and 3
respectively. We also fixed the outer radius of the disk and the
inclination of the system to the same values than in the previous
model. The "2/d.o.f. obtained in these conditions is 1464/899.
This model (Model 3) estimates the inner radius of the disk Rin $
19 Rg.

We tried an alternative model for the iron features (see D’Ai
et al. 2005) using two absorption edges (instead of an emission
line) which are found at 7.50 (! $ 0.06) and 8.49 (! $ 0.06),
associated to mildly and highly ionized iron . The "2/d.o.f. for
this fit is 1519/899 (which we can compare to 1489/901 that we
obtained fitting the iron line with a Gaussian (Model 1) or with
1463/899 that we obtained fitting the iron line with a diskline
(Model 2)). So this model (called Model 4) seems to be less
good than the previous ones.

In order to test the consistency of the broad iron line with a
reflection component, we fitted the data using reflion, a self-
consistent reflection component including both the reflection
continuum and discrete features (Ross & Fabian 2005), in ad-
dition to a thermally comptonized continuum model nthComp
model by Zdziarski et al. (1996), extended by Zycki et al.
(1999)) instead of compTT. The "2/d.o.f. = 1555/901. Because
the iron line was found as a broad line in the previous models
(Model 1 and Model 2), the relativistic e!ects were taken into
account using the rdblur component. The addition of this com-
ponent to the model constitutes the Model 5 and led to "2/d.o.f.
= 1466/899 (F-test $ 10"12). Assuming that iron has solar abun-
dance and freezing the betor index to -2.7 (standard value) and
the ionization parameter # = LX/(nr2) at 660, where LX is the
ionizing X-ray luminosity, n is the density in the refector, and
r the distance of the reflector to the emitting central source, the
inner radius has been estimated at 18 Rg and a lower limit of the
inclination at 44#.

1. Gaussian line
2. Diskline profile

3. Relativistic line

4. Two absoption edges 5. Self reflection model

E = 6.57 ± 0.05 keV
σ = 0.6 keV (frozen)
χ²/dof = 1489/901

E = 6.45 ± 0.06 keV
Betor = -2.8 ± 0.1

i = 60° (frozen)
Rin = 18 +3 −6 Rg
χ²/dof = 1463/899

E = 6.43 ± 0.07 keV
Index = 2.8 ± 0.1
i = 60° (frozen)

Rin = 19 +3 −4 Rg
χ²/dof = 1464/899

E₁ = 7.5 keV
τ = 0.06 ± 0.01
E₂ = 8.5 keV
τ = 0.06 ± 0.01
χ²/dof = 1519/899

Betor = -2.7 (frozen)
Rin = 20 +29 −6 Rg

i > 44°
ξ = 660 (frozen)
χ²/dof = 1463/900
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(Δχ² = 243 for the addition of 2 parameters).

(Δχ² = 89 for the addition of 2 parameters).
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