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ABSTRACT
X-ray polarimetry missions like IXPE will be able to measure for the first time the polarization properties of accreting, weakly
magnetized neutron stars in LowMass X-ray Binaries. In this work we present simulations of the expected X-ray polarized signal
including the coronal emission for different geometries of the corona itself, i.e. a slab above the accretion disc and a spherical shell
around the neutron star. The simulations are performed with the fully relativistic Monte Carlo code monk capable of computing
the X-ray polarization degree and angle for various physical input parameters of the neutron star, disc and corona. Different
coronal geometries result in significantly different X-ray polarization properties, which can therefore be used to constrain the
geometry of the systems.
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1 INTRODUCTION

Accreting, weakly magnetized Neutron Stars in Low-mass X-ray
binaries (NS-LMXBs) are amongst the brightest X-ray sources in the
sky, with luminosities ranging in the 1036−1038 erg/s interval. They
accrete matter via Roche-lobe overflow from a stellar companion,
typically a late Main Sequence star with a mass generally lower than
the solar mass or, not uncommonly, from a dwarf evolved object.
They are very variable emitters, even during a single observation.
NS-LMXBs are traditionally classified in a few broad families

by their joint timing and spectral properties as observed in the
“classic" X-ray band, 1–10 keV. Following their tracks in the X-
ray Hard–colour/Soft–colour diagram (CCD) and their CCD po-
sition correlated timing behavior (quasi-periodic oscillations, low-
frequency noise, Van der Klis 1989), their standard classification
(Hasinger & van der Klis 1989) includes:

• High Soft State (HSS) Z sources (> 1038 erg/s);
• HSS bright Atoll sources (1037 − 1038 erg/s);
• Low Hard State (LHS) Atoll sources (∼ 1036 erg/s).

The Z sources exhibit a wide Z-like three-branch pattern in the
CCD, while Atolls show less extended, more compact tracks in a
rounded single spot in the hard region of the CCD (LHS atolls),
termed “island" state or, for bright atolls, in a “banana" shape (Van der
Klis 1995). The majority of persistent NS-LMXBs are generally ob-
served either in HSS or (less frequently) in LHS, but most of the
transients and several persistent sources can easily perform state tran-
sitions from LH to HS and vice-versa in a relatively short timescale.

★ E-mail: andrea.gnarini@uniroma3.it

The spectral and timing properties ofweaklymagnetizedNS-LMXBs
are very similar to those observed in black hole LMXBs (seeMuñoz-
Darias et al. 2014; Motta et al. 2017, for more details). The evolution
of the involved physical parameters (plasma temperature, accretion
rate, inner disc radius, etc) define the characteristics of the spec-
tral states of NS-LMXBs. Corona temperature and, consequently, its
opacity clearly distinguish LHS from HSS sources. LHS coronae are
much hotter and transparent (𝑘𝑇𝑒 & 20 keV, 𝜏 ∼ 1 − 2) with respect
to the HSS ones (𝑘𝑇𝑒 ∼ 3 keV, 𝜏 & 4− 5 depending on the geometry
of the corona itself). Intermediate states with plasma temperature
∼ 10 keV are rarely observed as the LH-HS state transition timescale
is generally fast and not predictable (see e.g. Marino et al. 2019, for
a lucky case).

The X-ray emission of NS-LMXBs is generally modelled with two
main spectral components, each of them connected to a distinct soft
photon population: a thermal emission, i.e. a black-body (either from
the NS surface or the boundary layer) or a multicolour disc emission,
characterising the spectral shape below ∼ 10 keV, and a harder com-
ponent related to inverse Compton scattering of these soft photons by
the hot electron plasma in the corona. In the traditional eastern-like
scenario (Mitsuda et al. 1984, 1989) the cold photon population is
described by a multicolour disc black-body and is directly observed,
while the hotter NS population is (almost) completely Comptonised
by the hot electron plasma. The opposite occurs in the western model
(White et al. 1988): the hotter, NS population is directly detected
and modelled by pure black-body while the cold, disc photons are
Compton-upscattered by the electron corona. Both the models deal
with two separate black-body (or multicolour) distributed photon
populations and a single Comptonising region.

Despite the two models being proposed more than 30 years ago, it
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2 Gnarini et al.

is still amatter of debatewhat is the right one, because they are largely
degenerate spectroscopically. It might even be possible that both seed
photon populations get scattered in the corona (Cocchi et al. 2011).
Moreover, the geometry of the corona, and therefore its origin, is still
uncertain. However, frequency-resolved spectra of the atoll source
4U 1608 at high luminosity in banana state by Gilfanov et al. (2003)
have shown that the lower kHz QPO has the same spectral shape as
the boundary layer (i.e. Comptonized) component. Since the most
rapid variability is to be associated to the boundary layer rather than
to the disc, this strongly points in favour of a Eastern-like scenario for
the accreting geometry of the sources (see also review by Done et al.
2007). The frequent observation of a Fe emission line at ∼ 6 keV,
especially in HSS sources, strongly suggests that Compton reflection
by a colder medium (as the outer accretion disc itself) is a further
spectral component to be taken into account.
For the first time thanks to the NASA/ASI Imaging X-ray Po-

larimetry Explorer (IXPE, Weisskopf et al. 2016, 2022), it might
be possible to measure the polarimetric properties of the X-ray ra-
diation coming from NS-LMXBs. IXPE operates in the 2-8 keV
band (Weisskopf et al. 2022) and is equipped with three X-ray tele-
scopes with polarization-sensitive imaging detectors (the gas-pixel
detectors, Costa et al. 2001). IXPE was successfully launched on
December 9, 2021 and in the first year observing plan will include
observations of bright atoll/Z sources, namely GS 1826-238, Cygnus
X-2 and GX 9+9. Combining spectral and polarimetric observations,
it might be possible to constrain several different physical parameters
of the NS, the disc and the corona, especially trying to understand
the shape and the dimensions of the corona itself.
In this work, we present numerical simulations of the X-ray polar-

ized radiation fromNS-LMXBs, including coronal emission with the
use of the general relativistic Monte Carlo code monk (Zhang et al.
2019; Zhang et al. 2022, submitted) suitably adapted for NS-LMXBs,
including also photons emitted from the NS surface.
The paper is structured as follows.We discuss the numerical setup,

reviewing the basics and the capabilities of monk and exploring dif-
ferent configurations of the corona in Sect. 2. We present then the
results of the simulations assuming or not intrinsic polarization and
for different observer’s viewing inclinations in Sect. 3. We compare
then the polarization degree and angle behaviour for the two chosen
geometries and for NS-LMXBs in HSS or LHS. Finally, we summa-
rize our conclusions in Sect. 4.

2 NUMERICAL SETUP

monk is a general relativistic Monte Carlo radiative transfer code
capable of calculating the spectral and polarization properties of
Comptonized radiation coming from a corona illuminated by both
the NS and a standard accretion disc (Novikov & Thorne 1973).
For a NS-LMXB, seed photons emitted by the neutron star surface

have to be considered in addition to those of the disc. A black-body
spectrum with 𝑘𝑇ns is assumed to model the unpolarized neutron
star surface emission. The seed photons from the disc are gener-
ated instead according to the disc emissivity, with the option to as-
sume either unpolarized radiation, or an initial polarization given by
Chandrasekhar (1960) for a semi-infinite plane-parallel atmosphere.
Once emitted, the seed photons are ray-traced along null geodesics in
Kerr spacetime, transporting the polarization vector. When a photon
reaches the corona is Compton scattered, assuming theKlein-Nishina
cross section. The Stokes parameters of the scattered photons are
computed in the electron rest frame (Connors et al. 1980) and then
transformed in the observer (Boyer-Lindquist) frame. The propaga-

Figure 1. Schematic representation of the different coronal geometries: the
slab (upper panel) and the spherical shell (lower panel).

tion terminates when the photons either hit the star surface, the disc or
arrive at infinity. The energy and polarization spectrum is produced
by counting the photons arrived to the observer at infinity. Since the
radiation produced by Compton scattering is linearly polarized, the
Stokes parameter 𝑉 is set at zero, with the code computing only 𝐼,
𝑄 and 𝑈. The polarization degree and angle are then, as customary,
defined as

𝛿 =

√︁
𝑄2 +𝑈2

𝐼
, (1)

𝜓 =
1
2
arctan

(
𝑈

𝑄

)
. (2)

monk requires several different input parameters: the physical pa-
rameters of the neutron star (mass, radius and period); the accretion
rate and the disc parameters; the optical depth 𝜏, the temperature 𝑘𝑇𝑒
and the geometrical parameters of the Comptonizing region.
For all simulations, we consider a standard neutron star with 𝑀 =

1.4 𝑀� , 𝑅 = 12 km. Regarding the NS period, we assume 𝑃 = 3 ms
in analogy to the one derived fromQPOs byWĳnands et al. (1998) for
Cygnus X-2 (see also Patruno et al. 2017, for a statistical analysis of
the spin distributions of NS-LMXBs). Since photons propagate along
null geodesics in Kerr spacetime, the spin parameter 𝑎 is required.
For a standard neutron star, we can use the period in order to derive
the spin, adopting 𝑎 = 0.47/𝑃(ms) = 0.1567 (see Braje et al. 2000).
The temperature of the neutron star is 𝑘𝑇ns = 1.5 keV, both for Atolls
and Z-sources (see Revnivtsev & Gilfanov 2006, for more details;
Farinelli et al. 2008; Iaria, R. et al. 2020).
Some of the disc input parameters, such as the accretion rate ¤𝑀

and the inner disc radius 𝑅in, depend on the spectral state of the NS-
LMXB. The disc can either extend down to the boundary layer or
truncated at an arbitrary radius. The disc cannot extend indeed all the
way to the neutron star surface, because of the magnetic field which
stops the accreting plasma at a position where the magnetic pressure
and the plasma one become of the same order. Then the accreted
matter starts flowing toward the neutron star along the magnetic
field lines. Depending on the NS-LMXBs spectral state, we have
considered typical values for the accretion rate ¤𝑀 (Paizis et al. 2006)
in terms of the Eddington accretion rate ¤𝑀Edd for a 1.4 𝑀� star as

¤𝑀 =
4𝜋𝐺𝑚𝑝𝑀

𝑐 𝜎𝑇
¤𝑚 = ¤𝑀Edd ¤𝑚 ≈ 1.93 × 1017 ¤𝑚 g s−1 (3)

where ¤𝑚 is the adimensional accretion rate.
Unless explicitely stated otherwise, the disc emission is assumed

MNRAS 000, 1–7 (2022)



Polarization properties of WM-NSs in LMXBs 3

Table 1. Physical and geometrical parameters respectively of the disc and corona used as input for monk simulations. We consider a standard NS with 𝑀 = 1.4
𝑀� , 𝑅 = 12 km and 𝑃 = 3 ms for all the simulations. The accretion rate is shown in terms of the adimensional accretion rate ¤𝑚 (see Eq. 3). The optical depth
for the spherical shell is radial, while for the slab is vertical and measured from the half-plane of the disc.

Disc Parameters Corona Parameters
Shape ¤𝑚 𝑅in 𝑓col Geometrical Parameters 𝑘𝑇𝑒 𝜏

Slab (HSS) 1 7 𝑅G 1.6 Δ𝑅 = 15𝑅G 𝐻 = 7.5𝑅G 3 keV 4
Shell (HSS) 1 7 𝑅G 1.6 Δ𝑅 = 6𝑅G 3 keV 8
Slab (LHS) 0.05 6 𝑅G 1.6 Δ𝑅 = 15𝑅G 𝐻 = 7.5𝑅G 25 keV 1
Shell (LHS) 0.05 6 𝑅G 1.6 Δ𝑅 = 6𝑅G 25 keV 2

to be polarized. As customary, we assume the Chandrasekhar (1960)
prescription, valid for a plane-parallel, semi-infinite, pure scattering
atmosphere. The polarization degree ranges from zero, when the disc
is seen face-on, to almost 12%, when the disc is seen edge-on. The
effects of assuming no intrinsic poalrization will be briefly discussed
at the end of section 3.
The HSS is characterized by a high mass accretion rate very

close to the critical (Eddington) values (Farinelli et al. 2008, 2009).
For LHS sources, instead, the mass accretion rate is relatively low
(Falanga et al. 2006). The color correction factor varies with the
spectral state (e.g. Merloni et al. 2000), however slight differences
will not qualitatively affect the results. The color correction factor is
set to 𝑓col = 1.6 for both spectral states and geometries (Shimura &
Takahara 1995). See Table 1 for all the disc and corona parameters.
The physical parameters of the corona, 𝑘𝑇𝑒 and 𝜏, are fixed accord-

ing to the NS-LMXBs spectral state. HSS-LMXBs are characterized
by lower temperatures of the Comptonizing region, 𝑘𝑇𝑒,HSS = 3 keV,
while for LHS sources the corona is much hotter, 𝑘𝑇𝑒,LHS = 25 keV;
moreover, HSS sources present a significantly more opaque corona,
i.e. 𝜏HSS = 8, with respect to LHS corona which is more transparent,
𝜏LHS = 2 (Farinelli et al. 2009; Cocchi et al. 2010, 2011; Sánchez-
Fernández et al. 2020). These values refer to a spherical corona for
which 𝜏 is the radial one. However, in monk, the optical depth for a
slab geometry is defined as 𝜏 = 𝑛𝑒𝜎𝑇 ℎ where ℎ is the half-thickness
of the slab (Zhang et al. 2019, see also Titarchuk 1994; Poutanen
& Svensson 1996, for the same definition). Therefore, for the slab
we assumed a value of 𝜏 a factor of 2 smaller than the one of the
spherical shell, to obtain a similar spectral shape (see Ursini et al.
2021, for more details).
Different geometries of the corona can be explored with monk

(Zhang et al. 2019). We considered two different configurations: the
slab and the spherical shell (Figure 1). The spherical shell config-
uration can be considered as representative of the Eastern model,
since most of the NS seed photons get scattered and Comptonised by
the hot corona surrounding the NS while almost the entire disc can
be directly observed (the shell covers only a small part of the disc
and only a few photons emitted by the disc are scattered). On the
other hand, the slab geometry is more representative of the Western
model, because most of the disc photons are scattered by the corona,
while the NS radiation can be directly detected, depending on the
inclination (since the thickness of the slab is comparable to the NS
radius).
Therefore, for both geometries, photons coming from both the NS

and the disc are at least partly scattered by the electron plasma in
the corona. With monk both scattered contributions are considered
together, along with the direct radiation coming from the NS surface
and the disc. Depending on the geometry of the corona and the
viewing inclination, the relative fluxes of the different components
are then fixed (see Figures 2 and 4, lower panels).
The physical parameter of the NS, disc and corona are general

reference values for HSS and LHS NS-LMXBs chosen in order to

obtain spectra similar to those observed for different LMXBs sources.
The spectra and the results for the polarization obtained with this set
of parameters, therefore, do not refer to any particular source. A
complete analysis of observed NS-LMXBs will have to be done
individually for each source combining spectral and polarimetric
observation and using the best-fit spectral parameters as input values
for monk. However, we have verified that the spectra reproduced
by monk are in good agreement with the NuSTAR spectrum of GS
1826-238 (see Chenevez et al. 2016).

2.1 Slab

The slab corona is assumed to cover part of the disc, starting from
the inner disc radius 𝑅in and extending for Δ𝑅 = 15 𝑅G, in units
of gravitational radii (𝑅G = 𝐺𝑀NS/𝑐2), and to co-rotate with the
Keplerian disc (Zhang et al. 2019). The vertical thickness 𝐻 of the
slab corona is set to 7.5 𝑅G, in order to cover most of the neutron star
surface. Both the geometrical and physical parameters of the disc
and the corona are summarized in Table 1.
The results for the polarization degree and the polarization angle

of the two different components, i.e. the NS seed photons scattered
by the corona (blue dots and solid line) and those coming from the
disc, including both scattered and directly observed photons (orange
triangles and dashed line), are shown in Figure 2 for an observer at
𝑖 = 70◦. Since the thickness of the slab is comparable to the NS ra-
dius, most of NS seed photons will hit the corona and eventually get
scattered towards the observer, with a significant fraction hitting in-
stead the underlying disc. Scattered hot seed photons are expected to
be the dominant contribution for energy & 5 keV with a polarization
degree reaching values up to 5%. The polarization angle decreases
with energy for the NS component and tends to stabilize around
≈ 150◦, while for the disc the polarization angle increases from 90◦
up to ≈ 160◦.
In the plot, both the direct Monte Carlo results for the polarization

degree and angle, together with the smoothing fit obtained applying
a Savitzky-Golay filter (Savitzky & Golay 1964) to the data are
shown. The same will be done in the next figure (relative to the shell
geometry), to permit the reader to appreciate the statistical error of
the simulations. In all following figures, and for the sake of clarity
and illustration, only the smoothing fits will be shown. The data noise
with respect to the smoothing fits will be very similar to that Figures
2 and 4.
Up to now, the disc seed photons have always been assumed to

be polarized, as for Chandrasekhar (1960). When unpolarized seed
photons are considered, the disc radiation directly observed at infinity
will not contribute to the total polarization signal. Moreover, the
expected polarization degree for the disc contribution will be lower
without intrinsic polarization.
The comparison of the total polarization degree and angle obtained

by assuming intrinsic polarized disc photons (blue solid line) or
without it (dashed orange line) and summing together theNS and disc

MNRAS 000, 1–7 (2022)



4 Gnarini et al.

Figure 2. Polarization degree and angle (top panel) and spectrum (lower
panel) of NS and disc seed photons (respectively blue dots/solid line and
orange triangles/dashed line), including direct radiation coming from the
disc, as function of energy between 0.1-10 keV for a LMXB in HSS with a
slab corona (see Table 1 for all geometrical and physical parameters) observed
at 𝑖 = 70◦.

Figure 3. Polarization degree and angle as function of energy between 0.1-10
keV for a LMXB in HSS with a slab corona summing together the NS and
disc contributions and assuming intrinsic polarization of disc photons (solid
blue line) or without (dashed orange line).

components, is illustrated in Figure 3 for a LMXB in HSS with slab
corona observed at 70◦. The main differences occur at low energies,
where the dominant contribution to the polarization degree comes
from the disc photons.At higher ones, instead, the polarization degree
behaviour follows the contribution related to scattered NS photons
(see also NS component in Figure 2).

2.2 Spherical Shell

The spherical shell corona configuration is characterized simply by
the inner radius, which can be assumed to be very close to the
star, and the outer one. Depending on the dimension of the shell,
the disc could be partially covered by the corona itself which will
therefore intercept mostly the higher energy photons emitted by the
inner region of the disc. These photons will be Compton scattered
by the corona towards the observer or towards the neutron star or
the disc. For the spherical shell configuration we assume a stationary
non-rotating corona (Zhang et al. 2019). Since the spin value is not

Figure 4. Polarization degree and angle (top panel) and spectrum (lower
panel) of NS and disc seed photons (respectively red dots/solid line and green
triangles/dashed line), including direct radiation coming from the disc, as
function of energy between 0.1-10 keV for a LMXB in HSS with a spherical
shell corona (seeTable 1 for all geometrical and physical parameters) observed
at 𝑖 = 70◦.

Figure 5. Polarization degree and angle as function of energy between 0.1-10
keV for a LMXB in HSS with a spherical shell corona summing together the
NS and disc contributions and assuming intrinsic polarization of disc photons
(solid red line) or without (dashed green line).

so high, the spacetime metric will be close to the Schwarzschild one
and a stationary corona is a quite reasonable assumption.
The temperature of the corona 𝑘𝑇𝑒 is equivalent to the one for

the slab geometry in order to directly compare the results of the two
configurations for the same physical parameters. The optical depth 𝜏
in spherical geometry is the radial one, with typical value of 𝜏HSS = 8
for HSS-LMXBs and 𝜏LHS = 2 for LHS-LMXBs. The physical and
geometrical parameters of the corona and the disc are outlined in
Table 1.
The results for the polarization degree and the polarization angle

of the two different components, i.e. the NS seed photons scattered by
the corona (red dots and solid line) and those coming from th-e disc,
including both the scattered and the directly observed photons (green
triangles and dashed line), are shown in Figure 4 for an observer at
𝑖 = 70◦. Since both the NS and the corona are spherically symmetric,
the polarization degree related to the NS contribution should be zero.
The non-zero results are simply artifact of the finite statistic (due to
the fact that the polarization degree can assume only positive values),

MNRAS 000, 1–7 (2022)



Polarization properties of WM-NSs in LMXBs 5

Figure 6. Polarization degree and angle as function of energy between 0.1-10
keV for a LMXB in HSS with a slab corona observed at different inclinations.

Figure 7. Polarization degree and angle as function of energy between 0.1-10
keV for a LMXB in HSS with a spherical shell corona observed at different
inclinations.

and give an idea of the uncertainty in the simulation (as a sanity check
we verified that the Stokes parameters𝑄 and𝑈 are oscillating around
zero). The only contribution to the polarization is therefore due to
disc photons directly observed at infinity, since only a small part of
the disc is covered by the shell.
Figure 5 shows the comparison between results assuming intrinsic

polarized disc photons (red solid line) and unpolarized ones (dashed
green line) for a LMXB in HSS with spherical shell corona observed
at 70◦, summing together the NS and disc contributions. Also for
this corona configuration, the polarization degree at lower energies
is about 2% higher considering intrinsic polarized disc photons.
Moreover, unlike the case with the slab corona, for a shell also the
polarization angle significantly changes according to the intrinsic
polarization. The polarized disc seed photons (which are the main
contribution as direct radiation) have an intrinsic polarization angle
of 90◦. Actually, the behaviour of the polarization angle with energy
is very close to 90◦ for lower energies, where direct and scattered
disc photons dominate, and starts decreasing towards low angles
(scattered NS photons for a shell configuration exhibit very low
polarization degree with a polarization angle very close to 0◦, see
Figure 4).

3 RESULTS

Figures 2 and 4 in the previous section showed the results for the NS
and the disc contribution separately, for a fixed viewing angle, and

Figure 8. Polarization degree and angle as function of energy between 0.1-10
keV for a LMXB in LHS with a slab corona observed at different inclinations.

Figure 9. Polarization degree and angle as function of energy between 0.1-10
keV for a LMXB in LHS with a spherical shell corona observed at different
inclinations.

only for theHSS.We now discuss how different inclinations affect the
polarization properties for both HS and LH states. In the following,
results will be presented summing together all the components.
The polarization degree and angle for different inclinations (𝑖 =

20◦, 40◦, 60◦ and 80◦) for a LMXB in HSS with the slab corona
are reported in Figure 6 as a function of energy. Since the slab
thickness is comparable to the NS radius, by looking at the LMXB
at a high inclination, the NS surface will be more and more covered
by the corona. Photons scattered by the hot electron plasma will
produce increasing polarization degree up to 4 − 5%, with the NS
seed components dominating at higher energies and that of the disc at
lower ones. Decreasing the inclination, a larger region of the disc can
be seen by an observer at infinity, together with the direct radiation
coming from the NS surface (or boundary layer). The lower the
inclination, the lower the polarization degree resulting from the NS
and disc contributions (. 1% for 𝑖 = 20◦). The polarization angle is
almost the same for all the inclinations.
Figure 7 shows again the polarization degree and angle for the

same inclinations but for a LMXB in HSS with the spherical shell
corona. Also for this configuration, the polarization degree will be
significantly less at low inclinations, especially for energies . 4 − 5
keV. By looking indeed at the system at low viewing angles, the
intrinsic polarization of disc seed photons, which are the dominant
contribution to the polarization for the spherical shell configuration,
will be significantly lower (see Chandrasekhar 1960). At higher en-
ergies, the polarization degree tends to zero for all viewing angles, as
expected since scattered NS seed photons become the main contribu-

MNRAS 000, 1–7 (2022)



6 Gnarini et al.

Figure 10. Polarization degree and angle as function of energy between 0.1-
10 keV respectively for a LMXB in HSS with a slab (blue solid line) or a
spherical shell corona (red solid line) and for a LHS-LMXB with the same
coronal geometries, i.e. the slab (blue dashed line) and the spherical shell (red
dashed line) observed at 70◦ inclination.

tion and for symmetry reason their total polarization is very close to
be null, as appropriate for hemispherical or spherical configurations
(see Section 2.2).
We report also the polarization degree and angle as function of

energy for different inclinations for a LMXB in LHS with both slab
and shell corona (Figures 8 and 9). The overall behaviour for both
geometries is very similar to that of HSS case, with higher polar-
ization degree values as the inclination increases. The polarization
angle, on the other hand, does not show substantial differences with
the inclination.
However, depending on the value of the optical depth of the corona,

the full angular dependence of the integrated polarization degree
exhibits a drop for both geometries for very high inclinations (≈
80◦ − 90◦) consistent to the the one found by Zhang et al. (2019) and
Ursini et al. (2021).
Since variations in inclinations lead to significant differences in

the values of the polarization degree, in principle different geome-
tries (even with the same physical parameters) can present the same
behaviour of the polarization degree. Therefore, knowing the incli-
nation (or an upper/lower limit) of a LMXB from the observations,
it can be possible to provide a strong constraint on the shape of the
corona, with the same fixed physical parameters, by looking at the
polarimetric data.
To summarize the results and highlight the difference in the po-

larization properties between different geometrical models, the po-
larization for the two different shapes of the corona discussed in this
paper are shown in Figure 10 for a LMXB in HSS (solid lines) and
in LHS (dashed lines) for a particular inclination angle (𝑖 = 70◦).
The dependence of the polarization properties on the geometry of
the corona is clearly evident from the plot. The slab is characterized
by an higher polarization degree with respect to the spherical shell
geometry, except at low energies where the dominant contribution
comes from the disc photons. The polarization angle is also very
different between the two geometries: for the slab the polarization
angle increases with the energy, as opposed to what happens for the
shell.
Also for a LMXB in LHS, the slab configuration leads to higher

polarization degree (up to 8% at higher energies) compared to that
obtained for the spherical shell corona (always . 4% in the 0.1-10
keV range). In LHS, both coronal geometries are characterized to
higher values of the polarization degree with respect to HSS cases.

The polarization angle behaviour, moreover, is quite different both
for the different geometries and for the two spectral state.

4 CONCLUSIONS

In this paper, we presented the first numerical simulations of the X-
ray polarization signal expected for weakly magnetized NS-LMXBs,
using the fully relativistic Monte Carlo Comptonization code monk.
We computed the total contribution to the polarization signal con-
sidering both scattered NS and disc photons, together with the direct
radiation coming from the disc and the star, has been shown for
the slab and spherical shell geometries assuming either polarized or
unpolarized disc radiation (Figures 3 and 5), and for different view-
ing inclinations (Figures 6 and 7). Higher observation angles and
polarized disc photons leads to higher polarization degree for both
geometries.
Both the polarization degree and angle are very distinctive be-

tween the two geometries: the slab configuration is characterized
by an increasing polarization degree with energy (up to 4-5% for
HSS or 8% for LHS at higher energies), as opposed to what happens
for the spherical shell (Figure 10). The polarization angle, more-
over, decreases with the energy for the shell configuration (always
. 90◦), while the slab shows higher values up to ≈ 150◦ with an
increasing/decreasing trends depending on the spectral states.
In summary, the polarization signal in the 2-10 keV band can

potentially provide tight constraints on the coronal geometry. For ex-
ample, observing a low polarization (below 2%) in a low inclination
system (below 60◦) would rule out a slab corona, and rather favour a
shell geometry. Conversely, a high polarization would be consistent
with a slab seen at high inclination. Therefore, spectral and polari-
metric observations should provide constraints to the geometry of
the corona and its physical origin, which is still an open problem.
At the moment, two of the NS-LMXBs in the IXPE first year plan
(i.e. GS 1826-238 and Cygnus X-2) have already been observed and
a detailed analysis is in progress. Novel information on the physics
and geometry of these system are being provided by the comparison
the data with the calculations presented in this paper.
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