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A B S T R A C T 

X-ray polarimetry missions like Imaging X-ray Polarimetry Explorer will be able to measure for the first time the polarization 

properties of accreting, weakly magnetized neutron stars in low-mass 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 abo v e 
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. 

Key words: accretion, accretion discs – polarization – stars: neutron – X-rays: binaries. 
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 I N T RO D U C T I O N  

ccreting, weakly magnetized neutron stars in low-mass X-ray 
inaries (NS-LMXBs) are amongst the brightest X-ray sources in the 
ky, with luminosities ranging in the 10 36 –10 38 erg s −1 interval. They
ccrete matter via Roche lobe o v erflow from a stellar companion,
ypically a late main sequence star with a mass generally lower than
he solar mass or, not uncommonly, from a dwarf evolved object. 
hey are very variable emitters, even during a single observation. 
NS-LMXBs are traditionally classified in a few broad families by 

heir joint timing and spectral properties as observed in the ‘classic’
-ray band, 1–10 keV. Following their tracks in the X-ray hard- 

olour/soft-colour diagram (CCD) and their CCD position correlated 
iming behaviour [quasi-periodic oscillations (QPOs), low-frequency 
oise; Van der Klis 1989 ], their standard classification (Hasinger & 

an der Klis 1989 ) includes: 

(i) high soft state (HSS) Z sources ( > 10 38 erg s −1 ); 
(ii) HSS bright atoll sources (10 37 –10 38 erg s −1 ); 
(iii) low hard state (LHS) atoll sources ( ∼10 36 erg s −1 ). 

The Z sources exhibit a wide Z-like three-branch pattern in the 
CD, while atolls show less extended, more compact tracks in a 

ounded single spot in the hard region of the CCD (LHS atolls),
ermed ‘island’ state or, for bright atolls, in a ‘banana’ shape (Van
er Klis 1995 ). The majority of persistent NS-LMXBs are generally 
bserved either in HSS or (less frequently) in LHS, but most of
he transients and several persistent sources can easily perform 
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tate transitions from LH to HS and vice versa in a relatively
hort time-scale. The spectral and timing properties of weakly 
agnetized NS-LMXBs are very similar to those observed in black 

ole LMXBs (see Mu ̃ noz-Darias et al. 2014 ; Motta et al. 2017 , for
ore details). The evolution of the involved physical parameters 

plasma temperature, accretion rate, inner disc radius, etc.) defines 
he characteristics of the spectral states of NS-LMXBs. Corona 
emperature and, consequently, its opacity clearly distinguish LHS 

rom HSS sources. LHS coronae are much hotter and transparent 
 kT e � 20 keV, τ ∼ 1–2) with respect to the HSS ones ( kT e ∼
 keV, τ � 4–5 depending on the geometry of the corona itself).
ntermediate states with plasma temperature ∼10 keV are rarely 
bserved as the LH–HS state transition time-scale is generally 
ast and not predictable (see e.g. Marino et al. 2019 , for a lucky
ase). 

The X-ray emission of NS-LMXBs is generally modelled with 
wo main spectral components, each of them connected to a distinct
oft photon population: a thermal emission, i.e. a blackbody (either 
rom the NS surface or the boundary layer) or a multicolour disc
mission, characterizing the spectral shape below ∼10 keV, and a 
arder component related to inverse Compton scattering of these 
oft photons by the hot electron plasma in the corona. In the
raditional eastern-like scenario (Mitsuda et al. 1984 , 1989 ), the
old photon population is described by a multicolour disc blackbody 
nd is directly observed, while the hotter NS population is (almost)
ompletely Comptonized by the hot electron plasma. The opposite 
ccurs in the western model (White, Stella & Parmar 1988 ): The
otter, NS population is directly detected and modelled by pure 
lackbody, while the cold, disc photons are Compton-upscattered 
y the electron corona. Both the models deal with two separate
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lackbody (or multicolour) distributed photon populations and a
ingle Comptonizing region. 

Despite the two models being proposed more than 30 years ago,
t is still a matter of debate which is the right one, because they are
argely degenerate spectroscopically. It might even be possible that
oth seed photon populations get scattered in the corona (Cocchi,
 arinelli & P aizis 2011 ). Moreo v er, the geometry of the corona, and

herefore its origin, is still uncertain. Ho we v er, frequenc y-resolv ed
pectra of the atoll source 4U 1608 at high luminosity in banana
tate by Gilfanov, Re vni vtse v & Molkov ( 2003 ) have shown that the
ower kHz QPO has the same spectral shape as the boundary layer
i.e. Comptonized) component. Since the most rapid variability is to
e associated with the boundary layer rather than with the disc, this
trongly points in fa v our of an eastern-like scenario for the accreting
eometry of the sources (see also re vie w by Done, Gierli ́nski &
ubota 2007 ). The frequent observation of a Fe emission line at
6 keV, especially in HSS sources, strongly suggests that Compton

eflection by a colder medium (as the outer accretion disc itself) is a
urther spectral component to be taken into account. 

For the first time, thanks to the NASA/ASI Imaging X-ray
olarimetry Explorer ( IXPE ; Weisskopf et al. 2016 , 2022 ), it might
e possible to measure the polarimetric properties of the X-ray
adiation coming from NS-LMXBs. IXPE operates in the 2–8 keV
and (Weisskopf et al. 2022 ) and is equipped with three X-ray
elescopes with polarization-sensitive imaging detectors (the gas-
ixel detectors; Costa et al. 2001 ). IXPE was successfully launched
n 2021 December 9, and in the first year, the observing plan will
nclude observations of bright atoll/Z sources, namely GS 1826 −238,
ygnus X-2, and GX 9 + 9. Combining spectral and polarimetric
bservations, it might be possible to constrain se veral dif ferent
hysical parameters of the NS, the disc, and the corona, especially
rying to understand the shape and the dimensions of the corona
tself. 

In this work, we present numerical simulations of the X-ray
olarized radiation from NS-LMXBs, including coronal emission
ith the use of the general relativistic Monte Carlo code MONK

Zhang, Dov ̌ciak & Bursa 2019 ; Zhang et al. 2022 ) suitably adapted
or NS-LMXBs, including also photons emitted from the NS surface.

The paper is structured as follows. We discuss the numerical setup,
e vie wing the basics and the capabilities of MONK and exploring
ifferent configurations of the corona in Section 2 . We present then
he results of the simulations assuming or not intrinsic polarization
nd for different observer’s viewing inclinations in Section 3 . We
ompare then the polarization degree and angle behaviour for the
wo chosen geometries and for NS-LMXBs in HSS or LHS. Finally,
e summarize our conclusions in Section 4 . 

 N U M E R I C A L  SETUP  

ONK is a general relativistic Monte Carlo radiative transfer code
apable of calculating the spectral and polarization properties of
omptonized radiation coming from a corona illuminated by both

he NS and a standard accretion disc (No viko v & Thorne 1973 ). 
For an NS-LMXB, seed photons emitted by the NS surface have to

e considered in addition to those of the disc. A blackbody spectrum
ith kT ns is assumed to model the unpolarized NS surface emission.
he seed photons from the disc are generated instead according to

he disc emissivity, with the option to assume either unpolarized
adiation or an initial polarization given by Chandrasekhar ( 1960 )
or a semi-infinite plane-parallel atmosphere. Once emitted, the
eed photons are ray-traced along null geodesics in Kerr space–
ime, transporting the polarization vector. When a photon reaches
NRAS 514, 2561–2567 (2022) 
he corona, it is Compton scattered, assuming the Klein–Nishina
ross-section. The Stokes parameters of the scattered photons are
omputed in the electron rest frame (Connors, Piran & Stark 1980 )
nd then transformed in the observer (Boyer–Lindquist) frame. The
ropagation terminates when the photons either hit the star surface,
he disc, or arrive at infinity. The energy and polarization spectrum
s produced by counting the photons arrived to the observer at
nfinity. Since the radiation produced by Compton scattering is
inearly polarized, the Stokes parameter V is set at zero, with the
ode computing only I , Q , and U . The polarization degree and angle
re then, as customary, defined as 

= 

√ 

Q 

2 + U 

2 

I 
, (1) 

 = 

1 

2 
arctan 

(
U 

Q 

)
. (2) 

MONK requires several different input parameters: the physical
arameters of the NS (mass, radius, and period); the accretion rate
nd the disc parameters; the optical depth τ , the temperature kT e , and
he geometrical parameters of the Comptonizing region. 

For all simulations, we consider a standard NS with M = 1 . 4 M �
nd R = 12 km. Regarding the NS period, we assume P = 3 ms
n analogy to the one derived from QPOs by Wijnands et al. ( 1998 )
or Cygnus X-2 (see also Patruno, Haskell & Andersson 2017 , for
 statistical analysis of the spin distributions of NS-LMXBs). Since
hotons propagate along null geodesics in Kerr space–time, the spin
arameter a is required. For a standard NS, we can use the period
n order to derive the spin, adopting a = 0.47/ P (ms) = 0.1567 (see
raje, Romani & Rauch 2000 ). The temperature of the NS is kT ns =
.5 keV, both for atolls and Z sources (see Re vni vtse v & Gilfanov
006 , for more details; Farinelli et al. 2008 ; Iaria et al. 2020 ). 
Some of the disc input parameters, such as the accretion rate Ṁ 

nd the inner disc radius R in , depend on the spectral state of the
S-LMXB. The disc can either extend down to the boundary layer
r truncated at an arbitrary radius. The disc cannot extend indeed
ll the way to the NS surface, because of the magnetic field that
tops the accreting plasma at a position where the magnetic pressure
nd the plasma one become of the same order. Then, the accreted
atter starts flowing towards the NS along the magnetic field lines.
epending on the spectral state of NS-LMXBs, we have considered

ypical values for the accretion rate Ṁ (Paizis et al. 2006 ) in terms
f the Eddington accretion rate Ṁ Edd for a 1.4 M � star as 

˙
 = 

4 πGm p M 

c σT 

ṁ = Ṁ Edd ṁ ≈ 1 . 93 × 10 17 ṁ g s −1 , (3) 

here ṁ is the adimensional accretion rate. 
Unless explicitly stated otherwise, the disc emission is assumed

o be polarized. As customary, we assume the Chandrasekhar ( 1960 )
rescription, valid for a plane-parallel, semi-infinite, pure scattering
tmosphere. The polarization degree ranges from zero, when the disc
s seen face-on, to almost 12 per cent, when the disc is seen edge-
n. The effects of assuming no intrinsic polarization will be briefly
iscussed at the end of Section 3 . 
The HSS is characterized by a high mass accretion rate very

lose to the critical (Eddington) values (Farinelli et al. 2008 , 2009 ).
or LHS sources, instead, the mass accretion rate is relatively low
Falanga et al. 2006 ). The colour correction factor varies with
he spectral state (e.g. Merloni, Fabian & Ross 2000 ); ho we ver,
light differences will not qualitatively affect the results. The colour
orrection factor is set to f col = 1.6 for both spectral states and
eometries (Shimura & Takahara 1995 ). See Table 1 for all the disc
nd corona parameters. 
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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 ṁ (see equation 3 ). The optical depth for the spherical shell is radial, while for 
the slab it is vertical and measured from the half-plane of the disc. 

Disc parameters Corona parameters 
Shape ṁ R in f col Geometrical parameters kT e τ

Slab (HSS) 1 7 R G 1.6 �R = 15 R G H = 7 . 5 R G 3 keV 4 
Shell (HSS) 1 7 R G 1.6 �R = 6 R G 3 keV 8 
Slab (LHS) 0.05 6 R G 1.6 �R = 15 R G H = 7 . 5 R G 25 keV 1 
Shell (LHS) 0.05 6 R G 1.6 �R = 6 R G 25 keV 2 

Figure 1. Schematic representation of the different coronal geometries: the 
slab (upper panel) and the spherical shell (lower panel). 
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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 a function of energy between 0.1 and 10 keV for an 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 a function of energy between 0.1 
and 10 keV for an 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). 
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The physical parameters of the corona, kT e and τ , are fixed 
ccording to the spectral state of NS-LMXBs. HSS-LMXBs are 
haracterized by lower temperatures of the Comptonizing region, 
T e , HSS = 3 keV, while for LHS sources, the corona is much hotter,
T e , LHS = 25 keV; moreo v er, HSS sources present a significantly
ore opaque corona, i.e. τHSS = 8, with respect to LHS corona 

hat is more transparent, τLHS = 2 (Farinelli et al. 2009 ; Cocchi
t al. 2010 , 2011 ; S ́anchez-Fern ́andez et al. 2020 ). These values
efer to a spherical corona for which τ is the radial one. Ho we ver,
n MONK , the optical depth for a slab geometry is defined as τ =
 e σ T h , where h is the half-thickness of the slab (Zhang et al. 2019 ,
ee also Titarchuk 1994 ; Poutanen & Svensson 1996 , for the same
efinition). Therefore, for the slab, we assumed the value of τ to be
 factor of 2 smaller than the one of the spherical shell, to obtain a
imilar 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 
lab and the spherical shell (Fig. 1 ). The spherical shell configuration
an be considered as representative of the eastern model, since most
f the NS seed photons get scattered and Comptonized by the hot
orona surrounding the NS, while almost the entire disc can be 
irectly observed (the shell covers only a small part of the disc
nd only a few photons emitted by the disc are scattered). On the
ther hand, the slab geometry is more representative of the western 
odel, because most of the disc photons are scattered by the corona,
hile the NS radiation can be directly detected, depending on the 

nclination (since the thickness of the slab is comparable to the NS
adius). 

Therefore, for both geometries, photons coming from both the NS 

nd the disc are at least partly scattered by the electron plasma in
he corona. With MONK both scattered contributions are considered 
ogether, along with the direct radiation coming from the NS surface 
nd the disc. Depending on the geometry of the corona and the
iewing inclination, the relative fluxes of the different components 
re then fixed (see Figs 2 and 4 , lower panels). 

The physical parameters of the NS, disc, and corona are general
eference values for HSS and LHS NS-LMXBs chosen in order to
btain spectra similar to those observed for different LMXB sources. 
MNRAS 514, 2561–2567 (2022) 
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M

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 a function of energy between 0.1 and 10 keV for an LMXB in HSS 
with a spherical shell corona (see Table 1 for all geometrical and physical 
parameters) observed at i = 70 ◦. 
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he spectra and the results for the polarization obtained with this set
f parameters, therefore, do not refer to any particular source. A
omplete analysis of observed NS-LMXBs will have to be done
ndividually for each source combining spectral and polarimetric
bservation and using the best-fitting spectral parameters as input
 alues for MONK . Ho we v er, we hav e v erified that the spectra repro-
uced by MONK are in good agreement with the NuSTAR spectrum
f GS 1826 −238 (see Chenevez et al. 2016 ). 

.1 Slab 

he slab corona is assumed to co v er part of the disc, starting from
he inner disc radius R in and extending for �R = 15 R G , in units
f gravitational radii ( R G = GM NS / c 2 ), and to co-rotate with the
eplerian disc (Zhang et al. 2019 ). The vertical thickness H of the

lab corona is set to 7 . 5 R G , in order to co v er most of the NS surface.
oth the geometrical and physical parameters of the disc and the
orona are summarized in Table 1 . 

The results for the polarization degree and the polarization angle
f the two different components, i.e. the NS seed photons scattered
y the corona (blue dots and solid line) and those coming from
he disc, including both scattered and directly observed photons
orange triangles and dashed line), are shown in Fig. 2 for an
bserver at i = 70 ◦. Since the thickness of the slab is comparable to
he NS radius, most of NS seed photons will hit the corona and
ventually get scattered towards the observer, with a significant
raction hitting instead the underlying disc. Scattered hot seed
hotons are expected to be the dominant contribution for energy �
 keV with a polarization degree reaching values up to 5 per cent . The
olarization angle decreases with energy for the NS component and
ends to stabilize around ≈150 ◦, while for the disc, the polarization
ngle increases from 90 ◦ up to ≈160 ◦. 

In the plot, both the direct Monte Carlo results for the polarization
egree and angle, together with the smoothing fit obtained by
pplying a Savitzky–Golay filter (Savitzky & Golay 1964 ) to the
ata, are shown. The same will be done in the next figure (relative to
he shell geometry), to permit the reader to appreciate the statistical
NRAS 514, 2561–2567 (2022) 
rror of the simulations. In all following figures, and for the sake of
larity and illustration, only the smoothing fits will be shown. The
ata noise with respect to the smoothing fits will be very similar to
hat in Figs 2 and 4 . 

Up to now, the disc seed photons have al w ays been assumed to
e polarized, as for Chandrasekhar ( 1960 ). When unpolarized seed
hotons are considered, the disc radiation directly observed at infinity
ill not contribute to the total polarization signal. Moreo v er, the

xpected polarization degree for the disc contribution will be lower
ithout intrinsic polarization. 
The comparison of the total polarization degree and angle obtained

y assuming intrinsic polarized disc photons (blue solid line) or
ithout it (dashed orange line), and summing together the NS and
isc components, is illustrated in Fig. 3 for an LMXB in HSS with
 slab corona observed at 70 ◦. The main differences occur at low
nergies, where the dominant contribution to the polarization degree
omes from the disc photons. At higher ones, instead, the polarization
egree behaviour follows the contribution related to scattered NS
hotons (see also the NS component in Fig. 2 ). 

.2 Spherical shell 

he spherical shell corona configuration is characterized simply by
he inner radius, which can be assumed to be very close to the
tar, and the outer one. Depending on the dimension of the shell,
he disc could be partially co v ered by the corona itself, which will
herefore intercept mostly the higher energy photons emitted by the
nner region of the disc. These photons will be Compton scattered
y the corona towards the observer or towards the NS or the disc.
or the spherical shell configuration, we assume a stationary non-
otating corona (Zhang et al. 2019 ). Since the spin value is not so
igh, the space–time metric will be close to the Schwarzschild one
nd a stationary corona is a quite reasonable assumption. 

The temperature of the corona kT e is equi v alent to the one for the
lab geometry in order to directly compare the results of the two
onfigurations for the same physical parameters. The optical depth τ
n spherical geometry is the radial one, with typical values of τHSS =
 for HSS-LMXBs and τLHS = 2 for LHS-LMXBs. The physical
nd geometrical parameters of the corona and the disc are outlined
n Table 1 . 

The results for the polarization degree and the polarization angle of
he two different components, i.e. the NS seed photons scattered by
he corona (red dots and solid line) and those coming from the disc,
ncluding both the scattered and the directly observed photons (green
riangles and dashed line), are shown in Fig. 4 for an observer at i =
0 ◦. Since both the NS and the corona are spherically symmetric, the
olarization degree related to the NS contribution should be zero. The
on-zero results are simply artefact of the finite statistic (due to the
act that the polarization degree can assume only positive values),
nd give an idea of the uncertainty in the simulation (as a sanity
heck, we verified that the Stokes parameters Q and U are oscillating
round zero). The only contribution to the polarization is therefore
ue to disc photons directly observed at infinity, since only a small
art of the disc is co v ered by the shell. 
Fig. 5 shows the comparison between results assuming intrinsic

olarized disc photons (red solid line) and unpolarized ones (dashed
reen line) for an LMXB in HSS with a spherical shell corona
bserved at 70 ◦, summing together the NS and disc contributions.
lso for this corona configuration, the polarization degree at lower

nergies is about 2 per cent higher considering intrinsic polarized
isc photons. Moreo v er, unlike the case with the slab corona, for a
hell also, the polarization angle significantly changes according to

art/stac1523_f4.eps
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Figure 5. Polarization degree and angle as a function of energy between 0.1 
and 10 keV for an 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). 

Figure 6. Polarization degree and angle as a function of energy between 0.1 
and 10 keV for an LMXB in HSS with a slab corona observed at different 
inclinations. 
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Figure 7. Polarization degree and angle as a function of energy between 0.1 
and 10 keV for an LMXB in HSS with a spherical shell corona observed at 
different inclinations. 

Figure 8. Polarization degree and angle as a function of energy between 0.1 
and 10 keV for an LMXB in LHS with a slab corona observed at different 
inclinations. 
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he intrinsic polarization. The polarized disc seed photons (which 
re the main contribution as direct radiation) have an intrinsic 
olarization angle of 90 ◦. Actually, the behaviour of the polarization 
ngle with energy is very close to 90 ◦ for lower energies, where direct
nd scattered disc photons dominate, and starts decreasing towards 
ow angles (scattered NS photons for a shell configuration exhibit a 
ery low polarization degree with a polarization angle very close to 
 

◦, see Fig. 4 ). 

 RESULTS  

igs 2 and 4 in the previous section showed the results for the NS and
he disc contribution separately, for a fixed viewing angle, and only 
or the HSS. We now discuss how different inclinations affect the 
olarization properties for both HS and LH states. In the following, 
esults will be presented summing together all the components. 

The polarization degree and angle for different inclinations ( i = 

0 ◦, 40 ◦, 60 ◦, and 80 ◦) for an LMXB in HSS with the slab corona are
eported in Fig. 6 as a function of energy. Since the slab thickness
s comparable to the NS radius, by looking at the LMXB at a high
nclination, the NS surface will be more and more co v ered by the
orona. Photons scattered by the hot electron plasma will produce 
n increasing polarization degree up to 4 –5 per cent , with the NS
eed components dominating at higher energies and that of the disc 
t lower ones. Decreasing the inclination, a larger region of the 
isc can be seen by an observer at infinity, together with the direct
adiation coming from the NS surface (or boundary layer). The lower
he inclination, the lower the polarization degree resulting from the 
S and disc contributions ( � 1 per cent for i = 20 ◦). The polarization

ngle is almost the same for all the inclinations. 
Fig. 7 shows again the polarization degree and angle for the

ame inclinations but for an LMXB in HSS with the spherical shell
orona. Also for this configuration, the polarization degree will be 
ignificantly less at low inclinations, especially for energies � 4–
 keV. By looking indeed at the system at low viewing angles, the
ntrinsic polarization of disc seed photons, which are the dominant 
ontribution to the polarization for the spherical shell configuration, 
ill be significantly lower (see Chandrasekhar 1960 ). At higher 

nergies, the polarization degree tends to zero for all viewing angles,
s expected since scattered NS seed photons become the main 
ontribution and for symmetry reason their total polarization is 
ery close to be null, as appropriate for hemispherical or spherical
onfigurations (see Section 2.2 ). 

We also report the polarization degree and angle as a function
f energy for different inclinations for an LMXB in LHS with
oth slab and shell corona (Figs 8 and 9 ). The o v erall behaviour
or both geometries is very similar to that of the HSS case, with
igher polarization degree values as the inclination increases. The 
olarization angle, on the other hand, does not show substantial 
ifferences with the inclination. 
Ho we ver, depending on the value of the optical depth of the

orona, the full angular dependence of the integrated polarization 
e gree e xhibits a drop for both geometries for very high inclinations
MNRAS 514, 2561–2567 (2022) 
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M

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

Figure 10. Polarization degree and angle as a function of energy between 
0.1 and 10 keV, respectively, for an LMXB in HSS with a slab (blue solid 
line) or a spherical shell corona (red solid line) and for an 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. 
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 ≈80 ◦–90 ◦) consistent with the one found by Zhang et al. ( 2019 ) and
rsini et al. ( 2021 ). 
Since variations in inclinations lead to significant differences

n the values of the polarization degree, in principle different
eometries (even with the same physical parameters) can present
he same behaviour of the polarization degree. Therefore, knowing
he inclination (or an upper/lower limit) of an LMXB from the
bservations, it can be possible to provide a strong constraint on
he shape of the corona, with the same fixed physical parameters, by
ooking at the polarimetric data. 

To summarize the results and highlight the difference in the
olarization properties between different geometrical models, the
olarization for the two different shapes of the corona discussed in
his paper is shown in Fig. 10 for an LMXB in HSS (solid lines) and
n LHS (dashed lines) for a particular inclination angle ( i = 70 ◦).
he dependence of the polarization properties on the geometry of

he corona is clearly evident from the plot. The slab is characterized
y a higher polarization degree with respect to the spherical shell
eometry, except at low energies where the dominant contribution
omes from the disc photons. The polarization angle is also very
ifferent between the two geometries: For the slab, the polarization
ngle increases with the energy, as opposed to what happens for the
hell. 

Also for an LMXB in LHS, the slab configuration leads to a higher
olarization degree (up to 8 per cent at higher energies) compared to
NRAS 514, 2561–2567 (2022) 
hat obtained for the spherical shell corona (al w ays � 4 per cent
n the 0.1–10 keV range). In LHS, both coronal geometries are
haracterized to higher values of the polarization degree with respect
o HSS cases. The polarization angle behaviour, moreo v er, is quite
ifferent both for the different geometries and for the two spectral
tates. 

 C O N C L U S I O N S  

n this paper, we presented the first numerical simulations of the X-
ay polarization signal expected for weakly magnetized NS-LMXBs,
sing the fully relativistic Monte Carlo Comptonization code MONK .
he total contribution to the polarization signal considering both
cattered NS and disc photons, together with the direct radiation
oming from the disc and the star, have been shown for the slab and
pherical shell geometries assuming either polarized or unpolarized
isc radiation (Figs 3 and 5 ), and for different viewing inclinations
Figs 6 and 7 ). Higher observation angles and polarized disc photons
ead to a higher polarization degree for both geometries. 

Both the polarization degree and angle are very distinctive between
he two geometries: The slab configuration is characterized by an
ncreasing polarization degree with energy (up to 4–5 per cent for
SS or 8 per cent for LHS at higher energies), as opposed to what
appens for the spherical shell (Fig. 10 ). The polarization angle,
oreo v er, decreases with the energy for the shell configuration

al w ays � 90 ◦), while the slab shows higher values up to ≈150 ◦

ith an increasing/decreasing trend depending on the spectral states.
In summary, the polarization signal in the 2–10 keV band can

otentially provide tight constraints on the coronal geometry. For
xample, observing a low polarization (below 2 per cent ) in a low-
nclination system (below 60 ◦) would rule out a slab corona, and
ather fa v our a shell geometry . Conversely , a high polarization would
e consistent with a slab seen at high inclination. Therefore, spectral
nd polarimetric observations should provide constraints on the
eometry of the corona and its physical origin, which is still an
pen problem. At the moment, two of the NS-LMXBs in the IXPE
rst year plan (i.e. GS 1826 −238 and Cygnus X-2) have already been
bserved and a detailed analysis is in progress. No v el information on
he physics and geometry of these systems is being provided by the
omparison of the data with the calculations presented in this paper.
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