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Abstract

We present the first X-ray polarimetric measurement of the neutron star low-mass X-ray binary system AX J1745.6
—2901 conducted by the Imaging X-ray Polarimetry Explorer (IXPE) satellite. This transient source, located within
~1!5 of the Galactic center, was observed serendipitously during a MAXI J1744—294 observation with a duration of
150 ks. The complex nature of the region in which AX J1745.6—2901 is located poses a challenge for studying its
polarization. By performing a detailed analysis of the contamination from MAXI J1744—294 and the Galactic center
diffuse emission, we find the source polarization degree PD = 14.7% =+ 4.0% and polarization angle PA = 122° + 8°.
The phase-resolved analysis shows increase in polarization during the eclipse phase, with PD = 34.2% =+ 8.7%,
suggesting that the polarization-inducing mechanisms are of scattering nature, probably originating from disk winds.

Unified Astronomy Thesaurus concepts: Accretion (14); Neutron stars (1108); Polarimetry (1278); X-ray
astronomy (1810); X-ray binary stars (1811)

1. Introduction subsequent formation of an accretion disk (D. Bhattacharya &

Neutron star (NS) low-mass X-ray binaries (LMXBs) are 5 P.'J. van den Heul\iel 1991;1M.' van d}e(r Klis 2006). The}sle
systems in which an NS accretes material from a low-mass inaries are among the most luminous A-ray sources in the

companion star, typically via Roche-lobe overflow and the Galax.y, ,and their ol:.)servable. pmpemes. are S},laped t?y a
combination of accretion physics, magnetic field interactions,

and geometrical orientation (D. Psaltis 2008; J. Neilsen &
N. Degenaar 2023). NS-LMXBs can appear either as persistent

o ; ] emitters or as transients, depending on the long-term stability
Original content from this work may be used under the terms of the accretion disk (Y. Tanaka & N. Shibazaki 1996;

of the Creative Commons Attribution 4.0 licence. Any further ] R .
distribution of this work must maintain attribution to the author(s) and the title A. R Klng & H. Ritter 1998). Transient systems undergo

of the work, journal citation and DOL episodic outbursts, during which the X-ray luminosity can
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increase by several orders of magnitude before returning to a
quiescent state. These outbursts are generally understood to be
the result of thermal—viscous instabilities in the accretion disk
(A. R. King et al. 1996; J.-P. Lasota 2001) and offer key
opportunities to study accretion physics across a wide range of
mass inflow rates (C. Done et al. 2007).

Throughout an outburst, transient NS-LMXBs show complex
broadband spectra: thermal X-ray emission from the disk and
NS surface, hard X-ray components simply modeled with a
power law resulting from Comptonization by thermal electrons
in the corona, and often, relativistic jets and/or winds
(M. J. Church et al. 2006; S. Migliari & R. P. Fender 2006;
J. Neilsen & N. Degenaar 2023). Their spectra evolve through
well-defined states (G. Hasinger & M. van der Klis 1989;
M. van der Klis 1994), and timing analyses often reveal
coherent pulsations, quasiperiodic oscillations, and type-I
thermonuclear X-ray bursts (T. Strohmayer & L. Bildsten
2006; M. van der Klis 2006). Systems with high orbital
inclination may also display eclipses and dipping behavior,
providing direct constraints on the geometry of the accretion
flow (N. E. White & J. H. Swank 1982; Y. Hyodo et al. 2009).
These characteristics make transient NS-LMXBs powerful
laboratories for studying accretion physics, boundary layer
(BL; region where the accretion disk meets the NS) emission,
and the coupling between accretion state and outflows
(N. A. Inogamov & R. A. Sunyaev 1999; R. Popham &
R. Sunyaev 2001). Despite extensive spectral and timing
studies, many aspects of their geometry and radiative processes
remain difficult to probe, particularly those involving scattering
and asymmetries in the disk structure (C. Done et al. 2007).
X-ray polarimetry provides a promising new tool to directly
probe these geometric and radiation characteristics by offering
access to emission geometry, scattering environments, and
magnetic field configurations (J. D. Schnittman &
J. H. Krolik 2009; E. Churazov et al. 2017). Through model-
dependent spectropolarimetry, the polarization degree (PD) of
the BL of a few Z-sources has been measured: in the case of
GX 5—1, S. Fabiani et al. (2024) identified polarization
produced by the BL at values 5.7%=+1.4%, while the source
was in the horizontal branch (HB) and 4.3%=+2.0% integrated
over normal branch (NB) and flaring branch; a PD of the BL
component 4% for Cygnus X-2 possibly in the NB was
reported by R. Farinelli et al. (2023); in the case of XTE J1701
—462 (M. Cocchi et al. 2023) a value of 6.0%+0.5% was found
for the hard blackbody component, while the source was in the
HB, with a drop of PD to 1.2% 4 0.7% in the NB. Interesting
results have been achieved in the Atoll sources as well. The
reflection component present in the spectra of GX 9+9
(F. Ursini et al. 2023) was found to be polarized at 10%,
resulting in 3% £ 1% polarization of BL. In the case of
GS 1826—238, only an upper limit on PD was found at <1.3%
(F. Capitanio et al. 2023). On the other hand, A. Di Marco et al.
(2023a) have found 4U 1820—303 to have the reflection
component polarized at 5.3% + 0.2%.

AX J1745.6—2901 is a transient NS-LMXB located just
~1/5 from Sgr A’, at the dynamical center of the Milky Way
(J. A. Kennea & G. K. Skinner 1996; Y. Maeda et al. 1996;
Y. Hyodo et al. 2009; G. Ponti et al. 2015). Its location in the
densely populated and strongly absorbed Galactic center
region (M. Morris & E. Serabyn 1996; M. P. Muno et al.
2009) poses observational challenges. The nature of the
compact object is confirmed by the detection of type-I X-ray
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bursts (Y. Maeda et al. 1996; Y. Hyodo et al. 2009). The
source exhibits periodic eclipses every ~8.35 hr together with
complex dipping behavior—signatures of a nearly edge-on
disk geometry (Y. Maeda et al. 1996; Y. Hyodo et al. 2009).
The estimate on the source inclination is i ~ 70°-80° (G. Ponti
et al. 2015, 2018). Studying this source provides a valuable
opportunity to probe accretion and outflow physics in a high-
inclination system (Y. Hyodo et al. 2009; G. Ponti et al.
2015, 2018).

The system shows strong X-ray variability, transitioning
between long, bright outbursts and deep quiescence (W. Chen
et al. 1997, G. Ponti et al. 2015). Archival XMM-Newton
observations reveal that the source remains in outburst roughly
one third of the time, where it alternates erratically between
hard and soft spectral states, with 3-10keV fluxes of
(1-5) x 107! erg em 2s™! in the former, and (1-3) x
10710 erg cm 2s~ ! in the latter (G. Ponti et al. 2018). In the
soft state, Fe XXV and Fe XXVI absorption lines are prominent,
consistent with the presence of a highly ionized wind (G. Ponti
et al. 2015; J. Neilsen & N. Degenaar 2023). These features
disappear in the hard state (G. Ponti et al. 2018), but this cannot
be linked to the evolution of the outflow itself, as thermal
instabilities prevent the formation of absorption lines from highly
ionized elements when the plasma is illuminated by radiation
with a hard spectrum (J. Frank et al. 2002; S. Bianchi et al. 2017).
The absorbing gas has a large column density (Ny > 10 cm™?)
and is turbulent (v = 500kms™ ), with small Ka/Kg line
ratios for highly ionized iron lines further indicating large column
depths (K. Matsunaga et al. 2026, in preparation; D. Proga &
T. R. Kallman 2004; G. Ponti et al. 2015).

The soft-state spectrum is well modeled by thermal
components—typically a disk blackbody and a blackbody
associated with cooling radiation from the NS surface—along
with interstellar dust scattering and iron emission lines
(K. Mitsuda et al. 1984; K. Makishima et al. 1986; Y. Hyodo
et al. 2009). A Comptonized disk, and thus traces of corona,
are also found to fit the soft spectral state well (G. Ponti et al.
2018), although a thermal-Comptonization component would
be weaker than the others. This makes AX J1745.6—2901
particularly interesting to verify the accretion disk polarization
models (S. Chandrasekhar 1960; V. M. Loskutov &
V. V. Sobolev 1982).

High-inclination LMXBs like AX J1745.6—2901 offer an
especially favorable viewing angle to the system geometry for
X-ray polarimetric studies, which can probe disk symmetry,
constrain the orientation of reprocessing structures, and reveal
the presence of scattering media such as winds or bulges
(H. Krawczynski et al. 2011; S. Fabiani et al. 2014; S. Fabiani
& F. Muleri 2014; E. Churazov et al. 2017; A. P. Nitindala
et al. 2025). In particular, asymmetries of the disk (C. Jin et al.
2018), boundary or spreading layer, and absorbing material are
expected to produce measurable polarization signals
(J. D. Schnittman & J. H. Krolik 2009; R. Farinelli et al.
2024; A. Bobrikova et al. 2025). The absence of a strong
Comptonized corona in AX J1745.6—2901 further enhances
the interpretability of any detected polarization, making it an
ideal candidate for probing the origin and structure of the
component responsible for the soft-state emission (J. Neilsen
& N. Degenaar 2023).

In this paper, we report on the first X-ray polarimetric
observation of the transient source AX J1745.6—2901 by the
Imaging X-ray Polarimetry Explorer (IXPE; P. Soffitta et al. 2021;
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M. C. Weisskopf et al. 2022). We present the observed energy-
averaged and time-resolved polarimetric properties of the source.
The data reduction is described in Section 2, and the results of
data analysis and their implications for the properties of the
system are presented in Section 3. We discuss the analysis and the
interpretation of the data in Section 4, and finally, we summarize
our findings in Section 5.

2. Observation and Data Reduction

AX J1745.6—2901 is a transient LMXB system that was
serendipitously observed in the IXPE field of view during a
Director's Discrency Time observation of MAXI J1744—294
(L. Marra et al. 2026). The observation started 2025 April 5 at
07:36:34 UTC and ended on April 8 at 02:09:33 UTC, for a
total live time of ~150 ks, with OBSID: 04250301. We
downloaded Level 1 and Level 2 data from the public
HEASARC data archive.”® We adjusted the timing of the event
arrival relative to the solar system’s barycenter applying the
barycorr tool from the FTOOLS package and performed
background rejection according to A. Di Marco et al. (2023b),
as AX J1745.6—2901 is a relatively low-brightness source.

We chose a circular region centered on AX J1745.6—2901
and of radius 20” to limit the extraction to the region in which
the source of our interest is significantly brighter than the
contamination from MAXI J1744—294. The source count rate is
~0.22 count s~ arcmin > per detector unit (DU). The crowded
nature of the Galactic center region, with MAXI J1744—294
and Sgr A, at a mere angular separation <1!5 from AX J1745.6
—2901 led to an initial misidentification of MAXI J1744—294
as a new transient. However, subsequent comparison with
archival Chandra data implies that MAXI J1744—-294 is likely a
repeated outburst of Swift J174540.2—290037 (S. Mandel et al.
2025, 2026), first discovered by K. Mori et al. (2019) during its
2016 outburst. For consistency with the nomenclature adopted
for the current outburst, we continue to refer to the source as
MAXI J1744—-294.

The high contamination from MAXI J1744—294 made it
challenging to disentangle the source emission from the
different background contributions. We could not extract an
annular background region centered around AX J1745.6
—2901 due to the high contamination by MAXI J1744—294,
which was observed with a much larger count rate of
~1.14 count s~ arcmin~2 in the selected region. Therefore,
we examine several possibilities, as depicted in Figure 1.
There we show the AX J1745.6—2901 source region marked
“SRC” and our background regions marked “17—“8”. The
regions are placed as follows: we identify the pixel with the
highest count rate of MAXI J1744—294 and establish it as the
center of the white ring with inner and outer radii of 60” and
100”, respectively. For the source region, we select a circle
with a radius of 20” centered on AX J1745.6—2901’s position
within the white ring. We place seven evenly distributed
circular regions of the same radius along the ring, noted as
“17—*7.> The last background region of choice is a
semicircular annulus, marked “8,” positioned diametrically
opposite the source region. We explore the effect of using each
of these regions independently as a distinct background in
order to assess the robustness of our conclusions.

The SAOIMAGEDS 9 tool and the xpselect feature of the
IXPEOBSSIM software (v. 31.0.1; L. Baldini et al. 2022) were

28 https:/ /heasarc.gsfc.nasa.gov /docs /ixpe /archive /
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consecutively used to define the source and background
regions, respectively, and to select the studied region. The
xpbin tool within the IXPEOBSSIM package was then used to
generate polarization cubes (through the pcube algorithm)
and to create the Stokes spectra I, O, and U. Lastly, we used
the FTOOLS ftgrouppha task to rebin the background-
subtracted Stokes spectra to require 3 counts per bin for Stokes
I and 5 counts per bin for Q and U. This choice was made in
order to optimize the signal-to-noise ratio for spectropolari-
metric fitting while maintaining a binning structure that is still
compatible with the IXPE energy resolution (equal to 1 keV at
6 keV) and a reasonable number of degrees of freedom. We
applied unweighted (pcube) and weighted (Stokes I, Q, U)
analysis using the v. 20240701_v013 response matrices, which
is the latest version provided with IXPEOBSSIM v 31.0.1. A
model-dependent analysis was performed on the binned
spectra using the HEASOFT package XSPEC software (version
12.15; K. A. Arnaud 1996). For phase-folded analysis, we
extracted light curves using the FTOOLS task xselect, then
lcmath to subtract background from light curves and sum the
three DUs. In order to fold the light curves and obtain the
orbital profile, the efold tool was used. Next, xselect was
used to filter the orbital phases that correspond to eclipse and
dip. Finally, xpbin tool from IXPEOBSSIM was applied to
extract pcubes from the phase-filtered data.

3. Results
3.1. Source and Background Polarization

To ascertain the model-independent polarization, we applied
the pcube algorithm of IXPEOBSSIM, obtaining the energy-
averaged PD and PA shown in Figure 2. First, we assessed the
source itself (not background subtracted) and found the
PD = 8.9%+2.9% and PA = 121°£9°. The tentative PD
(if considering two decimal places) lays above the minimum
detectable polarization (MDP) value at the 99% confidence
level M. C. Weisskopf et al. 2010; T. E. Strohmayer &
T. R. Kallman 2013) of 8.9%, hinting that the source could be
polarized. However, this signal is likely diluted by the strong,
unpolarized emission from MAXI J1744—294, for which a
30 upper limit on the PD of 1.3% was derived by L. Marra
et al. (2026). To investigate this further, we therefore
examined the polarization properties of the source after
subtracting different background regions individually, as
illustrated in Figure 1 and explained in Section 2. We report
the measured PD and PA of the source with respective MDP
values (where applicable) in the left panel of Table 1.

However, to properly interpret these background-subtracted
measurements, we must first verify our assumption that the
background regions are unpolarized. Given the crowded nature
of the Galactic center, we cannot exclude the presence of
unresolved polarized sources contained in the selected back-
ground regions.

After calculating the pcube of the background regions
(right panel of Table 1), it is clear that only one of the
background regions (“2”) appears significantly polarized, as its
PD = 15.8% =+ 5.2% is slightly above MDP = 15.7%. This
region is also the closest one to Sgr A, so it could harbor some
contamination. To further examine our polarization measure-
ments independently of background subtraction effects, we
tested another diagnostic: the consistency of the PA values
across different background region subtractions.
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Figure 1. IXPE image of MAXI J1744—294 (bright source in the center of the FOV) and AX J1745.6—2901 (SRC) in gray. The red star marks the position of
Sgr A . The selected circular background regions are numbered 1-7. The dark-green semicircular annulus represents the eighth region, chosen to be diametrically
opposite of the source region, as highlighted by the white guidelines. The two guidelines intersect the center of MAXI J1744—294, defined as the pixel with the

highest count rate.

Another clue hinting toward the source being polarized
comes from the consistency of PA values across different
background subtractions. For a truly polarized source, the
measured PA should remain consistent regardless of which
background region is subtracted. If the PA wvalues vary
significantly between different background subtractions, it
suggests the signal may be dominated by noise rather than true
polarization. In Figure 2, we show the normalized Stokes
parameters U/I versus Q/I for the source after different
background region subtractions. Using the secondary (gray)
grid, we can also read the values of PD and PA. It is a robust
sign that the PA stays consistent irrespective of the back-
ground subtracted. The dispersion of the measured PA values
stays within the wedge of APA~10° but this should be
interpreted with the caveat that the large 1o error bars on
Q/I and U/I contribute to uncertainty in PA. The background
regions, on the contrary, show a rather “nonconcentrated”
distribution of PA values (Figure 3).

Considering the complexity of the Galactic center and the
fact that it is highly populated with sources, it is a difficult task
to choose the “right” background region. The logical step
would be to consider a region that is diametrically opposite to
the source region (for symmetry reasons) and that contains the
least number of AX J1745.6—2901 source counts possible (to
limit self-subtraction). This leaves us with only two choices:
regions “6” and “8.” Since the latter spans a vast area, it poses
a higher chance of including an uncontrolled effect, such as
containing an unresolved source (i.e., a source that we cannot
distinguish but is polarized). Part of region “8” is also in the
vicinity of Sgr A", and we cannot exclude possible contamina-
tion. Background region “6,” however, satisfies both

conditions of being far from Sgr A" and being in a reasonable
position with respect to both MAXI J1744—294 and
AX J1745.6—2901. Moreover, this region is the most logical
choice to subtract possible systematic effects that impact the
spatial response to polarization of photoelectric polarimeters.
These are present when the extraction region is not uniformly
illuminated and manifest themselves as a polarization along
the image gradient (P. Soffitta et al. 2013; N. Bucciantini et al.
2023). In our case, such systematic effects would add a radial
polarization directed from the central bright spot (MAXI J1744
—294), with a higher PD when the gradient is steeper.
Therefore, in region “6” this effect would be the same in
direction and amplitude as in the source region and then any
spurious contribution to polarization which may be present
would be removed in the background subtraction process. For
these reasons, we will proceed with our study of AX J1745.6
—2901 considering only the background region “6™*° and its
subtraction from the source in order to study the polarization
properties of AX J1745.6—2901.

3.2. Time-dependent Analysis

In this subsection, we explore the temporal evolution of both
the polarimetric and spectral properties of the source,
summarized in Figure 4. We plotted the normalized Stokes
parameters Q/I and U/I in the first and second subpanels,
respectively. The data shown are binned in 7.5ks intervals
over the entire observation duration. The third and fourth

2% While our choice of background “6” is motivated by reducing systematic
effects, choosing the alternative background region “8” also provides a
significant detection of polarization.
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Figure 2. Normalized Stokes parameters U /I versus Q /I of the source with
different background subtractions. The gray point labeled as “BKG none”
refers to the polarization of the source region without background subtraction.
The values of PD and PA from the combined data of the three DUs for each
background can be read using the gray grid. The points (plotted with 1 o
errors) are clustered within an angular wedge of size ~10°, regardless of the
background region subtracted. The clustering is represented by the cyan
wedge. The gray grid represents the PD (in percent) and PA (in degrees). Note
that the errors shown are for the normalized Stokes parameters Q /I and U/I,
not directly for PD and PA.

subpanels from top show the count rate with expected eclipses
and the hardness ratio, respectively, binned in 300 s intervals
each. We analyzed the first two datasets (Stokes parameters
Q/I and U/I) to test for possible time variability of the
polarimetric properties of the source. The best fit we obtained
was using a constant model (gray dashed lines in the figure).
Q/I and U/I are two independent variables following a normal
distribution (F. Kislat et al. 2015). This allows us to sum their
x> and degrees of freedom in order to test the null hypothesis.
We obtained x* = 73 /74 d.o.f and null hypothesis probability
of 51% for the constant model. We conclude that the
polarimetric properties stayed constant over the duration of
the observation, although the high statistical uncertainties of
our data limit our analysis.

3.3. Phase-resolved Polarimetry

In the next step, we examine the periodic behavior of the
source, focusing on the variations of the observed polarimetric
properties. Using the orbital solution from G. Ponti et al.
(2018), we folded the background-subtracted, summed over
the three DUs, light curves at an arbitrary epoch into 32 bins.
The dip and eclipse in the orbital profile were visually
identified (Figure 5). We then extracted the source and
background event files for each DU in two phase intervals,
which are 0.38-0.70 (dip + eclipse), and the complementary
phases. Polarization cubes were constructed from each event
file. In the phase region of the dip and eclipse, we measured
a PD of 34.2% + 8.7%. The corresponding PA was 127°
+7°, which is consistent with the time-averaged result
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(see Figure 6). In contrast, in the phase interval outside the
dip + eclipse, we found a PD of 9.2% + 4.5%.

We observe a remarkably high PD during the phase with a
dip and eclipse. While higher polarization during dip and/or
eclipse is expected for high-inclination systems, the measured
value of 34.2% is surprisingly large. This suggests that during
the eclipse, the companion star obscures the central source,
absorbing much of the unpolarized emission, while polariza-
tion is likely produced by scattering. Similarly, we expect that
dips are related to partial obscuration by the outer regions of
the disk. The scattering process is likely responsible for high
polarization observed in AX J1745.6—2901. The reflecting
medium is possibly either accreting disk winds or outflow
similar to that observed in Cygnus X-3 (A. Veledina et al.
2024a, 2024b).

3.4. Spectral Properties

In our study of the source, we are also interested in
disentangling the processes contributing to its X-ray emission.
For this, we opt for comparing two simple models against each
other: a disk blackbody versus a power law. The full model is
constant x TBabs x polconst x emission, where
constant accounts for different normalization between the
three DUs of the telescope, TBabs is the Galactic absorption,
polconst is a polarization model assuming constant
properties in the 2-8 keV range, and emission is either
diskbb (blackbody accretion disk model) or powerlaw
(photon power law). The best-fit parameters are reported in
Table 2, and the fits with the data residuals are shown in
Figures 7-9, where we plot the contribution of each single
DU and compare the two models. The two fits with diskbb
or powerlaw components give y/d.o.f. = 304/314 (null
hypothesis probability = 0.64) and x?/d.o.f. = 316/314 (null
hypothesis probability = 0.46), respectively. While in both
cases we obtain statistically good results, we cannot reject
either model purely on the basis of the quality of fit. This can
be seen from the top panel of Figure 7, where the two models
overlap in the 3-7 keV energy band, and the corresponding
residuals are plotted in the middle and bottom panels. While
for the Stokes parameter / there is only a minor difference
around 2-2.5 and 7.5-8 keV, for both Q and U it is practically
impossible to distinguish between the two tested models, as
clear from Figures 8 and 9 for Q and U, respectively. The fact
that we do not manage to accurately distinguish between the
two tested models is mainly due to only fitting the IXPE data,
which are observed in a relatively narrow energy range.

Nevertheless, the spectral results we obtain are broadly
consistent with the results obtained for the soft state by G. Ponti
et al. (2015). Despite the statistical similarity of the two tested
models, it is important to notice that the photon index of the
powerlawl' = 3.0 is incompatible with the hard state
(e.g., G. Ponti et al. 2015). The measured flux by IXPE in
2-8 keV band is F, — 8keV = 5.1 x 10~ erg cm2s~ !, with a
hardness ratio £, — 8 keV/F, — 4 keV = 8.370:4, which corre-
sponds to flux F3 — 10keV = 6.03 x 10" ergem *s ™' with a
hardness ratio Fg — 10 keV/F; — 6 keV = 0.97f8j(])%. The latter
value of the hardness ratio is consistent with the historical
measurement of the source in the soft state (Figure 3 in
G. Ponti et al. 2018), while the flux would correspond to the
area (in the same figure) between the hard and soft spectral
states. It is possible that the source was transitioning between
the two states during the IXPE observation. We see from
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Table 1
Left: PD and PA of AX J1745.6—2901 after Subtracting Various Background Regions Shown in Figure 1
Subtracted PD PA MDP Studied PD PD MDP
BKG (%) (deg) (%) BKG (%) (deg) (%)
none 89 + 29 121 £ 9 8.9 none
1 11.5 £ 39 unconstrained (~125) 1 6.0 £5.5 unconstrained (~69) 16.7
2 7.0 + 4.1 unconstrained (~120) 2 158 +£5.2 123+ 9 15.7
3 10.3 £ 4.1 unconstrained (~127) 3 8.7 +49 unconstrained (~95) 14.9
4 11.5 £ 4.0 unconstrained (~120) 4 2.1 +49 unconstrained (~167) 14.9
5 11.2 £ 39 unconstrained (~123) 5 25 £5.1 unconstrained (~81) 15.6
6 147 £ 4.0 122 £ 7.8 6 127 £ 5.5 unconstrained (~33) 16.6
7 94 + 4.0 unconstrained (~124) 7 85 £5.1 unconstrained (~110) 15.5
8 11.1 £ 3.7 121 £ 10 8 07+ 1.8 unconstrained (~124) 5.5

Note. The MDP value is listed for the source before background subtraction. Entry labeled as “none” corresponds to the polarization of the source without
background subtraction. For values where the PD value is lower than 3 its uncertainty, we consider the PA unconstrained. Right: PD, PA, and MDP values of their
respective background regions shown in Figure 1. The reported errors correspond to 1o. For unconstrained PA cases the most probable value is indicated.
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Figure 3. Normalized Stokes parameters U/I versus Q/I of different
background regions. The values of PD and PA of the sum of the three DUs,
for each background, can be read using the gray grid. The only region with a
PD above MDP is region “2” (in red), which is probably polarized. All other
regions are well below the MDP and have scattered PA. The gray grid
represents the PD (in percent) and PA (in degrees). The red circle represents
the MDP value for background region “2”.

Figure 2 in the same paper that the transition between the two
states can take extended periods of time. We note that the
standard treatment of Stokes spectra can neglect correlations
between the Stokes parameters, while the covariance
between Q and U becomes nonzero for polarized signals
(F. Kislat et al. 2015; K. Arnaud 2024). In the high-PD case
explored here, this approximation may impact the accuracy
of the reported errors. Figure 10 presents the PD and PA
contours from the model-dependent analysis for the diskbb
scenario. We have created the contour plot using the
steppar command in xspec with 60 steps for both PD
and PA. We find the PD and PA values consistent with the
pcube result within the error margin.

4. Discussion

The serendipitous detection of AX J1745.6—2901 during
the IXPE observation of MAXI J1744—294 represents a
valuable opportunity to conduct the first X-ray polarimetric
study of this NS-LMXB system. Located within ~1!5 of the
Galactic center, AX J1745.6—2901 provides a unique
laboratory for investigating polarization signatures in high-
inclination accreting systems, despite the observational
challenges posed by its location in this crowded and complex
region. While AX J1745.6—2901 is not the first highly
inclined NS-LMXB observed by IXPE, it presents distinctive
characteristics that make it particularly interesting for polari-
metric studies. Previous IXPE observations of the highly
inclined (i ~ 60°-80°; M. Diaz Trigo et al. 2012; R. Tomaru
et al. 2020) dipping source GX 13+1 revealed an average PD
of 2%—-5%, rising to 7.5% + 1.7% during dips (A. Bobrikova
et al. 2024a, 2024b; A. Di Marco 2025; A. Di Marco et al.
2025). More recently, observations of the eclipsing source
2S 0921-630, with an inclination of i ~ 82° (T. A. Ashcraft
et al. 2012), measured an average PD of 8.8% =+ 1.4%
(R. Tomaru et al. 2026), representing the highest polarization
measured for NS-LMXBs prior to our AX J1745.6—2901
observation. The significantly higher polarization we detect in
AX J1745.6—2901 thus adds an important new data point to
this emerging picture of polarization in high-inclination NS
systems.

Several observational challenges significantly limit the
depth of our analysis. The proximity of the much brighter
MAXI J1744—294 (~1!3 away) creates substantial difficulties
in background subtraction, as conventional annular back-
ground regions cannot be utilized without severe contamina-
tion, thus requiring a completely different approach. The
extremely crowded nature of the Galactic center region further
complicates the selection of appropriate background areas,
forcing us to rely on carefully chosen circular regions that may
not perfectly represent the local background conditions around
AX J1745.6—2901. The intrinsic faintness of AX J1745.6
—2901 (count rate ~~0.22 count s~ ' arcmin ) adds to the
aforementioned difficulties, resulting in relatively large
statistical uncertainties that limit our ability to constrain the
polarization properties with high precision.

The temporal analysis did not show any significant
variations of the polarimetric properties throughout the
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Figure 4. The first and second subpanels show, respectively, the normalized Stokes parameters Q/I and U/I as a function of time. The data are binned in intervals of
7.5 ks and are energy-averaged over the 2—-8 keV band. The dark gray dashed line represents the constant fit, and its 1o error is represented by the shaded area. The
third subpanel from top shows the time evolution of count rate in the 2—8 keV band. Gray lines represent expected eclipses. The fourth subpanel shows the time
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0-0.38), (ii) dip + eclipse (phase 0.38-0.70), (iii) after the dip + eclipse
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150 ks observation. AX J1745.6—2901 exhibits clear eclipses
and dipping behavior in X-ray intensity tied to its orbital phase
(G. Ponti et al. 2015, 2018). Our phase-resolved analysis
reveals an increase of PD from ~ 9% outside of eclipse to ~
34% during dip and eclipse phase. This increase in PD points
toward scattering processes as polarization-inducing mechan-
isms, likely originating in disk winds.

The low signal-to-noise ratio also impacts our spectral
analysis, where we find that both disk blackbody and power-

law models provide statistically acceptable fits (y*/d.o.f. =
304/314 and 316/314, respectively) with comparable goodness-
of-fit statistics. While we cannot confidently distinguish between
disk blackbody and power-law emission models based on
spectral fitting alone, the high photon index of our power-law fit
and the broad consistency of our model parameters, flux and
hardness ratio, with those reported by (G. Ponti et al. 2015) for
soft-state observations suggest that AX J1745.6—2901 was
likely in a soft spectral state during our observation. Under this
soft-state interpretation, the observed polarization signal can be
more confidently attributed to geometrical asymmetries in the
thermal emission components, such as disk inclination effects,
BL structure, or scattering in moderately ionized winds,
rather than nonthermal processes associated with hard-state
Comptonization.

The degeneracy between thermal disk emission and non-
thermal power-law components is particularly problematic for
understanding the accretion state and the mechanisms respon-
sible for the observed polarization. In thermal-dominated states,
polarization might arise from scattering in the disk atmosphere
(S. Chandrasekhar 1960; V. V. Sobolev 1963; V. M. Loskutov
& V. V. Sobolev 1981; R. Taverna et al. 2021) or its wind
(A. P. Nitindala et al. 2025), from geometrical asymmetries and
relativistic effects in the BL (A. Bobrikova et al. 2025), or
reflection of the spreading layer emission from the accretion
disk (I. I. Lapidus & R. A. Sunyaev 1985), while power-law-
dominated emission could indicate Comptonization processes
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Figure 6. Normalized Stokes parameters U/I versus Q/I of the source for
different phase bins. The blue points represent the dip + eclipse (ecl),
corresponding to phase 0.38-0.70 in Figure 5, while orange points represent
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(in percent) and PA (in degrees).

Table 2
Best-fit Parameters of the IXPE Spectral Fitting Using the Model Described in
Section 3.4
Parameter
Component [unit] Description Value Fit 1 ~ Value Fit 2
constant Cpui Normalization 1.00 1.00
Cpbuz Normalization ~ 0.8673% 0.867004
Cpus Normalization 091500 0.9170%
TBabs Nu Hydrogen col- 223 £+ 1.2 26.3718
(102 cm™?) umn density
polconst A (%) PD 154 +56 153+£56
psi (deg) PA 120 £ 11 120 £ 11
diskbb kT (keV) Inner disk 1757013
radius
temperature
norm Normalization 1515033 oo
powerlaw T Photon index 3.0103
norm Normalization . 0.57+93¢
x?/d.of. 304/314 316/314

Note. Uncertainties are reported at 90% confidence level. The parameters in
bold were frozen during the fit.

that would produce different polarization signatures (J. Pouta-
nen & R. Svensson 1996). Because the IXPE band is restricted
to the narrow 2-8 keV energy interval, this degeneracy cannot
be broken, limiting our ability to fully utilize the diagnostic
potential of our polarimetric measurements.

The detection of a polarization signal in AX J1745.6—2901
is particularly significant given its exceptional properties.
AX J1745.6—-2901 is well suited for polarimetric studies
thanks to its high inclination and history of wind detection—
characteristics that may enhance polarization signatures, as
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Figure 8. Same as Figure 7 but for the Stokes Q.

evidenced by recent observations of wind-bearing sources such
as the black hole binaries 4U 1630—47 (A. Ratheesh et al.
2024) and IGR J17091—-3624 (M. Ewing et al. 2025), which
exhibited larger polarization than previously expected. Both
reflection and winds have been reported for this source
(G. Ponti et al. 2018), and these processes can contribute
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Figure 10. Polar plot of PD and PA, assuming the best spectral fit for the
diskbb model scenario. The black “+4 sign represents the best-fit value for
the given model, as reported in Table 2. Results shown are considering the
entire IXPE energy band (2-8 keV). Colors are fainter with lower C.L.

substantially to the polarimetric signal through scattering
mechanisms. The high measured PD represents the first such
measurement for this source and adds to the growing catalog
of polarimetric observations of NS-LMXBs, with important
implications for understanding highly inclined accreting
systems.

5. Conclusions

We present the first X-ray polarimetric observation of the
NS-LMXB AX J1745.6—2901 using IXPE, serendipitously
obtained during a 150ks observation of the nearby transient
MAXI J1744—294. Our main findings are as follows:
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1. AX J1745.6—2901 shows evidence for X-ray polariza-
tion with PD = 14.7% + 4.0% and PA = 122° + 8°. The
consistency of the PAs across different background
subtraction choices bolsters confidence in this detection
(Figures 2 and 3 and Table 1).

2. No significant temporal evolution of the polarimetric
properties were observed throughout the 150 ks observa-
tion (Figure 4).

3. The measured PD of 14.7% + 4.0% is exceptionally high
for NS-LMXBs, making AX J1745.6—2901 the most
polarized NS binary observed to date—significantly
exceeding the ~4%-5% typically seen in Z-sources
and reaching levels previously observed only at high
energies (7-8 keV). This high polarization is consistent
with the known presence of both scattering and wind
signatures in this source (G. Ponti et al. 2018), which can
contribute substantially to the polarimetric signal through
scattering processes.

4. The phase-resolved analysis shows extraordinarily high
PD in the dip+-eclipse phase of 34.2% =+ 8.7%, while the
complementary phases are unpolarized. Such a high
value of PD during the eclipse and dip phase strongly
suggests that emission is polarized in the disk wind via
scattering mechanisms.

5. Spectral analysis reveals that both disk blackbody and
power-law  models provide equally good fits
(Figures 7-9) to the data, preventing definitive identifi-
cation of the dominant emission mechanism and limiting
physical interpretation of the polarization signal. How-
ever, the high photon index value of the power-law
component (I' = 3.0, Table 2) is in favor of a soft
spectral state of the source.
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