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ABSTRACT

We present the first optical (BVR) polarimetric observations of Swift J1727.8—1613 during its 2023—-2024 outburst. Observations were
performed during the X-ray hard-to-soft state transition, the soft state, and the decaying hard state of the source. For the vast majority
of nights, we detect statistically significant polarization of ~1%, a fraction of which is of interstellar origin. We find a significant
change of polarization coinciding in time with discrete radio ejections. The direction of this polarization variation differs from the
directions inferred from the X-ray, submillimeter, and radio polarization angles, as well as from the resolved jet orientation. After
correcting for the interstellar component, we find that the intrinsic polarization degree remained approximately constant at PD = 0.3%
throughout the hard-intermediate state. We explore several possible origins for the polarization and conclude that it is most plausibly
produced by scattering within the optically thin accretion disk wind. The intrinsic polarization angle, PA ~ —15°, is notably offset
from the jet axis, which we interpret as evidence of a misalignment between the black hole spin and the orbital axis.
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1. Introduction

During outbursts, black hole (BH) X-ray binaries undergo transi-
tions between several distinct spectral states. At the rising phase
of an outburst, the sources are typically found in the hard spec-
tral state, where the X-ray spectrum is dominated by Comp-
tonization in a hot, optically thin plasma, often referred to as
the hot accretion flow or corona (Sunyaev & Titarchuk 1980;
Poutanen & Svensson 1996; Poutanen et al. 1997; Esin et al.
1997). Thermal emission from the (irradiated) optically thick
accretion disk (Shakura & Sunyaev 1973; Novikov & Thorne
1973; Page & Thorne 1974) dominates the ultraviolet to optical
wavelengths. In addition, synchrotron emission from nonthermal
particles, coming either from the hot accretion flow itself or from
the relativistic jet, contributes to the optical and infrared (OIR)
bands (Poutanen & Veledina 2014; Uttley & Casella 2014).
Superimposed on the continuum, hard-state BHs often exhibit
emission or absorption lines in their UV and OIR spectra,
which are typically associated with the disk or its winds
(Mufioz-Darias et al. 2016; Sanchez-Sierras & Mufioz-Darias
2020; Castro Segura et al. 2022). Bright radio emission is also
observed, produced by the compact jet.

During the transition to the soft state (SS), through the
so-called hard- and soft-intermediate states (HIMS and SIMS;
Homan & Belloni 2005), the contribution of the hot medium
to the X-ray spectrum gradually diminishes. The nonthermal
synchrotron component in the OIR range likewise decreases
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substantially, while the optically thick disk emission becomes
dominant across the broadband OIR—X-ray spectrum. The jet is
quenched following a brief phase of enhanced radio emission
associated with discrete ejection events. Wind signatures have
been detected in the infrared, but not in the optical, where visi-
bility is likely affected by ionization (Mata Sanchez et al. 2018;
Sanchez-Sierras & Mufioz-Darias 2020). During the reverse
transition, the contributions of the hot accretion flow and/or jet
emission increase again, becoming dominant in the broadband
spectral energy distribution over the entire decaying hard state
(DHS).

Although the general sequence of spectral and timing
changes during outbursts is well established, several key ques-
tions remain unresolved. These include the relative contributions
of the accretion flow and jet to the OIR emission, the role of
winds in angular momentum and mass transfer, and the relative
orientation between the outer disk, the inner accretion flow, and
the jet. Measurements of optical polarization and its evolution
throughout the outburst, along with spectral and timing infor-
mation, offer valuable diagnostics to distinguish between differ-
ent emission mechanisms, thereby constraining the nature of the
accretion engine and its feedback on the interstellar medium.

The polarization degree (PD) depends on both the emission
mechanism and the system inclination. For the optically thick
accretion disk, polarization arises from electron scattering in
the disk atmosphere and can reach up to 11.7% for edge-on
systems (Chandrasekhar 1960; Sobolev 1963; Rees 1975), but
rapidly decreases to zero for the face-on systems. In contrast,

A184, page 1 of 13

Open Access article, published by EDP Sciences, under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
This article is published in open access under the Subscribe to Open model. Subscribe to A&A to support open access publication.


https://doi.org/10.1051/0004-6361/202558488
https://www.aanda.org
http://orcid.org/0009-0002-7109-0202
http://orcid.org/0000-0002-5767-7253
http://orcid.org/0000-0002-7502-3173
http://orcid.org/0000-0002-9353-5164
http://orcid.org/0009-0002-1852-7671
http://orcid.org/0000-0003-0186-206X
http://orcid.org/0000-0002-7146-9020
http://orcid.org/0000-0002-2238-7416
http://orcid.org/0000-0002-0983-0049
mailto: anaghapradeep.a.nitindala@utu.fi
https://www.edpsciences.org
https://creativecommons.org/licenses/by/4.0
https://www.aanda.org/subscribe-to-open-faqs
mailto:subscribers@edpsciences.org

Nitindala, A. P, et al.: A&A, 709, A184 (2026)

. HIMS  SIMS SS DHS
g ) RS |
‘E 20 E—o T I
3} - o) e’ o
= 15 * -
= Ee o %,
53 55_ %MW.. o tncenarsons,
1 1 1 1 1 1 1 1 1 1 I 1 1 o T
5 19 | | -, °* .
+ T T I T T T T I T T T T I T T T T ]
C *j'“ (b) ]
135+ * E
é o ey, .
5 U +*+ —]
> - + -
< C 7
SRR 30 i A E
16 :_ 1|+ _:
0 13 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 .
5 10 %_"'-a 1] T T T T T T T T (C) T T T T T T T T T ; _E
2= C ! 3
E‘f : Oo'-oo. '...O. - R + Ho ‘i
= | - ﬁo,o.'w. “ ++” o * .
e LAY
. ' it 4,
; 10-1 3 '00.».++.+””+ " o iy ) ﬂfmﬂﬁﬂiﬂﬂ+ f . } + ‘ H =
< C 7
I 1 1 I 1 1 1 1 I 1 1 1 1 I 1 [] 1 I 1
0 50 100 150 200

MJD - 60180

Fig. 1. X-ray and optical light curves and X-ray HR of Swift J1727.8—-1613. Panel (a): MAXI 2-20keV X-ray light curve. Panel (b): AAVSO
Johnson V filter light curve (https://www.aavso.org). The red arrows indicate the dates of optical spectroscopic detections of the accretion
disk winds (Mata Sanchez et al. 2024). Panel (c): MAXI 4-10keV/2-4 keV HR. Solid blue, purple, red, and green lines indicate dates of optical
polarimetric observations through the hard intermediate-, soft intermediate-, soft-, and decaying hard-states of the outburst, respectively.

synchrotron radiation can exhibit much higher polarization lev-
els, reaching ~70-75% in ideal cases (Ginzburg & Syrovatskii
1965), but the PD strongly depends on the degree of magnetic
field ordering, becoming zero for a tangled field topology. Fur-
thermore, polarization may arise from scattering in the optically
thin medium (Sunyaev & Titarchuk 1985), either in the accre-
tion disk wind (Nitindala et al. 2025), or by Comptonization pro-
cesses in the optically thin accretion flow (Poutanen & Svensson
1996; Poutanen et al. 2023). The latter case gives rise to X-ray
polarization that can serve a fine diagnostic of emission pro-
cesses and accretion geometry in the immediate BH vicinity
(e.g., Krawczynski et al. 2022; Veledina et al. 2023; Ewing et al.
2025).

The polarization angle (PA) provides additional information
on the geometry of the emission region. Synchrotron emission
is polarized in the direction orthogonal to the projection of the
magnetic field lines on the sky (Ginzburg & Syrovatskii 1965).
For the scattering events in the optically thin or thick cases,
the PA is either aligned with or orthogonal to the axis of the
system (Sunyaev & Titarchuk 1985), such as that of the accre-
tion disk, the jet, or the BH spin. Deviations from these axes
may indicate the importance of relativistic aberration or grav-
itational lensing effects (Stark & Connors 1977; Connors et al.
1980), or a nonzero angle between the aforementioned directions
(Poutanen et al. 2022).

Optical polarimetric monitoring of several BH X-ray bina-
ries during the outburst has revealed the presence of intrinsic
polarization components (e.g., Boyd et al. 2001; Schultz et al.
2004; Tanaka et al. 2016; Kosenkov et al. 2017; Kravtsov et al.
2019, 2023b, 2022; Mastroserio et al. 2025; Rout et al. 2025).
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A number of sources were likewise studied in optical polarized
light in quiescence (e.g., Dubus et al. 2008; Kravtsov et al. 2022,
2025). Perhaps the most comprehensive optical polarimetric
coverage of the outburst was obtained for the unusually bright,
high-inclination (Torres et al. 2020; Wood et al. 2021) BH X-ray
binary MAXI J1820+070. A sub-percent level of intrinsic polar-
ization, oriented parallel to the jet axis during the rising hard
state, disappeared in the soft and decaying hard states, coin-
ciding with the emergence or disappearance of wind signatures
(Veledina et al. 2019; Kosenkov et al. 2020a). The subsequent
discovery of the PA changes during the approach of quiescence
suggested a considerable misalignment between the BH spin and
orbital axis in this system (Poutanen et al. 2022). In this paper,
we study the evolution of optical polarization signatures in a
recent bright X-ray transient Swift J1727.8—1613.

Swift J1727.8—1613 is a low-mass X-ray binary discovered
in August 2023 (Page et al. 2023; Negoro et al. 2023). After a
brief rising hard state (RHS) phase of less than a week, the sys-
tem spent over two months in the HIMS-SIMS (see Fig. 1),
exhibiting several flaring episodes accompanied by discrete
radio ejections (Wood et al. 2025). Optical spectroscopy taken in
subsequent quiescence revealed a BH primary in a binary with
a K-type companion, and an orbital period of 10.804 + 0.001 h
(Mata Sénchez et al. 2025). Optical signatures of disk winds
were detected across the outburst (Mata Sanchez et al. 2024).
Their properties, along with the absence of detectable X-ray
dips, suggest a low-to-moderate orbital inclination, <60°, of the
system (Mata Sanchez et al. 2025). The observer inclination rel-
ative to the jet was likewise constrained to be moderate, <74°
(Wood et al. 2024).
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X-ray polarization was first measured at the beginning of
transition toward the SS and was found to be PD = 4.1 +0.2% at
PA = 222+193 (Veledina et al. 2023). The X-ray PA was found to
be consistent with those measured in the radio, sub-millimeter,
and optical bands (Vrtilek et al. 2023; Kravtsov et al. 2023a),
and was also aligned with the position angle of the jet axis
(Wood et al. 2024). The X-ray PD decreased over the HIMS—
SIMS, becoming <1% as the source entered the SS, and recov-
ered to 3.3+0.4% in the DHS (Ingram et al. 2024; Svoboda et al.
2024; Podgorny et al. 2024). The relatively high PD observed
in the hard states, for a source at low-to-moderate inclination,
and similarity of the polarization properties for the rise and
decay, despite the luminosity difference of two orders of mag-
nitude, suggest that scattering of central radiation in accretion
disk winds may play a significant role in producing the observed
polarization (Nitindala et al. 2025). The wind may also give a
substantial contribution to the optical polarization, giving the
correlated appearance of X-ray and optical polarimetric prop-
erties, along with the wind signatures in the broadband spectra.

In this work, we present the first study of the evolution of
optical polarization throughout the outburst of the binary, cover-
ing the HIMS, SIMS, SS, and DHS. The data used in the paper
are described in Sect. 2. The results of our analysis is presented
in Sect. 3 and their interpretation is discussed in Sect. 4. Finally,
we summarize our findings in Sect. 5.

2. Observations and data reduction

Optical polarimetric observations of Swift J1727.8—1613
were performed with the high-precision DIPol-2 polarime-
ter (Piirolaetal. 2014) mounted on the remotely controlled
Tohuku 60cm (T60) telescope at the Haleakala Observatory,
Hawaii. DIPol-2 is a double-image polarimeter equipped with
a rotatable super-achromatic half-wave plate as a polarization
modulator and plane-parallel calcite as a polarization two-beam
analyzer. Two dichroic sharp-pass filters split (doubled) light
beam into three passbands. This allows one to measure polar-
ization in three BVR bands simultaneously with three individ-
ual CCD cameras. With this design, orthogonally polarized sky
images overlap, and the sky polarization is completely elimi-
nated, even if it is variable. Accuracy of DIPol-2 is only photon-
limited and polarization measurement with a precision of up to
107 is routinely reached for sufficiently bright stars.

We observed Swift J1727.8—1613 for a total of 33 nights
between August 2023 and April 2024, with 80-200 individ-
ual measurements of normalized Stokes g and u parameters per
night. For each night, we computed the average Stokes parame-
ters using the 20 iterative weighting algorithm (Kosenkov et al.
2017; Piirola et al. 2020) and the resulting PD,

P = \/q* +u?, €))
and PA as

1
0= Eatan2(u, Q), )

with atan2 being the quadrant-preserving arc tangent. The
error on the PD (op) is the uncertainty on the individ-
ual Stokes parameters and the error on the PA for signifi-
cant detections was estimated as (e.g., Clarke & Stewart 1986;
Naghizadeh-Khouei & Clarke 1993)

ap
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Fig. 2. Hardness—intensity diagram of Swift J1727.8—1613. The gray
crosses are from MAXI data. The hardness is taken as the ratio of pho-
ton fluxes between 4-10 and 2-4 keV bands. The X-ray photon flux is
taken in the 2-20 keV range. The blue circles correspond to the times of
optical polarimetric observations. For some optical measurements, the
corresponding HR could not be determined, and hence are not shown in
the figure. The red triangles denote position of the source during X-ray
polarimetric observations by IXPE (Podgorny et al. 2024).

To calibrate the instrumental polarization, we observed 12
nearby unpolarized stars from the list given in Piirola et al.
(2020). The instrumental polarization was found to be on the
order of ~0.001% in all pass-bands, and hence was consid-
ered to be negligible. The zero point of the PA was deter-
mined by observing highly polarized standard stars HD 161056
and HD 204827. Observations of the field stars were carried
out to reliably determine the interstellar (IS) polarization using
both DIPol-UF mounted on the Nordic Optical Telescope, La
Palma, and DIPol-2 polarimeters. Similar to DIPol-2, instrumen-
tal polarization was calibrated for DIPol-UF as well, using six
nearby unpolarized stars listed in Piirola et al. (2020) and the
same highly polarized stars.

Optical photometric data were obtained from the AAVSO!
database in the Johnson V band, binned to 1-day intervals. The
resulting light curve is shown in Fig. 1b. Additional photometric
measurements in the BVR bands were extracted from our polari-
metric observations. Two field stars seen in the images were
used to perform differential photometry. Their magnitudes in the
respective bands were calculated using Gaia> DR3 data. While
these measurements might suffer from uncertainties due to possi-
ble variations in fluxes of the field stars and/or calibration uncer-
tainty of Gaia G magnitudes to BVR magnitudes (especially in
the B band), the V-band data points were found to be in good
agreement with the AAVSO data.

The X-ray flux was obtained using the Monitor of the All-sky
X-ray Image (MAXI; Matsuoka et al. 2009) in the 2-4, 4-10,
10-20, and 2-20 keV bands>. The light curve is shown in Fig. la
and the calculated hardness ratio (HR) is shown in Figs. 1c and
2. The HR is used to differentiate between different spectral

! https://www.aavso.org/

2 https://www.cosmos.esa.int/web/gaia

3 http://maxi.riken.jp/star_data/J1727-162/311727-162.
html
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Fig. 3. Evolution of Swift J1727.8—1613 optical polarization and BVR
magnitudes around the HIMS/SIMS state transition. The colored sym-
bols correspond to the B (blue triangles), V (green diamonds), and R
(red crosses) bands. Panel (a): AAVSO light curve (light green line) and
the observed optical PD in three filters. Panel (b): observed PA. Panel
(c): optical magnitudes calculated from DIPol-2 images as described
in the text. The vertical dashed black line corresponds to MJID 60206,
when the jet ejections were detected (Wood et al. 2025).

states of the source during its outburst phase (see Fig. 2). X-ray
polarimetric data through the different states obtained with IXPE
(Veledina et al. 2023; Ingram et al. 2024; Podgorny et al. 2024;
Svoboda et al. 2024) were also used to interpret our results.

3. Results
3.1. Observed polarization

Figure 1 shows the X-ray flux, optical magnitude, and
X-ray HR of Swift J1727.8—-1613 through the outburst.
Optical polarimetric observations (shown using vertical col-
ored lines; see Table A.1) have been grouped into dif-
ferent spectral states (HIMS, SIMS, SS, and DHS) based
on the X-ray flux and the HR, as well as earlier reports
of state transitions (Bollemeijer et al. 2023; Miller-Jones et al.
2023; Podgorny et al. 2024). Some of these observations
were contemporaneous with spectroscopic wind detections
(Mata Sénchez et al. 2024; marked by red arrows in Fig. 1b) and
with X-ray polarimetric observations (see Fig. 2).

The evolution of the observed optical polarization of the
source during its transition toward the SS is shown in Fig. 3.
We find that the PD increases after MJD 60206 (vertical dashed
line) in all bands. This coincides with the date when radio ejec-
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tions were detected (Wood et al. 2025) in the source, which
also corresponds to an X-ray flaring event (Fig. 1a). Thus, we
further split the transition into HIMS and SIMS, which con-
sist of observations before and after (including) MJD 60206.
We note that the incursion into SIMS, marked by the appear-
ance of type-B quasi-periodic oscillations, was reported at the
time of radio ejections (Mereminskiy et al. 2024). However, the
source subsequently returned to the HIMS, and the exact date of
the SIMS-HIMS transition is uncertain. Therefore, we refer to
the observing period following the ejections as the SIMS. The
observed PA also behaves differently after this date compared to
before, especially in the V and R bands. The weighted average
polarization values during the two states identified above, as well
as the entire transition, are given in Table 1. The weighted aver-
age during each state was computed by taking the weights to be
inversely proportional to the square of the error on the nightly
means that are given in Table A.1 and the corresponding error
on the averages is the standard deviation around the weighted
average. The average Stokes parameters are given in Fig. 4. The
evolution of polarization between HIMS and SIMS is apparent
in all bands.

To statistically quantify the significance of the polarization
change, we used the multivariate Hotelling’s T? test (Hotelling
1931) for two variables, ¢ and u. The details of applying
this test to optical polarimetric data have been described in
Kosenkov et al. (2017). In the B band, we obtained a > value of
21.3, giving an F statistic, f = 10.6 at a p value of p < 2 x 107*.
The total number of observations, including both sets of data,
is 918. This gives the probability that the polarization is equal
before and after MJD 60206 to be 2.7 x 107>. Similarly, in the V
and R bands, we obtained 2 = 7.7 and 28.5, f =39and 14.2,
and p = 0.0219 and <2 x 1073, resulting in probabilities that the
polarization is equal before and after MJD 60206 to be 0.0215
and 8.2 x 1077, respectively. Thus, we find a statistically signif-
icant change of polarization between HIMS and SIMS in the B
and R bands.

As the source transitioned into the SS and subsequently
into the DHS, its brightness decreased substantially, resulting in
larger statistical uncertainties in the nightly mean measurements
(see Table A.1). To improve the signal-to-noise ratio and obtain
significant detections at the >30 level, we combined data from
consecutive nights, producing two-night mean polarization mea-
surements for the SS and three-night means for the DHS. The
temporal evolution of these measurements is shown in Fig. 5,
while their average values are summarized in Table 1 and illus-
trated in Fig. 4. Due to the comparatively large uncertainties in
these states relative to those measured during the HIMS-SIMS,
no statistically significant differences in polarization between
states can be established.

Thus, we detect significant polarization variability only dur-
ing the HIMS-SIMS transition, following a flaring event. This
indicates the presence of polarization that is intrinsic to the
source. Assuming that the observed variability arises solely from
changes in the PD, while the intrinsic PA remains constant, the
direction of the shift from HIMS to SIMS on the g—u plane pro-
vides an estimate of the intrinsic PA. The PAs of the difference
are found to be APAp = —18°5 + 2°1, APAy = —27° + 8°, and
APAR = —1196 £ 196, assuming that the polarization decreased
from HIMS to SIMS. If, instead, the polarization increased, the
aforementioned PAs would be shifted by 90°.

Quantifying the change in observed PD and PA acts as an
independent method of determining the axis of polarization in
the source as this is expected to be only due to the change in
intrinsic polarization itself (since IS polarization is taken to be
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Table 1. Weighted average observed optical polarization of Swift J1727.8—1613 in the different spectral states.

B 1% R
State MID PD (%) PA (deg) PD (%) PA (deg) PD (%) PA (deg)
HIMS 60189-60205 0.917 +0.001 72.11 £0.03 0.929 +0.002 68.73+0.06 0.797 = 0.001  66.46 + 0.04
SIMS 6020660215  1.104 +0.001 72.09+0.03 1.122+0.007 682+02  1.107+0.003 69.76 + 0.07
HIMS+SIMS ~ 60189-60215 0.947 +0.001  72.11 £ 0.03 0.962 +0.002 68.63 +0.07 0.871 = 0.002 67.47 + 0.06
SS 6035160361  1.18 = 0.11 765 <27 14010  63.0+25 01005 599014
DHS 6038860391  1.05+0.07  71.1=2.0 167009  694+15 10008  70.6<20

Notes. The full list of detections is given in Table A.1.

constant). The Hotelling’s T? test performed above would yield
the same result as well, since neither statistical nor systematic
errors of the IS polarization contribute to the significance of
change in polarization. However, to constrain the intrinsic polar-
ization component more robustly, we next measured the IS polar-
ization.

3.2. Interstellar polarization

The dust along the line of sight introduces additional IS polar-
ization that must be subtracted from the observed one to recover
the intrinsic polarization of the source. We studied the IS polar-
ization by measuring the polarization of 11 field stars located
within 14’ of the source (see Fig. 6) and at a range of distances
as determined by Gaia parallaxes. The list of observed field stars
and their polarization properties is given in Table A.2 and shown
in Fig. 7.

The distance to Swift J1727.8-1613 is not well estab-
lished. Burridge et al. (2025) quote d = 5.5’:{:‘1‘ kpc, while
Mata Sanchez et al. (2025) give 3.4 + 0.3kpc. These estimates
correspond to parallaxes in the range of 7 ~0.15-0.32 mas. Thus,
we used two options for the field star selection. Our primary
choice was to select stars at higher distances with m around
0.2 mas (i.e., stars 2-5, see Fig. 6 and Table 2). The secondary
option was to use a larger set of stars also covering lower dis-
tances with 7 in a wider range (i.e., stars 2-9).

We started with the first option. To ensure that the selected
stars do not exhibit significant intrinsic polarization, we exam-
ined the wavelength dependence of their polarization (see
Fig. 8). We found that star #3 shows PD and PA values that devi-
ate noticeably from those of other stars at comparable distances,
suggesting possible intrinsic stellar polarization. Therefore, we
used the weighted average polarization of stars 2, 4, and 5
(with the weights being inversely proportional to the square of
the error on the individual star polarization measurements) to
determine the IS component of the optical polarization toward
Swift J1727.8—1613. The PD and PA for that are listed in Table 2
and shown as the shaded gray region in Fig. 7, while the normal-
ized Stokes parameters gjs; and u;s are shown as gray circles in
Fig. 4.

We see in Fig. 6 that star #3 is on the other side of the sky
compared to stars 2, 4, and 5. The difference in its polarization
could be due to its position rather than an intrinsic component.
Thus, we checked the effects of including star #3 in our IS esti-
mate (Table 2; also shown as dashed circle in Fig. 9). We see
that this increases the IS PD estimate, with the maximum change
seen in the V band.

The IS polarization estimate for the second option that
includes stars 2-9 is presented in Table 2 (also shown as a dotted
circle in Fig. 9). This IS estimate accounts for the variation in

the IS polarization from east to west on the sky plane, as well
as the dependence of the IS polarization on the distance between
the source and the observer. This way the estimated IS PD is
slightly higher in the B and R bands relative to that for stars 2-5
but lower in the V band.

Figure 9 shows on the g—u plane the three IS polarization
estimates given in Table 2 as solid, dashed, and dotted circles
of a 3¢ error radius, respectively. In all the bands, the IS esti-
mate slightly shifts toward a higher u value for the latter two esti-
mates (largest increase seen in the V band), while the ¢ parame-
ter remains consistent.

3.3. Intrinsic polarization

The intrinsic polarization (subscript “int”) was calculated by
subtracting the averaged Stokes parameters of the IS component
from the observed Stokes parameters (subscript “obs”) of the
source:

qint = qobs — Jis» Uing = Uobs — Uis. 4
We first used the average of stars 2, 4, and 5 as our IS polariza-
tion estimate. The evolution of intrinsic PD and PA with time is
shown in Fig. 10 for the whole transition. The intrinsic polariza-
tion values presented here only contain the statistical errors from
the observed polarization measurements. To account for the shift
in these values due to the error on IS polarization, we show them
as gray error bars on the Stokes parameters in Fig. 10 (¢ and
u panels). The resulting weighted average values (also account-
ing for IS polarization estimate errors) are given in Table 3 for
HIMS, SIMS, SS, and DHS (values for nightly averages are
given in Table A.3). The intrinsic PA are similar to the PA val-
ues of the variable component (i.e., APA) estimated in Sect. 3.1
within errors, supporting our choice of the IS polarization.
During HIMS, we find small but statistically significant
polarization with PDy,; = 0.3%. The PD in the B band is con-
sistently lower than in the other two bands and becomes sup-
pressed during the time associated with the X-ray flare and radio
ejections, at the transition to the SIMS. The change in polariza-
tion during the flare is also clearly seen in the R band, where the
Stokes g parameter abruptly drops. In the first week of obser-
vations following the flare, the B and R-band PD are consis-
tent with zero but begin to recover toward the pre-flare values
in the last two observations, leading to the average post-flare
PDjy ~ 0.1%. Interestingly, no apparent change in V band is
observed (as is also shown by the Hotelling test in Sect. 3.1),
and the PD;,; remains at the level ~0.3% throughout the HIMS.
During HIMS, the PAs in all bands are systematically oft-
set from the X-ray PA =292 + 193 (Veledina et al. 2023), sub-
millimeter PA =—-3%4 + 195 (Vrtilek et al. 2023), and the radio
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Fig. 6. Observed polarization of Swift J1727.8—1613 (red star) and the
field stars (black circles) on the sky in the R band. The length of the bar
corresponds to the PD and is denoted by dashed black lines for the field
stars. For Swift J1727.8—1613, the solid red line and the dotted blue
line correspond to the PD during SIMS and HIMS, respectively. The
directions of the bars denote the PA. The background image is taken
from the Aladin sky atlas (https://aladin.cds.unistra. fr/).

PA =2° + 2° (Ingram et al. 2024), as well as from the jet posi-
tion angle of —0°60 + 0207 (Wood et al. 2024), as can be seen in
the bottom panels of Fig. 10. The PA of the difference of Stokes
parameters, APA ~ —15°, indicates a misalignment with respect
to the X-ray, submillimeter, and radio PAs, as well as from the
resolved jet direction.

In the SS, the V and R band PDs are comparable with

the HIMS, but the PAs are somewhat different (see Table 3).
The DHS observations are consistent with the IS values for the
obtained error bars, with upper limits on PD <0.25% in the B
and R bands. The V-band PD is much higher than it was during
the other states, with the PA showing almost a 90° difference.
Table 3 also provides the computed intrinsic polarization
values for the second option (stars 2-9) of the IS polarization
estimate (see also Fig. 9). The polarization values are similar
to those obtained with the first IS polarization estimate. In all
cases, we find a similar effect of depolarization during the SIMS.
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Table 2. Average polarization of the field stars.

B 1% R

Star PD (%) PA (deg) PD (%) PA (deg) PD (%) PA (deg)
Average 2,4, 5 1.116 = 0.001 74.19 = 0.02 1.183 = 0.001 70.25 + 0.02 1.197 = 0.001 70.56 + 0.02
Average 2-5 1.119 + 0.001 74.05 + 0.02 1.231 + 0.001 68.97 + 0.02 1.212 + 0.001 70.10 + 0.02
Average 2-9 1.122 + 0.001 74.02 + 0.02 1.226 + 0.001 69.05 + 0.02 1.219 + 0.001 70.23 + 0.02

Notes. The full list of field star polarization is given in Table A.2.

Furthermore, we find that in all alternative cases of IS polariza-
tion choices, the intrinsic PAs during HIMS differ significantly
from the jet direction. Thus, we conclude that the choice of the
IS polarization estimate does not qualitatively affect our conclu-
sions about the average intrinsic polarization and its evolution
across the states.

4. Discussion
4.1. Origin of optical polarization

The nature of optical emission during the hard state is
being actively investigated using spectral and timing tools
(Poutanen & Veledina 2014; Uttley & Casella 2014). Several
emission components are considered to be contributing to these
wavelengths: thermal emission of the optically thick accretion
disk, which can be enhanced due to X-ray irradiation effects,
nonthermal synchrotron emission from the accretion flow or
from the jet, and the contribution coming from scattering and
reprocessing within the slow outflow — the wind (Veledina et al.
2013b; Malzac 2014; Muioz-Darias et al. 2016). The relative
role of different components is believed to evolve over the course
of the outburst. Particularly during transitions to (from) the SS,
the role of the nonthermal emission is thought to be decreas-
ing (enhancing), as has been probed by the evolution of OIR

colors, as well as the decrease in the flux levels (e.g., Jain et al.
2001; Poutanen et al. 2014; Kosenkov et al. 2020b). The afore-
mentioned components are expected to be polarized at different
levels (e.g., discussion in Veledina et al. 2019); hence, we expect
to see the evolution of the optical PD together with variation in
the respective fluxes, most prominent in the red part of the spec-
trum.

Our observations were performed within the state transition
phase, and the optical fluxes followed the expected pattern of a
general decrease by ~0.5 mag in all bands (see Fig. 3c). How-
ever, the overall behavior of the BVR polarization during HIMS
suggests a constant level of PD in all bands, which is most obvi-
ous in R (Fig. 10). This indicates that either (i) only one compo-
nent was giving a dominant contribution to BVR fluxes over the
transition and preserved its PD despite a changing flux, or (ii)
polarization is produced by scattering of one or several optical
components (disk, hot flow, jet) in the wind, whose properties
remained unchanged across the HIMS.

The jet contribution to the optical flux and polarization can
be estimated using the detection of polarization in the submil-
limeter band (Vrtilek et al. 2023), with PD =2.1+0.2% and 1.9+
0.2% in the direction of the jet (PA = —-3°4+1°5 and —4°1 £3°5),
on MJD 60190 and 60191, respectively. If the jet is the dominant
source of optical polarization, then our measurement of PDg =
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Fig. 8. Wavelength dependence of PD (panel a) and PA (panel b) of
selected field stars. Star 3 has a noticeably higher PD and different PA,
compared to other field stars, which may result from the presence of
intrinsic stellar polarization.

0.27 £ 0.05% on MJD 60190.28 (Table A.3) translates to about
11-16% contribution of the jet flux in the R band*. This fraction
is maximal, as it assumes the emission at optical wavelengths
is polarized at the same level as in the submillimeter range; the
contribution is expected to be smaller if the jet emission at opti-
cal wavelengths is polarized at a higher level (as is predicted for
the transition from the optically thick to the optically thin syn-
chrotron emission), as compared to the submillimeter. We find
this contribution to be too low to attribute the polarization solely
to this component: the disk or hot flow emission, whose fraction
is 84-89%, can produce the observed optical polarization even
if they are intrinsically polarized at a sub-percent level (<0.3%),
which can be easily produced. Hence, in order not to overpro-
duce the intrinsic optical polarization in HIMS, the other compo-
nents should have polarization <«0.1%, which may be difficult to
organize. Thus, we consider that the scenario with dominant jet
contribution to the observed optical polarization is not a viable
option.

Another possibility is the presence of two (or more) polar-
ized components whose polarizations partially cancel each other
out. This case may arise, for example, from the jet synchrotron
emission produced in the predominantly toroidal field (i.e., with
the PA along the jet axis, as is observed) and the disk emission
polarized according to the pure electron-scattering atmosphere
law (Chandrasekhar 1960; Sobolev 1963) with the PA orthog-
onal to the jet axis. The joint contribution of the two compo-
nents then results in partial depolarization. The resulting PD is
expected to be sensitive to the relative fraction of these compo-
nents in the total spectrum and to vary with time if one of the
components changes flux. However, the observed drop in opti-
cal flux by ~0.5 mag was not accompanied by any detectable
changes of intrinsic polarization in the HIMS. Furthermore, the

4 Assuming that only the jet contributes to the R-band polarization,
the R-band polarization equals the jet polarization multiplied by the
jet’s flux fraction. Using the measured values, the equation becomes
0.27% = jet flux fraction X 2%. Solving this gives a jet-to-total flux ratio
of 13.5%. Accounting for the 1o errors on the measurements, we obtain
the range of 11-16% flux from the jet in the R band.
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abrupt drop of PD at discrete ejections down to zero requires
fine-tuning of the relative contribution of components, which is
difficult to organize, especially on a timescale of several days.
We conclude that the option of two orthogonally polarized com-
ponents is also not viable.

Next, we consider the optically thick disk as the domi-
nant source of optical polarization, as well as optical emis-
sion (285%, according to the estimate above). For the pure
electron scattering atmosphere model (Chandrasekhar 1960),
the observed polarization translates to the disk inclination of
~25°, in line with the low-to-moderate inclination inferred from
other methods (Mata Sanchez et al. 2025; Wood et al. 2024).
However, the requirement of the dominance of this component
throughout the HIMS faces problems with the observed evolu-
tion of the spectral energy distribution and the detection of sub-
second quasi-periodic oscillations in OIR light (Vincentelli et al.
2025), which cannot be produced at the distances relevant to the
scales of OIR emission in optically thick accretion disks. This
scenario also faces problems with the drop of intrinsic polariza-
tion at the time of ejections, as it is not clear what could cause
the substantial depolarization.

The synchrotron emission of the hot flow can dominate the
optical emission and also produce quasi-periodic oscillations
(Veledina et al. 2013a). The decline of the OIR emission dur-
ing the hard to soft state transition was previously linked to the
contraction of the hot flow and its replacement with the opti-
cally thick disk (Poutanen et al. 2014; Kosenkov et al. 2020b);
hence, the constant PD level during HIMS could be associated
with the persistent dominance of the hot flow component in the
optical spectra. The abrupt drop of polarization at the transition
to SIMS may then be associated with the collapse of the flow,
an emergence of another unpolarized component, or sudden dis-
ordering of the magnetic field within the flow. The prevailing
direction and level of ordering of the magnetic field within the
flow are uncertain; in order to produce the PA aligned with the jet
axis during HIMS, the toroidal field should dominate. However,
the systematic difference between the intrinsic PA in the HIMS
from the X-ray and submillimeter PA poses a severe problem for
this scenario.

Finally, we considered the possibility that the optical polar-
ization is produced by scattering of a fraction of emission com-
ing from the inner regions (hot flow or jet) in the optically thin
outflow — the wind. Scattering in a wind was recently proposed
to explain the high levels of X-ray polarization observed in X-
ray binaries (Nitindala et al. 2025). However, it can also be the
source of polarization in the optical bands, where light from the
hot flow or the base of the jet is scattered. The PD of the radi-
ation scattered in the wind generally depends on the inclination
of the source, but also on the opacity of the scattering material,
the characteristic wind opening angle, and the angular distribu-
tion of the incident emission, although the dependence on wind
parameters is rather weak for low inclinations. Figure 1 shows
that the spectroscopic detections of the disk winds were simulta-
neous with our measurements of optical polarization, indicating
that the winds were indeed present during the HIMS. Although
no spectroscopic observations were obtained near the time of the
radio ejections, winds were detected both several days afterward
and during the subsequent transition into the SIMS. Whether the
wind properties changed around the time of the radio ejections,
potentially contributing to the observed reduction in polariza-
tion, remains to be determined.

The wind scattering scenario may offer a viable explanation
for the mismatch of the optical PA from the X-ray PA and the jet
axis. The winds are launched at high distances from the central
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Table 3. Average intrinsic optical polarization of Swift J1727.8—1613 in different spectral states considering two estimates for IS polarization:
using field stars 2, 4, and 5, and using field stars 2-9.

B |% R
State MIJD PD (%) PA (deg) PD (%) PA (deg) PD (%) PA (deg)
Average 2,4, 5
HIMS 60189-60205 0.211 £0.001 -6.6+0.2 0.260+0.002 -143+0.2 0424+0.002 -11.7+0.1
SIMS 60206-60215  0.082 +0.002 239+0.6 0.103 = 0.007 62+20 0.096 =£0.003 -10.0+0.9
HIMS+SIMS  60189-60215  0.185 + 0.001 -49+02 0229+0.002 -128+03 0.345+0.002 -11.6+0.2
SS 60351-60361 <0.33 0.29 = 0.10 18 +10 0.45 = 0.05 7.8 +3.1
DHS 60388-60391 0.13 = 0.07 13+ 16 0.48 = 0.09 675 0.09 = 0.08 -20+23
Average 2-9
HIMS 60189-60205 0.215+0.001 -7.7+0.2 0.297+0.002 -20.0+02 0441=+0.002 -129+0.1
SIMS 60206-60215 0.077 £0.002 214 +0.6 0.109+0.007 -12.0+19 0.113+0.003 -15.1+0.7
HIMS+SIMS  60189-60215  0.188 £ 0.001 -62+0.2 0.264+0.002 -194+0.3 0.362+0.002 -13.1+0.2
SS 60351-60361 0.12 +0.11 =75 +27 0.26 = 0.10 12+11 0.45 = 0.05 62+3.1
DHS 60388-60391 0.13 = 0.07 12+ 16 0.44 + 0.09 70+ 6 0.12 + 0.08 -23+19

Notes. The PA is given only for measurements where the PD has a significance >10". We note that the PA for low-significance detections does not
follow a normal distribution (Vinokur 1965; Clarke & Stewart 1986; Naghizadeh-Khouei & Clarke 1993) and the error on the PA is just a formal
error from Eq. (3). The quoted upper limits on the PD are at the 3¢ level.

source, and hence may inherit the axis of symmetry of the outer
parts of the disk, which may align with the orbital axis. The
X-ray and submillimeter polarization were instead found to be
aligned with the jet axis, which is also thought to coincide with
the axis of the BH spin. The mismatch between the optical and
X-ray PAs can then be interpreted as the signature of misalign-
ment between the BH and orbital axes in Swift J1727.8—1613,
similar to MAXI J1820+070 (Poutanen et al. 2022).

4.2. Comparison to other BH X-ray binaries

The evolution of the optical polarimetric signatures of
Swift J1727.8—1613 is in many ways similar to those detected
in the outburst of MAXI J1820+070 (Veledina et al. 2019;
Kosenkov et al. 2020a; Poutanen et al. 2022). Optical polariza-
tion of Swift J1727.8—1613 during HIMS (PD~ 0.3%) is
at the same sub-percent level as that detected in the rising
phase of MAXIT J1820+070 (PD ~ 0.8%). The PD was found
to increase with the progression of the outburst in MAXI
J1820+070; however, we did not see any significant PD changes
in Swift J1727.8—1613 during HIMS, and instead detected a

drop in polarization after the ejections. This might be related
to the difference of inclinations (~75° for MAXI J1820+070),
or be partially caused by the somewhat different coverage of the
hardness-intensity diagram.

The optical PA is well aligned with the jet direction in MAXI
J1820+070, and can be related to the dominant role of syn-
chrotron emission and polarization either from the hot flow or
from the jet, as the average PA of both components is expected
to be aligned with the jet axis. For Swift J1727.8—1613, the
systematic difference with respect to the X-ray PA might be
caused by the different dominant optical polarization mecha-
nism; namely, by the scattering in the wind, as was discussed
above, which traces the (misaligned) orbital axis. The pres-
ence of a misalignment is also expected owing to the detection
of quasi-periodic oscillations in the system (Vincentelli et al.
2025), which are thought to be related to the Lense-Thirring pre-
cession of the hot flow (Fragile et al. 2007; Ingram et al. 2009).
Misalignment can be expected for systems where the newly born
BH was produced in an asymmetric supernova explosion, which
is also thought to lead to a substantial natal kick. The natal kick
velocity in Swift J1727.8—1613 was found to be 220*30 km s~
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Fig. 10. Intrinsic (a—) ¢, (d—f) u, (g-i) PD, and (j-1) PA of Swift J1727.8—1613 in B (blue triangles; left panels), V (green diamonds; middle
panels), and R (red crosses; right panels) bands in the HIMS and SIMS (errors are 107) assuming the IS polarization estimate using stars 2, 4, 5.
The vertical dashed gray line corresponds to MJD 60206, when the ejections were detected. The gray regions in the top two rows denote the error
on IS polarization at the 30~ level. The horizontal maroon dashed line in the bottom row corresponds to the jet position angle. The shaded cyan

area in the bottom row corresponds to the detected X-ray PA.

(Mata Sénchez et al. 2025), which is higher than the one inferred
for MAXI J1820+070 and among the highest in all BH X-ray
binaries (Atri et al. 2019). Dedicated polarimetric observations
during (near-)quiescence are needed in order to verify the mis-
alignment in the system and to have a more precise measurement
of the difference in position angles of the orbital and jet axes.

5. Summary

We present the first optical polarization measurements of
Swift J1727.8—1613 throughout its 2023-2024 outburst. The
observed polarization of ~1% is detected in the BVR bands
for all nights during HIMS and SIMS, with confidence lev-
els exceeding 70 Lower fluxes during SS and DHS cause a
reduction in the signal-to-noise level, leading to a decrease in
significance. For the first time in a BH X-ray binary, we detect a
significant change in optical polarization coincident with the dis-
crete radio ejections, which are associated with the HIMS-SIMS
transition.

To accurately account for the IS polarization, we analyzed
nearby field stars. We identified stars at similar distances to the
source at a small angular separation and subtracted their average
normalized Stokes parameters from the observed values. After
this correction, we find that the intrinsic PD remained stable at
PD ~0.3% throughout the HIMS, but dropped abruptly at the
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transition to SIMS, becoming consistent with zero within the
uncertainties for about a week after the transition.

During the HIMS, the source flux has declined by approxi-
mately 0.5 mag; hence, the observed stability of PD in this state
imposes strong constraints on the plausible polarization mecha-
nisms. We considered polarized emission from the jet, hot accre-
tion flow, and optically thick disk, but found that none of these
can fully explain the observed behavior. Our preferred interpreta-
tion is that the optical polarization during the HIMS arises from
scattering in an optically thin disk wind.

The intrinsic PA is systematically offset from the X-ray, sub-
millimeter, and radio PAs by about —15°, matching the PA of
the variable component, APA, observed across the HIMS-SIMS
transition. We interpret this offset as evidence of a misalignment
between the BH spin and orbital axis, which could be tested by
targeted polarimetric observations of Swift J1727.8—1613 near
quiescence.

Acknowledgements. This research has been supported by the Magnus Ehrn-
rooth Foundation (APN) and the Academy of Finland grant 355672 (AV).
Nordita is supported in part by NordForsk. The DIPOL-2 was built in coop-
eration by the University of Turku, Finland, and the Kiepenheuer Institut fuer
Sonnenphysik, Germany, with support from the Leibniz Association grant SAW-
2011-KIS-7. We are grateful to the Institute for Astronomy, University of Hawaii
for the observing time allocated for us on the T60 telescope. The data collected
using DIPol-UF were based on observations made with the Nordic Optical Tele-
scope, owned in collaboration by the University of Turku and Aarhus University,



Nitindala, A. P, et al.: A&A, 709, A184 (2026)

and operated jointly by Aarhus University, the University of Turku and the Uni-
versity of Oslo, representing Denmark, Finland and Norway, the University of
Iceland and Stockholm University at the Observatorio del Roque de los Mucha-
chos, La Palma, Spain, of the Instituto de Astrofisica de Canarias. The NOT
data were obtained under program ID P71-015. We acknowledge with thanks the
variable star observations from the AAVSO International Database contributed
by observers worldwide and used in this research. This work has made use of
data from the European Space Agency (ESA) mission Gaia (https://www.
cosmos.esa.int/gaia), processed by the Gaia Data Processing and Anal-
ysis Consortium (DPAC, https://www.cosmos.esa.int/web/gaia/dpac/
consortium). Funding for the DPAC has been provided by national institutions,
in particular the institutions participating in the Gaia Multilateral Agreement.
This research has made use of “Aladin sky atlas” developed at CDS, Strasbourg
Observatory, France (Baumann et al. 2022).

References

Atri, P., Miller-Jones, J. C. A., Bahramian, A., et al. 2019, MNRAS, 489, 3116

Baumann, M., Boch, T., Pineau, F.-X_, et al. 2022, ASP Conf. Ser., 532, 7

Bollemeijer, N., Uttley, P., Buisson, D., et al. 2023, ATel, 16247, 1

Boyd, P. T., Smale, A. P, & Dolan, J. F. 2001, ApJ, 555, 822

Burridge, B. J., Miller-Jones, J. C. A., Bahramian, A., et al. 2025, ApJ, 994, 243

Castro Segura, N., Knigge, C., Long, K. S., et al. 2022, Nature, 603, 52

Chandrasekhar, S. 1960, Radiative Transfer (New York: Dover)

Clarke, D., & Stewart, B. G. 1986, Vistas Astron., 29, 27

Connors, P. A., Piran, T., & Stark, R. F. 1980, ApJ, 235, 224

Dubus, G., Kern, B. D., Chaty, S., & Foellmi, C. 2008, Proc. Sci., 62, 115

Esin, A. A., McClintock, J. E., & Narayan, R. 1997, ApJ, 489, 865

Ewing, M., Parra, M., Mastroserio, G., et al. 2025, MNRAS, 541, 1774

Fragile, P. C., Blaes, O. M., Anninos, P., & Salmonson, J. D. 2007, ApJ, 668,
417

Ginzburg, V. L., & Syrovatskii, S. I. 1965, ARA&A, 3, 297

Homan, J., & Belloni, T. 2005, Ap&SS, 300, 107

Hotelling, H. 1931, Ann. Math. Statist., 2, 360

Ingram, A., Done, C., & Fragile, P. C. 2009, MNRAS, 397, L101

Ingram, A., Bollemeijer, N., Veledina, A., et al. 2024, ApJ, 968, 76

Jain, R. K., Bailyn, C. D., Orosz, J. A., McClintock, J. E., & Remillard, R. A.
2001, ApJ, 554, L181

Kosenkov, I. A., Berdyugin, A. V., Piirola, V., et al. 2017, MNRAS, 468, 4362

Kosenkov, I. A., Veledina, A., Berdyugin, A. V., et al. 2020a, MNRAS, 496, L96

Kosenkov, 1. A., Veledina, A., Suleimanov, V. F., & Poutanen, J. 2020b, A&A,
638, A127

Kravtsov, V., Berdyugin, A., Veledina, A., et al. 2019, ATel, 13291, 1

Kravtsov, V., Berdyugin, A. V., Kosenkov, I. A., et al. 2022, MNRAS, 514, 2479

Kravtsov, V., Nitindala, A. P., Veledina, A., et al. 2023a, ATel, 16245, 1

Kravtsov, V., Veledina, A., Berdyugin, A. V., et al. 2023b, A&A, 678, A58

Kravtsov, V., Veledina, A., Berdyugin, A. V., et al. 2025, A&A, 703, A14

Krawczynski, H., Muleri, F., Dovéiak, M., et al. 2022, Science, 378, 650

Malzac, J. 2014, MNRAS, 443, 299

Mastroserio, G., De Marco, B., Baglio, M. C., et al. 2025, ApJ, 978, L19

Mata Sanchez, D., Munoz-Darias, T., Casares, J., et al. 2018, MNRAS, 481,
2646

Mata Sanchez, D., Muifioz-Darias, T., Armas Padilla, M., Casares, J., & Torres,
M. A. P. 2024, A&A, 682, L1

Mata Sanchez, D., Torres, M. A. P., Casares, J., et al. 2025, A&A, 693, A129

Matsuoka, M., Kawasaki, K., Ueno, S., et al. 2009, PASJ, 61, 999

Mereminskiy, I., Lutovinov, A., Molkov, S., et al. 2024, MNRAS, 531, 4893

Miller-Jones, J. C. A., Bahramian, A., Altamirano, D., et al. 2023, ATel, 16271,
1

Muiioz-Darias, T., Casares, J., Mata Sanchez, D., et al. 2016, Nature, 534, 75

Naghizadeh-Khouei, J., & Clarke, D. 1993, A&A, 274, 968

Negoro, H., Serino, M., Nakajima, M., et al. 2023, ATel, 16205, 1

Nitindala, A. P., Veledina, A., & Poutanen, J. 2025, A&A, 694, A230

Novikov, I. D., & Thorne, K. S. 1973, in Black Holes (Les Astres Occlus), eds.
B. Witt, & C. Witt (New York: Gordon & Breach), 343

Page, D. N., & Thorne, K. S. 1974, ApJ, 191, 499

Page, K. L., Dichiara, S., Gropp, J. D., et al. 2023, GRB Coordinates Network,
34537, 1

Piirola, V., Berdyugin, A., & Berdyugina, S. 2014, Proc. SPIE, 9147, 914781

Piirola, V., Berdyugin, A., Frisch, P. C., et al. 2020, A&A, 635, A46

Podgorny, J., Svoboda, J., & Dovciak, M. 2024, ATel, 16541, 1

Podgorny, J., Svoboda, J., Dov¢iak, M., et al. 2024, A&A, 686, L12

Poutanen, J., & Svensson, R. 1996, ApJ, 470, 249

Poutanen, J., & Veledina, A. 2014, Space Sci. Rev., 183, 61

Poutanen, J., Krolik, J. H., & Ryde, F. 1997, MNRAS, 292, .21

Poutanen, J., Veledina, A., & Revnivtsev, M. G. 2014, MNRAS, 445, 3987

Poutanen, J., Veledina, A., Berdyugin, A. V., et al. 2022, Science, 375, 874

Poutanen, J., Veledina, A., & Beloborodov, A. M. 2023, ApJ, 949, L10

Rees, M. J. 1975, MNRAS, 171, 457

Rout, S. K., Baglio, M. C., Hughes, A. K., et al. 2025, ApJ, 988, 153

Séanchez-Sierras, J., & Muifioz-Darias, T. 2020, A&A, 640, L3

Schultz, J., Hakala, P., & Huovelin, J. 2004, Balt. Astron., 13, 581

Shakura, N. I., & Sunyaev, R. A. 1973, A&A, 24, 337

Sobolev, V. V. 1963, A treatise on radiative transfer (Princeton: Van Nostrand)

Stark, R. F., & Connors, P. A. 1977, Nature, 266, 429

Sunyaev, R. A., & Titarchuk, L. G. 1980, A&A, 86, 121

Sunyaev, R. A., & Titarchuk, L. G. 1985, A&A, 143, 374

Svoboda, J., Dov¢iak, M., Steiner, J. E., et al. 2024, ApJ, 966, L.35

Tanaka, Y. T., Itoh, R., Uemura, M., et al. 2016, ApJ, 823, 35

Torres, M. A. P., Casares, J., Jiménez-Ibarra, F., et al. 2020, ApJ, 893, L37

Uttley, P., & Casella, P. 2014, Space Sci. Rev., 183, 453

Veledina, A., Poutanen, J., & Ingram, A. 2013a, ApJ, 778, 165

Veledina, A., Poutanen, J., & Vurm, 1. 2013b, MNRAS, 430, 3196

Veledina, A., Berdyugin, A. V., Kosenkov, I. A., et al. 2019, A&A, 623, A75

Veledina, A., Muleri, F.,, Dov¢iak, M., et al. 2023, ApJ, 958, L16

Vincentelli, F. M., Shahbaz, T., Casella, P, et al. 2025, MNRAS, 539, 2347

Vinokur, M. 1965, Ann. d’Astrophys., 28, 412

Vrtilek, S. D., Gurwell, M., McCollough, M., & Rao, R. 2023, ATel, 16230, 1

Wood, C. M., Miller-Jones, J. C. A., Homan, J., et al. 2021, MNRAS, 505, 3393

Wood, C. M., Miller-Jones, J. C. A., Bahramian, A., et al. 2024, ApJ, 971, L9

Wood, C. M., Miller-Jones, J. C. A., Bahramian, A., et al. 2025, ApJ, 984, L53

A184, page 11 of 13


https://www.cosmos.esa.int/gaia
https://www.cosmos.esa.int/gaia
https://www.cosmos.esa.int/web/gaia/dpac/consortium
https://www.cosmos.esa.int/web/gaia/dpac/consortium
http://linker.aanda.org/10.1051/0004-6361/202558488/1
http://linker.aanda.org/10.1051/0004-6361/202558488/2
http://linker.aanda.org/10.1051/0004-6361/202558488/3
http://linker.aanda.org/10.1051/0004-6361/202558488/4
http://linker.aanda.org/10.1051/0004-6361/202558488/5
http://linker.aanda.org/10.1051/0004-6361/202558488/6
http://linker.aanda.org/10.1051/0004-6361/202558488/7
http://linker.aanda.org/10.1051/0004-6361/202558488/8
http://linker.aanda.org/10.1051/0004-6361/202558488/9
http://linker.aanda.org/10.1051/0004-6361/202558488/10
http://linker.aanda.org/10.1051/0004-6361/202558488/11
http://linker.aanda.org/10.1051/0004-6361/202558488/12
http://linker.aanda.org/10.1051/0004-6361/202558488/13
http://linker.aanda.org/10.1051/0004-6361/202558488/13
http://linker.aanda.org/10.1051/0004-6361/202558488/14
http://linker.aanda.org/10.1051/0004-6361/202558488/15
http://linker.aanda.org/10.1051/0004-6361/202558488/16
http://linker.aanda.org/10.1051/0004-6361/202558488/17
http://linker.aanda.org/10.1051/0004-6361/202558488/18
http://linker.aanda.org/10.1051/0004-6361/202558488/19
http://linker.aanda.org/10.1051/0004-6361/202558488/20
http://linker.aanda.org/10.1051/0004-6361/202558488/21
http://linker.aanda.org/10.1051/0004-6361/202558488/22
http://linker.aanda.org/10.1051/0004-6361/202558488/22
http://linker.aanda.org/10.1051/0004-6361/202558488/23
http://linker.aanda.org/10.1051/0004-6361/202558488/24
http://linker.aanda.org/10.1051/0004-6361/202558488/25
http://linker.aanda.org/10.1051/0004-6361/202558488/26
http://linker.aanda.org/10.1051/0004-6361/202558488/27
http://linker.aanda.org/10.1051/0004-6361/202558488/28
http://linker.aanda.org/10.1051/0004-6361/202558488/29
http://linker.aanda.org/10.1051/0004-6361/202558488/30
http://linker.aanda.org/10.1051/0004-6361/202558488/31
http://linker.aanda.org/10.1051/0004-6361/202558488/31
http://linker.aanda.org/10.1051/0004-6361/202558488/32
http://linker.aanda.org/10.1051/0004-6361/202558488/33
http://linker.aanda.org/10.1051/0004-6361/202558488/34
http://linker.aanda.org/10.1051/0004-6361/202558488/35
http://linker.aanda.org/10.1051/0004-6361/202558488/36
http://linker.aanda.org/10.1051/0004-6361/202558488/36
http://linker.aanda.org/10.1051/0004-6361/202558488/37
http://linker.aanda.org/10.1051/0004-6361/202558488/38
http://linker.aanda.org/10.1051/0004-6361/202558488/39
http://linker.aanda.org/10.1051/0004-6361/202558488/40
http://linker.aanda.org/10.1051/0004-6361/202558488/41
http://linker.aanda.org/10.1051/0004-6361/202558488/42
http://linker.aanda.org/10.1051/0004-6361/202558488/43
http://linker.aanda.org/10.1051/0004-6361/202558488/43
http://linker.aanda.org/10.1051/0004-6361/202558488/44
http://linker.aanda.org/10.1051/0004-6361/202558488/45
http://linker.aanda.org/10.1051/0004-6361/202558488/46
http://linker.aanda.org/10.1051/0004-6361/202558488/47
http://linker.aanda.org/10.1051/0004-6361/202558488/48
http://linker.aanda.org/10.1051/0004-6361/202558488/49
http://linker.aanda.org/10.1051/0004-6361/202558488/50
http://linker.aanda.org/10.1051/0004-6361/202558488/51
http://linker.aanda.org/10.1051/0004-6361/202558488/52
http://linker.aanda.org/10.1051/0004-6361/202558488/53
http://linker.aanda.org/10.1051/0004-6361/202558488/54
http://linker.aanda.org/10.1051/0004-6361/202558488/55
http://linker.aanda.org/10.1051/0004-6361/202558488/56
http://linker.aanda.org/10.1051/0004-6361/202558488/57
http://linker.aanda.org/10.1051/0004-6361/202558488/58
http://linker.aanda.org/10.1051/0004-6361/202558488/59
http://linker.aanda.org/10.1051/0004-6361/202558488/60
http://linker.aanda.org/10.1051/0004-6361/202558488/61
http://linker.aanda.org/10.1051/0004-6361/202558488/62
http://linker.aanda.org/10.1051/0004-6361/202558488/63
http://linker.aanda.org/10.1051/0004-6361/202558488/64
http://linker.aanda.org/10.1051/0004-6361/202558488/65
http://linker.aanda.org/10.1051/0004-6361/202558488/66
http://linker.aanda.org/10.1051/0004-6361/202558488/67
http://linker.aanda.org/10.1051/0004-6361/202558488/68
http://linker.aanda.org/10.1051/0004-6361/202558488/69
http://linker.aanda.org/10.1051/0004-6361/202558488/70
http://linker.aanda.org/10.1051/0004-6361/202558488/71
http://linker.aanda.org/10.1051/0004-6361/202558488/72
http://linker.aanda.org/10.1051/0004-6361/202558488/73
http://linker.aanda.org/10.1051/0004-6361/202558488/74
http://linker.aanda.org/10.1051/0004-6361/202558488/75
http://linker.aanda.org/10.1051/0004-6361/202558488/76

Nitindala, A. P, et al.: A&A, 709, A184 (2026)

Appendix A: Optical polarization data

Table A.1. Observed optical polarization of Swift J1727.8—1613 in the different spectral states.

B \% R
MIJID PD (%) PA (deg) PD (%) PA (deg) PD (%) PA (deg)
HIMS
60189.27609 1.11 £0.05 745%x14 099+0.10 65929 091+0.05 667+1.7
60190.28030 0.95+0.04 70013 1.05+0.07 699+18 1.00+005 660=+1.5
60192.27699 094 +£0.05 749+1.6 093+0.12 71.8+3.6 0.72+0.08 662+34
60194.29840 093 +0.05 724 +17 078+0.08 724+29 088+006 667+2.0
60195.28800 098 +0.05 713+14 090+0.08 688+25 0.72+0.07 61.8+28
60196.29440 096 +0.04 72112 101006 699+18 0.69+0.06 720+2.7
60197.28450 0.86+0.04 69812 099+0.07 67520 0.86+0.06 634+2.1
60198.29669 090+0.04 744+13 088+0.06 652+2.1 067005 684+22
60199.28100 0.79+0.05 699+1.9 068+0.07 749+28 082+0.06 644+22
60200.27389 095006 74117 093+0.08 69.7+23 0.73+0.07 69.0=+2.8
60201.29749 0.90+0.08 71.5+24 1.10+£0.07 703+19 0.81+0.06 64.8+2.0
60202.29339 0.77+£0.03 724 +1.1 088=x0.07 66.1+24 0.74+0.06 699=+23
60203.28620 0.96+0.03 700+1.0 087+0.06 680+19 0.77+0.06 675+22
60204.28629 1.02+0.05 70913 089008 658+26 077006 649+24
60205.28880 1.02+0.05 768+1.3 1.18+0.08 67.0+20 0.79+0.05 659=+1.9
SIMS
60206.29199 1.13+0.06 715+15 1.08+0.10 759+26 1.13+007 721+1.8
60207.31030 1.11 006 73.0x14 1.04+0.10 648+27 1.18+0.06 69.0=x1.5
60208.31730 1.10+0.12 753 +32 150+021 579+39 130+0.16 752+34
60211.28109 1.00+0.07 729+2.1 1.11+0.11 628+29 1.08+0.08 689+22
60212.27909 1.14+0.08 724 +21 094+0.11 668+34 1.14+0.08 68.9+2.0
60213.29499 1.18+0.07 715%x1.6 126+0.11 698+26 1.19+0.07 71.6=x1.6
60214.27279 1.05+008 699+22 134+0.14 68.6+3.0 1.06+0.08 644+2.0
60215.27840 1.06 +0.10 714 +2.7 125+0.13 71.8+3.0 0.87+0.08 71.8+2.8
SS
60351.65640 2.65 + 0.57 71+ 6 1.79 + 0.89 38 +13 1.40 +0.52 92 +10
60352.63549 1.00 +£0.41 74 + 11 1.05 £ 0.56 11 +70 0.95 +0.36 65+ 10
60355.63249 1.09 = 0.35 96 +9 1.14 +£ 0.48 39+ 12 1.03 £ 0.21 48+ 6
60359.62550 1.31 £0.51 66 =11 1.59 +£ 0.56 84 + 10 0.48 +0.37 75+ 19
60360.62740 1.26 +0.59 62+ 13 1.21 £0.28 66 +7 1.21 + 0.28 66 + 7
60361.60220 <4.0 251 +1.13 53+12 1.69 = 0.35 57+6
DHS
60388.59800 1.48 +0.32 676 1.91 £0.32 T4 +5 1.59 + 0.36 70+ 6
60390.55810 0.88 +0.36 78 £ 11 1.27 £ 043 71+9 1.34 £ 0.33 857
60391.55979 <16 1.87 £0.52 56 +8 0.87 £0.28 55+9
Notes. Upper limits on 30 level are provided for detections with a significance below 1o
Table A.2. Polarimetric data for the field stars.
B \% R
Star 7 (mas) PD (%) PA (deg) PD (%) PA (deg) PD (%) PA (deg)
1 0.12 £ 0.02 2.15 £0.38 76.0 £ 5.0 1.27 £0.16 63.8+3.6 1.36 + 0.08 68.1+1.6
2 0.17 = 0.02 1.16 = 0.01 67.0+0.3 1.183+0.001 70.23+0.04 1.205+0.001 69.46 +0.03
3 0.18 = 0.03 1.58 £ 0.04 63.1+0.7 1.686+0.002 61.54+0.03 1.635+0.003 61.85+0.06
4 0.20+0.02 1.106 £0.005 754 +0.1 1.194 +0.006 71.9 +£0.2 1.197 £ 0.001 70.65 + 0.03
5 020+0.02 1.154+0.009 743 +02 1.143 +0.008 70.8 0.2 1.186 £ 0.002 72.63 +0.04
6 0.31 = 0.02 1.36 £ 0.14 76.9 3.0 1.26 = 0.13 74.7+2.9 1.25+0.04 732+ 1.0
7 0.39 +0.02 1.29 +0.12 59.7+2.6 1.40 = 0.07 550=+1.5 1.46 = 0.03 58.6 £ 0.6
8 0.41 = 0.02 1.26 + 0.09 653 +2.1 1.21 £0.11 53.1+2.7 1.50 + 0.06 61.7 1.1
9 0.43 +0.02 1.31 £ 0.04 74.1 £ 0.8 1.046 +0.004 72.4 +0.1 1.400 £ 0.003 73.31 = 0.07
10 0.74 £ 0.02 1.07 £ 0.02 74.3 £ 0.5 1.09 +£0.02 71.3+04 1.234 + 0.006 69.4 +0.1
11 0.89 = 0.03 1.04 +£0.02 73.5+0.6 1.06 + 0.07 64.2+2.0 0.67 = 0.03 70.0 = 1.1

Notes. 7 is the parallax to the stars in milliarcseconds. In this work, we considered two different distance estimates to Swift J1727.8—1613 of
S.Sfi:‘l‘ kpc from Burridge et al. (2025) and 3.4+0.3 kpc from Mata Sanchez et al. (2025), which correspond to 7 = 0.18+0.04 and 0.30+0.03 mas,

respectively.
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Table A.3. Intrinsic polarization of Swift J1727.8—1613.

B 1% R
MID PD (%) PA (deg)  PD (%) PA (deg)  PD (%) PA (deg)
HIMS
60189.27609 < 0.15 ... 025+0.10 —2+11 032+005 -84+48
60190.28030 0.22+0.04  34+57 0.13+£007 —17+15 027+005 -12+54
60192.27699 0.18 +0.05 -19.5+84 026+0.12  -25+13 050+0.08 —13.1+4.9
6019429840 0.20+0.05 -72+80 041+008 -239+55 034+006 -95+52
60195.28800 0.17 = 0.05 21+80 029+008 -150+7.8 0.56+0.07 -8.0x3.7
60196.29440 0.17+0.04 -40+63 0.17+006 —18+10 0.51+0.06 -21.4+3.6
60197.28450 030+0.04 -29+34 022+007 -69+90 042+006 —44+43
60198.29669 0.22+0.04 -167+52 035+006 -6.6+52 053+005 -168=2.8
60199.28100 0.36+0.05 -63+4.1 052+0.07 -258+37 043+006 -7.5+42
60200.27389  0.17 + 0.06 ~15+9 026+008 -17.7+83 047+0.07 -17.1+44
60201.29749  0.23 + 0.08 -5+10 0.08+007  -21+27 044+006 -8.6+3.7
60202.29339 035+0.03 -11.9+24 034+007 -8.6+63 046+006 -18.4+37
60203.28620  0.22 + 0.03 47+43 032+006 -135+52 044+006 —14.1+3.7
60204.28629  0.16 = 0.05 82+83 033+008 -75+69 047+0.06 -102=3.8
60205.28880 0.14+0.05  -37+10 0.13 +0.08 23+18 044+005 -11.0=+3.4
SIMS
60206.29199  0.11 = 0.06 31+16 024+010  -50+12 0.09+0.07  —40+23
60207.31030  <0.18 0.26 + 0.10 5+11 0.07 = 0.06 16 +27
60208.31730 < 0.36 ... 065+021 334+9.1 023+0.16 -76+20
60211.28109  0.12 = 0.07 ~5+18 031=0.11 14+11 0.14 +0.08 6+ 18
60212.27909 < 0.24 .. 027+0.11 ~7+12 0.09 +0.08 6+ 27
60213.29499  0.12 + 0.07 43+£15 <033 .. <021
60214.27279  0.17 = 0.08 17+13 0.17+0.14 57+23 028+008  73+77
60215.27840 0.12 +0.10 14+24 <039 033+008 -22.6+73
N
60352.14600  0.45 = 0.20 67+13 0.52+0.28 13+15 029+012  -38+12
60357.62900 0.43+0.12 -488+82 0.37 +0.27 3+21 0.74+0.05 30+ 1.8
60361.11500  0.40 + 0.20 20+ 14 024+007 335+85 044+005 333+33
DHS
60390.23863  0.13 = 0.07 13+16 048+0.09 673+51 0.09+008  -20+23

Notes. The IS polarization estimate used stars 2, 4, and 5. Observations during the SS have been averaged over two days and during the DHS
have been averaged over three days before computation of the intrinsic polarization. For non-significant detection of polarization below 1o, the 30
upper limits on the PD are given. For the significance of polarization detection exceeding 1o, the PAs are given with the formal error from Eq. (3).
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