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Abstract As the only eclipsing asynchronous polar, V1432 Aql provides an excellent laboratory to study
the interaction between the accreted matter and the magnetic field. Here, we report an analysis of the X-ray
data from the contemporaneous NuSTAR and Swift-XRT observations. The X-ray data present a profile with
a low-intensity state for almost half an orbital period, a dip at 0.6 phase, and a peak at 0.75 phase, which
suggests that there was only one accretion region during the observation and the claim is supported by
the spectral analysis. The comparison with the previous data indicates that the X-ray data have an orbital
modulation, as the case in BeppoSAX, rather than a spin one observed in ROSAT. We attribute the orbit
and spin modulations to the different accretion geometries at work. The spectral analysis of the wide-band
data presents a significant reflection effect, a commonly observed soft X-ray temperature, and the energy
balance in V1432 Aql. Additionally, we obtained a low total accretion rate of 1.3 × 10−10M� yr−1 and
a high specific accretion rate of 3.8 g cm−2 s−1 which explains the strong reflection from the surface of
the white dwarf. However, due to its complex emission, a more physical understanding of its accretion
geometry is still outstanding.
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1 INTRODUCTION

V1432 Aql (RX J1940.1–1025) is a polar (AM Herculis
star) in which a highly magnetic (∼10–200 MG) white
dwarf (WD) accretes material from a low-mass, Roche
lobe-filling red dwarf. Normally the magnetic torque
between two component stars forces the WD to spin
synchronously with its orbital rotation, but five polars are
well confirmed to be slightly asynchronous, such as V1432
Aql, BY Cam, V1500 Cyg, ID Cnd and 1RXS J083842.1–
282723 (hereafter J0838). For these the WD spin period
Pspin differs from the orbital period Porb by a few per
cent, and these system are known as asynchronous polars
(APs). In APs, the orientation of a WD with respect to
its companion will change continuously across the beat
period Pbeat (= |1/Porb − 1/Pspin|−1) during which the
material is threaded by different magnetic field lines and
impacts nearest magnetic poles (Wynn & King 1992).
This pole-switching effect confuses the identification of
periods in APs. Accretion in APs is often found to be
confined to a narrow region, as in polars, e.g. in CD
Ind (Hakala et al. 2019; Littlefield et al. 2019). Wang

et al. (2020) developed a simple model in which they
considered the variable intensity of accretion regions due
to the departure of accretion regions from the threading
point across the beat period and recognized the periods
for CD Ind, BY Cam and J0838. We refer to the kind
of accretion as the stream-dominated accretion. In this
accretion geometry, the emission humps are stable across
the beat cycle on the orbit-folded light curve, as the case
in CD Ind (Hakala et al. 2019; Littlefield et al. 2019),
BY Cam (Silber et al. 1997) and J0838 (Rea et al. 2017;
Halpern et al. 2017), while the spin-folded optical and
X-ray light curves of V1432 Aql often exhibit two or
three persistent humps along the beat phase (Watson et al.
1995; Patterson et al. 1995; Rana et al. 2005), indicating
a different accretion geometry may be at work in V1432
Aql, where two or three accretion regions are active at
the same time. In fact, the threading of material by the
magnetic field in APs is much more ineffective than that
in normal polars. For example, the Doppler tomography
and X-ray observations show an azimuthally extended
accretion curtain in V1432 Aql, indicating that maybe the
accretion stream travels most of the way around the WD
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before it is fully threaded by the field lines (Schwope 2001;
Mukai et al. 2003). According to this model, Littlefield
et al. (2015) explained the orbital modulations of the
mid-eclipse time and magnitude. Moreover, the ineffective
threading causes an unstable accretion between the two
component stars and a cycle-to-cycle variation in the light
curve. As the only eclipsing AP, the orbital period of
V1432 Aql is well established from the stable eclipse
profiles in the optical and X-ray light curves and from the
radial velocity measurements (e.g. Patterson et al. 1995;
Watson et al. 1995; Friedrich et al. 1996; Mukai et al. 2003)
The WD spin period is also seen from the out-of-eclipse
waveform in the optical (Patterson et al. 1995) as well as
the X-ray data (Friedrich et al. 1996; Geckeler & Staubert
1997). The orbital period is 12116.284 s, and the spin
period is ∼ 3% longer at 12150.3 s, with the beat period
of ∼50 days (Littlefield et al. 2015). It is worth noting that
the strong magnetic torque should synchronize the WD on
a short timescale, and the spin period of V1432 Aql was
found to decrease at a rate of ∼ −0.5...− 1× 10−8 s s−1,
thus the estimation of the synchronization time-scale is
∼ 100...200 years (Geckeler & Staubert 1997; Staubert
et al. 2003; Andronov et al. 2006; Littlefield et al. 2015).
Although the X-ray pulse profiles of V1432 Aql are more
prominent in the spin-folded ROSAT data (0.1-2.4 keV;
Geckeler & Staubert 1997), the BeppoSAX data (1.5–8.0
keV) are modulated on the orbital period implying that X-
ray modulation on the spin period maybe applies only to
soft X-rays (Mukai et al. 2003). If the soft X-rays are a
result of reprocessing of the hard X-rays by the surface of
the WD, all X-rays should modulate on the same period. In
this paper, we show that the different X-ray modulations
are associated with the different accretion geometries,
and the conversion between them may be induced by the
unstable accretion in V1432 Aql.

Other striking aspects surrounding V1432 Aql include
the significantly high soft X-ray temperature ∼70–90 keV
and the strong hard X-ray emission (Staubert et al. 1994;
Rana et al. 2005) in comparison with that observed
in most other polars. The accreted material from the
secondary follows a free trajectory until it is channeled
by the magnetic field, then falls onto WD leading to a
shock, which converts the kinetic energy into the thermal
energy, and forming an accretion column. The cooling
of the post-shock plasma is dominated by the multi-
temperature bremsstrahlung emission in hard X-rays, and
the cyclotron radiation in optical and infrared (see Cropper
1990). Thus, information on the accretion geometry is
encoded in the intrinsic emission. However, the observed
radiation in polars has a significant contribution from
the X-rays that interact with the environment, including
the surface of the WD, the pre-shock material, accretion
stream and any circumstellar medium that might exist.
The WD surface around the accretion regions is heated

by the hard X-rays and emits the X-rays in soft energy,
and the X-rays reflected by the stellar surface produce
the 10–30 keV Compton reflection hump and the Fe
Kα fluorescent line at 6.4 keV, while the latter can also
originate from intrinsic absorbers. The emitted X-rays
may be viewed through the complex absorbing material,
which causes an absorption effect in additional to that
of the Galactic interstellar medium (ISM, Mukai 2017).
Moreover, the reprocessing, or thermalization from blobby
accretion in the bombardment regime, could contribute
a black-body component with Teff of 20–40 eV. Thus
the exact measurements of the neutral hydrogen column
density and distance to the system are necessary for the
convincing determination of the soft X-ray emission, and
it is also very important to use wide-band data to establish
the characteristics of the accretion given that both the
Compton reflection and complex absorption harden the
spectrum. The neutral hydrogen column density is∼ 1.3×
1021 cm−2 estimated from a visual extinction of HST
UV spectrum (Schmidt & Stockman 2001), the distance
to V1432 Aql of 456 ± 7 pc is calculated from Gaia
EDR3 parallax (2.193 ± 0.036 mas; Gaia Collaboration
et al. 2016, 2021), and the ISM NH column density is
consistent with the Gaia distance (Fruscione et al. 1994)
and the estimate (1.03×1021 cm−2) of the HI4PI Map
(HI4PI Collaboration et al. 2016), and the simultaneous
NuSTAR and Swift-XRT observations in a wide energy
band provide an excellent opportunity to exploring the
accretion geometry in V1432 Aql.

V1432 Aql is a magnetic cataclysmic variable
included in the NuSTAR legacy survey, Shaw et al. (2020)
derived its WD mass by fitting to the 20–78 keV spectrum
(FPMA + FPMB). In this paper, we present the analysis
of archival contemporaneous NuSTAR and Swift-XRT
observations of V1432 Aql. In Section 2, we detail the
reduction of the data, while Section 3 presents the results
from the analysis of the X-ray data. Finally, Section 4
presents a discussion about the implications of the X-ray
data and characteristics of the accretion in V1432 Aql.

2 OBSERVATIONS AND DATA REDUCTION

The NuSTAR satellite observed V1432 Aql on 2018
April 05 for the accumulated good time intervals of
27.1 ks spanning a total data time base of 60 ks from
05:00(UTC) to 21:39(UTC) (ObsID 3046004002), and the
corresponding beat phase interval of these observations
is 0.082–0.093, using the beat ephemeris from Littlefield
et al. (2015). The data were reduced using the NuSTAR
Data Analysis Software as part of HEASOFT 6.21 and
latest CALDB files following standard procedures. We
used nupipeline to extract source X-ray events from
a circular region of a radius 30 arcsec centered on the
source for the NuSTAR modules, FPMA and FPMB; for
the background, we chose a 50 arcsec radius, circular and
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source-free region on the same detector. We generated
the spectra, light curves and the corresponding response
files using nuproducts, and used the barycorr tool
to correct the photon arrival times to the solar system
barycenter.

A Swift-XRT observation was obtained almost simul-
taneously with NuSTAR for 6.2 ks from 04:43(UTC) to
10:56(UTC) (ObsID 00088611001). The cleaned event
file was created through xrtpipeline in a standard
manner. We used xselect tool to extract the source
X-ray data from a circular region of a radius 20 arcsec
centered on the source, and the background was obtained
from a nearby source-free region of a radius 40 arcsec.
For the light curves, the presence of bad columns on
the detector is corrected through the use of xrtlccorr
tool and the event arrival times are barycentric corrected.
We built the ancillary matrix using the tool xrtmkarf
and used the response matrix provided by the Swift-
XRT calibration team. We grouped all spectra using
grappha to have at least 25 counts per bin. Spectral
fits were done with Xspec v12.10c (Arnaud 1996) by
using the χ2 statistic. We simultaneously fitted to the
NuSTAR/FPMA, NuSTAR/FPMB, and Swift-XRT data,
and allowed the cross-normalization factor relative to
NuSTAR/FPMA to vary to allow for the cross-calibration
between the instruments.

3 ANALYSIS AND RESULTS

3.1 Light Curves

Figure 1 shows the background-subtracted X-ray data
in three energy bands for Swift-XRT and NuSTAR. The
energy bands – 0.3–3 keV (soft), 3–10 keV (medium) and
10–78 keV (hard) - were chosen for easy comparison
between the two telescopes. The 3–10 keV data for Swift-
XRT have lower count rates than the corresponding
NuSTAR data. However, their time series data (the top
panel) indicate that the medium X-ray data are consistent
within the error bars.

Although the duration of the X-ray data in the beat
phase interval of 0.082–0.093 is much shorter than the
50 days beat period, the light curves are interesting in
their own right. In the bottom two panels, we folded the
NuSTAR medium (NM; the green asterisks), hard (NH; the
blue asterisks) X-ray data and their hardness ratio (HR1
= NH/NM; the black asterisks) on the orbital ephemeris
taken from Littlefield et al. (2015). The orbital fold can
be considered a spin fold with an offset (∼ 0.4), and we
indicated that the location of the spin phase 0.0 during
this observation according to the optical spin ephemeris is
also taken from Littlefield et al. (2015). Their initial epochs
were converted from HJD (UTC) to BJD (TBD) with the

help of the online tool1 within the error of 1s (Eastman
et al. 2010). The folded light curves have a strong peak
around the orbital phase φorb ∼ 0.75 and a prominent
dip structure during φorb ∼ 0.5–0.7 which shows up as
an excess in the hardness ratio. In addition, a broad low-
intensity state during φorb ∼ 0.8–0.3 (i.e. 0.8–1.0 and
0.0–0.3) for half an orbital period can be seen on the
light curves, and the corresponding hardness ratio is nearly
stable at a value of ∼0.4. If these features are the spin
ones, a dip at the spin phase ∼0.2 and a peak at spin phase
∼ 0.35 are in contrast to the previous ROSAT and XMM-
Newton observations that peak at spin phase ∼ 0.2 and dip
at spin phase ∼ 0.35 (see fig. 4 in Rana et al. 2005). The
BeppoSAX data show two energy-dependent dip transitions
which manifest themselves as two periods of enhanced
hardness ratio at φorb ∼ 0.2 and 0.62 (see fig. 7 in Mukai
et al. 2003). The dip during φorb ∼ 0.5–0.7 on the NuSTAR
data is corresponding to the dip at∼ 0.62 on the BeppoSAX
data, and these features on the NuSTAR data should be the
orbital phenomenon and hence should be persistent across
the beat cycle, as indicated by figure 8 of Mukai et al.
(2003) and figure 5 of Wang et al. (2020). The BeppoSAX
data presented two periods of enhanced hardness ratio in
an orbital period, while the NuSTAR data in an orbital
period presented only one period of enhanced hardness
ratio. The comparison between these two X-ray data sets
indicates that only one accretion region was active during
the NuSTAR observation, which is reminiscent of the case
in CD Ind, BY Cam and J0838, and hence indicates that
a similar accretion geometry may also work in V1432
Aql. To explain the spin modulation, we adopt the picture
proposed by Mukai et al. (2003) in which V1432 Aql
may have a ring around the WD. The picture is supported
by the Doppler tomography (Schwope 2001) and perhaps
explains the optical modulations of the mid-eclipse time
and magnitude (Littlefield et al. 2015). Systems with a
ring-dominated accretion should present a spin modulation
of the light curve (Wynn & King 1992). Therefore, we
speculate that the orbit and spin modulations on the X-
ray are caused by stream-dominated and ring-dominated
accretion, respectively, and the switch between the two
accretion geometries may be induced by the unstable
accretion in V1432 Aql. A detailed model of the light
curves for the two accretion geometries is beyond the scope
of this paper, and additional extended observations which
sample the beat cycle are needed for such an analysis.

The second panel of Figure 1 shows the Swift-XRT
data in soft (SS = 0.3–3 keV; the red dots), medium
(SM = 3–10 keV; the green dots) energy bands and their
hardness ratio (HR2 = SM/SS; the black dots). The less
coverage on the orbital period prevents a further analysis,
and the X-ray data were used only for the spectral analysis.

1 http://astroutils.astronomy.ohio-state.edu/
time/hjd2bjd.html

http://astroutils.astronomy.ohio-state.edu/time/hjd2bjd.html
http://astroutils.astronomy.ohio-state.edu/time/hjd2bjd.html
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Fig. 1 Background-subtracted light curves in three energy bands and their hardness ratio curves. From bottom to top:
orbit-folded NuSTAR medium (NM = 3–10 keV, the green asterisks) and hard (NH = 10–78 keV, the blue asterisks)
X-ray data; their hardness ratio curve (HR1 = NH/NM, the black asterisks); orbit-folded Swift-XRT soft (SS = 0.3–3
keV, the red dots), medium (SM = 3–10 keV, the green dots) X-ray data, and their hardness ratio curve (HR2 = SM/SS,
the black dots); time series data for Swift-XRT and NuSTAR. The data are denoted, for NuSTAR (asterisks) and Swift
(circles), with same colour scheme. We also indicate the spin phase as a twin x-axis in the lower three panels, with the
spin minimum marked by vertical dashed lines. The bin size is 200s and the orbital phase is repeated for clarity.

The X-ray eclipse, seen during φorb ∼ 0.95–1.0 in the
lower two panels, presents an obvious phase offset that
is so significant in comparison with the amplitude of the
variation of the eclipsing time (∼ 300 s; Littlefield et al.
2015).

3.2 Spectral Model

In this section, we analyzed the spectra based on three
families of models (A, B, and C). A is combination
of black body and plasma emission (modeled either
by CEMEKL or MKCFLOW) with two components of
absorption (constant ISM and local partially covering), B
is the same as A, with reflection included; C is the same as
B, with addition of Fe K emission.

We fitted the Swift-XRT (0.3–10 keV) and NuSTAR
(FPMA + FPMB; 3–78 keV) spectra simultaneously,
but first excluded the Fe K region (5.5–7.5 keV). The
expected multi-temperature shock structure (Done &
Magdziarz 1998) indicates that the X-ray radiation can be
approximated by the multi-temperature thermal emission
model CEMEKL (Singh et al. 1996) based on a thermal
plasma code APEC (switch = 2). We chose that each
temperature component is weighted by its cooling time
(α = 1; Aizu 1973). The aspl abundance table (Asplund
et al. 2009) was applied with all elements heavier than He
scaled together. The redshift was assumed to be 1.064 ×
10−7 from the latest estimate of the distance to V1432 Aql.
The number density of hydrogen, which has little effect on
the fit, was fixed to the maximum value allowed by the
model (nH = 10 cm−3). Because polars are strong soft
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(a) Spectra during φorb = 0.0 − 1.0
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(b) Spectra during φorb = 0.8 − 0.3
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(c) Spectra during φorb = 0.3 − 0.65
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(d) Spectra during φorb = 0.65 − 0.8

Fig. 2 NuSTAR (black and red) + Swift-XRT (green) spectra during the different phase intervals and their best-fit models.
The spectra were modeled with a multi-temperature plasma model, plus a soft blackbody emission and a fluorescent Fe
Kα line (the model CC with fixedNH1), except for the data during φorb = 0.65−0.8 for which the blackbody component
was not included in the model CC . The fit residuals in units of χ2 for each spectra is plotted in the bottom panels.

Table 1 Best-fit Results for the Averaged Spectra

Trial PHABS PCFABS BBODY GAUSS REFLECT CEMEKL/MKCFLOW χ2/d.o.f. (χ2
ν ) ∆χ2†

NH1 NH2 CF kT σ relrefl cosµ kTmax Z

1022 cm−2 eV keV keV Z�

AC : CONSTANT×PHABS×PCFABS×(BBODY+CEMEKL)

AC 0.29+0.13
−0.06 28+4

−5 0.75+0.02
−0.04 38+3

−3 - - - 42+4
−4 0+0.43 502/440(1.14) -

AM : CONSTANT×PHABS×PCFABS×(BBODY+MKCFLOW)

AM 0.34+0.16
−0.07 31+3

−6 0.78+0.02
−0.02 38+11

−1 - - - 47+7
−5 0+0.29 515/440(1.17) -

BC : CONSTANT×PHABS×PCFABS×(BBODY+REFLECT×CEMEKL)

BC 0.10+0.12
−0.10 8.3+0.1

−2.0 0.66+0.06
−0.05 53+5

−2 - 3.2+0.2
−0.2 0.45∗ 34+3

−1 0.22+0.02
−0.02 435/439(0.99) 67

BM : CONSTANT×PHABS×PCFABS×(BBODY+REFLECT×MKCFLOW)

BM 0.11+0.13
−0.11 7+8

−1 0.64+0.02
−0.02 52+11

−1 - 4.9+0.6
−2.0 0.45∗ 37+7

−5 0.22+0.13
−0.07 437/439(0.99) 78

CC : CONSTANT×PHABS×PCFABS×(BBODY+GAUSS+REFLECT×CEMEKL)

CC#1 0.14+0.11
−0.10 12.1+2.1

−0.4 0.71+0.03
−0.06 49+8

−9 0.16+0.08
−0.05 1∗ 0.95−0.25 37.6+2.0

−1.9 0.22∗ 554/543(1.02) -
CC#2 0.13∗ 12.1+2.2

−2.3 0.71+0.04
−0.04 50+6

−7 0.15+0.08
−0.09 1∗ 0.95−0.15 37.3+3.0

−2.7 0.22∗ 555/544(1.02) -

CM : CONSTANT×PHABS×PCFABS×(BBODY+GAUSS+REFLECT×MKCFLOW)

CM#1 0.21+0.11
−0.13 14.1+1.4

−0.9 0.73+0.01
−0.02 40+2

−4 0.13+0.08
−0.04 1∗ 0.95−0.24 45.3+2.0

−1.5 0.22∗ 563/543(1.04) -
CM#2 0.13∗ 13.0+1.6

−0.5 0.75+0.01
−0.02 48+3

−10 0.13+0.07
−0.02 1∗ 0.95−0.26 45.8+3.7

−3.4 0.22∗ 563/544(1.03) -
∗ fixed parameter, and see text for the others. † difference in χ2 between the fits excluding reflection and including reflection.
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Table 2 X-ray Flux and Luminosity of the Components
for Different Trials

Trial BBODY REFLECT CEMEKL/MKCFLOW Ratio‡

F∗ L† F∗ L† F∗ L†

CC#1 9.3+103
−8.0 5.8+66

−5.0 2.2+0.3
−0.4 1.4+0.2

−0.3 4.9+0.2
−0.1 6.1+0.5

−0.3 46+40
−39%

CC#2 8.2+23
−4.2 5.1+15

−3.3 2.2+0.3
−0.3 1.4+0.2

−0.2 5.0+0.2
−0.1 6.2+0.5

−0.3 49+27
−28%

CM#1 25+487
−21 16+313

−13 2.3+0.3
−0.4 1.4+0.3

−0.3 5.3+0.2
−0.1 6.6+0.4

−0.4 28+45
−26%

CM#210.8+37
−7.4 6.7+24

−4.7 2.3+0.2
−0.2 1.4+0.2

−0.3 5.3+0.2
−0.1 6.6+0.4

−0.4 45+29
−29%

∗ the component flux (0.01 eV – 100 keV) in units of
10−11 erg s−1 cm−2. † the component luminosity (0.01 eV – 100 keV)
in units of 1032 erg s−1. ‡ ratio of the plasma luminosity to the total
luminosity, see the text for more.

X-ray emitters, we also added a blackbody component to
model the low energy data.

The interaction of the radiation with matter was
accounted for by the following models. In addition to a
single absorber (PHABS) for ISM, we used a usual partial-
covering absorber model (PCFABS) since the radiation
may be viewed through complex absorbers (model AC :
CONSTANT×PHABS×PCFABS×(BBODY+CEMEKL)). The
recent studies of magnetic CVs using NuSTAR have
yielded very convincing results using the MKCFLOW model
for the shock column (e.g. Lopes de Oliveira & Mukai
2019). For comparison, we also employed MKCFLOW

for some fits to model the same data (i.e., model AM :
CONSTANT×PHABS×PCFABS×(BBODY+MKCFLOW)).

When investigating the reflection of the WD surface,
we applied the REFLECT model (Magdziarz & Zdziarski
1995) with the same abundances as the X-ray emitting
plasma assuming freshly accreted matter covers its
surface (model BC : CONSTANT × PHABS × PCFABS ×
(BBODY+REFLECT × CEMEKL) and BM : CONSTANT ×
PHABS × PCFABS × (BBODY+REFLECT × MKCFLOW)).
We fixed the unconstrained inclination angle of the
reflecting surface at the default value of REFLECT with
cosµ = 0.45 as having a spectral shape close to the
ensemble average (Magdziarz & Zdziarski 1995). In order
to test the significance of the reflection effect, we followed
Mukai et al. (2015) to fit the data once with the reflection
model excluded (model AC and AM ), and once with it
included (model BC and BM ). For a wider investigation
of the model parameter space, the ISM density was let free
during these fits.

In Table 1, we report the best-fit results with their 90%
confidence error ranges and the goodness of fit for the
various models considered, and the difference in χ2 (∆χ2)
compared to the no-reflection case in the last column. The
large ∆χ2 > 60 and the unphysically high reflection
amplitude >3 indicate that the reflection effect is highly
significant, hence imply a low shock height and a high
specific mass accretion rate in V1432 Aql (Mukai et al.
2015). Next we modeled all data in the 0.3–78 keV range,
and introduced a Gaussian emission line to represent the

fluorescent Fe Kα line at 6.4 keV (model CC : CONSTANT

× PHABS × PCFABS × (BBODY+GAUSS+REFLECT ×
CEMEKL) and CM : CONSTANT × PHABS × PCFABS

× (BBODY+GAUSS+REFLECT × MKCFLOW)). The low
accretion column means that at most half of radiation of the
post-shock plasma should be intercepted and reprocessed
by the surface, so we fixed the reflection amplitude
to 1 (relrefl = 1, the maximum value with physical
meaning) while allowed cosµ to vary, also we fixed the
abundance to the value from the previous best fit because
the Gaussian line could severely affect it. Except for the
fits of these models with free ISM density, we also fitted
the models with the ISM density fixed at 1.3× 1021 cm−2

estimated from a visual extinction of HST UV spectrum
(Schmidt & Stockman 2001). We summarized the best-
fit results in Table 1, and shown the spectra for the trial
CC#2 in Figure 2. The fits based on the same model
present a consistent value for all parameters. Therefore,
for convenience, we focused only the results from the trial
CC#2 in the following analysis. The low orbit-averaged
µ (< 37◦) suggests a face-on viewing geometry, which
implies that the latitude β of the accretion regions is
roughly equal to the inclination i of the system. Also the
NuSTAR spectra suggest a pronounced fluorescent iron line
at 6.4 keV with an equivalent width (EW) estimated at
201+61

−52 eV. The reflection can contribute EW as much
as ∼ 100 eV, and the partial absorber with NH,eff ∼
9 × 1022 cm−2, defined as the sum of CF × NH for
each partial absorber, could account for the rest ∼ 100 eV
(= NH,eff/(1021 cm−2) eV; Ezuka & Ishida 1999). We
conclude that the shock-front has to form immediately
above the WD surface in order to explain the significant
reflection and the strong Fe Kα 6.4 keV line (see Sect. 3.6).

3.3 Orbit Phase-Resolved X-ray Spectra

To gain a better insight into the X-ray emission and
the physical characteristics of the accretion regions, we
analysed the orbit phase-resolved X-ray spectra during
φorb = 0.8−0.3, φorb = 0.3−0.65, and φorb = 0.65−0.8.
The division is based on the analysis of the X-ray light
curves and ensures the each phase interval has enough
counts. The main characteristics for each of the phase
intervals are the broad emission minimum during φorb =
0.8 − 0.3, the dip structure during φorb = 0.3 − 0.65,
and the emission pulse during φorb = 0.65 − 0.8 (see
Sect. 3.1). The phase-resolved spectra were fitted using the
model CC , except for the data during φorb = 0.65 − 0.8
which was fitted by the model excluded the blackbody
component because the Swift-XRT data have little counts
during the phase interval and were not used. The fixed
parameters and their values are the same as in the spectral
fit CC#2 (Sect. 3.2). We presented the best-fit results for
the phase-resolved spectra in Table 3, and plotted the
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Table 3 Best-fit Results of the Model C∗
C Fitted to the Orbit Phase-resolved Spectra

Phase PCFABS BBODY GAUSS REFLECT CEMEKL χ2/d.o.f. (χ2
ν )

NH2 CF kT σ cosµ kTmax

1022 cm−2 eV keV keV

0.80–0.30 6.49+0.52
−0.52 0.56+0.03

−0.03 10+3
−2 0.21+0.01

−0.01 0.32+0.01
−0.01 29.15+0.51

−0.51 131.6/140(0.94)

0.30–0.65 22.95+3.22
−2.08 0.80+0.02

−0.03 44+4
−8 0.14+0.09

−0.06 0.95−0.25 40.62+5.24
−2.76 305.28/288(1.06)

0.65–0.80 6.46+3.46
−0.39 0.95+0.04

−0.27 - 0.10+0.31
−0.08 0.93+0.02

−0.18 37.33+1.19
−4.60 175.77/189(0.93)

∗ The fixed parameters are the same as that of the trial CC#2 fitted to the averaged spectra.

fitted spectra, the best-fit model, along with the individual
model component, in Figure 2. During the minimum phase
(φorb = 0.8 − 0.3) the accretion region is not seen, and
the surface in view was not accreting but probably was
active half a beat period before, due to pole switching, so
cooled to a much low temperature (∼ 10 eV), while during
φorb = 0.3 − 0.65 the accretion column came into view
then was aligned with the line of sight at∼ 0.6, which gave
a face-on viewing geometry (cosµ ∼ 0.95) and the highest
absorbing column density ofNH2 ∼ 23×1022 cm−2. This
suggests that the absorption was caused by the immediate
pre-shock flow (see fig. 8 in Mukai 2017). When entering
the next phase interval, the photons from the accretion
column are less absorbed and produce an emission peak
at φorb = 0.65 − 0.8. The same inclination angles of the
reflecting surface µ and the same maximum temperature
kTmax within the error bars for φorb = 0.3 − 0.65 and
φorb = 0.65 − 0.8 indicate that the accretion region
stretches for almost half an orbital period on the WD, as
inferred in the previous studies (e.g. Rana et al. 2005).

3.4 The Characteristics of the X-Ray Radiation

The spectral fitting results imply that a substantial fraction
(up to a half) of the radiation from the post-shock plasma
must be intercepted by the WD surface, where the soft
and medium energy X-rays are largely absorbed and
reprocessed, while the hard X-rays are reflected (Mukai
2017). Therefore, in theory, the emission directly from the
accretion column should account for a half of the total
emission. In order to study the energy balance, we need to
calculate the total unabsorbed X-ray luminosity from each
component. Considering the anisotropic emission from
the accretion column, we will restrict the analysis of the
energy balance to the average spectra. We extrapolated
the best-fit model up to 100 keV and down to 0.01 eV,
the unabsorbed flux Fcemekl from the accretion column
is derived as 5.0+0.2

−0.1 × 10−11 erg s−1 cm−2 which is
converted to the total luminosity Lcemekl = 2πd2Fcemekl,
corresponding to spatial averaged emission into the half
sphere at a distance d, of 6.2+0.5

−0.3 × 1032 erg s−1. The
soft X-ray emission comes from the WD surface and its
bolometric luminosity is given by Lbb = πd2Fbb sec θ,
where θ is the mean viewing angle to the emission

region (Ramsay & Cropper 2004). Considering the face-
on accretion region, we have sec θ = 1/ cosµ ≈ 1, so
the total blackbody luminosity Lbb can be estimated from
its time-averaged flux 8.2+23

−4.2 × 10−11 erg s−1 cm−2 as
5.1+15

−3.3 × 1032 erg s−1. Following the same procedure
above, the reflection luminosity Lreflect is calculated as
1.4+0.2

−0.2 × 1032 erg s−1. We estimate that the luminosity
outside of 0.01 eV - 100 keV is about 1% of the 0.01-100
keV luminosity, so the sum of these emission components
can be used to estimate the total X-ray luminosity as
Ltotal = 13+15

−4 × 1032 erg s−1, and Lcemekl occupies
49+27

−28% share of the total radiation. The other trials reveal
consistent results for the X-ray flux and luminosity of these
components (see Table 2), and we find that V1432 Aql is
consistent with the model which includes radiative heating
only. Note that the soft X-ray flux of V1432 Aql is much
more significant than the previous result (8×1031 erg s−1,
corrected to the Gaia distance; Rana et al. 2005). In order
to check this result, in Figure 3, we plotted the confidence
contours in the NH1/Lbb plane for the trials CC#1 and
CM#1, and marked the positions for the best-fit and the
Rana et al. (2005) results. We find that the deviation
between the estimates for Lbb from Rana et al. (2005)
and this work results from the different NH1 values used.
The trials favor a higher NH1 than that used by Rana
et al. (2005), and the higher NH1 is much more consistent
with the estimate from the UV dip. Therefore, the soft X-
ray flux of V1432 Aql is probably higher than previously
thought.

3.5 The Parameters of the System

A low height of shock column implies that the highest
temperature Ts just below the shock is proportional to
the gravitational potential of the WD (Aizu 1973) as
kTs = 3

8µmpGM1/R1, where µ ≈ 0.62 is the mean
molecular weight, k is Boltzmann constant, mp is the
proton mass, M1 is the WD mass, and R1 is its radius.
Therefore, by combining the measured Tmax from the
trials CC#2 and CM#2 with the Nauenberg (1972) mass-
radius relation of WDs, we can calculate M1= 0.85 ±
0.07 M� and R1 = 0.01 ± 0.0003 R�. Adopting the
mass-radius relation for CV donor stars (McAllister et al.
2019) and assuming that its volume is equal to that of
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(a) (b)

Fig. 3 The 78 and 90 per cent confidence regions (with χ2 < χ2
min+2.3 and χ2

min+4.6 for two interesting parameters,
where χ2

min is the corresponding goodness of fit taken from Table 1) for the hydrogen column density of ISM and total
blackbody luminosity allowed by the fits CC#1 (a) and CM#1 (b). The crosses mark their best-fit positions, the asterisks
indicate the Rana et al. (2005) value, and the vertical dotted lines (from the left to right in each panel) are corresponding
to NH1/(1022cm−2) = 0.11, 0.13, and 0.15, respectively.

Table 4 Mass Estimates for the White Dwarf in V1432 Aql

M1(M�) Data (Energy Band) Method∗ Reference

0.98 RXTE (2–6; 7.5–20 keV) spectral fit Ramsay (2000)
<0.67 RXTE (3–10 keV) eclipsing analysis Mukai et al. (2003)
1.2(1) RXTE (2–10 keV) spectral fit Rana et al. (2005)

0.76+0.09
−0.08 NuSTAR (20–78 keV) spectral fit Shaw et al. (2020)

0.85(7) Swift +NuSTAR (0.3–78 keV) spectral fit this work
∗ refers to the corresponding reference for more details.

its Roche lobe (Eggleton 1983), we estimate the mass of
the secondary as M2 = 0.22 ± 0.02 M�. The X-ray
eclipsing analysis (Mukai et al. 2003) gave the eclipse
width of 695 s, which implies the inclination of the system
as i=78.5±0.5◦. The accretion rate Ṁ can be estimated
assuming that the accretion luminosity is emitted mostly
in X-rays and is given by Ṁ = LtotalR1/GM1. In view
of the energy balance of V1432 Aql, the total accretion
luminosity is estimated at 1.3(1) × 1033 erg s−1 from
the hard luminosity to reduce the uncertainty. Substituting
these values in equation above gives a mass accretion
rate of 1.3(2) × 10−10 M� yr−1. We note that this low
accretion rate rules out a post-nova classification of V1432
Aql given the short synchronization time-scale for APs
(Littlefield et al. 2015; Schmidt & Stockman 1991) and
that the cataclysmic variable with an orbital period > 3
hours should not enter into a deep hibernation after a nova
outburst (Fang & Qian 2021).

3.6 Comparison with Previous Results

The previous X-ray data for RXTE and XMM-Newton
were studied in detail by Singh & Rana (2003) and Rana
et al. (2005). The XMM-Newton data presented in

Singh & Rana (2003) show orbital modulations reminis-
cent of the NuSTAR ones, especially the hardness ratio
(=(2–12 keV)/(0.5–2.0 keV)) curve reveals a pulse at
φorb = 0.65 that may be corresponding to the enhanced
hardness ratio at φorb = 0.65 of the NuSTAR data. While
the orbital light curves of the XMM-Newton data reveal
three peaks almost uniformly located over the orbital
period, and the three peaks of the NuSTAR data are
concentrated in half an orbital period, which is consistent
with the claim that only one accretion region was active
during the NuSTAR observations. Rana et al. (2005)
derived a comparatively low soft-to-hard ratio of 0.16,
while the best-fit spectral results reported here for the
NuSTAR + Swift-XRT data yielded less of an imbalance,
consistent with both the prediction of the standard model
and the result of Ramsay & Cropper (2004). They also
derived a much high blackbody temperature of 88 ± 2
eV by adopting a low neutral hydrogen column density
∼ 4.5 × 1020cm−2. With the NH1 of PHABS fixed to
this value, Swift-XRT data gave a blackbody temperature
of 72 ± 24 eV in agreement with their value within the
errors. While the estimate of NH1 from the absorption
dip at 2200 Å is consistent with that from the HI4PI
Map, and the derived blackbody temperature Tbb = 50
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eV is commonly observed in polars (20–60 eV; Ramsay
& Cropper 2004). Beuermann et al. (2012) found that an
exponential distribution of the emitting area vs. blackbody
temperature is physically more plausible and can fit the soft
X-rays of AM Her much better. Using the new soft X-ray
spectral model, we can estimate, from Lbb and Tbb, the
value of the fractional heated area as f ∼ 0.034% and the
mean specific mass accretion rate as ṁ ∼ 3.8 g cm−2 s−1,
a typical rate in a high state of polars. In terms of the
specific accretion rate, we can predict the shock height on
the WD surface of Hsh ∼ 0.002R1 (Frank et al. 2002), the
low height is consistent with the strong reflection detected
in V1432 Aql. Although the total accretion rate of Rana
et al. (2005) (= 1.7(3) × 10−10 M� yr−1, corrected to
the Gaia EDR3 distance) is equal to our value, within
the error bars, they assumed ṁ = 1 g cm−2 s−1 that
gave f and Hsh an order of magnitude larger than the
ones we derived, while we note that the larger ṁ we
adopted is consistent with the blackbody model. Fitting
the intermediate polar mass model (Suleimanov et al.
2016, 2019) to the 20–78 keV spectrum, Shaw et al. (2020)
derived a total accretion flux and luminosity that are
rather lower than these we reported here. If we ignore the
reflection component from the fit CC#2, the total flux is
then estimated to be 7.5 × 10−11 erg s−1 cm−2 that is
consistent with the one (8.5(±1) × 10−11 erg s−1 cm−2)
given by Shaw et al. (2020).

Another obvious difference between previous results
and ours is the estimation of the WD mass M1, which
maybe attribute to a different specific accretion rate
adopted by them and the reflection effect involved in our
model. If we ignore the reflection effect in spectral fit
CM#2, the NuSTAR + Swift-XRT data give M1 ∼1.0M�
that is closer to the estimation of Rana et al. (2005),
namely M1 = 1.2 M� from the multi-component plasma
model and to the estimation of Ramsay (2000) of M1 =
0.98 M� using the same method. Our M1 determination
is consistent with the lower limit of 0.82M� suggested
by Ramsay (2000) from Fe K lines, also the radial
velocity of narrow Hα lines favors this determination. The
narrow emission lines arise from the heated hemisphere
of the secondary (Patterson et al. 1995) and yield a
velocity amplitude of .180 km s−1 (Staubert et al. 1994;
Watson et al. 1995; Patterson et al. 1995). This velocity
is consistent with that of the inner Lagrangian L1 point
(∼180 km s−1) if the system has M1 =0.85M� and other
parameters calculated in Section 3.5, as the case in AM
Her, where the narrow emission component origins from
the L1 point (Mukai 1988). If M1 = 1.2(0.98) M�, the
minimal radial velocity 235(200) km s−1 of the material
in the secondary star is much larger than that observed.
Fitting the intermediate polar mass model (Suleimanov
et al. 2016, 2019) to the 20–78 keV NuSTAR spectrum
Shaw et al. (2020) derived a same WD mass M1 =

0.76+0.09
−0.08M� as ours within the errors, while from the

observed egress duration, Mukai et al. (2003) estimated
for M1 a low upper limit of 0.67 M�. We speculate that
the radiation from the complex structure (e.g., the ring
around the WD) maybe contaminate the flux and lower
their estimation of M1. In Table 4, we listed all the WD
mass estimates for V1432 Aql in the literature.

4 DISCUSSION AND CONCLUSIONS

From the analysis of the orbit-folded X-ray light curves,
we found that the light curves present a profile with a
low-intensity state for almost half an orbital period, a
dip structure at the 0.6 phase, and a pulse at 0.75 phase,
which indicate that only one accretion region was active
during the observation and that the system has a complex
environment. Although the profile is very similar to that
obtained by ROSAT Rana et al. (2005), the light curves
have an orbital modulation, as the case in BeppoSAX,
which is different from the spin modulation in the ROSAT
and XMM-Newton data, and we speculate that there are
two different accretion geometries for V1432 Aql. In
polars the accretion stream is channeled directly by the
magnetic field lines at the threading point, this stream-fed
accretion geometry is found to be at work in other APs
(i.e. BY Cam, CD Ind and J0838). While the inefficient
and variable, depending on the beat phase, threading
in APs causes another accretion geometry, wherein the
accretion stream can travel some distance around the
WD and the magnetic field may channel the matter from
a ring of material, and this is referred to as ring-fed
accretion geometry, and is similar to that observed in the
intermediate polars. This disk-like structure manifested
itself in the Doppler tomography and caused the optical
modulation of the mid-eclipse times and magnitudes.

The spectral analysis of the joint NuSTAR and Swift-
XRT data unambiguously present a reflection effect
in V1432 Aql and a complex absorption environment,
which explained the large Fe Kα equivalent width
EW ∼ 200 eV, as has already been suggested before
(e.g. Rana et al. 2005). Based on the wide-band X-ray
data, we found that the emission energy maintains a
balance between the soft and hard X-rays, which is
consistent with the prediction by the standard model for
polars, and that the system has a soft X-ray temperature
∼ 50 eV observed commonly in polars. Considering an
exponential distribution of the heated area as a function of
the temperature, we estimated the fractional accretion area
as ∼ 0.034% and the mean specific accretion rate as ∼ 3.8
g cm−2 s−1, which predict a low shock height ∼ 0.02R�
and justify the validity of the post-shock model where each
bremsstrahlung component cools at a constant pressure and
gravity. We also estimated the WD mass M1 ∼ 0.85 M�
and found that this estimation is consistent with the radial
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velocity of narrow emission lines and the measurement of
Shaw et al. (2020) based on the same NuSTAR data.
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