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A B S T R A C T 

IGR J18434 −0508 is a Galactic Intermediate Polar (IP) type Cataclysmic Variable (CV) previously classified through optical 
spectroscopy. The source is already known to have a hard Chandra spectrum. In this paper, we have used follow-up XMM–Newton 

and NuSTAR observations to measure the white dwarf (WD) mass and spin period. We measure a spin period of P = 304.4 ± 0.3 s 
based on the combined MOS1, MOS2, and pn light curve. Although this is twice the optical period found previously, we interpret 
this value to be the true spin period of the WD. The source has an 8 ± 2 per cent pulsed fraction in the 0.5–10 keV XMM–Newton 

data and shows strong dips in the soft energy band (0.5–2 keV). The XMM–Newton and NuSTAR joint spectrum is consistent 
with a thermal bremsstrahlung continuum model with an additional partial co v ering factor, reflection, and Fe-line Gaussian 

components. Furthermore, we fit the joint spectrum with the post-shock region ‘ipolar’ model which indicates a high WD mass 
� 1.36 M �, approaching the Chandrasekhar limit. 

Key words: accretion, accretion discs – novae, cataclysmic variables – white dwarfs. 
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 I N T RO D U C T I O N  

ince its launch in 2002, the International Gamma-Ray Astrophysics 
aboratory ( INTEGRAL ) has resulted in a number of hard X-ray
atalogues surv e ying the full sky (Bird et al. 2010 , 2016 ) and the
alactic Plane (Krivonos et al. 2017 ) from 17 to 60 keV; see Krivonos

t al. ( 2021 ) for a re vie w on INTEGRAL ’s surv e y. The most recent
uch surv e y, Krivonos et al. ( 2022 ), is a catalogue of 929 ‘IGR’
ources detected across 17 yr of INTEGRAL observations. While 
ost of these sources have been identified as either active galactic 

uclei (AGNs), X-ray binaries, or cataclysmic variables (CVs), there 
re o v er 100 sources yet to be classified. The strategy to classify
hese sources involves first finding a soft X-ray counterpart to the 
GR source, which helps to localize the source better than the few
rcminutes accuracy of INTEGRAL . With better positional accuracy, 
ollo w-up observ ations may be taken to classify the source. For
 xample, this strate gy w as emplo yed to identify IGR J18007 −4146,
GR J14091 −6108, IGR J15038 −6021, and IGR J17528 −2022 as
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ntermediate Polars by Coughenour et al. ( 2022 ), Tomsick et al.
 2016 ), Tomsick et al. ( 2023 ), and Hare et al. ( 2021 ), respectively. 

CVs are binary systems containing a white dwarf (WD) accreting 
rom a main-sequence companion star. Intermediate Polars (IPs) are 
 class of CVs (magnetic CVs, or mCVs, in particular) in which the
agnetic field of the WD truncates the accretion disc surrounding it.
his causes the material to funnel along the magnetic field lines of the
D towards its magnetic poles. Polars are mCVs which have even

tronger magnetic fields, such that no accretion disc forms around the
D at all. CVs, which accrete via Roche-lobe o v erflow, are copious

mitters of X-rays which make them good targets to study with hard
-ray observatories such as INTEGRAL (Mukai 2017 ; Luto vino v

t al. 2020 ). 
IGR J18434 −0508 (hereafter, IGR J18434) was detected in the 14-

r INTEGRAL hard X-ray surv e y of the Galaxy at RA = 280.855 ◦,
ec. = −5.138 ◦ (Krivonos et al. 2017) A counterpart search was

onducted by Krivonos et al. ( 2017) within the source’s 90 per cent
onfidence error circle. Both hard and soft X-ray counterparts were 
ound using Swift /BAT and Swift /XRT. These counterparts are 4PBC
1842.8 −0506 and Swift J184311.0 −050539, respectively. 
is is an Open Access article distributed under the terms of the Creative 
h permits unrestricted reuse, distribution, and reproduction in any medium, 
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Table 1. Details of observations of IGR J18434. 

Observatory ObsID Instrument Start time (UT) End time (UT) Exposure (ks) 

XMM–Newton 0890620201 MOS1 2022 March 12, 16:57:00 2022 March 13, 00:20:00 25.7 
’’ ’’ MOS2 ’’ ’’ 26.0 
’’ ’’ pn ’’ ’’ 18.3 
NuSTAR 30760002002 FPMA 2022 March 12, 15:16:09 2022 March 13, 15:16:09 40.2 
’’ ’’ FPMB ’’ ’’ 39.8 
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In a follow-up to the 14-yr INTEGRAL surv e y (Krivonos et al.
017 ), Tomsick et al. ( 2021 ) identified unique Chandra counterparts
o several of the new IGR sources with a high degree of confidence,
nd one of which was IGR J18434. The probability of a match
etween the INTEGRAL and Chandra sources was calculated as a
unction of number of counts between 2 and 10 keV and angular
istance between the sources. The Chandra counterpart to IGR
18434 was determined to be CXOU J184311.4 −050545 with a
ore accurate position of RA = 18 h 43 m 11 . s 43, Dec. = −05 ◦05 ′ 45 . ′′ 2.
he sub-arcsecond Chandra positional accuracy allowed Tomsick
t al. ( 2021 ) to also find a Gaia and UKIDSS counterpart to IGR
18434 using the Gaia EDR3 Catalogue and the UKIRT Infrared
eep Sky Survey in the VizieR database (Lucas et al. 2008 ; Gaia
ollaboration 2021 ). The Gaia counterpart to IGR J18434 has a
istance of 3 . 0 + 1 . 2 

−0 . 9 kpc (Bailer-Jones et al. 2021 ) which corresponds
o a 2–10 keV luminosity of 4 . 2 + 3 . 4 

−2 . 6 × 10 33 erg s −1 (Tomsick et al.
021 ). The hardness of the Chandra spectrum that was extracted
with a power-law photon index of � = 0.7 ± 0.3) indicated that IGR
18434 was either a mCV or a high mass X-ray binary (HMXB).
sing the J , H , and K magnitudes of the UKIDSS counterpart

UKIDSS J184311.43 −050545.6) as well as the stellar colour tables
n Pecaut & Mamajek ( 2013 ), it was found that IGR J18434 contained
 late-type donor star, eliminating the possibility of an HMXB. It
as therefore concluded by Tomsick et al. ( 2021 ) that IGR J18434
as a strong mCV candidate. In the most recent study discussing

GR J18434, Halpern & Thorstensen ( 2022 ) conducted optical
pectroscopy and confirmed that IGR J18434 is a CV based on its
road H α emission line. In that same work, time-series photometry
ound a period of 152.49 ± 0.02 s. 

The primary new information we report in this paper is timing and
pectral analysis of IGR J18434 using XMM–Newton and NuSTAR ,
hich we use to determine the mass of the white dwarf in the CV

nd its true spin period. In Section 2 , we describe the XMM–Newton
nd NuSTAR observations taken of IGR J18434 as well as the data
eduction. In Section 3 , we discuss the X-ray timing analysis of
GR J18434 which found a period consistent with twice the optical
eriod. In Section 4 , we discuss the spectral analysis results which
stablished the high mass nature of IGR J18434. Finally, in Section 5 ,
e discuss the source identification process for IGR J18434 and

onclude that it is a high mass Intermediate Polar. 

 OBSERVATION S  A N D  DATA  R E D U C T I O N  

bservations of IGR J18434 were conducted using NuSTAR and
MM–Newton . The observations were taken simultaneously, begin-
ing on 2022 March 12. Details on these observations are listed in
able 1 . 

.1 XMM–Newton 

e reduced the EPIC/pn and EPIC/MOS data using the XMM–
ewton Science Analysis Software (SAS v20.0). We first ran the
NRAS 530, 861–869 (2024) 
AS emchain and epchain scripts to generate the processed event
ists for MOS and pn. For pn, we then filtered the event list using
vselect based on the expression ‘(PATTERN < = 4)&&(PI in

200:15000])&&(FLAG == 0)’. We also filtered MOS1/2 with the
xpression ‘(PATTERN < = 12)&&(PI in [200:12000])&&#XM-
EA EM’. We further filtered the MOS event files for soft proton

SP) flares using the mos-filter script. The pn observation was
onducted in Small Window mode and was thus not supported
y pn-filter . We therefore extracted a pn light curve using
vselect in order to manually filter for SP contamination. After
nding no such flares in the pn light curve, we simply filtered the pn
vent list by the original good time interval (GTI) file produced by
pchain . Additionally, the e vent arri v al times for the pn, MOS1,
nd MOS2 detectors were corrected to the Solar system barycentre
or timing analysis. 

We then extracted three source spectra from a circular region of
adius 30 arcsec centred at the source position for each instrument.

e did the same for annular background regions with outer radii of
0 arcsec and inner radii of 32.5 arcsec. We then used backscale
o account for the size of our extraction regions. Furthermore, we
sed rmfgen and arfgen to create the response matrices required
or spectral fitting. Finally, we grouped the source spectra to contain
 minimum signal-to-noise ratio of 5 σ using ftgrouppha . 

.2 NuSTAR 

he Level 1 science event files for ObsID 30 760 002 002 were
educed using NUSTARDAS V 2.1.1 and CALDB 20220215. The analysis
as done using HEASOFT version 6.30.1. Source and background

egions were defined using the FPMA/B Level 2 event files. The
ource regions were both circular with radii of 49.2 arcsec (equal
o 20 pixels). The backgrounds were rectangular regions offset from
he source but on the same detector chip. Using these regions, we ran
uproducts for FPMA/B to create source and background spectra
s well as response matrices. Like the XMM–Newton spectra, the
uSTAR source spectra were binned using ftgrouppha to have at

east a 5 σ signal-to-noise ratio. We also corrected the NuSTAR event
rri v al times to the Solar system barycentre. 

 X - R AY  TI MI NG  

e used the barycentre corrected times to create light curves of the
ource with XMM–Newton and NuSTAR (extracted from r = 30 and
 = 50 arcsec circular re gions, respectiv ely). Notably, two strong
ips separated by about 10 ks are observed. The source also appears
o be rising out of a dip at the start of the observation. To further
xplore these dips, we extracted the pn light curves in soft (0.5–
 keV) and hard (2–10 keV) energy ranges (see Fig. 1 ). The energy
esolved light curves show that the dips are much more prominent at
oft energies compared to the hard energies. To search for a potential
rbital period in the X-ray light curve, we calculated the Lomb–
cargle periodogram using the full, soft, and hard 500 s binned X-ray



X-ray measurements of IGR J18434 −0508 863 

Figure 1. XMM–Newton EPIC pn 0.5–2 and 2–10 keV light curves with a 500 s binning. Variability is seen in both light curves, but is much more visible in 
the soft light curve. 
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ight curves. A strong peak is observed around a period of about 3.1 h
ho we ver, see Section 5 for further discussion). Assuming this is the
orrect peak in the power spectrum, we estimate an uncertainty of
.8 h on the period from the full width at half-max of the peak in the
eriodogram. 
We also constructed NuSTAR light curves with a 1 ks binning in

he full 3–79 keV energy band and the 3–10 keV energy band, since
he latter o v erlaps with the XMM–Ne wton energy range. Ho we ver,
o variability is observed in either light curve. We do see evidence
f variability in the 3–10 keV XMM–Newton light curve, suggesting 
hat the lack of variability in the 3–10 keV NuSTAR light curve is
ue to the source having a lower signal-to-noise ratio in NuSTAR .
t is also possible that the variability observed in the XMM–Newton
ight curve is primarily due to lower energy photons. In this case,
he lack of variability in the NuSTAR light curve would be due to the
ecreased ef fecti ve area of NuSTAR at lower energies (Harrison et al.
013 ). 
A periodicity of 152.49 ± 0.02 s was observed in the optical light

urve of IGR J18434 (Halpern & Thorstensen 2022 ). We use the
 

2 
1 test (Buccheri et al. 1983 ) to search for pulsations at this period
sing the XMM–Newton and NuSTAR event lists. First, we searched 
or the 152.49 s period using the combined (MOS1 + MOS2 + pn)
vent list. The largest peak found in the immediate vicinity (i.e. 
etween ν = 6.47 × 10 −3 and ν = 6.64 × 10 −3 Hz or within 
100 σ ) of the optical period is located at 0.00657 Hz (152.3 s)

ut has a low Z 

2 
1 = 11 . 1, which is statistically insignificant after

ccounting for the number of trials. Expanding the search to a larger
requency range ( ν = 0.0005–0.01 Hz) unco v ers a much stronger
eriod ( Z 

2 
1 = 55 . 6) at a frequency of ν = 0.003285 ± 0.000003 Hz or

 = 304.4 ± 0.3 s, having a False Alarm Probability (FAP) of ∼10 −8 .
he results of the XMM–Newton Z 

2 
1 test are shown in Fig. 2 . The

ncertainties are estimated by calculating at which frequency Z 

2 
1 , max 

alls to Z 

2 
1 , max − 1. This period is about twice the observed optical

eriod. 
The 0.5–10 keV pulse profile shows only one peak per period with

 relatively flat top (see Fig. 3 ). We calculate the pulsed fraction,
efined as ( C max − C min )/( C max + C min ) where C max and C min are the
aximum and minimum number of counts in the folded pulse profile,

nd find a value of 8 ± 2 per cent in the 0.5–10 keV band. We also
ivided the XMM–Newton pulse profile into soft (0.5–2 keV) and 
ard (2–10 keV) energy bands (see Fig. 3 ). Interestingly, the pulse
rofiles are markedly different in these energy ranges, with the soft
rofile showing two peaks per pulse period, while the hard profile
hows only one peak per period. Additionally, the peak of the hard
and pulse profile falls in the minimum between the two peaks seen
n the soft band pulse profile. The soft and hard bands have pulsed
ractions of 15 ± 3 per cent and 10 ± 2 per cent , respectively. The 
bserved pulsed fractions as a function of energy are plotted in
ig. 4 . 
We also searched for the 304.4 s period in the 3–10 keV NuSTAR

ata. Ho we ver, we note that at low frequencies, the gaps in the data
aused by Earth occultations due to NuSTAR ’s low-earth orbit lead to
any spurious peaks in the Z 

2 
1 periodogram related to the harmonics

f NuSTAR ’s orbital period. Unfortunately one of these harmonics 
MNRAS 530, 861–869 (2024) 
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Figure 2. Z 

2 
1 versus frequency for the XMM–Newton combined MOS1, MOS2, and pn, 0.5–10 keV ev ent list. One v ertical line shows the largest peak at 

∼304 s, while the other shows the location of the 152.49 s period observed in the optical power spectrum by Halpern & Thorstensen ( 2022 ). 

Figure 3. XMM–Newton combined MOS1, MOS2, and pn, 0.5–10 keV pulse profile folded on the pulse period of 304.4 s. Two phases are shown for clarity. 
The soft and hard band pulse profiles have an arbitrary shift applied for easier comparison between the pulse profiles. 
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Figure 4. The measured pulsed fraction in several different energy bands. A 3 σ upper-limit is provided for the NuSTAR non-detection. 
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alls very close to the pulse period, making it difficult to determine the 
ignificance of the spin period. As a secondary check, we also used
he 10 s binned NuSTAR light curve and Stingray (Huppenkothen 
t al. 2019a, b ) to calculate the average power spectra o v er continuous
ood time intervals longer than 3 ks, thus removing the power in the
armonics caused by NuSTAR ’s orbit. No statistically significant 
eak is detected at or near the expected pulse frequency. We place a
 σ upper-limit on the observed pulsed fraction of 10 per cent in the
–10 keV energy band. 

 X - R AY  SPECTRUM  

or spectral analysis, we jointly fit the XMM–Newton and NuSTAR 

ata in the 0.5–79 keV range (0.5–12 keV for XMM–Newton and 3–
9 keV for NuSTAR ) using the XSPEC spectral modelling package 
Arnaud 1996 ). In order to account for differences in normalization 
cross instruments, we fit each spectral model using a multiplicative 
onstant. The constant for MOS1 was frozen to 1 while the others
ere allowed to fit freely. Furthermore, tbabs was included in all 
ts in order to account for ISM absorption. The abundances for the
babs component may be found in Wilms, Allen & McCray ( 2000 ).
or all parameters listed, the errors shown are the 1 σ confidence 

ntervals. 
We initially fit both a power-law and a thermal bremsstrahlung 
odel to the IGR J18434 data. Ho we ver, in both cases, the resulting
2 
red is unacceptably high at 2.4 and 2.5, respectively, for 820 degrees 
f freedom (dof). In order to impro v e the bremsstrahlung fit, we
ncluded the reflect model described in Magdziarz & Zdziarski 
 1995 ). This component modifies the model to account for reflection
ff of the surface of the WD. While the bremsstrahlung fit was
mpro v ed by the inclusion of the reflect component, the resulting
t statistic ( χ2 = 1 . 63 with 818 dof) was still relatively poor. 
red 
Large positive residuals below about 1 keV prompted us to include
 partial co v ering absorption component ( pcfabs in XSPEC).
cfabs is typically included in spectral fitting of IPs (Mukai 2017 ).
dditionally, positive residuals around 6–7 keV indicate the presence 
f an Fe line. A Gaussian was added to the model and freely fit to
 line = 6.45 ± 0.04 and σ line = 0.38 ± 0.06 keV. This resulted in a
2 
red of 0.95 with 813 dof. Our best-fitting model in XSPEC was there-

ore constant ∗pcfabs ∗tbabs ∗(gaussian + reflect ∗

remss) , the best-fitting parameters of which are listed in Table 2 .
o we ver, the best-fitting σ line is extraneously large and thus likely

ncludes more than one iron line. Since the E line parameter is fitting to
 value larger than 6.4 keV (the energy for a neutral iron fluorescence
ine), it is likely including the 6.7 keV (He-like) and 6.97 keV (H-
ike) lines as well. Therefore, we fit the spectrum to the same o v erall

odel, but with three separate Gaussian components. The line energy 
f each Gaussian was frozen to either 6.4, 6.7, or 6.97 keV, and
he σ line for each component was frozen to 50 eV, as was done in
oughenour et al. ( 2022 ). The best-fitting parameters for this model
re listed in Table 2 . The abundance parameter in the reflect
odel is the abundance of elements heavier than He relative to

bundances defined in Wilms et al. ( 2000 ). The iron abundance
arameter is defined in the same way and was set equal to the
eneral abundance parameter. We froze rel refl to 1.0 in all cases
ince leaving it as a free parameter resulted in values too high to be
hysical. The bremsstrahlung temperatures for the single and triple 
aussian fits were not significantly different at 100 + 97 

−34 and 94 . 4 + 29 
−39 

eV, respectively. While the triple Gaussian fit better constrained the 
remsstrahlung temperature, it is still high for an IP. 
In both bremsstrahlung fits, the best-fitting abundance is lower 

han expected for IPs. To investigate this, we refit the data with a
ingle Gaussian and the abundance frozen to A = 0.5, more in line
ith other IPs detected by INTEGRAL (Coughenour et al. 2022 ). The

esulting fit was of similar quality to the previous fits with χ2 = 0 . 96
MNRAS 530, 861–869 (2024) 
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Table 2. Spectral results for Bremsstrahlung model fits. 

Parameter a Units 1 Gaussian b 3 Gaussians c 

N H 10 22 cm 

−2 0 . 17 + 0 . 05 
−0 . 02 0 . 17 + 0 . 06 

−0 . 02 

N H, pc 10 22 cm 

−2 4 . 7 + 1 . 0 −0 . 4 5 . 46 + 0 . 95 
−1 . 2 

pc fraction – 0 . 52 + 0 . 03 
−0 . 01 0.53 ± 0.04 

E line1 keV 6.45 ± 0.04 6.4 d 

σ line1 keV 0.38 ± 0.06 0.05 d 

N line1 ph cm 

−2 s −1 (2 . 66 + 0 . 23 
−0 . 29 ) × 10 −5 (1.24 ± 0.1) × 10 −5 

EW line1 eV 505 + 43 
−55 212 ± 17 

E line2 keV – 6.7 d 

σ line2 keV – 0.05 d 

N line2 ph cm 

−2 s −1 – (0.4 ± 0.1) × 10 −5 

EW line2 eV – 53 + 14 
−13 

E line3 keV – 6.97 d 

σ line3 keV – 0.05 d 

N line3 ph cm 

−2 s −1 – (0.4 ± 0.1) × 10 −5 

EW line3 eV – 72 ± 18 

rel refl – 1.0 d 1.0 d 

A – 0 . 007 + 0 . 09 
−0 . 003 0 . 006 + 0 . 15 

−0 . 003 

A Fe 
e – 0.007 0.006 

cos i – 0 . 75 + 0 . 1 −0 . 5 > 0.28 

kT keV 100 . 0 + 97 
−34 94 . 4 + 29 

−39 

N bremss – (6 . 4 + 0 . 5 −0 . 2 ) × 10 −4 (6 . 3 + 0 . 4 −0 . 6 ) × 10 −4 

C MOS1 – 1.0 d 1.0 d 

C MOS2 – 0.97 ± 0.02 0.97 ± 0.02 

C pn – 0.99 ± 0.02 0.99 ± 0.02 

C FPMA – 1 . 19 + 0 . 03 
−0 . 02 1.18 ± 0.03 

C FPMB – 1.20 ± 0.03 1.19 ± 0.03 

χ2 
ν / (dof) – 0.95(813) 0.96(813) 

a The errors on the parameters are 1 σ confidence intervals. 
c The full XSPEC model is constant ∗pcfabs ∗tbabs ∗(gaussian + 

gaussian + gaussian + reflect ∗bremss) 
d Frozen. 
e Tied to parameter A . 
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Table 3. Spectral results for PSR model fit. 

Parameter a Units PSR Model b 

N H 10 22 cm 

−2 0 . 20 + 0 . 03 
−0 . 02 

N H, pc 10 22 cm 

−2 4 . 46 + 0 . 9 −0 . 7 

pc fraction – 0 . 56 + 0 . 04 
−0 . 03 

E line1 keV 6.4 c 

σ line1 keV 0.05 c 

N line1 ph cm 

−2 s −1 (1.2 ± 0.1) × 10 −5 

EW line1 eV 204 ± 17 

E line2 keV 6.7 c 

σ line2 keV 0.05 c 

N line2 ph cm 

−2 s −1 (0.38 ± 0.1) × 10 −5 

EW line2 eV 51 + 14 
−13 

E line3 keV 6.97 c 

σ line3 keV 0.05 c 

N line3 ph cm 

−2 s −1 (0.36 ± 0.1) × 10 −5 

EW line3 eV 65 + 19 
−18 

rel refl – 1.0 c 

A – 0.02 ± 0.01 

A Fe 
d – 0.02 

cos i – > 0.60 

M WD M � > 1.36 

R m 

e R WD 50.2 

N PSR – (2 . 88 + 5 −0 . 2 ) × 10 −30 

C MOS1 – 1.0 c 

C MOS2 – 0.97 ± 0.02 

C pn – 0.99 ± 0.02 

C FPMA – 1.18 ± 0.03 

C FPMB – 1.19 ± 0.03 

χ2 
ν / (dof) – 0.96(813) 

a The errors on the parameters are 1 σ confidence intervals. 
b The full XSPEC model is constant ∗pcfabs ∗tbabs ∗cflux ∗
(gaussian + gaussian + gaussian + reflect ∗atable 
{ ipolar.fits } ) 
c Frozen. 
d Tied to parameter A . 
e Linked to M WD via equations (3) and (4) in Suleimanov et al. ( 2016 ). 
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nd 814 dof. The only parameters whose 1 σ confidence intervals did
ot o v erlap with those of the original fit were the partial co v ering
raction ( f = 0.68 ± 0.01) and the bremsstrahlung normalization
 N bremss = 1.1 ± 0.1 × 10 −3 ). Since our results are not affected
y these low (and possibly unphysical) abundances, we continue to
eport our best-fitting results hereafter. 

Next, we replace the bremsstrahlung model with the ‘post-shock
egion’ (PSR) model or ‘ipolar’ model from Suleimanov et al. ( 2016 )
n order to calculate the WD mass. In addition to the WD mass, this
odel depends on the magnetospheric radius divided by the radius of

he WD, R m / R WD . The magnetospheric radius is the point at which the
ccretion disc is truncated by the WD’s magnetic field. By assuming
hat R m is equal to the co-rotation radius of the WD, we can set
 m 

= ( GMP 2 

4 π2 ) 1 / 3 where P is the spin period of the WD, which we
et to 304.4 s (Suleimanov et al. 2016 ). R WD can then be calculated
sing the well-known WD equation of state from Nauenberg ( 1972 )
elating WD mass and radius. The R m parameter in the ipolar model
an therefore be linked to the mass parameter in XSPEC according
o these two equations, as was done in Tomsick et al. ( 2023 ) and
oughenour et al. ( 2022 ). 
NRAS 530, 861–869 (2024) 
The best-fitting parameters of the ipolar fit with three Gaussians are
isplayed in Table 3 . The spectrum and corresponding residuals are
hown in Fig. 5 . The best-fitting mass was 1.4 M �, the Chandrasekhar
imit and the maximum v alue allo wed in XSPEC . This gives R m = 50.2
 WD . The 1 σ lower limit on the mass was 1.36 M �. The unabsorbed
ux was calculated by applying the cflux convolution model to

he additive model components. The full model was therefore con-
tant ∗ pcfabs ∗ tbabs ∗ cflux ∗ (gaussian + gaussian
 gaussian + reflect ∗ atable { ipolar.fits } ) . The

nergy range for the cflux component was set to 0.5–12 keV for
he XMM–Newton spectra and 3–79 keV for the NuSTAR spectra.
ince the cross-normalization constant factors all fit to ∼1, the
est-fitting flux is applicable across instruments. The 0.5–12 keV
ux is 6 . 36 + 0 . 06 

−0 . 07 × 10 −12 erg s −1 cm 

−2 . The 3–79 keV flux is
 . 43 + 0 . 01 

−0 . 02 × 10 −11 erg s −1 cm 

−2 . Assuming a source distance of
 kpc (Bailer-Jones et al. 2021 ), these fluxes give luminosities of
.85 ± 0.07 × 10 33 and 1 . 54 + 0 . 01 

−0 . 02 × 10 34 erg s −1 in the 0.5–12 and



X-ray measurements of IGR J18434 −0508 867 

Figure 5. XMM–Newton and NuSTAR joint spectrum (with residuals) fit to the PSR model and three narrow Gaussians. The best-fitting parameters for this 
model are listed in Table 3 . 
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–79 keV bands, respectively. The flux in the 17–60 keV band is
.0 ± 0.1 × 10 −12 as compared to 5.2 ± 0.8 × 10 −12 erg s −1 cm 

−2 

eported in Tomsick et al. ( 2021 ) as measured by INTEGRAL . 
Again, the best-fitting abundance for the ipolar fit with three 

aussians is smaller than expected. We try the same procedure as
efore, refitting the data with abundance frozen to A = 0.5. This fit
ave a χ2 

red = 0 . 98 and 814 dof. The parameters whose 1 σ confidence
ntervals did not o v erlap with those displayed in Table 3 were N H,pc =
.2 ± 0.5 × 10 22 cm 

−2 , the partial co v ering fraction = 0.70 ± 0.01,
nd cos i = 0.3 ± 0.1. Although the 1 σ upper limit on the mass
eached 1.4 M �, the mass was best fit to 1.36 M �with a lower bound
f 1.33 M �. 

 DISCUSSION  

he classification of IGR J18434 determined by Tomsick et al. ( 2021 ) 
s supported by the abo v e spectral analysis due to its spectra being
ell fit to the PSR model. Furthermore, the detection of a strong iron

omplex in the 6–7 keV range is consistent with the X-ray properties
f IPs, as is the detection of a spin period in the optical and X-ray
ands. 
Based on time-series photometry conducted by Halpern & 

horstensen ( 2022 ), a signal in the optical power spectrum of IGR
18434 was found at 152.49 ± 0.02 s. Through the X-ray timing 
nalysis described in Section 3 , we find a period of P = 304.4 ± 0.3 s,
early twice the previously reported signal. We therefore conclude 
hat P = 304.4 ± 0.3 s is the true WD spin period, and that the
52.49 ± 0.02 s signal is a harmonic of the fundamental period. 
t is fairly common for the initially disco v ered period to turn
ut to be a harmonic rather than the fundamental frequenc y. F or
xample, in the case of the IP V2306 Cygni (WGA J1958.2 + 3232),
bservations from both ASCA and the Astrophysical Observatory 
f Catania (OACT) observed a period of about 733 s (Israel et al.
998 ; Uslenghi et al. 2000 ). Ho we ver , OA CT also observed a
eak in the periodograms at 1466 s, twice the previously noted
eriod. 
Norton et al. ( 1999 ) describe how two-pole accretion does not

 xclusiv ely lead to a double-peaked pulse profile. Instead, two-pole
ccretion may lead to either a single or double-peaked pulse profile,
epending on the strength of the white dwarf’s magnetic field. If
he magnetic field is weak, material travels along the field lines
eginning closer to the surface of the WD. This produces a larger
ccretion region, and thus the optical depth across the accretion 
olumn can be greater than the optical depth up the accretion column.
herefore, a double peaked profile will be produced since there will
e a maximum in received flux at the two observing points that align
ith the magnetic field lines. This double peaked effect, according 

o Norton et al. ( 1999 ), is predominantly seen in IPs with a WD spin
eriod less than ∼700 s, as is the case for IGR J18434. The idea
hat the accretion disc is truncated close to the WD surface seems
o contradict our finding that R m = 50.2 R WD . Ho we ver, gi ven ho w

assive IGR J18434 is, the WD is extremely compact leading to a
igher R m / R WD . It may therefore be the case that the absolute value
f R m is more significant to the pulse profile shape than the ratio
f R m to R WD . While a double peak is observed in the 0.5–2 keV
MM–Newton pulse profile, only a single peak is observed in the
–10 keV band. This difference in pulse profiles may be due to the
act that, although the geometric effects are similar at both energies,
he photoelectric absorption varies. 

We can use the best-fittingg R m to estimate Ṁ , the mass accretion
ate and B , the surface magnetic field at the accretion region. We
se the formula, L = GM Ṁ ( 1 

R 
− 1 

R 
) and L = 1.45 × 10 34 erg s −1 
MNRAS 530, 861–869 (2024) 
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Figure 6. Plot of WD masses and spin periods of IPs. This graph is fig. 10 from Tomsick et al. ( 2023 ) with data from IGR J18434 included. The IPs marked 
with green squares are from our studies of IGR sources: J14091 (Tomsick et al. 2016 ), J18007 (Coughenour et al. 2022 ), J15038 (Tomsick et al. 2023 ), and 
J18434 (this work). 
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o find Ṁ = 1 . 3 × 10 16 g s −1 . We then use this value to calculate
 using equation (8) in Suleimanov, Doroshenko & Werner ( 2019 )
hich assumes R m is proportional to the Alfv ́en radius ( R m = 	 R A ).
ssuming 	 = 0.5 (as is done in Suleimanov et al. ( 2019 )), we find
 = 94 MG. If we use the lower bound value on the best-fitting mass
 M = 1.36 M �), we find R m = 34.9 R WD and B = 39 MG. We also use
quation (3) in Norton & Watson ( 1989 ) to calculate the magnetic
oment, μ = 1.6 × 10 32 G cm 

3 . Here, we have assumed φ = 1, or
hat the magnetosphere is spherically symmetric. 

The estimated magnetic moment of IGR J18434, μ = 1.6 × 10 32 

 cm 

3 , given M = 1.36 M �, is consistent with the range of expected
alues (10 32–33 G cm 

3 ) found by Norton, Wynn & Somerscales ( 2004 )
or most IPs. Polars, in contrast, generally have higher WD magnetic
oments ( μ � 10 33 G cm 

3 ). Ho we ver, Norton et al. ( 2004 ) suggest
hat low magnetic moment systems (such as IGR J18434) may still
volve to polars given a long orbital period ( P orb > 3 h). Follow-
p observations confirming the orbital period of IGR J18434 could
herefore be useful in determining its evolution. 

It is possible that the 3 h peak observed in the NuSTAR and XMM–
ewton light curves is the orbital period. The large modulation due

o this potential orbital period is evident in the XMM–Newton light
urves shown in Fig. 1 . However, the length of the observation only
pans ∼2.1 times this period, so this candidate period should be
erified through additional observations. If this is the true orbital
eriod though, it would be comparable to that of the IP BG CMi which
as an orbital period of ∼3.25 h (de Martino et al. 1995 ). Parker,
NRAS 530, 861–869 (2024) 
orton & Mukai ( 2005 ) suggests that orbital modulation in IPs is due
o photoelectric absorption at the accretion disc. Parker et al. ( 2005 )
redict that the inclination angle required for orbital modulation to
e seen is greater than 60 ◦. According to our spectral modelling, the
ngle between our line of sight and the accretion column is cos i >
.60 or i � 50 ◦. There may therefore be a misalignment between
he accretion column and the normal to the orbital plane. Ho we ver,

ukai et al. ( 2015 ) discuss the de generac y between the angle of the
ccretion column and the reflection amplitude, which makes it diffi-
ult to determine either parameter through spectral analysis alone. 

The continued detection of high mass WDs by INTEGRAL such
s IGR J14091 −6108, IGR J18007 −4146, and IGR J15038 −6021
Tomsick et al. 2016 ; Coughenour et al. 2022 ; Tomsick et al. 2023 )
ay indicate that WDs in CVs gain mass throughout accretion-

o va c ycles. Simulations of high mass WDs ( M > 0.6 M �) by
tarrfield et al. ( 2020 ) found that these WDs can accrete more
ass than they lose via classical nov ae e vents. Once a WD gains

nough mass to reach the Chandrasekhar limit ( ∼1.4 M �), they may
ead to Type Ia supernovae, significant for their role in cosmology
s standard candles. Another possible solution to the WD mass
roblem is that low mass WDs in CVs lose angular momentum and
erge with their donor stars, leaving a greater number of CVs with

igher mass WDs to be observed (Schreiber, Zorotovic & Wijnen
016 ). 
Due to its high energy band, INTEGRAL is exceptionally well

quipped to search for high mass IPs. Fig. 6 shows the WD masses
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uleimanov et al. ( 2019 ), Ritter & Kolb ( 2011 ), de Martino et al.
 2020 ), and our studies of IGR sources. INTEGRAL ’s ability to detect
igh mass IPs is illustrated in Fig. 6 where the three IPs with masses
losest to the Chandrasekhar limit are those detected by INTEGRAL .
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