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A B S T R A C T 

We present X-ray and optical observations of nova V407 Lup (Nova Lup 2016), previously well monitored in outburst, as it 
returned to quiescent accretion. The X-ray light curve in 2020 February revealed a clear flux modulation with a stable period 

of 564.64 ± 0.64 s, corresponding to the period measured in outburst and attributed to the spin of a magnetized white dwarf in 

an intermediate polar (IP) system. This detection in quiescence is consistent with the IP classification proposed after the nova 
eruption. The XMM–Newton EPIC X-ray flux is � 1 . 3 × 10 

−12 erg cm 

−2 s −1 at a distance, most likely, larger than 5 kpc, emitted 

in the whole 0.2–12 keV range without a significant cut-off energy. The X-ray spectra are comple x; the y can be fitted including 

a power-law component with a relatively flat slope (a power-law index � 1), although, alternatively, a hard thermal component 
at kT ≥ 19 keV also yields a good fit. The SALT optical spectra obtained in 2019 March and 2022 May are quite typical of IPs, 
with strong emission lines, including some due to a high ionization potential, like He II at 4685.7 Å. Nebular lines of O [ III ] were 
prominent in 2019 March, but their intensity and equi v alent width appeared to be decreasing during that month, and they were 
no longer detectable in 2022, indicating that the nova ejecta dispersed. Complex profiles of the He II lines of V407 Lup are also 

characteristic of IPs, giving further evidence for this classification. 

Key words: stars: magnetic field – novae, cataclysmic variables – X-rays: individual (V407 Lup). 
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 I N T RO D U C T I O N  

n this paper, we present observations, done in quiescence a few years
fter a nova outburst, of V407 Lup, a nova whose outburst is thought
o have occurred a highly magnetized white dwarf (WD; Aydi et al.
018 ). 
V407 Lup has been classified as an intermediate polar (IP), a 

ubclass of cataclysmic variables (CVs), interacting binary systems 
n which a WD accretes matter from a non-degenerate stellar com- 
anion (see Ferrario, de Martino & G ̈ansicke 2015 ). The separation
f the two stars is usually less than a few solar radii, so the interaction
etween the components occurs via Roche lobe o v erflow. CV systems 
ith strongly magnetic WDs are classified as either polars and 

ntermediate polars (IPs). Polars contain WDs with a magnetic field 
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trong enough ( > 10 6 G) to completely prevent the formation of an
ccretion disc, and to cause synchronization of the spin period of the
D ( P spin ) with the orbital period of the binary ( P orb ). 
In IPs, the magnetic field is less strong (10 5 –10 6 G), allowing the

ormation of a disc (or in some cases, rather a ‘ring’) that is disrupted
ear the Alfv ̀en radius. The flow in IPs, close to the WD, consists of
wo magnetically confined accretion ‘curtains’ fed by the disc or ring
Ferrario, Wickramasinghe & King 1993 ; Hellier 1995 ). The IPs do
ot have a synchronized P spin and P orb (for a re vie w see Ferrario et al.
015 ) and the two periods in IPs have typical values that range from
.6 to 13 h for the orbital and from 0.5 to 70 min for the rotational
ne (Warner 1995 ). 
Where the accretion stream impacts the WD surface a strong 

hock is formed, and since the matter is practically in free fall
nd its velocity depends only on the gravitational well of the
D, the temperature of the plasma is directly proportional to the
D mass . The temperature is such that thermal emission ensues,
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ith peak in the X-ray range; the spectrum can be fitted with
ither photoionization, or assuming a shocked plasma in collisional
onization equilibrium. In some cases high resolution X-ray spectra
re best fitted by modelling a stationary cooling flow that assumes
 steady state isobaric radiative cooling (see Mukai et al. 2003 ;
errario et al. 2015 ). The X-ray luminosity is proportional to the
ass accretion rate , which is a second reason that makes X-ray
bservations a powerful diagnostic of the system’s parameters and
hysics. Because the WDs of IPs are generally inclined with respect
o their rotation axes, the asynchronous primary is an oblique rotator.

hen the accretion curtain is along the line of sight, it causes
dditional absorption of the X-ray flux emitted near the pole at a
iven phase as the WD rotates. The amplitude and characteristics of
he modulation depend on the shock height and angle subtended by
he ‘curtains’. The X-ray flux modulation with the WD spin period
s one of the main observational properties of IPs, and it is the
est indirect evidence of the IP nature when direct measurements of
ircular polarization are not possible because the system is at large
istance and not sufficiently luminous. 
Until about 20 yr ago, only a handful of magnetic CVs where

bserved in a nova outb urst, b ut more novae, in addition to V407
up, have been identified as belonging to this class in recent years:
2487 Oph Hernanz & Sala ( 2002 ), V2491 Cyg (Zemko, Mukai &
rio 2015 ), V4743 Sgr (Zemko et al. 2016 , 2018 ), and V1674 Her

Drake et al. 2021 ). 
The root cause of a nova outburst is a thermonuclear runaway

TNR). As the accreted envelope accumulates on the WD surface,
emperature and density rise at the base of the envelope, leading to
uclear burning in a shell. Once the accreted layer reaches a critical
ass, depending on the WD mass and accretion rate, nuclear burning

n most cases becomes unstable and a TNR follows, leading to a nova
xplosion (Yaron et al. 2005 ; Starrfield et al. 2012 ; Wolf et al. 2013 ).
he fact that the mass accretion rate and WD mass are fundamental
arameters determining the outcome of the outburst and the system
volution makes X-ray observations of the systems, as they return
o quiescence, particularly interesting, especially for IPs. After the
NR, an external shell of gas on the WD surface is expelled in a
ery fast wind caused by radiation pressure and/or filling of both
oche lobes in a common envelope (see Wolf et al. 2013 ; Shen
 Quataert 2022 ), expanding into the interstellar medium (ISM) at

housands kilometre per seconds (see, among others, for both theory
nd observations Yaron et al. 2005 ; Aydi et al. 2020 ). 

The nova outburst of V407 Lup was discovered in 2016 September
y the All-Sky Automated Survey for Supernovae (ASAS-SN) on
JD 2457655.5 at V = 9 . 1 (Stanek et al. 2016 ). The nova was

lassified as very fast, with a decline time by 2 magnitudes t 2 � 2 . 9 d
Aydi et al. 2018 ). V407 Lup reached the optical peak after 1.4 d
rom the time of disco v ery and went through the three main phases,
amely early He/N, Fe II and late He/N, during the firsts three weeks
in the context of the spectroscopic evolution presented in Aydi et al.
024 ). By day 19, strong forbidden lines of O and N were detected,
ndicating that the nova entered the nebular phase (Aydi et al.
018 ). Timing analysis of the X-rays in the supersoft X-ray phase
howed two periodicities of 3.57 h and 565 s, which were attributed
espectively the P orb and the P spin of the WD, suggesting that the
ystem is an IP (Aydi et al. 2018 ), even if the X-ray modulation was
ot simply due to accretion (we will discuss this point more in detail
elow). 
The distance to the nova has not been determined with precision.

he GAIA parallax measured for the only possible progenitor
andidate within 1 arcsec from the nova position is consistent with a
eometric distance of 4.7 + 6 . 5 

−2 . 5 kpc and a photogeometric distance of
NRAS 533, 1541–1549 (2024) 
.6 + 4 . 4 
−2 . 6 kpc (Bailer-Jones et al. 2021 ). Assuming a distance of 10 kpc,

n outburst the peak supersoft X-ray luminosity was consistent with
he Eddington luminosity, close to 10 38 erg s −1 for a 1 M � star (Aydi
t al. 2018 ). 

 X - R AY  OBSERVATI ONS  

407 Lup was observed with the European Photon Imaging Camera
EPIC) of the XMM–Newton on 2020 February 26. We focus
specially on the data of the EPIC camera, which has a pn CCD
rray (Str ̈uder et al. 2001 ) and two Metal Oxide Semi-conductor CCD
rrays (MOS1 and MOS2; Turner et al. 2001 ). The instruments were
perated in full window and imaging mode. Observations started on
020-02-26 at UT 02:57 and the exposure time was 48 ks. The XMM–
ewton data were reduced and analyzed using the Science Analysis
ystem ( SAS ) software. As we describe in Subsection 2.2 , we also
xamined the high resolution spectrum with the Reflection Grating
pectrometers (RGS) in the 5–35 Å (0.35–2.48 keV). Although the
ignal-to-noise in the RGS was very poor, a few prominent emission
ines were detected, completing the picture offered by the EPIC
nstruments. A count rate of 0.151 ± 0.030 cts s −1 was measured
ith the EPIC pn in the 0.2–12 keV range. The MOS1 and MOS2

ount rates in the 0.3–12 keV range were 0.0394 ± 0.0013 cts s −1 

nd 0.0476 ± 0.0014 cts s −1 , respectively. The count rate measured
ith the RGS coadding the RGS1 and RGS2 exposures was 0.0080
0.0008 cts s −1 in the RGS range. 

.1 Spectral Analysis: EPIC 

pectroscopic analysis of the three XMM–Newton EPIC spectra
pn, MOS1 and MOS2 cameras) was performed using the XSPEC

12.12.1 fitting engine. We did not find a good fit with a cooling
ow model and we could not measure spectra lines that would
ro v e photoionization. Ho we ver, we obtained reasonable fits with
hree different composite models, all involving a thermal plasma in
ollisional ionization equilibrium, and both a very soft and a very
ard component. In all models we assumed N(H) ≥1 . 4 × 10 21 cm 

−2 ,
onsistent with the value indicated by the HEASOFT tool nH ( https://
easarc.gsfc.nasa.gov/ cgi-bin/ Tools/ w3nh/ w3nh.pl ), although there
an be a small deviation from the average value in the direction of the
ova, and/or some intrinsic absorption in the system. Fig. 1 presents
he background-subtracted spectra of V407Lup, extracted in the 0.3–
0 keV range of the two MOS and in the 0.2–10 keV range of the pn,
tted using our models Model 2 and Model 3. It is evident that there

s very little difference between the two fits. 
Model 1 is TBABS x (blackbody + PCFABS ×APEC ), where APEC

s a model of thermal plasma in collisional ionization equilibrium
ith solar abundances (Smith et al. 2001 ), following examples of
ther novae that are also IPs (Zemko et al. 2015 , 2016 ; Sun et al.
020 ). TBABS is the T ̈ubingen-Boulder ISM absorption model in
SPEC (Wilms, Allen & McCray 2000 ). Since we could not obtain a
ood fit with only the TBABS model, we added in the XSPEC fit the
artially co v ering absorber PCFABS ( https://heasarc.gsfc.nasa.go v/
anadu/ xspec/ manual/ node258.html ) which has been often used to
escribe well the absorption due to the accretion column near the
oles, assuming the IP nature of the WD (see re vie w by Mukai
017 ). The best-fitting value return of 2.5 ×10 21 cm 

−2 , possibly
mplies some intrinsic absorption in the whole system. The PCFABS
olumn density turned out to be very high, namely N(H) = 11 . 45 ×
0 22 cm 

−2 , co v ering 44 per cent of the X-ray emitting source, and
his value is larger than found in other IPs. The other parameters are

https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3nh/w3nh.pl
https://heasarc.gsfc.nasa.gov/xanadu/xspec/manual/node258.html
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Figure 1. The spectra measured with EPIC pn (in black), EPIC-MOS1 (in red), and EPIC-MOS2 (in blue). On the left, a fit with a power law with index � 1 
and a VAPEC thermal component at 0.19 keV temperature (Model 2) and on the right, a fit with a thermal component (VAPEC, or collisional ionization in 
equilibrium) at 0.15 keV, and a second hard thermal component at � 68 keV (Model 3). 

Table 1. Best-fitting parameters of Model 2 and Model 3 for the three EPIC instruments together. 

Parameter Model 1 Model 2 Model 3 

N(H) a × 10 22 cm 

−2 0.25 ±0 . 1 0.14 + 0 . 08 
−0 . 14 3.57 + 0 . 78 

0 . 69 

N(H) pc × 10 22 cm 

−2 11.45 + 9 . 36 
−4 . 63 – –

CvrFract 0.45 + 0 . 07 
−0 . 09 – –

PhoIndex( α) b – 0.99 + 0 . 07 
−0 . 05 –

Norm pow × 10 −5 – 8.32 + 0 . 88 
−0 . 45 –

T bb (eV) 90 + 11 
−8 – –

Norm bb 7.21 + 11 . 4 
−5 . 3 × 10 −6 – –

T apec (keV) 19.62 + 21 . 36 
−7 . 19 – –

Norm apec × 10 −4 8.8 + 1 . 31 
−0 . 9 – –

T vapec1 (keV) – 0.19 + 0 . 08 
−0 . 04 0.15 ±0 . 01 

Norm vapec1 × 10 −5 – 4.12 + 5 . 09 
−1 . 33 –

T vapec2 (keV) – – 68.5 −19 . 5 

Norm vapec2 × 10 −4 – – 4.63 + 13 . 06 
−2 . 87 

C – 8.23 + 25 . 27 
−8 . 23 10.0 (u.l.) 

N – 1.15 + 7 . 48 
−1 . 16 0.1 

Ne – 0.52 + 2 . 10 
−0 . 51 0.96 + 1 . 18 

−0 . 96 

Ar – – 10.0 

Ca – – 10.0 

Fe – 1.053 + 16 . 41 
−1 . 052 10.0 

Flux total , abs . × 10 −12 erg cm 

−2 s −1 1.21 1.25 1.36 

Flux total , unabs × 10 −12 erg cm 

−2 s −1 2.33 1.45 3.67 

Flux pow × 10 −12 erg cm 

−2 s −1 – 1.22 –

Flux pow , unabs × 10 −12 erg cm 

−2 s −1 – 1.32 –

Flux bb × 10 −12 erg cm 

−2 s −1 0.03 – –

Flux bb , unabs × 10 −12 erg cm 

−2 s −1 0.47 – –

Flux apec × 10 −12 erg cm 

−2 s −1 1.54 – –

Flux apec , unabs × 10 −12 erg cm 

−2 s −1 1.86 – –

Flux vapec1 × 10 −12 erg cm 

−2 s −1 – 0.03 4.67 

Flux vapec1 , unabs × 10 −12 erg cm 

−2 s −1 – 0.13 –

Flux vapec2 × 10 −12 erg cm 

−2 s −1 – – 1.31 

Flux vapec2 , unabs × 10 −12 erg cm 

−2 s −1 – – 1.53 

χ2 /d.o.f. 1.48 1.51 1.46 
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hown in the first column of Table 1 . In this model, almost all the
nabsorbed flux is due to the APEC component, which converges only
ith the highest temperature calculated in the model, 64 keV. The fit
ields a value of χ2 /(degrees of freedom) � 1.2, but there is some
ne xplained soft e xcess in the softest pn portion of the spectrum.
e experimented by fixing the temperature to a lower value, and

btained χ2 /(degrees of freedom) ≥ 1.48 with kT = 19.62 keV. Thus
e concluded that the APEC temperature is not really constrained
y our data. We note that the blackbody flux resulting from the fit is
mall, and for any distance between � 2.5 and � 10 kpc it is consistent
ith an origin in a small region (presumably at the polar caps), not

rom the entire WD surface. 
Model 2. Given the presence of a hard component, we also fitted

he spectrum with a flat power law and a VAPEC thermal component
 APEC with varying abundances) for the soft portion of the spectrum,
BABS × (power law + VAPEC). As we discuss more in detail
elo w, a po wer-law component is necessary in fitting some X-ray
pectra of IPs, and it may indicate a non-thermal component. This
omposite model does not require a partially co v ering absorber. The
est-fitting parameters are shown in Fig. 1 and in Table 1 . We derived
 photon index α � 1, and the flux is mainly due to this power-
aw component. We varied the C, N, Ne, Mg, and Fe abundances
which may be non-solar in novae) between 1/10th and 10 times the
olar abundances. For the thermal component, we obtained kT =
 . 19 keV in the fit to all instruments, both fitted separately and
ogether. Fig. 2 shows a ‘corner plot’, namely the 1, 2, and 3 σ
onfidence contours of the acceptable values obtained by varying
nly two at once among the following parameters: N(H), photon
ndex α, normalization of both components and VAPEC temperature
ith the steppar XSPEC command. The Figure indicates that these four
arameters are quite well constrained in a narro w range. Allo wing the
NRAS 533, 1541–1549 (2024) 
bundances of several elements to be free parameters improves the
t. We obtained enhanced carbon, about solar nitrogen and carbon
nd largely depleted other elements, but the abundance determination
as large errors, because the EPIC cameras do not resolve individual
ines, so these parameters are not shown in the corner plot. 

Model 3. Finally, we experimented with two VAPEC components
o fit both the hard and soft portion of the spectrum. We did not
eed PCFABS for the fit, but initially we used variable abundances
s free parameters. The best fit was still obtained with kT � 69 keV
maximum temperature in the XSPEC VAPEC model) for one of the
omponents, and with kT = 0.16 keV for the soft component. We
llowed all the abundance to vary again between 1/10th and 10 times
olar, and the abundances of several elements resulted depleted in
he best fit, except for solar oxygen and enhanced carbon, calcium,
rgon, and iron. Ho we ver, again the errors on the abundances are very
arge; the abundances thus are not well constrained by the available
ata. The best fit was obtained with a blue shift velocity as high as
000 km s −1 , although the value of χ2 /d.o.f. increases only slightly
ssuming that the velocity is even equal to 0. 

.2 The RGS high resolution spectrum 

he coadded spectrum of both RGS1 and RGS2 spectrometers is
hown in Fig. 3 . An approximate fit with two components modelled
ith BVAPEC (a model in which we added line broadening to
APEC) is also shown in the Figure, with temperatures of 0.25
nd 1.3 keV. The RGS are not sensitive to the ‘hard’ portion of
he spectrum, but they do show that, if the emission lines are
ttributed to collisional ionization equilibrium thermal components,
hey originate in regions with more than one temperature even in
he lower energy range. Thus, there may be 3 or more different
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egions with different temperature to explain the spectrum across the 
hole 0.2–13 keV range. BVAPEC includes only solar abundance of 

odium, so the Na line could not be fitted. The other elements were
llowed to vary; the fit converged with silicon, sulphur, aluminium, 
rgon, and calcium enhanced by a factor of 10; carbon and neon by a
actor � 1.5, and carbon, nitrogen, and iron depleted by 60 per cent–
0 per cent. Ho we ver, the signal-to-noise is too poor to obtain a
igorous fit, and even an attempt to fit the RGS together with the
PIC cameras did not produce a statistically significant fit, due to 

he low signal-to-noise in the RGS spectrum. 

.3 Timing analysis 

or the timing analysis, the pn, MOS1, and MOS2 light curves were
xtracted from a circular region with a radius of 15 ′′ centred on the
ource, while the background was extracted from an offset region 
ith the same radius. We binned the light curves with bins of 50 s

or the MOS and 60 s for the pn, and excluded the last 4.5 ks from
he timing analysis for the three instruments, because of ele v ated
ackground. For this analysis, we used the Lomb–Scargle algorithm 

1 

Scargle 1982 ). The three periodograms we obtained are shown in 
ig. 4 . The confidence of the peak in pn periodogram is far abo v e
9.9 per cent, proving very significant variability with periodicity 
f 565.64 s. The MOS1 periodogram has a much lower confidence 
f 34 per cent, while the MOS2 periodogram has again a high
onfidence, slightly abo v e 93 per cent. In order to obtain an estimate
f the statistical error on the 565.64 s period obtained with the pn, we
tted a Gauss function to the pn peak. The sigma parameter as the
rror estimate is 3.10 s. Since this error depends on the periodogram
esolution, we performed another estimate using simulations. We 
tted a sine function to the pn light curve with periodicity fixed

o 565.64 s and simulated ten thousands light curves with added 
oisson noise. For every simulated light curve, we calculated a 
eriodogram and we searched the peak periodicity. We fitted the 
esulting histogram of periodicities measured from the simulated 
ight curves with a Gauss function, and obtained a value for the
tatistical uncertainty σ = 0 . 33 (namely, the period with a 1 σ error
s 565.68 ± 0.33 s). The same e x ercise yielded these results: 566.18 ±
 We used the python’s package ASTROPY (Astropy Collaboration 2013 , 2018 , 
022 ). 

 

i  

l  

w  
.81 s for the MOS1 and 564.36 ± 0.92 s for the MOS2. Thus, despite
he low confidence level obtained with the MOS1 data, the three
eriods are consistent with each other. Given the very significant pn
esult, with its high confidence level, we concluded that the periodic
odulation is definitely present in the X-ray light curve. 

 T H E  O P T I C A L  SPECTRA  

ptical spectra in the 3156–6318 Å range were obtained with the 
obert Scobie Spectrograph (RSS) and the PG 900 grating (spectral 

esolution R ≈ 800) at the SALT 10m telescope. Fig. 5 shows the
esult of 4 exposures between 2019 February 22 and 2019 March
7, without significant changes. Ho we ver, Fig. 6 sho ws the spectrum
btained with the same telescope and instrumental setup on 2022 May 
0. All the spectra are characterized by strong emission lines, not only 
f the Balmer series, but also lines with high ionization potential,
specially He II at 4685.7 Å, which is due to a transition with a
onization potential of 54.4 eV. This line was detected with about the
ame flux abo v e the continuum both in 2019 February/March and
022 May. Also the He II lines at 4541 Å and 5411 Å are measured
t both epochs, as it is often the case of IP spectra in which the first
ine is detected (Masetti, Nucita & Parisi 2012 ; Zemko et al. 2016 ).
o we ver, the nebular lines of [O III ] around 5000 Å were no longer
etected in 2022, showing that there was nebular emission for at
east 2.5 yr after the nova outb urst, b ut not any more after 5.5 yr. The
isappearance of [O III ] and of the other nebular lines of [N II ] (see
able 2 ) is the remarkable difference that occurred in the space of
 3 yr that elapsed between the observations. 
Table 2 (available on line for all the measurable lines, and here

ncluded for H α, He II and [O III ]) shows the flux in the emission
ines, measured abo v e the chosen continuum, and the equi v alent
idth. It is important to notice that, since we have no absolute flux
MNRAS 533, 1541–1549 (2024) 
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Figure 5. The (non-dereddened) optical spectra of V407 Lup taken with 
the SALT 10m telescope and the RRS in its low resolution mode between 
2019-02-22 and 2019-03-27. The flux scale is arbitrary and the spectra have 
been shifted for clarity. 

Figure 6. The (non-dereddened) optical spectrum of V407 Lup taken with 
the SALT 10m telescope and the RSS in its low resolution mode on 2022-05- 
10. 
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alibration, only the lev el abo v e the continuum and the equi v alent
idth can be compared. There was already a significant decrease in

qui v alent width of the [O III ] lines between 2019 March 16 and 2019
arch 26, probably indicating that the intensity of those lines was

lready dropping at that epoch. 
The equi v alent width of He II , H α, and other emission lines

as not constant within the errors, and that there was no decline
n intensity between 2019 and 2022. Ho we ver, only analysing the
qui v alent width of the lines may not be sufficient for a physical
icture, due to the complex structures and line profile evolution we
ee in Fig. 7 for He II 4686 & 5411 Å, H β, and H α throughout
he five SALT spectral I epochs. He II at 5411 Å shows potentially
onsist of multiple components, and there are remarkable changes in
he line profiles. This is expected for magnetic CVs, where different
mission line components originate in different regions of the system
e.g. accretion stream, the flow through the magnetosphere, truncated
ccretion disc; (Hellier et al. 1987 ; Rosen, Mason & Cordova 1987 ;
arner 1995 ; Schwope, Mantel & Horne 1997 )]. The Balmer line

rofiles, which are still mostly dominated by emission from the
NRAS 533, 1541–1549 (2024) 
ov a ejecta sho w minimal v ariability, particularly throughout the first
our observations, all done within a short period in 2019. Similarly,
he He II line at 4686 Å shows minor changes in 2019 due to the
ontribution of the nova ejecta to this line and the blending with
earby lines (the Bowen blend). We suggest that it will be worth, in
 future project, to monitor the flux and radial velocity of these lines
 v er the orbital period of 3.57 h detected by Aydi et al. ( 2018 ). 

 DI SCUSSI ON  

ith the X-ray observations done once quiescent accretion had
esumed, we can confirm that the spectral and timing characteristics
f V407 Lup are quite typical of an IP. The X-ray luminosity was
igher than that of most CVs in quiescence. The absolute luminosity
n the 0.2–12 keV range turns out to be 1.92 × 10 34 ( d( kpc ) / 10) 2 erg
 

−1 in the model with the power law and 2.4 × 10 34 ( d( kpc ) / 10) 2 erg
 

−1 in the model with the partially co v ering absorber. 
An intriguing characteristics of two IP-nov ae pre viously observed

n the years after the outburst was the supersoft portion of the
pectrum, which indicated a very hot blackbody-type region present
n novae V4743 Sgr and V2491 Cyg two years after the outburst
Zemko et al. 2015 , 2016 ), but not any more after 3.5 yr in V4743
gr (V2491 Cyg was not observed again). The supersoft component
as present in V407 Lup 3.5 yr after the outburst; although the nova
istance is not well defined, we can say that the supersoft flux was
pproximately an order of magnitude less luminous than in the other
wo no vae. Moreo v er, this soft component can also be fitted with
 thermal plasma with a temperature of 140–200 eV, instead of
 blackbody at a temperature of � 100 eV, so it may not be due to
esidual nuclear burning. Without measuring emission lines we could
ot experiment with a detailed photoionization model, but it cannot
e ruled out that the soft emission is due to photoionized gas near
he cooling WD, perhaps already after turn-off of the burning. 

The spectral modelling leaves open possibilities, since we were
ble to fit the data with three different composite models. A fit
an be obtained with two thermal components, of which one in the
50–200 eV range and the other peaking abo v e the XMM –Newton
ange, with temperature of at least 19 keV. Ho we ver, if we do not
llow for a partially co v ering absorber with v ery high column density
bo v e 10 23 cm 

−2 and co v ering fraction of 40 per cent–50 per cent, the
aximum temperature becomes very high, reaching the maximum

alculated value of 68 keV in the XSPEC models. Moreo v er, the
etection of several prominent lines in the low S/N RGS spectrum
ndicates that the soft portion of the spectrum also may be due to

ore than one component. The hotter thermal component is no
onger necessary if we fit the spectrum with a flat power law that
roduces most of the X-ray flux. We suggest that this is actually
n interesting aspect raised by the XMM –Newton observation, of an
ntriguing possibility, namely that V407 Lup may be a WD-pulsar ,
ike AR Sco and the more recently disco v ered AR Sco and eRASSU
191213.9 −441044 (Marsh et al. 2016 ; Pelisoli et al. 2024 ), namely

Ds with a strong magnetic field, in which particles from the at-
osphere of the close main sequence companion can be accelerated.
lthough a non-thermal component is not unambiguously detected

n WD-pulsars, they have been discovered in close binaries (unlike
regular’ neutron star pulsars that are often isolated) and the current
nterpretation of their pulsations is that it is due to a beam of particles
t the poles. At the distance of V407 Lup, disco v ering such peculiar
bjects is dif ficult, ho we ver a WD pulsar that is also actively accreting
 ould f acilitate the detection of a peculiar non-thermal component

hanks to additional X-ray flux due to accretion, and because of other
henomena (i.e. the nova outburst that has attracted attention). This
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Figure 7. Line profile evolution of He II 4686 & 5411 Å, H β, and H α throughout the 5 spectral epochs of SALT observations. The dashed vertical lines 
represent v rad = 0 km s −1 . The number between brackets are days since the first spectral epoch (2019-02-22). A heliocentric correction is applied to the radial 
velocities. 
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s still highly speculative, but observations at higher energy, e.g. with
uSTAR , would clarify this interesting issue. 
The optical spectra confirm that a very hot photoionizing source

as still present 5.5 yr after the outburst. The equi v alent width
nd the radial velocity of the H α, H β and He II line at 4686 Å
an be compared to the measurements during the late outburst by
ydi et al. ( 2018 ) The equi v alent width of the He II line, between
.7 ± 0.5 and 9.7 ± 0.8 Å, is consistent with the low end of the
ingle-component fits in 2017, although it seemed to have quite
ncreased in 2018 (Aydi et al. 2018 ). The range of variation of the

easured central wavelength corresponds to a velocity of about
NRAS 533, 1541–1549 (2024) 
0 km s −1 for He II and about 100 km s −1 for H α, which may
ot be representative for the whole radial velocity range, but we
ote that it is quite smaller than the radial velocity measured in
017/2018. 
The disappearance of the [O III ] lines demonstrates that the nebular

as dispersed significantly between 2019 and 2022, and probably
his process was already starting 2.5 yr after the outburst, at the time
f the last observation in 2019. There are very few optical spectra of
ovae repeated in time in the years after the outburst and this result
s indicative of the velocity at which the remnant of the outflow
issipates in the ISM, and of its density. 
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 C O N C L U S I O N S  

407 Lup is one of a small, but growing group of IP-novae, so far
omprising DQ Her (Kemp, Swedlund & Wolstencroft 1974 ), GK 

er (Bianchini & Sabadin 1983 ), V4743 Sgr (Leibowitz et al. 2006 ;
emko et al. 2016 , 2018 ), V2491 Cyg (Zemko et al. 2015 ), and
1674 Her Drake et al. ( 2021 ). The last three novae had eruptions

n the era of X-ray satellites: they also showed distinct modulations 
f the SSS flux o v er the likely rotation period of the WD. 
The atmosphere of the WD that is burning hydrogen in shell in a

ova outburst cannot much hotter on the polar caps only because of
ccretion; the luminosity and the amplitude of the flux modulation 
uring outburst in V407 Lup, like in V491 Cyg (Ness et al. 2011 ) and
1674 Her (Orio et al. 2022 ) clearly is not not due to an accretion

olumn impinging the poles, like we think it is the case for IPs in
uiescence. It is possible that the burning itself occurs at a higher
ate on the polar caps, or that the atmospheric layer is less thick,
nd much hotter, at the bottom of the accretion columns. Another 
ntriguing common feature of these novae, described in the abo v e
apers, is that the supersoft component appeared to shrink before 
ooling, lasting for at least a few years with decreasing flux, but
ot with decreasing temperature. This is still another nova puzzle to 
olve, and it adds a layer of complexity to explore in the models:
magnetic novae’ may account for several differences in outburst 
roperties among novae. We will propose new X-ray observations 
f V407 Lup and V2491 Cyg to find out whether the supersoft
omponent faded completely like in nova V4743 Sgr, supporting the 
cenario of the shrinking, localized burning region. Perhaps V407 
up was observed exactly of the time of the final turn-off, and this

s why the supersoft component is about an order of magnitude less
ntense than in V4743 Sgr and V2491 Cyg 2 years after their nova
utburst. 
The optical spectra show emission lines due to high ionization 

otential, with complex profiles that are quite typical of IPs. A study
f the radial velocity and line profile variations o v er the optical period
as not possible with the SALT fixed altitude design, but it should
e another interesting and feasible project with a different telescope. 
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