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A B S T R A C T 

We present early spectral observations of the very slow Galactic nova Gaia22alz, o v er its gradual rise to peak brightness that 
lasted 180 d. During the first 50 d, when the nova was only 3–4 mag abo v e its normal brightness, the spectra showed narrow 

(FWHM ≈ 400 km s −1 ) emission lines of H Balmer, He I , He II , and C IV but no P Cygni absorption. A few weeks later, the 
high-excitation He II and C IV lines disappeared, and P Cygni profiles of Balmer, He I , and eventually Fe II lines emerged, yielding 

a spectrum typical of classical novae before peak. We propose that the early (first 50 d) spectra of Gaia22alz, particularly the 
emission lines with no P Cygni profiles, are produced in the white dwarf’s optically thin envelope or accretion disc, reprocessing 

ultraviolet and potentially X-ray emission from the white dwarf after a dramatic increase in the rate of thermonuclear reactions, 
during a phase known as the ‘early X-ray/UV flash’. If true, this would be one of the rare times that the optical signature of 
the early X-ray/UV flash has been detected. While this phase might last only a few hours in other novae and thus be easily 

missed, it was possible to detect in Gaia22alz due to its very slow and gradual rise and thanks to the efficiency of new all-sky 

surv e ys in detecting transients on their rise. We also consider alternative scenarios that could explain the early spectral features 
of Gaia22alz and its gradual rise. 

K ey words: transients: nov ae – stars: white dwarfs. 
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 I N T RO D U C T I O N  

lassical novae are thermonuclear runaway events taking place on the
urface of accreting white dwarfs in interacting binary star systems
for re vie ws, see e.g. Bode & Evans 2008 ; Della Valle & Izzo 2020 ;
homiuk, Metzger & Shen 2021 ). The eruption leads to an increase

n the visible brightness of the system by 8–15 mag o v er a few
ours to days. While most classical novae rapidly ascend to peak
rightness, some exhibit a prolonged brightening lasting for several
eeks (e.g. Chochol et al. 2003 ; Strope, Schaefer & Henden 2010 ;
anaka et al. 2011a , b ; Aydi et al. 2019 , 2020a ). 
During the rise to peak, the spectra of novae are typically

ominated by P Cygni profiles of Balmer, Fe II , He I , O I , and Na I ,
haracterized by velocities ranging between a few hundreds to ≈
000 km s −1 . After peak, faster emission components emerge with
elocities of a few 1000 km s −1 (McLaughlin 1944 ; Mclaughlin
947 ; Gaposchkin 1957 ; Aydi et al. 2020b ). It is challenging to
bserv e no vae before the y reach optical peak, mainly due to their
 E-mail: aydielia@msu.edu 
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ypically quick rise and their transient nature. Ho we ver, slo wly rising
ov ae gi ve us a chance to monitor them during the days – weeks
eading to their visible peak. Ne vertheless, e ven the slo west nov ae
re disco v ered when the y are already sev eral magnitudes ( > 5 mag)
bo v e quiescent brightness (e.g. Hounsell et al. 2010 ; Strope et al.
010 ; Hounsell et al. 2016 ), with the exception of just a few (e.g.
R Del; Friedjung 1992 and T Pyx; Arai et al. 2015 ). Therefore, the

arly times of the eruption are often missed, and spectral observations
uring these early phases are scarce. 
Gaia22alz (AT2022bpq; Nova Velorum 2022) was reported by

aia science alerts 1 on 2022 February 04.25 UT as an optical
ransient at G = 16.87 mag, towards the constellation Vela (Hodgkin
t al. 2022 ). The transient is located at equatorial coordinates of ( α, δ)
 (09 h 29 m 53 s . 06, −56 ◦17 

′ 
25 

′′ 
. 94) and Galactic coordinates of ( l , b )

 (27 ◦. 563, −3 ◦. 692). There is a Gaia EDR3 (Gaia Collaboration
021 ) source (ID 5307057922488654848) matching the transient
osition with an average G magnitude of 18.3. Archi v al photometry
rom the All-Sky Automated Survey for SNe (ASAS-SN; Shappee
t al. 2014 ; Kochanek et al. 2017 ) showed that the eruption started
 http:// gsaweb.ast.cam.ac.uk/ alerts 
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s early as 2022 January 25.02 UT (HJD 2459604.522; Aydi et al.
022b ); we will consider this date as t 0 in the remainder of the
aper. In archi v al data from the Dark Energy Camera Plane Surv e y
DECaPS; Schlafly et al. 2018 ), the source has median pre-eruption 
agnitude of g � 19.0. 
Brink et al. ( 2022 ) reported spectroscopic observations taken 

round 45 d after t 0 (still during the early rise to peak), showing
arrow emission features of H I Balmer, He I , He II , and C IV . Based
n these features and the then-low-amplitude outburst, Brink et al. 
 2022 ) suggested that the transient might be an unusual disc insta-
ility (dwarf nov a) e vent. Later, observ ations, taken as the transient
limbed to peak, were more consistent with a classical nova eruption, 
howing typical P Cygni profiles of Balmer, He I , Fe II , and O I (Aydi
t al. 2022b , c ). This suggests that the early spectra of Gaia22alz are
nique, co v ering a phase of a no va eruption that is usually missed. 
Here, we present these early observations of nova Gaia22alz, 

ocusing on its unusual spectral evolution. In Section 2 , we present
he observations and data reduction. In Section 3 , we show our
esults, while in Section 4 , we offer discussion about the nature
f the eruption and the origin of the early spectral features. Our
onclusions are presented in Section 5 . 

 OBSERVATIONS  A N D  DATA  R E D U C T I O N  

e make use of publicly available photometry from the ASAS-SN 

urv e y. These data are taken as part of the all-sky patrol in the g -band.
he data can be found in the supplementary online material. 
We obtained optical spectroscopic observations of Gaia22alz 

etween d 45 and 278 using a variety of telescopes and instruments.
 log of the spectral observations is presented in Table A1 . Below,
e present details of these observations. 
We obtained spectra using the High Resolution Spectrograph 

HRS; Barnes et al. 2008 ; Bramall et al. 2010 , 2012 ; Crause et al.
014 ) and the Robert Stobie Spectrograph (RSS; Burgh et al. 2003 ;
obulnicky et al. 2003 ) mounted on the Southern African Large 
elescope (SALT; Buckley, Swart & Meiring 2006 ; O’Donoghue 
t al. 2006 ) in Sutherland, South Africa. We used HRS in the
ow resolution LR mode, yielding a resolving power R = λ/ �λ

14 000 o v er the range 4000–9000 Å. The primary reduction of the
RS spectroscop y w as conducted using the SALT science pipeline 

Crawford et al. 2010 ), which includes over-scan correction, bias 
ubtraction, and gain correction. The rest of the reduction was 
one using the MID AS FER OS (Stahl, Kaufer & Tubbesing 1999 )
nd ECHELLE (Ballester 1992 ) packages. The reduction procedure 
s described by Kniaze v, Gv aramadze & Berdnikov ( 2016 ). RSS
as used in long-slit mode with the 1.5 arcsec slit and the PG900
rating, resulting in a resolving power R ≈ 1500. The spectra were 
rst reduced using the PYSALT pipeline (Crawford et al. 2010 ), 
hich involves bias subtraction, cross-talk correction, scattered 

ight remo val, bad pix el masking, and flat-fielding. The wav elength
alibration, background subtraction, and spectral extraction were 
one using the Image Reduction and Analysis Facility (IRAF; Tody 
986 ). 
We also carried out low- and medium-resolution optical spec- 

roscopy using the Goodman spectrograph (Clemens, Crain & An- 
erson 2004 ) on the 4.1 m Southern Astrophysical Research (SOAR)
elescope located on Cerro Pach ́on, Chile. The observations were 
arried out in two setups: one setup using the 400 l mm 

−1 grating
nd a 1.2 arcsec slit, yielding a resolving power R ≈ 1100 o v er
he wavelength range 3820–7850 Å. Another setup utilized a 2100 
 mm 

−1 grating and a 1.2 arcsec slit, yielding a resolving power
 ≈ 4400 in a 570 Å wide region centred on H β. The spectra were
educed and optimally extracted using the APALL package in IRAF. 

We also used the Inamori-Magellan Areal Camera & Spectrograph 
IMACS) on the Magellan-Baade 6.5 m telescope at Las Campanas 
bservatory. On the night of 2022 July 21, we obtained a spectrum

n longslit mode with the 600 l mm 

−1 grating and the f/4 camera
hrough a 0.9 arcsec slit, yielding a spectral resolution of R ≈ 1500
 v er 3800–6600 Å. The spectra were reduced and optimally extracted
sing the APALL package in IRAF. 

 RESULTS  

.1 Photometric evolution 

n Fig. 1 , we present photometry of Gaia22alz from the ASAS-
N surv e y, focusing on the first 300 d of the eruption – as the
ocus of this work is on the early spectral evolution of the nova.
 complete light curve is presented in Fig. A1 , showing the
SAS-SN photometry up until the time of writing of this paper.
olar conjunction prevented ASAS-SN from obtaining photometric 
bservations between d ∼185–240 after t 0 . Due to this gap in the
onitoring, it is neither possible to definitively constrain the date 

f optical peak in the light curve nor its magnitude. Ho we ver, it is
ossible that the peak was reached around d 177 at g � 11.2 mag,
mplying an eruption amplitude of � 7.8 mag. This is at the lower
nd of eruption amplitudes distribution found in novae ( ∼8–15 mag;
ogt 1990 ; Warner 2008 ; Kawash et al. 2021 ). 
The rise of nova Gaia22alz is slow and gradual, taking more than

80 d to reach peak brightness. While other novae have taken a
imilarly long time to reach peak (even more in some cases; see
g. 6 of Kato & Hachisu 2011 ), their rises are not as gradual as
bserved in Gaia22alz; these other eruptions typically start with a 
apid rise in brightness by 5–6 mag, then at some point slow down.
t takes a typical slow no va sev eral weeks or months to climb the
emaining 3–4 mag to its peak (e.g. V723 Ca: Munari et al. 1996 ;
achisu & Kato 2004 ; Goranskij et al. 2007 ; V1548 Aql: Kato &
akamizawa 2001 ; V1280 Sco: Hounsell et al. 2016 ; and the recent
xample of V1405 Cas). 

In contrast, Gaia22alz was detected less than a magnitude abo v e
ts quiescence le vel, sho wing a slow-paced rise to optical peak.

hile for many slow novae the duration of their initial fast rise
re well constrained, it cannot be excluded that some historical slow
ovae also could have shown behaviour similar to that of Gaia22alz 
e.g. HR Del: Strope et al. 2010 ). As deep high-cadence all-sky
hotometric and transient surv e ys like ASAS-SN and Gaia have
ecome operational only recently, the future is bright for disco v ering
ore slo w nov ae at a stage when they are just abo v e their quiescent

rightness. 
Some time around or during solar conjunction (d ∼180–240), 

he optical light curve of Gaia22alz peaked, and this peak was
ccompanied by at least one additional maximum/flare (e.g. the 
econdary maximum on day 255; see Fig. 1 ). Man y no vae hav e been
bserved to show multiple maxima/flares after peaking (e.g. Pejcha 
009 ; Strope et al. 2010 ; T anaka et al. 2011a , b ; W alter 2016 ; Shore
t al. 2018 ; Aydi et al. 2019 , 2020a ), particularly amongst those with
lo wly e volving light curv es. No v ae are di vided into dif ferent speed
lasses based on the rate of decline of the light curve by 2 mag from
eak, known as the t 2 time-scale. We consider t 2 as the last time
he light curve dropped 2 mag below peak brightness (Strope et al.
010 ). Assuming that we captured the light-curve peak on d 177, we
erive t 2 ≈ 212 d (Fig. A1 ), meaning that Gaia22alz belongs to the
MNRAS 524, 1946–1964 (2023) 
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Figure 1. The ASAS-SN optical g -band light curve of nova Gaia22alz during 
the first 300 d of the eruption, focusing on the rise to peak brightness. The 
dashed lines represents times of spectroscopic observations; blue, red, green, 
and black lines represent different stages in the spectral evolution, namely the 
early-rise, mid-rise, late-rise, and post-optical-peak, respectively (See text for 
more details). 
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lass of very slo w nov ae (Gaposchkin 1957 ). Ho we ver, at the time of
riting of this paper, the nova was still showing flares, and it might

till rise abo v e 2 mag below peak (see Fig. A1 ). 
Photometric measurements taken from the American Association

f Variable Star Observers (AAVSO; Kafka 2020 ) on d 177 (near
ptical peak) place the nova at V = 10.8 mag. Based on this value and
ssuming a reddening A V = 3.5 mag and a distance ≥4.5 kpc towards
aia22alz (see Section 3.3 ), we derive a peak absolute magnitude
 V < −5.9. which is within the typical range of peak absolute
agnitudes of classical novae: M V = −5 to −11 mag (Shafter 2017 ;
chaefer 2022 ). Moreo v er, the absolute magnitude of the no va and

ts light-curve morphology is comparable to other slowly evolving
ovae (e.g. V732 Cas, HR Del, and V5558: Sgr Kato, Hachisu &
enze 2013 ) 

.2 Spectral evolution 

n Fig. 2 , we present the o v erall spectral evolution of Gaia22alz
hroughout the eruption. Based on the spectral features, we divide
he spectral evolution into four chronological stages. These stages
re highlighted with different colours in Figs 1 and 2 : (1) early-rise
highlighted in blue); (2) mid-rise (highlighted in red); (3) late-rise
highlighted in green); (4) post-optical-peak (highlighted in black).
 complete spectral evolution is presented in Figs A2 –A4 . 
The first two spectra obtained on d 45 and 49 during the early-rise

re not typical of novae. The spectra are dominated by relatively
arrow (FWHM ≈ 400 km s −1 ) emission lines of H Balmer and He I ,
long with He II 4686 and 5412 Å, C IV , and the Bowen blend. The
almer lines are characterized by broad wings extending to around
500 km s −1 (see Fig. 3 ). We measure a flux ratio F HeII / F H β ≈ 2
rom both spectra, highlighting the strength of the He II emission line
t 4686 Å, which indicates the presence of a hot emitting source
 T ≈ a few times 10 5 K; e.g. Morisset & Pequignot 1996 ; Bonning
t al. 2013 ). The narrow lines and the absence of P Cygni profiles
re not consistent with optically thick ejecta typically observed in
ovae before peak (Aydi et al. 2020b ). The spectra at this stage are
eminiscent of the early spectra of the 2011 eruption of nova T Pyx,
hich was obtained by Arai et al. ( 2015 ) only 4.4 h after the eruption
isco v ery. The early spectra of T Pyx were also dominated by Balmer
nd high-excitation lines of He II , N III , and C IV with no P Cygni
rofiles. Ho we ver, the line were characterized by high velocities,
ypical of classical novae (FWHM ≈ 1100–1500 km s −1 ). Arai et al.
 2015 ) suggested that at this early stages, the spectrum implies that
he envelope of the WD would be optically thin and the optically thick
ind/outflow is still weak. In the high resolution spectrum of d 49

hows a weak emission at around 6703 Å. This might be Li I 6708 Å
ndicative of TNR reactions, but a definitive line classification is not
ossible. 
On d 68, the spectra of Gaia22alz show dramatic changes, with

he He II 4686 Å emission line almost completely disappearing (see
ig. 4 for a zoom-in on the region around He II 4686 Å and H β), and

he emergence of P Cygni absorption components in the Balmer and
e I lines at blueshifted velocities of around −1700 km s −1 (see the

ine profiles in Fig. 3 ). Between d 68 and 96 (the mid-rise phase), the
almer and He I P Cygni absorptions become more prominent, while

howing a decrease in the radial velocities of the P Cygni absorptions
o −1200 km s −1 . At this stage, the spectra are more consistent with
 classical nova eruption before peak brightness. Aydi et al. ( 2020b )
iscussed the spectral evolution of novae before and after they reach
ptical peak and suggested that the deceleration observed in the P
ygni profiles during the rise to peak is an optical depth effect. 
NRAS 524, 1946–1964 (2023) 
During the late-rise phase, between d 135 and 178, the spectra
how more dramatic changes with the He I emission lines fading, and
he Fe II (42), (48), and (49) multiplets taking o v er. At this stage, the
pectra are characteristic of classical novae before peak, originating
n optically thick ejecta during the so-called iron curtain phase (Shore
014 ). This evolution from a spectrum dominated by Helium to Fe II
mission lines during the rise to peak has been observed in a few other
ovae (e.g. V5558 Sgr and T Pyx; Tanaka et al. 2011a ; Izzo et al.
012 ; Ederoclite 2014 ) and is suggested to be due to a change in the
ptical depth of the ejecta (e.g. Shore 2014 ; Hachisu & Kato 2022 ).
he origin of the so-called He/N and Fe II evolution/spectroscopic
lasses (Williams 1992 , 2012 ; Shore 2014 ) is not the focus of this
aper, and it will be the topic of a future work (Aydi et al. 2023
n prep.). Instead, we will mainly focus on the spectral evolution
uring the early- and mid-rise phases. The o v erall spectral evolution
f Gaia22alz during these early phases is comparable to that of the
011 eruption of T Pyx (e.g. fig. 3 of Arai et al. 2015 ) but on a much
lower time-scale. 

After the nova peaked (d ∼180 onwards), the spectral lines show
ultiple absorption features at different velocities (e.g. d 203, 212,

nd 236 in Fig. 3 ). During this phase, the light-curve evolution also
ints to the presence of multiple maxima (Fig. 1 ). The emergence
f multiple spectral absorption components in the spectra of ‘flaring
ovae’, correlating with the multiple peaks in the light curve, has
een investigated previously (e.g. Chochol et al. 2003 ; Pejcha 2009 ;
anaka et al. 2011a , b ; Walter 2016 ; Harv e y et al. 2018 ; Shore et al.
018 ; Aydi et al. 2019 , 2020a , b ) and has been suggested to be
ue to either multiple phases of mass-loss (multiple ejections) or
ue to changes in the radius of the optical photosphere, caused by
ariability in the emitting central source. After d 300, the light curve
hows a dramatic decline, possibly due to dust condensation. During
he decline, the spectral line profiles show a broad emission (FWZI
 3000 km s −1 ), with slower absorption/emission superimposed on

op of the broad base emission (see Fig. 3 last panel; d 331). This
s consistent with the spectral evolution of classical novae past peak
rightness as described by Aydi et al. ( 2020b ). 
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Figure 2. The spectral evolution of nova Gaia22alz representing the different spectral stages: early-rise (blue), mid-rise (red), late-rise (green), and post-optical- 
peak (black). Numbers between brackets are days after t 0 . The resolving power R of each spectrum is added on the left-hand side of each panel. 
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.3 Reddening and distance 

ased on Gaia DR3, which observed Gaia22alz in quiescence 
before its 2022 outburst), the system has a bias-corrected (Gaia 
ollaboration 2023 ) parallax of � = 0.084 ± 0.122 mas. Based
n this reported parallax and its uncertainty, it is not feasible to
erive an accurate distance estimate to Gaia22alz, except to say 
hat formally the distance is � 3.0 kpc at the 95 per cent level, so
ery nearby distances are disfa v oured. This is a weak constraint but
r  
onsistent with the distance derived from the larger reddening values 
see below). 

The Galactic reddening maps of Schlafly & Finkbeiner ( 2011 )
stimate a total reddening value of A V = 3.47 mag in the direction of
aia22alz. Chen et al. ( 2019 ) use measurements from the Gaia DR2,
MASS, and WISE surv e ys to estimate reddening as a function of
istance in the Galactic plane. Along the line of sight to Gaia22alz,
hey find that at around 2 kpc; there is a significant jump in the
eddening towards Gaia22alz (see Fig. 5 , which plots the reddening
MNRAS 524, 1946–1964 (2023) 
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Figure 3. The line profile evolution of H β during the first 300 d of the eruption. The red dashed line represent rest velocity ( v rad = 0 km s −1 ). Note that the 
spectra on d 45 and 80 have lower resolution ( R ≈ 1000), compared to the other spectral epochs ( R ≈ 4400 or 14 000). 
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long the line of sight to Gaia22alz as a function of distance).
o we ver, the Chen et al. maps only extend to ≈4.5 kpc in this
irection. Marshall et al. ( 2006 ) use the 2MASS surv e y and a slightly
ower resolution grid to estimate a 3D reddening map out to larger
istances. This map extends to around 8 kpc in the direction of
aia22alz. 
For a reddening estimate along the line of sight to Gaia22alz, which

an in turn be used to constrain the distance, we use absorption
ines from diffuse interstellar bands (DIBs), which are tracers of
nterstellar dust. We measure the equi v alent width (EW) of the lines
t 5780.5, 5797.1, 6196.0, 6204.5, and 6613.6 Å and use the relations
f Friedman et al. ( 2011 ) to derive an average E ( B − V ) = 1.13 mag.
his implies A V = 3.5 mag, assuming a reddening law R V = 3.1.
his value is consistent with the integrated reddening along this line
f sight, as estimated by the Schlafly & Finkbeiner ( 2011 ) Galactic
eddening map. 
NRAS 524, 1946–1964 (2023) 
We also use the EW of the Na I D and K I interstellar lines to derive
n additional reddening estimate. The EW of the Na I D1 and D2 lines
re 0.58 and 0.52 Å, while that of the K I line at 7699 Å is 0.105 Å.
hese interstellar lines are shallow and narrow, arguing that they are
ot saturated. Using these values along with the empirical relations
rom Munari & Zwitter ( 1997 ), we derive E ( B − V ) ≈ 0.5 mag,
ranslating to A V = 1.55 mag assuming R V = 3.1. This value is half
hat of the Schlafly & Finkbeiner ( 2011 ) Galactic reddening maps
nd the value we derive from the DIBs. 

We use our reddening estimates and the 3D Galactic reddening
aps of Chen et al. ( 2019 ) to estimate the distance to Gaia22alz. In
ig. 5 , we compare reddening as a function of distance (along several

ines of sight that pass close to Gaia22alz) with our reddening values
erived from the DIBs and the Na I D/K I lines. Since the maps of
hen et al. ( 2019 ) use measurements from the Gaia DR2, 2MASS
nd WISE surv e ys, we use the reddening la ws of Wang & Chen
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Figure 4. The spectral evolution during the first two spectral epochs, but 
focusing on the evolution of He II 4686 Å and H β emission lines. The spectra 
shows the fading/disappearance of the He II line and Bowen line between 
early- and mid-rise. 

Figure 5. The extinction along the line of sight to Gaia22alz plotted against 
the distance. We choose the closest directions to the position of Gaia22alz 
from the Chen et al. ( 2019 ) and Marshall et al. ( 2006 ) Galactic reddening 
maps. The blue and red curves are the extinction values from the Chen 
et al. ( 2019 ) maps in the direction ([ l , b ] = [277.55 ◦, −3.75 ◦]) and ([ l , b ] = 

[277.55 ◦, −3.65 ◦]), respectiv ely. The magenta curv e represents the e xtinction 
values from the Marshall et al. ( 2006 ) maps in the direction ([ l , b ] = [277.50 ◦, 
−3.75 ◦]). Distances allowed by the Gaia parallax at 95 per cent confidence 
are shaded in green ( > 3 kpc). 
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Figure 6. A 1 × 1 arcmin DECaPS grz image of the field of Gaia22alz taken 
on 2017 October 4. The candidate progenitor system of Gaia22alz is circled 
in green. 

Figure 7. The observed spectral energy distribution of the progenitor system 

of Gaia22alz constructed using DECaPS and VPHAS + data. We fit two 
models to the SED: a blackbody model with Rayleigh–Jeans tail (black line) 
and an optically thick steady accretion disc model (magenta line) to the 
VPHAS + (solid lines) and De-CaPS (dashed lines) data. 
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 2019 ) to convert E ( B − V ) = 1.13 mag into E ( G B − G R ) = 1.44,
 ( G − K s ) = 2.49, and E ( H − K s ) = 0.18 mag. All these values
ield a distance larger than 4.5 kpc. Ho we ver, if we use E ( B − V ) =
.5 mag (derived from the Na I D and K I interstellar lines), we get a
istance of 2.5 ± 0.5 kpc using the same maps. This lower reddening
 alue, and correspondingly lo wer distance, is not consistent with 
he Gaia parallax, which suggests a distance likelihood in excess of
 kpc. 
Therefore, throughout the paper, we assume a distance d > 4.5 kpc
nd a reddening value A V = 3.5 mag towards Gaia22alz, as implied
y the DIBs and consistent with the Gaia parallax and the Schlafly &
inkbeiner ( 2011 ) maps. Ho we ver, we also discuss the implications
f shorter distances and lower reddening towards Gaia22alz in the 
ollowing sections. 

.4 The progenitor system 

rchi v al data from the Optical Gravitational Lensing Experiment 
Udalski, Szyma ́nski & Szyma ́nski 2015 ), taken between 2017
nd 2020, measured average magnitudes I = 17.57 ± 0.12 and 
 = 18.66 ± 0.09 of the progenitor system of Gaia22alz during
uiescence. In archi v al data from DECaPS , the source has me-
ian pre-eruption magnitudes of g � 19.0, r � 18.2, i � 18.1,
MNRAS 524, 1946–1964 (2023) 
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Figure 8. Colour-magnitude diagram adopted from Abril et al. ( 2020 ) showing the colours and absolute magnitudes, measured by Gaia, for several CV systems 
from different sub-types (classical nova and dwarf nova systems in quiescence, nova-likes, polars, intermediate polars, all taken from the Catalogue and Atlas 
of Cataclysmic Variables Downes et al. 2001 ). The dashed ellipses represent 1 and 3 σ of each sub-type bi v ariate Gaussian distribution (see Abril et al. 2020 
for more details). We o v erplot the progenitor system of Gaia22alz at different distances; the red star corresponds to d = 4.5 kpc and A V = 3.5 mag (derived 
based on the DIBs), while the blue star is for d = 2.5 kpc and A V = 1.55 mag (derived based on the Na I D and K I lines). We also add a case of an intermediate 
distance/reddening (green square; d = 3.5 kpc and A V = 2.5 mag). 
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 � 18.0, and y � 17.9. Moreo v er, the AB magnitudes of the
rogenitor system, u = 19.56 ± 0.02, g = 19.04 ± 0.01, r =
8.40 ± 0.02, m ( H α) = 18.23 ± 0.02, and i = 18.01 ± 0.02, measured
y the VST Photometric H α Surv e y of the Southern Galactic Plane
nd Bulge (VPHAS + ; Drew et al. 2014 ) on 2012 December 20 (HJD
 2456282.76), indicate a hot source and no substantial H α emission.
The abo v e measurements imply an absolute quiescent V -
agnitude M V ≤ 1.8, assuming A V = 3.5 mag and a distance ≥

.5 kpc. This means that the system is luminous compared to other
ataclysmic variables (CVs) in quiescence (e.g. Warner 1987 ). At
uch a brightness, the secondary star could be more evolved than
 dwarf star, i.e. a sub-giant or even a giant. Ho we ver, the colours
f the system, ( g − i ) 0 � −0.9 and ( V − I ) 0 � −1.73 (assuming
 V = 3.5 mag), are blue for a typical CV (whether it has a dwarf
r giant companion; Bruch & Engel 1994 ; Szkody 1994 ; Zwitter &
unari 1995 ; Szkody et al. 2011 ; Kato, Maehara & Uemura 2012 ),

uling out the possibility of a giant evolved secondary. In Fig. 6 , we
how a combined grz colour image of the region of Gaia22alz from
he DECaPS surv e y (Schlafly et al. 2018 ), showing the progenitor
ystem. 

We created a spectral energy distribution (SED) using the
ultiband photometry taken during quiescence by VPHAS + and
ECaPS, and we successfully fit the resulting SED with a red-
ened Rayleigh–Jeans tail of a hot blackbody (Fig. 7 ). The
t to both data sets provide almost identical outcomes. The
est fit has been obtained with a radius R = (1 . 595 ± 0 . 059) ×
0 10 ( T / 10 5 K) −1 ( d/ 5 kpc ) cm and E ( B − V ) = 1.11 ± 0.02 mag.
ote that this reddening value is practically identical to the one we
erived from the DIBs and the total Galactic reddening resulting from
chlafly & Finkbeiner ( 2011 ) maps in the direction of Gaia22alz.
here is no evidence for a cool companion, as up to ∼1 micron
NRAS 524, 1946–1964 (2023) 
 Y band) the SED is well-reproduced by the hot blackbody, and in
articular, any companion could not contribute more than a few per
ent to the SED, which rules out a yellow/red giant donor. 

Integrating under the blackbody, the source is luminous with a
uminosity L = (4740 ± 350) ( T / 10 5 K) 2 ( d/ 5 kpc) 2 L 	, indicating
he presence of a bright emitting source, which could be due to
ngoing nuclear burning on the white dwarf surface (Schaefer &
ollazzi 2010 ; Wolf et al. 2013 ; Zemko, Mukai & Orio 2015 ; Zemko
t al. 2016 ; Aydi et al. 2018 ). Ho we ver, since a thermonuclear
unaway took place on the white dwarf in 2022, leading to the
ova eruption of Gaia22alz, it is unlikely that the system has been
ndergoing nuclear shell burning. CVs are known to show strong
mission lines during quiescence (Jiang et al. 2013 ; Breedt et al.
014 ; Hou et al. 2020 , 2023 ). These emission lines could potentially
ffect the colours of the system during quiescence, leading to bluer
olours. While based on the VPHAS + photometry, we do not observe
ignificant H α emission abo v e the SED BB, emission lines might
till have an effect on the overall emission and colours. Therefore,
sing a blackbody fit to describe the emission in CVs at quiescence
s not necessarily an ideal assumption. Noting this caveat, we also
ttempt to fit the SED with an optically thick steady accretion disc
odel ( F ν∝ ν1/3 ; Fig. 7 ; magenta line). The best fit to the observed
ED results in E ( B − V ) = 0.639 ± 0.012 mag. This value is more
onsistent with the lower reddening values derived from the Na I D
nd K I interstellar lines. 

In order to compare the brightness and colours of Gaia22alz with
ther CVs and to better constrain the nature of the secondary star,
e place the progenitor system of Gaia22alz on a colour-magnitude-
iagram (CMD) adopted from Abril et al. ( 2020 ) in comparison with
ifferent CV sub-types (e.g. nova systems, dwarf no vae, no va-likes,
nd magnetic CVs; Fig. 8 ). The colours and magnitudes of these CV
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ystems are all Gaia measurements. At a distance of 4.5 kpc and A V 

 3.5 mag (red star in Fig. 8 ), the system is much bluer than other CV
ystems and is relatively brighter. However, for a distance of 2.5 kpc
nd A V = 1.55 mag (blue star in Fig. 8 ), the system has comparable
olours and brightness to other CV systems, particularly novae and 
ova-like systems. Both cases, small or large distance/reddening, still 
ule out the presence of a giant, evolved secondary. It is possible that
he distance and reddening derived from the DIBs are o v erestimated.
herefore, intermediate distances and reddening values (e.g. d = 

.5 kpc and A V = 2.5; green square in Fig. 8 ), could bridge the gap
etween the colours/brightness of Gaia22alz and other CVs. 

In summary, the Gaia parallax of the progenitor system of 
aia22alz fa v ours lar ger distances ( d > 3 kpc) and therefore lar ger

eddening towards the system. However, at such large distances and 
igh reddening values, the progenitor system is relatively luminous 
nd characterized by significantly bluer colours compared to other 
Vs, as shown in Fig. 8 . This might lead us to suggest that the

ower reddening/shorter distances are more reasonable to explain 
he colours and brightness of the system during quiescence, despite 
hem being contradictory with the Gaia parallax. Ho we ver, at such
 distance and reddening, the absolute peak magnitude of Gaia22alz 
uring eruption would be just M V = −2.7 (assuming d = 2.5 kpc and
 V = 1.55), which is much smaller than typical peak brightness of
ovae ( M V ≈ −5 to −10; Shafter 2017 ; Shara et al. 2017 ). Could this
ean that Gaia22alz is not a classical nova? We further elaborate on

hese speculations in the following sections. It is also possible that 
he actual distance and reddening towards Gaia22alz is intermediate 
etween the values we derive from the DIBs and the ones we derive
rom the Na I D and K I lines. 

 DISCUSSION  

.1 Detecting the visible signature of the UV/X-ray flash 

o vae observ ed during the rise to peak brightness typically show
pectra dominated by P Cygni lines of H I and either Fe II or
e/N, originating in the dense nova ejecta (e.g. McLaughlin 1944 ; 
claughlin 1947 ; Gaposchkin 1957 ). The line profiles are charac- 

erized by velocities ranging from a few hundreds km s −1 (Aydi et al.
020b ) up to a few thousands km s −1 in some extreme cases (e.g.
he very fast nova V1674 Her; Aydi et al. 2021 ). Aydi et al. ( 2020b )
bserved a large sample of novae before they reached optical peak 
nd found that all of them show the same evolution. Particularly, 
hey found that the optical spectra before peak are dominated by P
ygni profiles originating in the dense nova outflow. Gaia22alz is 
n exception. The first two spectra obtained on d 45 and 49 were
ot typical of classical novae observed before peak. More precisely, 
he absence of P Cygni absorption, the relati vely narro w emission
ines (FWHM ≈ 400 km s −1 ), and the strong He II and C IV emission
ines are unusual for a classical nova pre-maximum spectrum. These 
eatures, observed at a stage when the eruption was less than four
agnitudes abo v e quiescence, led Brink et al. ( 2022 ) to suggest that
aia22alz could be an unusual disc instability dwarf nova event or

omething more exotic. Here, we discuss the origin of these features 
nd speculate about the reasons for the gradual rise in the optical
ight curve of nova Gaia22alz. 

After the onset of the thermonuclear runaway, the CNO chain 
eactions become the main source of energy generation in a nova, 
roducing radioactive elements that decay ( β+ -decay), releasing 
 large amount of energy. It has been theorized (Starrfield et al.
990 ; Krautter 2002 ; Hillman et al. 2014 ) and no w observ ationally
onfirmed (K ̈onig et al. 2022 ) that the dramatic increase in fusion rate
s followed by a short X-ray (and even UV) flash before the dramatic
ncrease in the visible brightness. The X-ray/UV flash terminates 
hen the nova envelope has had time to expand, thereby cooling
own rapidly and becoming optically thick to the emission from the
ot white dwarf. The peak of the nova’s SED shifts into the visible
and, turning the nova into an optical transient. The optical spectrum
f the nova during this phase (rise to visible peak) is typically
ominated by P Cygni profiles (Aydi et al. 2020b ). Ho we ver, it is not
lear how the visible emission from the nova manifests during the
-ray/UV flash phase. 
The first two spectra we obtained for Gaia22alz possibly capture 

he late stages of an extended, slow X-ray/UV flash. Unfortunately, 
e do not have any X-ray or UV observations taken during the rise

o peak. Ho we v er, the strong high-e xcitation He II 4686 Å and C IV

mission lines in the first two spectra imply emission from a hot
onized gas (a few times 10 5 K; e.g. Morisset & Pequignot 1996 ;
onning et al. 2013 ). Below, we suggest two possible origins for the
arly, gradual optical rise and the relati vely narro w, high ionization
pectral features (with no P Cygni absorptions) we observe in the
arly optical spectra (first 50 d): 

(1) The optical emission is originating in the outer layers of the
yet optically thin) no va env elope in a scenario where the bulk of
he envelope has not yet reached the escape velocity and has not
xpanded enough in size to cause a bright optical transient (i.e.
 transient characterized by an amplitude of more than 8 mag).
he outer layers of this slightly puffed-up nova envelope reprocess 

he high-energy X-ray/UV emission from the white dwarf surface, 
esulting in the spectral features we observe in the first 50 d and the
arly brightness increase. This means that the four magnitudes of 
radually increasing optical brightness during the first 50 d might be
aking place during the X-ray/UV flash. While the X-ray/UV flash 
s often predicted to be short (of the order of a few hours; Starrfield
t al. 1990 ; Krautter 2002 ; K ̈onig et al. 2022 ), Hillman et al. ( 2014 )
odelled the precursor UV flash for a range of system parameters,

nd found that for some models (e.g. a low mass white dwarf with
 WD = 0.65 M 	 and a core temperature T c = 10 7 K, accreting at a rate

˙
 = 10 −10 M 	 yr −1 ), a UV flash preceding the optical peak emission

an last for up to 60 d. While these models might not necessarily
epresent the accurate duration of the UV flash, they show that these
V flashes/precursors could last for days (see also Cao et al. 2012 ;
ato, Saio & Hachisu 2022 ). This time-scale is consistent with the
uration of the early rise in Gaia22alz ( ≈50 d). Moreo v er, based
n the slo w e volution of the light curve, we indeed expect that the
D mass in Gaia22alz is lower than 1 solar mass. Given that the
hite dwarf mass of Gaia22alz might be on the lower end of white
warf masses in novae ( M WD ∼ 0.6 to −0.8 M 	), it is likely that the
igh-energy emission from the WD is mostly in the far-UV and the
-ray flux is relatively weaker (see e.g. Kato et al. 2022 ). 
The wings of the Balmer lines, which extend to velocities 
 2000 km s −1 at this early epoch (see Fig. 3 ), possibly originate in
 lo w-density, radiation-dri ven wind from the white dw arf surf ace,
efore the bulk of the envelope is ejected. Hachisu & Kato ( 2014 )
odelled the early emission of novae and suggested the presence 

n optically thin expanding ejecta/wind during the early days of the
ruption, which manifest as emission lines in the spectra with no P
ygni profiles. 
After the X-ray/UV-flash and the early visible rise, we expect 

hat the bulk of the no va env elope is ejected, possibly aided by the
inary motion (Chomiuk et al. 2014 ). This would lead to the final
limb towards peak brightness (days ∼50–180). During this stage, the 
nvelope cools to the critical temperature at which a recombination 
ave forms, so the envelope becomes opaque to the UV emission
MNRAS 524, 1946–1964 (2023) 
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Table 1. A comparison between the parameters of Gaia22alz (for different distance and extinction values) with the properties of 
classical novae and dwarf novae, along with the 2005 and 2019 outbursts of V1047 Cen (Aydi et al. 2022a ), and the 2011 eruption 
of T Pyx (Arai et al. 2015 ; Godon et al. 2018 ). 

System � m 

a M V , peak Fe II P Cygni b He II /C VI Dust formation 
(mag) profiles during the rise 

Gaia22alz ( d = 4.5 kpc; A V = 3.5) 7.8 −5.9 Yes Yes Yes 
Gaia22alz ( d = 2.5 kpc; A V = 1.55) 7.8 −2.7 Yes Yes Yes 
Classical novae 8–15 −5 to −11 Yes No Yes 
Dwarf novae 2–5 > 0.0 No He II Yes No 
V1047 Cen (2019) 6 −2.0 No Yes No 
V1047 Cen (2005; classical nova) 13 −8.0 Yes No No data 
T Pyxidis (2011; classical nova) 9 −8.1 Yes Yes No 

a �m is outburst amplitude. 
b Appearance of prominent Fe II P Cygni profiles near optical peak. 
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Shore 2014 ). This manifests as a transition in the optical spectra from
 spectrum dominated by narrow emission lines to one dominated by
igher velocity P Cygni profiles. This also manifests as the sudden
isappearance of the high excitation lines of He II and C IV (see first
wo panels in Fig. 2 ). This is similar to the o v erall spectral evolution
bserved during the 2011 eruption of T Pyx (Arai et al. 2015 ; see
lso Table 1 ). T Pyx also shares other similarities with Gaia22alz,
articularly the optical light-curve evolution that showed a relatively
low rise (40 d) to visible brightness with a plateau phase at peak
hat lasted for more than a month (Schaefer et al. 2013 ). 

Optical multiband photometry taken during the first 100 d would
av e been v ery informativ e to check if there is any change in the
emperature of the emitting source and to derive its size. Ho we ver,
eported AAVSO observations only start after d 97, missing the
rucial early- and mid-rise phases. Nevertheless, if the temperature
f the emitting source is of the order of a few times 10 5 K (as implied
y the high-excitation emission lines) and the brightness is g ≈
5 (implying M g ≈2.5 mag for a distance of 4.5 kpc), the optical
mission should be originating close to the surface of the white
warf (at r ∼ 10 9 cm; an emitting region comparable to the radius of
he white dwarf). 

(2) Another, less likely, possibility is that the optical emission is
riginating in the accretion disc, which is reprocessing high-energy
X-ray and/or UV) emission from the white dwarf surface. Similar
o the scenario described abo v e, the first 50 d represent the optical
ignature of an extended X-ray/UV flash, but in this case, the visible
mission is originating in the disc rather than the outer layers of
 slightly puffed-up nova envelope. Emission lines of Balmer, He I ,
nd He II are often observed in CV systems and dwarf nova outbursts
e.g. Morales-Rueda & Marsh 2002 ), and they are characterized by
elocities of a few hundreds km s −1 – similar to the ones we observe
n the first two spectra of Gaia22alz. Could reprocessed emission by
he accretion disc lead to a visible brightness increase of ∼4 mag
nd absolute optical magnitudes spanning + 2 to −2.5 (assuming d
 4.5 kpc and A V = 3.5 mag), during the first 50 d of the outburst?

n the case of supersoft X-ray sources (e.g. van den Heuvel et al.
992 ), which are similarly powered by nuclear burning on the white
warf and which part of their visible emission is associated with
mission from the accretion disc (in addition to the companion star),
e observe absolute magnitudes between + 1.5 and −2.5 (e.g. Smale

t al. 1988 ), comparable to the brightness of Gaia22alz during the first
0 d of the eruption. Ho we ver, this is merely an indirect argument that
isible emission from the accretion disc could potentially explain the
arly rise of Gaia22alz. We note that the accretion disc could well be
ngulfed by the nova envelope from the early days of the eruption,
a v ouring the first suggestion we present in this section. 
NRAS 524, 1946–1964 (2023) 
Whether the high-energy emission is reprocessed by the outer
ayers of the still-optically thin and hot nova envelope or the accretion
isc, Gaia22alz could be one of the rare times we observe the optical
ignature of the hot X-ray/UV flash, which is often missed in other
ovae. We can speculate that the extremely slow and gradual rise of
ova Gaia22alz and the div erse all-sk y surv e ys that are observing the
ky more efficiently at deep magnitudes (visible magnitudes down
o 17–18 mag) is what allowed us to catch this early phase of a nova
ruption. Given the lack of multiwavelength observations during this
arly and critical phase, which prevent us from drawing definitive
onclusions, we consider alternative scenarios below and explore
heir pros and cons for explaining the unusual observational features
f Gaia22alz. 

.2 Alternati v e explanations 

elow we suggest some alternativ e e xplanations to the early spectral
eatures of Gaia22alz and its unusual, gradual rise. The character-
stics of some of these different scenarios are compared in Table 1 ,
onsidering two different distance and reddening assumptions for
aia22alz. 

(i) Shock interaction from an early mass-loss phase? The main
lternative scenario we suggest here is that, during the first weeks
f the eruption (before the bulk of the nova envelope is ejected),
he system loses mass from the L2 outer Lagrangian point. The
ravitational potential of the rotating binary is not axially symmetric,
o the matter leaving from L2 exhibits small fluctuations in its
adial velocity (see Pejcha, Metzger & Tomida 2016 for a detailed
escription of the model). This causes the matter being ejected
rom L2 as spiral arms to collide with itself at around 10 times the
emimajor axis of the binary, creating stationary shocks that radiate
ome of the kinetic energy of the L2 outflow. In Section B of the
ppendix, we present calculations for the temperature of the shocked
as and the luminosity of the line emission from these stationary
hocks. Our calculations show that the shocks would heat the gas to
 temperature of ∼few times 10 5 K with emission line luminosity of
0 35 erg s −1 , consistent with the early spectra of Gaia22alz. 
(ii) A dwarf no v a outburst preceding/triggering a classical

o v a? The features detected in the first two spectral epochs of
aia22alz resemble features observed in disc instability dwarf nova
utbursts (see Warner 1995 for a re vie w). During outburst, the
pectrum of a dwarf nova is typically dominated by absorption
eatures with fill-in by emission lines. Moreo v er, the spectra could
xhibit strong emission lines, particularly at later stages of the
utburst (e.g. Bruch 1989 ; Bruch & Schimpke 1992 ; Morales-Rueda
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 Marsh 2002 ; Han et al. 2020 ). Strong emission lines of He II at
686 Å are also commonly observed in the spectra of dwarf novae 
Han et al. 2020 ). The gradual increase of just a few magnitudes in
he optical light curve during the first 50 d of Gaia22alz eruption is
onsistent with the amplitude of a dwarf nova outbursts ( ≈ 2–5 mag).
herefore, could it be that the classical nova eruption of Gaia22alz 
as coincidentally preceded or maybe even triggered by a dwarf nova 
utburst? Mr ́oz et al. ( 2016 ) observed multiple dwarf nova outbursts
receding the classical nova eruption of nova V1213 Cen in 2009. 
imilarly, V392 Per and V1017 Sgr showed DN outbursts 2 and 8
r, respectively, prior to their classical nova eruptions (Salazar et al. 
017 ; Murphy-Glaysher et al. 2022 ). Meaning that DN outburst could
recede a classical nova eruption by a few years, and potentially in the 
ase of Gaia22alz, happening around the same time as the classical 
ova eruption started. Could this be the case? While this is possibility, 
t is unlikely that a disc instability event would be the trigger for
he classical nova eruption. In particular, we note that the onset of
he thermonuclear runaway is expected to take place years before 
he classical nova becomes a visible transient (Starrfield, Sparks & 

ruran 1974 ; Prialnik 1986 ; Shen & Quataert 2022 ). Moreo v er, the
aterial dumped on to the white dwarf from a dwarf nova outburst

s suggested to be of the order of 10 24 g ( ∼10 −9 M 	) in systems
ith dwarf companions (e.g. Cannizzo 1993 ), meaning that the total 

ccreted mass due to the dwarf nova outburst is likely negligible 
ompared to the total mass of the classical nova accreted/ejected 
nvelope (10 −7 –10 −3 M 	; Yaron et al. 2005 ). In conclusion, it is
nlikely that the eruption of Gaia22alz is triggered by a dwarf nova
utburst. Ho we ver there remains a slight chance of coincidence in
aia22alz: in this scenario, the early rise of the light curve and the

arly spectral features (narrow emission lines of Balmer, He I , and
e II ) are due to a disc instability event that coincidentally directly
recedes the classical nova eruption. Nevertheless, this possibility 
lso does not agree well with the pre-eruption magnitudes and SED
tting (Fig. 7 ). The SED fitting to the VPHAS + and DECaPS
ata implies a steady optically thick accretion disc for at least the
pochs co v ered by these observ ations. Ho we ver, a steady optically
hick accretion disc is inconsistent with a dwarf nova because their 
uiescent accretion disc are usually optically thin (Han et al. 2020 ).
imilarly, the colours and brightness of the system during quiescence 
re different from most DN systems (Fig. 8 ). 

(iii) An outburst similar to the 2019 outburst of V1047 Cen? 
aia22alz share similarities with the peculiar 2019 outburst of V1047 
en, which was first identified as an outbursting classical nova in 
005 (Aydi et al. 2022a ). The 2019 outburst was characterized by
 long rise (lasting more than 2 months), a slowly evolving light
urve (with an outburst duration > 400 d), and showed significant 
ifferences with the 2005 classical nova eruption experienced by the 
ame system (fig. 1 of Aydi et al. 2022a ). In Fig. A1 , we show
 comparison of the light curves of Gaia22alz and V1047 Cen, 
here both show a slow rise and continuous variability near peak 
rightness for several months. The spectra of the 2019 outburst of
1047 Cen also showed narrow emission lines (FWHM of a few 

undred km s −1 ) of Balmer and He I , He II , and C IV during the rise
o peak. As in Gaia22alz, Aydi et al. ( 2022a ) noted that these high-
xcitation He II and C IV emission lines disappeared as the outburst
volved. The colours of the system prior to the 2019 outburst were
lso significantly blue ([ V − I ] 0 = −1.19), which led Aydi et al.
 2022a ) to suggest that ongoing nuclear burning was taking place
n the surface of the white dwarf. Aydi et al. ( 2022a ) suggested that
he outburst of V1047 Cen may have started with a brightening of
he disc due to enhanced mass transfer or disc instability, possibly
eading to enhanced nuclear shell burning on the white dwarf, which 
as already experiencing some level of quasi-steady shell burning in 
he w ak e of the 2005 nov a. The nuclear shell burning e ventually led to
he generation of a wind/outflow, resulting in significant broadening 
n the emission lines (see Aydi et al. 2022a for more details). 
ould Gaia22alz’s outburst be similar to that of the 2019 outburst
f V1047 Cen rather than being a classical nova? While there are
ome similarities between V1047 Cen and Gaia22alz (e.g. the slow 

ise to peak brightness, the high-excitation lines during the rise to
isible peak, the blue colours of the progenitors, and the slowly
v olving outb ursts), the two e vents also sho w discrepancies. As
he event evolved, the 2019 outburst of V1047 Cen did not show
ypical observational features of classical novae, while Gaia22alz did 
evelop such features (e.g. peak absolute magnitude and emergence 
f Fe II P Cygni profiles, potential dust formation). As detailed in
able 1 , at a distance of 4.5 kpc and for the relatively large extinction
alue, Gaia22alz would have a peak absolute magnitude of M V =
5.9, consistent with a classical nov a eruption. Ho we ver, V1047 Cen

nly reached M V ≈ −2 in 2019 (much smaller than typical brightness
f classical novae). The gap is bridged if we consider shorter
istances and lower extinction towards Gaia22alz. Nevertheless, the 
ptical spectral evolution of the two systems is still different, with
aia22alz exhibiting spectra dominated by strong Balmer and Fe II 
 Cygni profiles as the outb urst ev olved, which was not the case of
1047 Cen, i.e. no prominent Fe II P Cygni profiles. Note that the
005 classical nova eruption of V1047 Cen, showed typical spectral 
eatures of classical novae with spectra dominated by P Cygni profiles
f Balmer and Fe II near optical peak; Walter et al. 2012 ; Aydi et al.
022a . 
(iv) Pr e-existing cir cumbinary material? Could the early spec- 

ral features observed in Gaia22alz originate in circumbinary material 
eprocessing the high-energy emission from the white dwarf surface? 
n this scenario, we still require high-energy luminous emission from 

he X-ray/UV flash, but it is then absorbed by the neutral gas in the
ircumbinary medium and re-emitted in the visible band. Many nova 
ystems, particularly ones with evolved giant secondaries, are known 
o have dense circumbinary material enriched by the mass-losing, 
iant companion (e.g. V3890 Sgr- Harrison, Johnson & Spyromilio 
993 ; RS Oph- O’Brien et al. 2006 ; V407 Cyg- Munari et al.
011b ; Booth, Mohamed & Podsiadlowski 2016 ; Orio et al. 2020 ;
ikołajewska et al. 2021 ). In contrast, novae with main-sequence, 

warf secondaries are characterized by low-density circumbinary 
edia (e.g. Bode, Seaquist & Evans 1987 ). The dense circumbinary
aterial in the case of novae with giant secondaries manifests as low-

elocity ( ≈ 10–50 km s −1 ) P Cygni profiles in their optical spectra
e.g. Dobrzycka & Kenyon 1994 ; Brandi et al. 2009 ; Mondal et al.
018 ). These velocities reflect the relati vely slo w mass-loss from the
ed giant companion (Bowen 1988 ). 
he optical spectra of Gaia22alz do not show such features. The

elati vely narro w emission lines observed in its early spectra are
haracterized by FWHM ≈ 400 km s −1 , which is significantly faster
han the velocities typically observed for winds/mass-loss from 

volved stars in symbiotic systems (Brandi et al. 2009 ; Munari et al.
011a ). Moreo v er, the blue colour of the system during quiescence
rgues against an evolved secondary star (see Section 3.4 and Fig. 8 ).
herefore, it is unlikely that the early spectra of Gaia22alz originate

n circumbinary material reprocessing the emission from the nuclear 
urning on the white dwarf. 

(v) An unusual symbiotic no v a? Symbiotic novae are thermonu- 
lear runaway events that take place on accreting white dwarfs in
ide binary systems (e.g. Kenyon & Truran 1983 ; Mikolajewska 
010 ). These systems consist of a white dwarf accreting material
rom an evolved, red giant companion (Belczy ́nski et al. 2000 ;
MNRAS 524, 1946–1964 (2023) 
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ikołajewska 2007 ). Traditional symbiotic novae are characterized
y slow outbursts that last years and even decades (in contrast with
ecurrent novae in symbiotic systems, which tend to evolve rapidly;
ee Mikolajewska 2010 ). The orbital periods of such systems are
uch longer than those of classical nova systems ( P orb > 100 d for

ymbiotic nova systems, compared to P orb < 1 d for classical nova
ystems), and the white dwarf hosts are characterized by low masses
0.4–0.6 M 	; Mikołajewska 2003 ). 

hile the outburst of Gaia22alz is slow compared to classical novae
 t 2 = 212 d, qualifying it as a ‘very slo w’ nov a; Gaposchkin 1957 ), the
ime-scales on which symbiotic novae evolve tend to be even slower
a few years up to decades; e.g. Chochol et al. 2003 ; Mikolajewska
010 ). Could Gaia22alz be an unusually rapidly evolving symbiotic
ova? There is generally a scarcity of spectroscopic follow-up of slow
ymbiotic novae during their rise to optical peak to compare with
aia22alz early spectra, but Munari et al. ( 2009 ) observed the slow

ymbiotic nova V4368 Sgr across 16 yr of its outburst that started
n 1993. The pre-maximum spectra sho w relati vely narro w emission
ines of Balmer with no P Cygni profiles, similar to the early spectra
f Gaia22alz. Ho we v er, the y do not detect high-ionization He II or
 IV lines. The spectral features of V4368 Sgr remained similar after

ts optical peak, with no P Cygni profiles emerging. This led Munari
t al. ( 2009 ) to suggest that up until the time of their study, mass-loss
rom the nova was still very low or even absent. While the spectral
volution of V4368 Sgr might not necessarily represent all slow
ymbiotic no va, its o v erall e volution is dif ferent from Gaia22alz,
hich clearly sho wed e vidence for ejected material and mass-loss

s the eruption evolv ed. Moreo v er, based on the archival data of the
rogenitor system (see Section 3.4 and Fig. 8 ), it is unlikely that the
ompanion star is a red/yellow giant, arguing against a symbiotic
ova possibility. 
(vi) A stellar merger? One alternative suggestion to explain the

nusual spectral and photometric evolution of Gaia22alz is that the
ruption is more exotic than a nova outburst. While the spectra
bserved after d 50 become consistent with a classical nova eruption,
he amplitude of the eruption ( ≈8 mag) is on the lower end of
ruption amplitudes in novae (Warner 2008 ; Kawash et al. 2021 ). The
ptical light curve of Gaia22alz resembles the optical light curves of
tellar mergers (Luminous Red Novae; see fig. 6 in Pastorello et al.
019 ), showing a relatively slow evolution and secondary peaks.
ould it be that Gaia22alz is a stellar merger? The current data

et does not support this hypothesis; in particular, the spectra never
howed a red continuum nor particular absorption bands that are
sually seen in luminous red novae (e.g. TiO and VO; Williams
t al. 2015 ; Pastorello et al. 2019 ). Ne vertheless, further follo w-up
re encouraged to confirm the nature of this event and obtain the
arameters of the binary after the system has returned to quiescence.

.3 The progenitor brightness and colours 

hotometry of Gaia22alz’s progenitor system during quiescence
ndicates emission from a luminous and hot, blue source at the large
istance and extinction estimates ( d = 4.5 kpc and A V = 3.5; see
ection 3.4 and Fig. 8 ). Here, we speculate about potential causes
or this unusually high luminosity and remarkably blue colours. 

To first order, ongoing nuclear burning on the surface of the white
warf seems to be the most reasonable explanation for the brightness
nd colours of the progenitor. Ongoing nuclear burning could be due
o a relatively high mass transfer rate (10 −8 –10 −7 M 	 yr −1 ; e.g. Wolf
t al. 2013 ). Ho we ver, sustained nuclear shell burning on the white
warf could not directly precede a 2022 thermonuclear nova eruption
Starrfield 1989 ; Wolf et al. 2013 ). We can, in turn, speculate that
NRAS 524, 1946–1964 (2023) 
he 2022 eruption of Gaia22alz is not a thermonuclear nova eruption,
ut rather a dramatic brightness increase due to wind/shell ejection
riven by the nuclear shell burning, particularly due to the extremely
low and gradual rise – in a scenario similar to that suggested for the
019 outburst of V1047 Cen (Aydi et al. 2022a ), as discussed abo v e.
o we v er, we hav e showed in Section 4.2 that there are differences

n the o v erall evolution of Gaia22alz and V1047 Cen. 
Could the accretion disc be undergoing an active state prior to

he nov a eruption? Se veral recurrent nov ae are sho wn to go through
ctive high-accretion states prior to a nova eruption. This manifests
s an increase in the system brightness by a fraction of a magnitude
ccompanied with brightness flickering, a change in the colours
owards the blue (in the optical), and appearance of high excitation
mission lines, such as He II , in the optical spectra (e.g. Munari,
allaporta & Cherini 2016 ). This active state is suggested to be due

o an in increase in the accretion rate on to the white dwarf, with
he flickering originating in the accretion disc (Luna et al. 2018 ).

hile an increased accretion rate leading to the 2022 eruption of
aia22alz could increase the brightness of the system, the lack of
ultiwavelength observations during quiescence prevents us from

eaching a conclusive explanation for the brightness/colours of the
ystem. 

Similarities with T Pyx in quiescence: we have discussed above the
imilarities in the spectral and light-curve evolution of Gaia22alz and
 Pyx. The two systems also share similarities during quiescence. The
bsolute magnitude of T Pyx during quiescence is M V = 1.8 ± 0.8,
ssuming a distance between 2.5 and 4.5 kpc and E ( B − V ) = 0.35
see e.g. Patterson et al. 1998 ; Godon et al. 2018 ). This is also
ignificantly bright compared to other CVs with dwarf companions
nd is equal to the brightness of Gaia22alz during quiescence ( M V =
.8; for d = 4.5 kpc and A V = 3.5 mag). The colours of T Pyx during
uiescence are also bluer than typical CVs, with ( B − V ) 0 = −0.35.
his means that both systems are significantly bright and blue in
omparison to other nova systems in quiescence, which might imply
ertain physical mechanisms or system properties that are responsible
or the quiescent characteristics of systems like Gaia22alz and T Pyx.
o we ver , in vestigating these mechanisms are beyond the scope of

his paper. 
A lower reddening and distance estimate? The reddening we

erive from the Na I D and K I interstellar lines ( E ( B − V ) = 0.5)
uggests a smaller distance towards Gaia22alz. At these distances
nd reddening, the colours of the progenitor system are consistent
ith other CVs in quiescence (see Fig. 8 ). Ho we ver, as mentioned

bo v e, at such distances and reddening, the peak absolute magnitude
f the nova would be M V ≈ −2.7. This is much fainter than the peak
ntrinsic brightness of typical classical novae (Shafter 2017 ). Could
his be an indication that Gaia22alz is an unusually faint classical
ova (particularly due to the unusual spectral evolution and very
low and gradual rise of the eruption)? While unlikely, this would
ake Gaia22alz one of the least luminous classical novae on record.
As discussed abo v e, Intermediate values of reddening and distance

e.g. d = 3.5 kpc and A V = 2.5 mag) could potentially bridge the gaps
nd result with more reasonable quiescent colours [( V − I ) = −0.2
 ( G BP − G RP ) = 0.037; see Fig. 8 ] and acceptable peak absolute
agnitude ( M V , peak ≈ −4.4). 

 C O N C L U S I O N S  

e present a detailed analysis of the spectral evolution of the
lo w nov a Gaia22alz during its rise to peak brightness. The spectra
btained during the first 50 d were inconsistent with typical classical
ov a spectra, sho wing relati vely narro w (FWHM ≈ 400 km s −1 )
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mission lines and strong high-excitation lines of He II and C IV , and
o P Cygni absorptions. Ho we ver, as the eruption progressed, the
pectra underwent dramatic changes, becoming more akin to classical 
ovae. Based on the features observed in the early spectra (first 50 d),
e suggest that the early optical emission, particularly the relatively 
arrow emission lines with no P Cygni absorptions, originates in the 
uter layers of a slightly puffed-up (but not yet ejected) optically thin
o va env elope or in the accretion disc, which are reprocessing high-
nergy (UV/X-ray) emission from the white dwarf surface during 
he so-called X-ray/UV flash phase. The spectral line profiles also 
uggest the presence of a fast wind, possibly driven by radiation of
he nuclear burning white dwarf, before the bulk of the nova envelope
s ejected. If confirmed, this would be one of the rare incidents we
av e observ ed the optical signature of a nova during the X-ray/UV
ash. Thanks to ongoing all-sky surveys, we anticipate more slow 

lassical novae to be detected at early stages of eruption, which will
elp us to better understand and constrain the physics of the poorly
bserved X-ray/UV flash phases in classical novae. 
The lack of multiwavelength observ ations pre vent us from con- 

rming these suggestions, and we speculate about alternative expla- 
ations/scenarios to explain the nature of this event and its unusual 
bserv ational features. Follo w-up observ ations in the future might 
llow us to constrain the parameters of the progenitor system and 
ts physical characteristics, which could help us gain insight into the 
ature of the eruption of Gaia22alz. 
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Figure A2. The spectral evolution of nova Gaia22alz representing the different spectral stages: early-rise (blue), mid-rise (red), late-rise (green), and post- 
optical-peak (black). Numbers between brackets are days after t 0 . The resolving power R of each spectrum is added on the left-hand side of each panel. 
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Figure A3. The spectral evolution of nova Gaia22alz representing the different spectral stages: early-rise (blue), mid-rise (red), late-rise (green), and post- 
optical-peak (black). Numbers between brackets are days after t 0 . The resolving power R of each spectrum is added on the left-hand side of each panel. 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/524/2/1946/7209174 by guest on 22 January 2024



1962 E. Aydi et al. 

MNRAS 524, 1946–1964 (2023) 

Figure A4. The spectral evolution of nova Gaia22alz representing the different spectral stages: early-rise (blue), mid-rise (red), late-rise (green), and post- 
optical-peak (black). Numbers between brackets are days after t 0 . The resolving power R of each spectrum is added on the left-hand side of each panel. 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/524/2/1946/7209174 by guest on 22 January 2024



The slow nova Gaia22alz 1963 

MNRAS 524, 1946–1964 (2023) 

Table A1. Optical spectroscopic observations log. 

Telescope Instrument date t − − − t 0 Resolving power λ Range 
(d) ( Å;) 

SALT RSS 2022-03-10 45 1500 4200–7300 
SALT HRS 2022-03-15 49 14000 4000–9000 
SALT HRS 2022-04-03 68 14000 4000–9000 
SOAR Goodman 2022-04-09 76 1100 3800–7800 
SOAR Goodman 2022-04-10 76 4400 4500–5170 
SOAR Goodman 2022-04-14 80 1100 3800–7800 
SOAR Goodman 2022-04-21 86 1100 3800–7800 
SOAR Goodman 2022-04-21 86 4400 4500–5170 
SOAR Goodman 2022-05-01 96 1100 3800–7800 
SOAR Goodman 2022-05-01 96 4400 4500–5170 
SALT HRS 2022-05-08 103 14000 4000–9000 
SALT HRS 2022-05-11 106 14000 4000–9000 
SOAR Goodman 2022-05-22 118 1100 3800–7800 
SOAR Goodman 2022-05-22 118 4400 4500–5170 
SOAR Goodman 2022-05-24 120 1100 3800–7800 
SOAR Goodman 2022-05-24 120 4400 4500–5170 
SOAR Goodman 2022-06-09 135 1100 3800–7800 
SOAR Goodman 2022-06-09 135 4400 4500–5170 
Magellan IMACS 2022-07-21 178 1500 3800–6600 
SOAR Goodman 2022-08-15 203 1100 3800–7800 
SOAR Goodman 2022-08-15 203 4400 4500–5170 
SOAR Goodman 2022-08-24 212 1100 3800–7800 
SOAR Goodman 2022-08-24 212 4400 4500–5170 
SOAR Goodman 2022-09-17 236 1100 3800–7800 
SOAR Goodman 2022-09-17 236 4400 4500–5170 
SOAR Goodman 2022-10-08 257 1100 3800–7800 
SOAR Goodman 2022-10-08 257 4400 4500–5170 
SOAR Goodman 2022-10-09 258 4400 4500–5170 
SOAR Goodman 2022-10-18 267 1100 3800–7800 
SOAR Goodman 2022-10-18 267 4400 4500–5170 
SOAR Goodman 2022-10-29 278 1100 3800–7800 
SOAR Goodman 2022-10-29 278 4400 4500–5170 
SOAR Goodman 2022-12-01 310 1100 3800–7800 
SOAR Goodman 2022-12-01 310 4400 4500–5170 
SOAR Goodman 2022-12-22 331 1100 3800–7800 
SOAR Goodman 2022-12-22 331 4400 4500–5170 

APPENDIX  B:  A NA LY T I C A L  M O D E L  O F  STATIONA RY  S H O C K  WI THI N  T H E  L2  OUTFLOW  

In this section, we present a set of calculations supporting the main, alternative model with suggest in Section 4 . A binary of period P and 
mass M has a semimajor axis given by 

a ≈ 3 . 5 × 10 10 cm 

(
M 

M 	

)1 / 3 (
P 

h 

)2 / 3 

, (B1) 

with binary escape speed 

v esc ≈
(

2 GM 

a 

)1 / 2 

≈ 870 km s −1 

(
M 

M 	

)1 / 3 (
P 

h 

)−1 / 3 

. (B2) 

Consider a mass-loss from the L 2 point at a rate Ṁ L , which we assume is monotonically rising after the first few days of the eruption. Shu, 
Lubow & Anderson ( 1979 ) and Pejcha et al. ( 2016 ) show that cold mass-loss from the L 2 point for a binary of 0.064 � q ≡ M � / M WD � 0.78 
reaches a terminal velocity up to 

v L2 , min ≈ v esc / 4 ≈ 220 km s −1 

(
M 

M 	

)1 / 3 (
P 

h 

)−1 / 3 

. (B3) 

Higher velocities are predicted for matter ejected with finite thermal temperature (Pejcha et al. 2017 ), so we take v L2 ≈ 2 v L2, min , to match the 
400 km s −1 line widths observed in Gaia22alz. The vertical surface density and optical depth of the equatorial outflow at radius r � a from 

the binary is given by 

� ≈ Ṁ L2 

2 πrv L2 
; τT ≈ Ṁ L2 κT 

2 πrv L2 
≈ 1 . 0 

(
Ṁ L2 

10 −7 M 	wk −1 

)( r 

10 a 

)−1 
(

M 

M 	

)−2 / 3 (
P 

h 

)−1 / 3 

(B4) 
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where κT ≈ 0.34 cm 

2 g −1 is the Thomson optical depth. The L 2 streams collide at a radius r coll ≈ 10 a bin , with a relative velocity �v ≈ 0.2 v L2 , 
shock-heating the material to a temperature 

T c � 

3 

16 

m p 

k 
( �v) 2 ≈ 1 . 7 × 10 5 K 

(
M 

M 	

)2 / 3 (
P 

h 

)−2 / 3 

, (B5) 

high enough to (re-)ionize the gas. The mid-plane density on the radial scale of the collision can likewise be estimated as Pejcha et al. ( 2016 ) 

ρc ∼ � 

2 a bin 
∼ 5 × 10 −11 g cm 

−3 

(
Ṁ L2 

10 −7 M 	wk −1 

)( r coll 

10 a 

)−1 
(

M 

M 	

)−1 (
P 

h 

)−1 

. (B6) 

For typical values of ( ρc , T c ), we estimate the opacity (e.g. from OPAL) to be close to the Thomson value assumed abo v e (e.g. fig. 3 of 
Matsumoto & Metzger 2022 ; see also below). The kinetic luminosity of the shocks is given by 

L L 2 ≈ Ṁ L2 v L2 �v ≈ 1 . 3 × 10 35 erg s −1 

(
Ṁ L2 

10 −7 M 	wk −1 

)(
M 

M 	

)2 / 3 (
P 

h 

)−2 / 3 

, (B7) 

while the radiative cooling time of the gas, 

t cool ∼ 3 kT c 

(4 ρc /m p ) � ( T c ) 
∼ 10 −3 s 

(
Ṁ L2 

10 −7 M 	wk −1 

)−1 

, (B8) 

is extremely short, where � ( T ) � 2.8 × 10 −18 ( T / K ) −0.7 erg s −1 cm 

3 is the atomic line cooling rate (e.g. Draine 2009 ). 
Using equation ( B4 and B7 ), we can eliminate Ṁ L2 to write 

L L 2 ≈ 10 35 erg s −1 
( τT 

1 

)(
M 

M 	

)4 / 3 (
P 

hr 

)−1 / 3 

, (B9) 

Up to what value of τT can we still see line emission from the shock-heated gas? Considering that the free-free opacity for an optical photon 
(e.g. H II) of energy εγ ∼ 1 eV, 

κff ≈ 0 . 35 cm 

2 g −1 

(
T 

10 5 K 

)−3 / 2 (
ρc 

10 −10 g cm 

−3 

)( εγ

1 eV 

)−2 
ḡ ff , (B10) 

is close to the Thomson opacity. Therefore, the ef fecti ve absorption optical depth τth � 

√ 

τff ( τT + τff ) is close to τT . In other words, we expect 
to observe line emission up to τT ∼ 1, or L L2 ∼ 10 35 erg s −1 . 
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