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ABSTRACT

We present a comprehensive analysisof ultraviolet (UV) spectra from the International Ultraviolet Explorer (IUE)
of three classical novae: OS And (Nova Andromedae 1986), QU Vul (Nova Vulpeculae 1984 No. 2), and V1974 Cyg
(Nova Cygni 1992). Using continuumnormalization, extinction correction, and Gaussian profile fitting of prominent
emission lines (O 1 21306, N IlI] 21750, C III] 21909, [Ne IV] 21602), we trace the temporal evolution of their
spectral phases from outburst to quiescence. The results reveal systematic differences in line evolution and
expansion velocities, governed primarily by white dwarf mass and composition. OS And is consistent with a
C02/CO3 nova (Mwp = 0.9 M), while QU Vul and V1974 Cyg are ONe novae (Mwp =~ 1.0—1.15 M ). Expansion
velocities derived from FWHM measurements range from ~1500 to 2200 km s—1, characteristic of fast novae.
Quiescent-phase spectra yield mass accretion ratesof (1.14 £0.20) x 107 Mo yr™ for OS And and (4.44 £ 1.44) x
10 Mo yr™ for QU Vul and (9.04 = 2.11) x1071° Mg yr! for V1974 Cyg. The observed evolution of emission
features confirms the canonical sequence of initial, pre-nebular, and nebular stages, while the presence of high-
ionization species indicates inhomogeneous ejecta and complex ionization structures. Comparison with
thermonuclear runaway models by José & Hernanz (1998) shows general consistency but also highlights
discrepancies in dynamical parameters, suggesting the need for refined modelling of late outburst phases. Our
results underscore the diagnostic power of UV spectroscopy for probing nova evolution and con straining white
dwarf properties in classical novae.
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1. INTRODUCTION

Cataclysmic variables (CVs) are semi-detached
interacting binary systems consisting of a compact
white dwarf (WD) primary and a late-type main-
sequence secondary star that fills its Roche lobe and
transfers hydrogen-rich materialonto the WD (Warner,
1995). In systems with weak or negligible WD
magnetic fields, the transferred matter forms an
accretion disk, which transports angular momentum
outward while channeling material onto the WD
surface. Once sufficient mass is accumulated,
conditions at the base of the accreted layer leading toa
thermonuclear runaway (TNR) on WD surface and
producing a classical nova eruption (Schatzman, 1949;
Paczyfiski, 1965; Starrfield et al., 1972). CVs with
multiple observed nova eruptions are classified as
recurrent novae (RNe). If the WD retains more mass
during quiescence than it ejects in eruptions, it may
approach the Chandrasekhar limit and explode as a
Type la supernova (SN la) through the single-
degenerate (SD) channel (Whelan and lben, 1973;
Nomoto, 1982). Alternatively, CVs may evolve into
double WD binaries that merge, providing a double-
degenerate (DD) pathway to SNe la (Iben and Tutukov,
1984; Webbink, 1984; Livio and Pringle, 2011).
Because of their massive, rapidly accreting WDs, RNe
are considered strong SD progenitor candidates and
remain among the most studied CV subclasses.

Classical novae (CNs), oftensimply called novae,area
majorsubclass of cataclysmic variables (CVs). Because
the WD is supported by electron degeneracy pressure,
its surface does not expand in response to increasing
temperature as a normal star’s atmosphere would.
Instead, pressure and temperature at the base of the
accreted layer rise steadily until they reach a critical
threshold. At that point, unstable hydrogen burning
ignites and driving a TNR that explosively fuses
hydrogen into helium (Starrfield et al., 1972). This
runaway releases enough energy to increase the
system’s brightness by severalmagnitudes within hours
to several days, producing the observed nova outburst.
Thus, a classical nova is not a singular event but the
natural consequence of a CV’s unstable mass transfer
and accumulation process.

71

The orbital periods of CN-hosting binaries range from
about 1.4 to more than 16 hr, with a most CV
concentration between 2—4 hr (Diaz and Bruch, 1997).
These CVs typically accrete at long-term average mass
transfer rates of ~10™® to 107" MQ©® yr' (Howell,
Nelson and Rappaport, 2001). The recurrence
frequency of novae depends on the ignition mass
(M(igm), the amount of material that must accumulate
before a thermonuclear runaway begins. However,
M igny is highly sensitive to the WD’s core tempera ture
(T(v), which cannot be directly measured and must be
inferred  through  modelling or observational
constraints. Determining Mign) isalso critical fortesting
whether nova eruptions excavate material from the
underlying carbon-oxygen WD, by comparing
predictions to the ejected masses measured in CN
outbursts. These questions remain central to
understandingboth the long-term evolution of CVs and
the role of CNs in shaping the fate of accreting white
dwarfs.

The ignition of a nova outburst requires very specific
conditions within the accreted hydrogen envelope on
the surface of the white dwarf. The critical factoris the
accumulation of sufficient mass to reach pressures of
order 10" dyn cm™2, corresponding to temperatures of
~10—-20 million K. The exact M ign depends on the mass
of the white dwarf: higher-mass WDs require less
accreted material, since their stronger surface gravity
produces the necessary high pressures more quickly.
Because the accreted matteris degenerate, the onset of
nuclear fusion does not produce expansion that would
otherwise stabilize the system. Instead, heating
accelerates the reaction rate, creating a TNR, the
defining feature of nova explosions. Additional
parameters, such as the accretion rate and the
composition of the transferred matter, influence both
the timing and the violence of the outburst (Starrfield,
Iliadis and Hix, 2016).

The nova phenomenon progresses through a sequence
of stages that transform the system from quiescence to
peak brightness and back again. In the quiescent phase,
the light curveis dominated by the steady luminosity of
accretion, with flickering from disk turbulence. As
hydrogen accumulates on the WD, conditions at the
envelope base reach criticality, triggering runaway
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nuclear burning. This marks the onset stage, often
associated with a rapid rise in luminosity and
sometimes a brief “pre-maximum halt.” The system
then reaches maximum light, brightening by 8 — 15
magnitudeswithin hours to days, with the peak lasting
from days to weeks depending on the envelope mass
and ejection dynamics. Following this, the decline stage
begins as the ejected material expands outward at
hundreds to thousands of km s™, cools, and reveals
emission lines from ionized gas. Secondary maxima or
oscillations may occur, reflecting continued interaction
between the WD and residual envelope material.
Eventually, the system returnsto quiescence, beginning
a new cycle of mass accumulation and eventual
eruption.

The spectral evolution of classical novae during
outburstreveals distinct phasesthattrace the changing
conditions of the ejecta (Shore et al., 1994; Schwarz et
al., 2001; Cassatella, Altamore and Gonzéalez-Riestra,
2005; Bode and Evans, 2008). The initial “fireball”
phase occurs when the explosion first heats the ejecta
to very high opticaldepths; this stage is rarely observed,
asit lasts only a few days to weeks. Itis followed by
the “iron curtain” phase, when cooling ejecta become
dominated by absorption from iron-peak elements. As
opacity decreases, the system enters the “lifting the iron
curtain” stage, marked by the disappearance of UV
absorption lines and the retreat of the pseudo-
photosphere to hotter layers (Cassatella, Altamore and
Gonzalez-Riestra, 2005) found that this phase ends at
roughly 100 days after maximum in novae hosted by
carbon—oxygen WDs. The system then transitions into
the “pre-nebular” or “transition” phase, where semi-
forbidden lines emerge and C I11]emission strengthens,
reaching a maximum flux around 250 days post-
maximum. Finally, the nebular phase begins, with
spectra dominated by strong forbidden lines such as [O
1], [N 11],and [O 111],alongside high-ionization features
like C IV and N V. The system eventually relaxes back
to its prenova state, completing the cycle.

Ultraviolet spectroscopy has proven especially valuable
in tracing nova outbursts, as UV spectra contain
resonance, inter combination, and forbidden lines that
provide diagnostics of density, temperature, and
chemical abundances in the ejecta (Gonzalez-Riestra
and Krautter, 1998). Hydrodynamical models
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developed by Jose and Hernanz (1998) follow the nova
cycle from accretion to explosion, with input
parameters such as WD mass (0.8-1.15 Mg for CO
WDs, 1.0 — 1.35 M@ for ONe WDs) and mixing ratios
between the core and envelope (25-75%). These
models predict envelope masses, ejected masses,
ejection velocities, and abundances, providing key
insights into both the observable properties of novae
and their long-term impact on WD evolution.

In this paper, we present UV observations of three
classical novae (OS And, QU Vul and V1974 Cyq)
obtained with the International Ultraviolet Explorer
(IUE) satellite following their spectral evolution after
the nova events. The spectra and data reduction are
presented in Section 2, observation and data reduction.
Section 3, results and discussion. From the analysis of
the evolution of the normalized fluxes of selected
emission lines, we calculate the massaverage accretion
rates of the three novae in quiescence. The conclusions
are listed in Section 4.

2. OBSERVATIONS AND DATA
REDUCTION

Low-resolution short-wavelength spectra (1150-2000
A) from the International Ultraviolet Explorer (IUE)
were analyzed in this study. The data were obtained
with the short-wavelength prime (SWP) camera
operated in low-dispersion mode, employing a cross-
disperser grating that provided a spectral resolution of
~6 A. All observations were performed with the large
aperture (10 x 20 arcsec slit). A detailed description n
of the instrumental setup and ultraviolet spectral
characteristics is provided by Rodriguez-Pascual et al.
(1999) and Gonzélez-Riestra, Cassatella and
Wamsteker (2001).

The IUE observations of OS Andromedae (OS And)
were obtained between 12 November 1986 and 16
November 1987 (Table 1). Data for QU Vulpeculae
(QU Vul) were secured from 31 December 1984 to 21
June 1988 (Table 2), while observations of V1974
Cygni (V1974 Cyg) covered the period from 20
February 1992 to 20 November 1994 (Table 3).
Representative spectra for these novae are displayed in
Figures 1-4.

The observational baselines differ among the three
novae: OS And was monitored for approximately one
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year, QU Vul for~3.5 years, and V1974 Cyg for ~2.5
years. These differencesreflect the actualavailability of
IUE archivalobservationsforeach system andare nota
result of observational bias.

Data reduction and spectral measurements were carried
out using the Astropy and SciPy libraries within the
Python environment. Continuum normalization was
performed by fitting a fifth-order Chebyshev
polynomial to the underlying continuum. The
normalized line profiles were subsequently analyzed
through Gaussian fitting, from which the maximum
fluxesand full widths at half maximum (FWHM) of the
selected emission lines were derived.

The observed fluxes were first corrected forinterstellar
extinction. The extinction correction was applied using
the relation,

F = F0100.4—X(A)E(B—V) _ (1)

where Fo denotes the observed unnormalized flux, and
X(A) represents the analytic function for interstellar
ultraviolet extinction derived by (Seaton, 1979). This
Continuum normalization of the dereddened spectra
was performed by fitting a fifth-order Chebyshev
polynomial. Outliers were rejected iteratively, adopting
a sigma-clipping threshold of 2 and applying three
iterations to refine the continuum fit. The normalized
spectra were subsequently analyzed by fitting Gaussian
profiles to individual emission lines. From these fits,
the normalized line fluxes (Fa/Fc) were measured. The
temporal evolution of these line fluxes, expressed as a
function of Julian Date from the time of outburst, is
presented in Figures 5.

prescription follows the formulation of (Stickland et al.,
1981). Inaddition, extinction corrections were verified
using the CCM89 dust extinction law (Cardelli,
Clayton and Mathis, 1989), as implemented in the
“dust_extinction” Python package. A standard value of
RV = 3.1 was adopted for all calculations.

The luminosities of the selected spectral lines were
derived from the extinction-corrected fluxes using the
relation,

L, = 4nF,d*> — (2)

where d denotesthe distance to the nova. The emission
line profiles were analyzed by fitting the observed
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portions of the line wings with Gaussian fitting.
Calculated the integrated fluxes for the emission lines
in units of erg cm—2 s—1. The N III]A1750 and C III]
A1909 features are inter combination lines (Greeley,
Blair and Long, 1995), with the N III] emission
produced from the expanding ionized shell.

The ultraviolet spectra analyzed in this work exhibit
several prominent emission features. In particular, the
present study focuses on the evolution of C II11]A1909,
O 1 1306, N III] A1750, and [Ne IV] A1602. The
normalized fluxes (Fa/F.) of these lines generally begin
atlow valuesearly afteroutburstand rise progressively
until reaching well-defined maxima.

The temporal behavior of the emission lines is
consistent with the spectral evolution phases described
by Cassatella, Altamore and Gonzalez-Riestra (2005).
During the initial phase (the “lifting of the iron
curtain”), which extends to approximately 100 days
after the optical maximum, the O I line undergoes a
steady increase in flux aswell. This rise is attributed to
the decreasing opacity and increasing temperature of
the ejecta, culminatingin the O I maximum near the end
of this stage. The subsequent pre-nebular phase is
characterized by reduced density and opacity in the
ejecta, lasting until the maximum of the emission of the
C 1] line. Finally, in the nebular phase, the emission
maxima of higher-ionization species such as N 1V and
C IV are observed, signaling that the ejecta have
become sufficiently rarefied to permit the efficient
production of these lines. The nova system was
considered to have entered the quiescent stage once the
continuum and emission-line fluxes had last reached
the edge of the decline to approximately 99% of their
maximum values.

We then used the quiescent luminosity to calculate the
mass accretion rate onto the WD Macc using the
equation,

M. = LaccRwp 3)
acc GMWD

Where G is the universal gravitational constant, and

Mwp is the mass of the WD. Rwp is the radius of the

WD calculated using the mass—radius relationship from

(Nauenberg, 1972):
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OS Andromedae (OS And)

Nova Andromedae 1986 or OS And was discovered on
5 December 1986 by amateur astronomer Mitsuri
Suzuki (Kosai etal., 1986). The nova was first recorded
atanapparentvisual magnitude of V = 8.0, and within
only two daysitwas reached to its maximum brightness
of V = 6.3. The rapid rise and subsequent decline
classified OS And as a “fast” nova, with an intrinsic
decay timescale of t3 = 25 days (Kato and Hachisu,
2007),and the light curve shows a quick decrease atJD
2,446,800 (Cassatella, Altamore and Gonzalez-Riestra,
2002). The distance is estimated to be 4.3 kpc from
1455 A light curve fitting in the bottom panel for a
reddening of E(B - V) = 0.25 £ 0.05 (Schwarz et al.,
1997).

Spectroscopic studies have shown that the ejecta of OS
And possess chemicalabundancestypicalof a carbon-
oxygen (CO) nova (Kato and Hachisu, 2007), a
conclusion supported by the ultraviolet spectral data
obtained with ITUE. This chemical composition suggests
that the progenitor white dwarf is primarily composed
of carbon and oxygen, which is a common evolutionary
outcome for intermediate-mass stellar remnants.

The physical interpretation of nova outbursts is well
established in the framework of thermonuclear
runaway (TNR) models. In the early stages of mass
accretion, hydrogen-rich material accumulates on the
surface of the white dwarf and undergoes hydrogen
burning via the CNO cycle. As the temperature in the
accreted shell increases, the nuclear burning timescale
becomesshorterthan the accretion timescale, rendering
further accretion negligible. The rate of nuclear energy
generation then rises steeply, triggering a TNR event.
At this stage, a convective zone develops above the
burning shell, effectively coupling the energy release to
the outerenvelope and leading to the explosive ejection
of material (Jose and Hernanz, 1998; Starrfield et al.,
1998).
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Figure 1. International Ultraviolet Explorer (IUE)
spectra of the OS Andromedae nova system showing
the evolution through different phases. From top to
bottom: initial outburst phase, pre-nebular phase,
nebular phase, and quiescent phase. Prominent
emission lines such as H Lyman-a, O I, N IV], C IV,
O 111], N 111], and C 111] are marked for reference.

A total of 16 ultraviolet spectra of OS And were
obtained with 1UE between 12 November 1986 and 16
November 1987. The temporal evolution of the
ultraviolet spectrum reveals three distinct phases.
Figure 1 shows how spectrum differs from each phase.
The initial phase ended approximately 27.5 days after
the optical maximum, coinciding with the peak
normalized flux of the O I line. The subsequent pre-
nebularphaseendedatabout59.5 daysafter maximum
light, when the C I11] emission reached its maximum
intensity. Finally, the nova was considered to have
entered the quiescent stage after ~216 days. (see Figure
2)
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Figure 2. Evolution of the UV emission line flux
ratios (FAM/Fc) of N III], O I, and C III] in the nova
OS And as a function of days after eruption. The
shaded regions mark the different post-eruption
phases: Initial (blue), Pre-nebular (green), Nebular
(pink), and Quiescent (yellow). Vertical dashed red
lines indicate approximate transitions between
phases.

Expansion velocities were derived from the full width
at half maximum (FWHM) of the emission lines. The
N I11]line yielded an average expansion velocity of the
shell is ~2211 km s and the FWHM velocity of C 1]
line indicated a ~1569 km s average value.
Comparison with the thermonuclearrunaway models of
José & Hernanz (1998) indicates that OS And is best
described as a CO2/CO3 nova, corresponding to a
white dwarf of mass Mwp = 0.9 + 0.1 Mg During the
early stages of the outburst, the accretion process is
effectively suppressed and only resumes significantly
during the quiescent stage (Hachisu & Kato, 2006). To
estimate the mass accretion rate (M'acc), we analysed
the SWP32336 spectrum, representative of the
quiescent phase. The mass accretion rate inferred from
the H I Lya, yielding Macc = (1.14 = 0.20) x10
7 Mo yrl. Adopting the CO2/CO3 model framewolk,
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the recurrence time forOS And is estimated to lie in the
range of 1.7 x 105 — 2.6 x 10° years.

QU Vulpeculae (QU Vul)
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Figure 3. International Ultraviolet Explorer (IUE)
spectra of the QU Vulpeculae nova system showing
the evolution through different phases. From top to
bottom: initial outburst phase, pre-nebular phase,
nebular phase, and quiescent phase. Prominent
emission lines such as H Lyman-a, O I, N IV], [Ne
V], O 1], N 1lI], and C Il1] are marked for
reference.

QU Vulpeculae (Nova Vulpeculae 1984 No. 2) is a
classical nova classified asa fast novabased on itsrapid
decline rates and Fe Il-type spectrum (Gehrz,
Grasdalen and Hackwell, 1985). The nova exhibited t2
= 22 days and ts =49 days (Downes and Duerbeck,
2000). QU Vul is a memberof the ONeMg subclass, in
which the progenitor white dwarf is dominated by
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oxygen, neon, and magnesium (Livio and Truran,
1994). The detection of strong neon emission lines in
the ultraviolet spectra confirms this classification in
IUE spectrums. The outburst was discovered on 22
December 1984 by Peter Collins (Collins et al., 1984)
and reached a maximum brightness of V.= 5.5 on 27
December 1984 (Rosino et al., 1992). The reddening
was estimated as E(B—V) =0.55 + 0.05 (Hachisu and
Kato, 2014), and a distance of 1.43 + 0.23 kpc was
determined by Santamaria et al. (2022) through
comparison of expansion velocities and angular
expansion rates.
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Figure 4. Evolution of the UV emission line flux
ratios (FA/Fe) of N 1II], O I, and C III] in the nova
QU Vul as a function of days after eruption. The
shaded regions mark the different post-eruption
phases: Initial (blue), Pre-nebular (green), Nebular
(pink), and Quiescent (yellow). Vertical dashed red
lines indicate approximate transitions between
phases.

A total of 22 IUE spectra of QU Vul were analyzed,
spanning 31 December 1984 to 21 June 1988. The
earliest spectra, obtained 65 days after maximum,
showed the C I11] 11909 line in absorption; it
transitioned into emission after 67 days. The system
initial phase lasted until ~211 days after the visual
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maximum, while the pre-nebular phase lasted until to
~515 days, corresponding to the peak emission of the
C I11]line. The nova was considered to have entered the
quiescent stage after ~1109 days, when continuum and
line fluxes had diminished to ~1% of their maximum
(see Figure 3 and 4).

Expansion velocities were derived from FWHM
measurements of key lines. The N III] A1750 line
yielded an average velocity of ~1512 km s In
contrast, quiescent-state data gave a lower value of
~887 km s71, consistent with the expansion velocities
reported by Santamariaetal. (2022): polarvelocities of
~560 km s—1 and equatorial velocities 0of400 + 60 km
s—1. Theaverage FWHM velocity of the O IA1306 line
was ~1799 km s71. Comparison with thermonuclear
runaway models José & Hernanz (1998) suggests that
QU Vul hosts an ONe1/ONe2 white dwarf with a mass
in the range 1.0 —1.15 M@. The predicted recurrence
time of the nova is 1.9 —3.3 x10% years. From the
quiescent-phase spectrum and the H | Lya line, the
massaccretion rate was estimated to be Macc = (4.44 +
1.44) x1078 Mo yr L.

V1974 Cygni (V1974 Cyg)

V1974 Cygni (Nova Cygni 1992) was discovered by
Collins (Collins etal., 1992) on 19 February 1992 atan
apparent visual magnitude of V = 6.8. Within less than
24 hours, the system brightened rapidly and reached its
peak visual magnitude of V = 4.4 on 20 February
1992.7 UT (Kosai et al., 1992). The speed of the rise
and the subsequent rapid decline placed V1974 Cygin
the fast to very fast nova category according to the
speed-class system. V1974 Cyg was identified as a
neon nova, distinguished from CO novae by strong
neon emission features. The earliest evidence was the
detection of the [Ne 11] 12.8 um line in April 1992
(Hayward et al., 1992), followed by the [Ne IlI]
3869,3968 lines in May 1992 (Austin et al., 1992).
Moreover, the ultraviolet spectra obtained shortly after
maximum resembled those of the neon nova LMC
1990#1 (Sonneborn, Shore and Starrfield, 1990),
further confirming the classification. Neon novae are
predicted to occur on relatively massive oxygen—neon—
magnesium (ONeMg) white dwarfs, which produce
more energetic eruptions compared with novae on CO
white dwarfs (Starrfield, Sparks and Truran, 1986).
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Figure 5. International Ultraviolet Explorer (IUE)
spectra of the V1974 Cygni nova system showing the
evolution through different phases. From top to
bottom: initial outburst phase, pre-nebular phase,
nebular phase, and quiescent phase. Prominent
emission lines such as H Lyman-a, O I, N IV], [Ne
1IV], O I1l1], N IIl], and C 1l11] are marked for
reference.

The reddening toward V1974 Cyg has been measured
by (Chochol et al., 1993), using UBV photometry,
derived E(B—V) = 0.32 £0.01 and estimated a distance
of 1.8 £ 0.1 kpc. Alternative distance estimates vary:
Shore et al. (1994) reported ~3.0 kpc; Quirrenbach et
al. (1993) derived 2.6 + 0.3 kpc from angular diameter
measurements; and Austin et al. (1996) obtained 2.8 £
0.7 kpc. To minimize these discrepancies, in this study
we adopt the most recent and precise measurement
from Gaia DR3 (2020), which provides a parallax-
based distance of 1.61 +0.14 kpc, significantly refining
earlier estimates.
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A total of 160 IUE ultraviolet spectra were analyzed,
spanning 20 February 1992 to 20 November1994. The
unprecedented temporal coverage allows a detailed
tracing of the nova’s spectral evolution. The initial
phase lasted until approximately 39.5 days after the
visual maximum, during which the O T A1306 line
increased steadily in flux as the opacity decreased and
the ejecta temperature rose. The pre-nebular phase
extended to ~100.5 days post-maximum, culminating
in the peak emission of the C IIIJA1909 line. The nova
then transitioned into the nebular phase, characterized
by the dominance of high-ionization species such as C
IV and N V. Finally, the system reached the quiescent
stage by ~498.5 days after maximum, when both
continuum and emission-line fluxes had declined to
<1% of their peak values (see figure 6). The flux
evolution of O I, N 111], C I11], and [Ne 1V] lines is
illustrated in Figure 5

The line evolution confirms the standard picture
described by (Cassatella, Altamore and Gonzalez-
Riestra, 2005): in the initial phase, the lifting of the
“iron curtain” is marked by the O I flux maximum,
while the pre-nebular phaseis associated with reduced
density and opacity that enhance semi-forbidden
transitions suchas N I117and C I11]. During the nebular
phase, the low densities allow high-ionization species
to dominate,and the appearance of strong C IV and N
V is consistent with the increasing transparency of the
ejecta.

Expansion velocity was derived from FWHM
measurements of the N III] A1750 feature provided an
average velocity of ~2036 km s of the shell, while the
FWHM velocity of O I A1306 line gave a comparable
average velocity of ~2098 km s™1. These values are
characteristic of fast novae and are consistent with the
energetics expected for massive ONe white dwarfs.
Comparison with the thermonuclear runaway (TNR)
models of José & Hernanz (1998) suggests that V1974
Cyg hostsan ONe2 white dwarf with an estimated mass
of ~1.15M@. Such a mass is in agreement with
expectationsforneon novae and explains the observed
energetic outburst and strong neon enrichment of the
ejecta. From the models, the predicted recurrence time
of V1974 Cyg is on the order of 1.9x10° years,
consistent with theoretical expectations for massive
ONe white dwarf accreting at modest rates.
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The quiescent-phase spectra were used to estimate the
mass accretion rate. From analysis of the H | Ly «
profile during quiescent phase, a value of Macc = (9.04
+2.11) x10 19 M@ yr! was derived. This rate is in line
with values determined for other ONe novae in
quiescence and reflects the efficiency with which the
white dwarf resumes accretion following the outburst
(Hachisu and Kato, 2006).
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Figure 6. Evolution of the UV emission line flux
ratios (FAM/Fc) of N III], O I, and C III] in the nova
V1974 Cyg as a function of days after eruption. The
shaded regions mark the different post-eruption
phases: Initial (blue), Pre-nebular (green), Nebular
(pink), and Quiescent (yellow). Vertical dashed red
lines indicate approximate transitions between
phases.

The prolonged nebular phase observed in V1974 Cyg,
and the persistence of high-ionization emission features
well into the post-outburst evolution, are further
illuminated by recent work on nova ejecta ionization
responses. Di Giacomo et al. (2025) demonstrated,
through analysis of the 2021 nova V1405 Cas, thatthe
ionization state of expanding ejecta responds
dynamically to variations in the post-outburst white
dwarf'sultraviolet and X-ray luminosity. Their findings
show that high-ionization species such asC IV and N
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V can be sustained or even enhanced during the late
nebular phase through recombination events driven by
the central source, rather than solely by the initial
shock-heated plasma. This mechanism is consistent
with the elevated high-ionization line fluxes observed
in the late-time IUE spectra of V1974 Cygand supports
a picture in which the central white dwarf continues to
play anactiverole in shapingthe ionization structure of
the ejecta long after the initial outburst.

The observed complexity in ionization structure and the
variable FWHM velocities across the three novae are
consistent with a picture of inhomogeneous, multi-
component ejecta. Recent high-resolution
spectroscopic studies of Galactic novae by Aydi et al.
(2020) provide strong observationalevidence that nova
massejection is nota single ballistic event butinvolves
at least two physically distinct outflows: a slow
component present before optical peak and a fast
component emerging thereafter. The interaction
between these flows produces shocks that further alter
the ionization state of the expanding shell. This
framework offers a physical basis for the line-width
variations and the simultaneous presence of low- and
high-ionization species seen in the UV spectra of OS
And, QU Vul, and V1974 Cyganalyzed here.

4. CONCLUSION

In this study, we have analysed extensive ultraviolet
spectra of three classical novae OS And (Nova
Andromedae 1986), QU Vul (Nova Vulpeculae 1984
No. 2), and V1974 Cyg (Nova Cygni 1992) obtained
with the IUE satellite. The main results and conclusions
of this work can be summarized as follows:

The derived white dwarf (WD) masses of ~0.9M¢ for
OS And, 1.0-1.15 Mg for QU Vul, and ~1.15Mg for
V1974 Cyg are consistent with CO and ONe nova
models. These differences in WD massare the primary
factors governing the distinct speed classes and spectral
evolutionary timescales observed among the novae.

The variationsin the evolutionary curves of normalized
flux (Fa/Fc) between O I, N I11], C 111], and [Ne 1V]
lines reflect differences in ionization potential and
sensitivity to the density and opacity of the ejecta. The
transitions from the initial, pre-nebular, and nebular
phases are marked by changes in line dominance,
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consistent with the progressive thinning and ionization
of the expanding shell.

Average expansion velocities derived from line FWHM
measurements span ~1500-2200 km s, consistent
with the classification of these novae as “fast.” The
measured velocities, combined with WD masses and
massaccretion rates, indicate that OS And corresponds
to the CO2/CQO3 class, while QU Vul and V1974 Cyg
correspond to ONel and ONe2 systems, respectively,
in the framework of José & Hernanz (1998).

The quiescent-phase spectra yield mass accretion rates
of Macc=(1.14+0.20) x10" Mg yr*forOS And, and
(4.44 £ 1.44) x 1078 M yr! for QU Vul and (9.04 +
2.11) x1010 M@ yr for V1974 Cyg. These valuesare
consistent with expectations for recurrent classical
novae on CO and ONe white dwarfs (Table 1).

The presence of multiple ionization species, variable
FWHM velocities, and indications of high-density
regions suggest thatthe ejecta were not homogeneous.
The enhanced number of high-ionization lines may
result from ionization by the central WD or from a
temperature rise in the ejecta. The variability of
ultraviolet line fluxes, luminosities, and accretion rates
supports a picture of the ejecta consisting of an
optically thin dust shell embedded with hot ionized gas.

While the observed properties are broadly consistent
with the CO and ONe models of José & Hernanz
(1998), some discrepancies remain between the
dynamicalparameters derived here and those predicted
by theory. A potential resolution may require
modificationsto the models, particularly to extend their
predictive capability to later phases of the outburst.
Incorporating chemical abundances determined from
nebular line analysis at late times would improve the
accuracy of evolutionary modelling.

Table 1. Final summary of derived parameters for
the three classical novae OS And, QU Vul, and
V1974 Cyg. Listed are the underlying white dwarf
(WD) core classifications, estimated WD masses,
average shell expansion velocities, and mass
accretion rates (M.cc).
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Parameter OS And QU Vul | V1974
Cyg

WD core | CO2/CO3 | ONel ONe2

class

Mwb (M@) 09+0.1 1.0- ~1.15

1.15

Average shell ~2211 ~1512 ~2036

expansion

velocity (km

s1)

Macc 114+ (4.44 + (9.04 +

Mo yr?) 0.20) x10 1.44) 2.11)
-7 ><1078 x]_O’lO
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