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A B S T R A C T 

We present the evolution of optical spectra and light curves of the fast nova V1674 Herculis during 150 d past its eruption. 
Using the post-eruption AAVSO light curv e, w e hav e calculat ed the orbital period of V1674 Her t o be 0.153 d. There is 
no unambiguous white dwarf spin period in our data. The optical spectra show that the ionization increases with time. A 

morphokinematic analysis of the H α line profile indicates a bipolar morphology with polar blobs and an equatorial ring. 
Lyman beta fluorescence is found to be the dominant mechanism for the e x citation of neutral o xy gen. On day 19.87, [N e 
iii ] and [Ne v ] lines are present, indicating the presence of the ONe white dwarf. On day 147.66, the nebular lines are still 
present, implying that the nova had not gone into quiescence yet; this spectrum is accretion-dominated. 

Key words: stars: individual: V1674 Her – nov ae, cataclysmic v ariables – techniques: spectroscopic – techniques: photo- 
metric – line: profiles. 
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 INTRODUCTION  

.1 Classical novae 

lassical novae (CNe) are explosiv e ev ents that occur in binary
tar systems consisting of a white dwarf (WD) and a companion 

tar that fills its Roche lobe. These systems are known as cata-
lysmic variables and are characterized by the tr ansfer of mat ter
rom the companion star through the inner Lagrangian point on 

o the surface of the WD via an accretion disc (B. Warner 1995 ). In
hese close binary systems, the WD and the companion star orbit
ach other with a period of a few hours. When enough material
ccumulates on the WD, it can trigger a thermonuclear runaway 
TNR) in the matter that is electron degenerate (S. Starrfield et al.
012 , 2020 ). As a result, an envelope of the accreted material gets
jected, with ejecta masses that can range from ∼ 10 −7 to 10 −4 

 �, depending primarily on the WD mass, its cor e temperatur e,
nd the mass accretion rate (O. Yaron et al. 2005 ), and with veloc-
ties ranging from a few 100 km s –1 to several 1000 km s –1 , leading
o a sudden increase in the optical brightness of the system by ∼
1 mag (A. Kawash et al. 2021 ) – this is known as a nova eruption.
ollowing a nova eruption, the spectrum exhibits signatures of 
apidly expanding ejecta and ongoing thermonuclear processes 
n the WD surface (R. Williams 1992 ). In the earliest phase of a
ov a eruption, the spectr a are dominated by permitted recombi-
ation lines due to low ionization. As the ejecta expand, deeper 
nd hotter regions near the WD become exposed, resulting in a 
ise in ionization and the emergence of high-ionization forbidden 
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nd cor onal featur es. The entir e eruption phase can span from
 eeks t o sev eral months, aft er which the syst em gradually fades
ack to its pre-eruption state. As the nova settles into quiescence,
he ionization level decreases once again (for more details, see G.
. Anupama & U. S. Kamath 2012 and r efer ences ther ein). 

.2 V1674 Her: discovery and peculiar characteristics 

1674 Her (Nova Her 2021; TCP J18573095 + 1653396) was dis-
overed in eruption by Seiji Ueda (K ushiro , Hokkaido , Japan) 1 
t 8.4 mag on 2021 June 12.537 ut . V1674 Her is the fastest
alactic nova ever with a t 2 (time taken to decline by two mag-
itudes from the maximum) value of 1.2 d (C. E. Woodward et
l. 2021a ). Adding to its intrigue, R. M. Quimby, A. W. Shafter
 H. Corbett ( 2021 ) noted a pre-eruption plateau in V1674 Her’s

ight curve at around g ∼ 14 mag and also pointed out the fact
hat while such occurrence of a plateau has been reported for a
ew cases, the detection at ∼ 8 mag below peak is unprecedented
n their knowledge. Utilizing the pre-eruption archival Zwicky 
ransient Facility (ZTF) light curve of the nova, P. Mroz et al.
 2021 ) found a period of 501.4277 s and int erpret ed it as the spin
eriod of the WD in an int ermediat e polar syst em. Subsequent
bservations post-eruption with the N eutr on star Interior Com- 
osition Explorer (NICER) (S. Pei et al. 2021 ) and Chandra (T.
. Maccarone et al. 2021 ) reported a period of 501.8 ± 0.7 s and
03.9 s, r espectively. N otably, J. Patterson et al. ( 2022 ) found a
pin period of 501.486(5) s and additionally identified a signal at
 ht tp://www.cbat.eps.harv ard.edu/unconf/followups/J18573095+ 

653396.html 
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Table 1. Log of GIT observations. 

Filter Start time (MJD) End time (MJD) 

g ′ 59416.667 59509.598 
r ′ 59416.666 59509.599 
i ′ 59416.665 59509.601 
z ′ 59416.664 59509.602 
High-cadence 

g ′ 59416.667 59416.765 
r ′ 59417.745 59417.831 
r ′ 59418.781 59418.862 
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.152921(3) d, indicating it to be the orbital period of the WD. S.
hug ar ov & M. Afonina ( 2021 ) reported a similar orbital period
ased on optical data. G. J. M. Luna, I. J. Lima & M. Orio ( 2024 ),
sing Transiting Exoplanet Surv ey Sat ellit e ( TESS) observations,
et ect ed a 0.153 d period consistent with the orbital period of 
he system. They also reported an additional longer periodicity
ear ∼ 0 . 537 d, of unknown origin. Lin et al. ( 2022 ) also found a
imilar orbital period of 0.153 d based on NICER observations. J.
. Drake et al. ( 2021 ) found a spin period of 501.72 ± 0.11 s based
n Chandra observations, while Y. Bhargava et al. ( 2024 ) reported
 period of 501.4–501.5 s in X-rays at the peak of the supersoft
ource (SSS) phase with AstroSat observations. 

Following its eruption, V1674 Her g arner ed substantial atten-
ion and was ext ensiv ely observ ed across multiple wav elengths.
nitially displaying Fe ii lines (C. E. Woodward et al. 2021b ),
nd r efer ences ther ein), V1674 Her was classified as a Fe ii -type
ova (R. Williams 1992 , 2012 ). Notably, C. E. Woodward et al.
 2021c ) observed a shift in the near-infrared (NIR) spectra to-
ards the He/N class within 5.5 d after the eruption, suggest-

ng the possibility of V1674 Her being a hybrid nova. Appr o xi-
ately 17 d after the nova eruption, the appearance of the [Ne
 ] 342.6 nm and [Ne iii ] 386.9 nm, 396.8 nm lines were reported

R. M. Wagner et al. 2021 ), indicating that V1674 Her has ONe
D. Additionally, C. E. Woodward et al. ( 2021d ) reported the

etection of NIR coronal lines on day 11.5, marking the earliest
etection of such lines in a classical nova, even preceding the
nset of the SSS phase on day 18.9 (K. L. Page et al. 2021 ). G.
. Habtie et al. ( 2024 ) have discussed the optical spectra anal-
sis of V1674 Her over the course of 1 month following the
ruption. 

We present here the evolution of the optical spectra and light
urves of the fast nova V1674 Her over 150 d following its erup-
ion. We describe the observations and data reduction steps in
ection 2 . The orbital and spin periodicity of V1674 Her is de-
ailed in Section 3 , followed by a detailed spectral evolution in
ection 4 . Section 5 provides a description of some prominent
mission lines. In Section 6 , we discuss the morphokinematic
nalysis of V1674 Her ejecta using the H α line profile. Finally,
e present the results and conclusions in Section 7 . 

 O B S E RVAT I O N S  

.1 Photometry 

.1.1 GIT 

hotometric observations of V1674 Her were obtained using the
.7-m GROWTH-India Telescope 2 (GIT; H. Kumar et al. 2022a )
ocated at the Indian Astronomical Observatory (IAO), Hanle,
ndia. GIT is a fully robotic telescope equipped with 4096 ×
108 pixels Andor iKon-XL camera and Sloan Digital Sky Survey
SDSS) u 

′ , g ′ , r ′ , i ′ , and z ′ filters. The photometric observations
egan on 2021 July 21 (MJD ∼ 59416 . 66 ) and continued till 2021
ctober 22 (MJD ∼ 59509 . 60 ). V1674 Her was also observed with
igh-cadence imaging mode using the SDSS g ′ filter on 2021 July
1 and the r ′ filter on 2021 July 22 and 23. Data were reduced and
NRAS 547, 1–16 (2026) 

 Global Relay of Observatories Watching Transients Happen 
 ht tps://www.growth.caltech.edu/ ), ( ht tps://sites.google.com/view/ 
rowthindia/ ). 

3
4

w
A
F

oint spread function (PSF) photometry was performed using the
IT pipeline developed by H. Kumar et al. ( 2022b ). 
Details of the observations are summarized in Table 1 . Light

urve of V1674 Her constructed using GIT data is shown in Fig. 1 .

.1.2 AAVSO 

he American Association of Variable Star Observers (AAVSO 

3 ;
. Kafka 2021 ) International Database compiles observations
ade primarily by the amateur astronomy community but also

ncludes data from professional researchers. The data base has
trict quality control measures and is maintained by AAVSO
echnical staff. We have obtained V- and CV-band data from
he AAVSO International Database to find the periodicity of the
bject. CV corresponds to the unfiltered visual magnitude with
essel V zeropoint. We have removed data which did not have a

V’ (‘observation passed validation tests’) or ‘Z’ (‘pre-validation,
ata checked for typos and input errors’) flag. 

.2 Spectroscopy 

pectr oscopic observations of N ova V1674 Her were obtained
sing the HF OSC (Himalay an Faint Object Spectrogr aph Cam-
ra) instrument mounted on the 2-m Himalayan Chandra Tele-
cope (HC T) locat ed at the IAO, Hanle, India. The observations
tarted on 2021 June 13 (JD 2459379.298) ∼ 1 d after the discovery
2021 June 12.537 ut and JD 2459378.037) and continued till
021 November 7 ( ∼ 148 d). The optical spectra were obtained
sing Grism 7 ( R ∼ 1000 ) and Grism 8 ( R ∼ 1200 ) available with

he HFOSC. Grisms 7 and 8 cover a wavelength range of 3800–
000 and 5800–9200 Å, respectively. The log of spectroscopic
bservations is given in Table 2 . The epochs corresponding to
ur spectroscopic observations are marked on the AAVSO V-band
ight curve in Fig. 2 . From the AAVSO data base (S. Kafka 2021 ),
1674 Her reached peak brightness V = 6.14 on 2021 June 12.96
t (JD 2459378.46) (C. E. Woodward et al. 2021a ). We adopt this
eak brightness time as t 0 . 
All spectral data were processed using the standard task in

mage Reduction and Analysis Facility ( iraf 4 ). The spectra were
ias-corrected and flat-fielded, and the one-dimensional spectra
 as extr acted using the optimal extr action method. Cosmic r ay

orrection was also done. For the wavelength calibration of the
 https://www.aavso.org 
 iraf is distributed by the National Optical Astronomy Observatory, 
hich is operated by the Association of Universities for Research in 
stronomy, Inc., under cooperative agreement with the National Science 
oundation. 

https://www.growth.caltech.edu/
https://sites.google.com/view/growthindia/
https://www.aavso.org
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Figure 1. Light curve of nova V1674 Her in the GIT g ′ , r ′ , i ′ , and z ′ bands. Offset has been applied for individual bands e x cept i ′ band for better 
r epr esentation. Insets show the high cadence observations. 

Table 2. Observational log of spectroscopic data obtained for V1674 Her. 

Exposure 
Date JD t–t 0 time Grism 

dd-mm-yyyy (d) (s) 

13-06-2021 2459379.298 0.84 60, 60 Gr7, Gr8 
15-06-2021 2459381.352 2.89 60, 60 Gr7, Gr8 
18-06-2021 2459384.194 5.73 300, 300 Gr7, Gr8 
02-07-2021 2459398.333 19.87 300, 300 Gr7, Gr8 
06-07-2021 2459402.169 23.71 900, 900 Gr7, Gr8 
08-07-2021 2459404.137 25.68 900, 900 Gr7, Gr8 
20-07-2021 2459416.341 37.88 900, 900 Gr7, Gr8 
17-08-2021 2459444.324 65.86 2700, 2700 Gr7, Gr8 
07-11-2021 2459526.120 147.66 1800 Gr7 

Figure 2. AAVSO V-band light curve of V1674 Her with the epochs of 
our spectroscopic observations marked by arrows. 
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xtr acted spectr a, lamp spectr a of F eNe and F eAr was used for the
ed and blue regions, respectively. Spectroscopic standards ob- 
ained during the same night were used for instrumental response
orrection. On the nights for which standard star spectra were 
ot available, standard star data of the nearby nights were used.
hen, the gr7 (blue) and the gr8 (red) spectra were combined to
et the final spectrum. All the spectra were dereddened using E ( B
 r  
V) = 0.55 given by U. Munari, P. Valisa & S. Dallaporta ( 2021 ).
he emission-line flux ratios relative to H β, measured from these
ereddened spectra, are reported in Table 3 . 

 ORBITAL  AND  S P I N  P E R I O D I C I T Y  

omb–Scargle (LS) technique (N. R. Lomb 1976 ; J . D . Scargle
982 ; J. T . V anderPlas 2018 ) is used for calculating the orbital
nd spin periodicity of V1674 Her using the V- and CV-band
agnitude available from the AAVSO archive. During the nova 

ruption, it is essential first to detrend the data to find the peri-
dicities. The detrending was performed by fitting a univariate 
pline with AAVSO V- and CV-band light curves. The detrended 

ata covering JD 2459430 to JD 2459440 (2021 August 3.5 – 2021
ugust 13.5) in the V and CV band are used to obtain the LS pe-

iodogram as in Fig . 3 , and fr om the highest peak we determined
n orbital period of 0.15307 d using the CV band and 0.15321 d
sing the V band. These results are consistent with the findings of 
. Shug ar ov & M. Afonina ( 2021 ), J. Patterson et al. ( 2022 ), and G.
. M. Luna et al. ( 2024 ), all of whom det ect ed a ∼ 0 . 153 d orbital
eriod in optical data. G. J. M. Luna et al. ( 2024 ) additionally
eported a longer period of ∼ 0 . 537 d in their TESS observations;
ow ev er, no significant peak around this period is seen in our
AVSO periodogram. 
The light curves are phase-folded at the period of ∼ 0 . 153 d and

lotted in Fig. 4 , which includes the phase-folded light curves of 
AVSO V and CV, as well as GIT r ′ bands. For the low-cadence
IT data, we could not determine the orbital period because it is
ot well-sampled enough. This can be seen in the phase-folded 

ight curve of the GIT r ′ band, wher e g aps indicate insufficient
ata coverage. Visual inspection of the high-cadence data (see 
ig. 1 ) shows sudden rises and falls but no noticeable period-

city. To further inv estigat e this, w e used the LS periodogram
n a frequency range of 100 to 200 cycles d 

–1 . The periodogram
howed a peak at around 500 s ( ∼ 172 cycles d 

–1 ), but the LS
ower of the highest peak was 0.04 for the r ′ filter and 0.036 for
he g ′ filter, and the false alarm probability (FAP) value was close
o 1. 

To place an upper limit on the detection of the spin modulation,
 e simulat ed 500 light curves with similar noise statistics to the

urrent observations and injected sinusoidal signals of varying 
mplitudes at a fixed frequency corresponding to a 501.48 s pe-
iod calculated by J. Patterson et al. ( 2022 ). The LS periodogram
MNRAS 547, 1–16 (2026) 



4 N. S. Rawat et al. 

M

Table 3. Line identification and observed fluxes relative to H β, derived from dereddened spectra. 

λ F λ/F H β

( Å) day 0.84 day 2.89 day 5.73 day 19.87 day 23.71 day 25.68 day 37.88 day 65.86 day 147.66 

[Ne iii 3869] + H ζ (3889) 0.34 0.34 0.51 1.51 2.22 2.53 5.24 1.25 –
H ε (3970) + [Ne iii 3968] 0.19 0.13 0.17 0.30 0.45 0.57 1.47 3.59 –
H δ (4102) 0.58 0.53 0.43 0.65 0.62 0.65 0.59 0.82 –noisy 
H γ (4340) + [O iii ] 4363 ∗ 0.62 0.52 0.53 0.68 0.78 ∗ 0.79 ∗ 1.35 ∗ 1.92 ∗ 0.97 
He ii 4686 – 0.48 0.77 1.87 2.32 2.41 3.60 4.12 2.01 
H β (4861) 1 1 1 1 1 1 1 1 1 
He i 5876 + Fe ii ∗ 0.23 ∗ 0.16 ∗ 0.34 0.24 0.17 0.18 – – –
H α (6563) 2.47 3.31 4.22 4.16 3.39 3.57 3.36 2.65 1.30 
He i 7065 0.19 0.13 0.27 0.20 0.16 0.16 0.16 – –
O i 7774 0.31 0.14 0.09 – – – – – –
O i 8446 0.36 0.52 0.69 0.25 0.15 0.18 0.11 –
Flux H β (erg cm 

–2 s –1 ) 8.09E-10 7.44E-11 7.07E-11 6.41E-12 1.02E-11 5.25E-12 1.79E-12 1.86E-13 2.94E-14 

Figure 3. LS periodogram of V1674 Her for searching the orbital period 
in AAVSO V and CV bands. Both V and CV bands show a clear peak at 
∼ 0 . 153 d, as shown by the dashed line. 
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Figure 4. Phase folded light curve of V1674 Her in AAVSO V, CV, and 
GIT r ′ bands. The light curves are folded at the period seen in Fig. 3 . 
The GIT light curves also show the orbital variation but due to a lack of 
sufficient sampling, the sole GIT observations are unable to constrain the 
orbital period. 
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as computed for each combined signal, for the frequency range
etween 10 to 400 cycles d 

–1 and for 10 000 bins. We computed
he FAP for the highest peak in the periodogram, and we noted
he amplitudes for which the FAP is lower than 1 per cent (which
ndicates that at 3 σ level, we do not detect the pulsations at these
mplitudes). For the observations with g ′ filter, the upper limit
n the amplitude is 0.065, and for observations with r ′ filter, the
pper limit is 0.04. GIT high-cadence observations were taken
round day 40 after the maximum, and the non-detection of the
pin period suggests that any spin modulations in the optical data
re smaller than the upper limit on amplitudes det ect ed in our
imulations. This finding aligns with the results of J. Patterson
t al. ( 2022 ), who reported variations of around 0.01 mag on day
2, increasing to about 0.09 mag by day 350. 

 S P E  CTRAL  E VO L  U T I O N  

he spectral evolution of V1674 Her over eight epochs is shown
n Fig. 5 . Initially, the spectrum is dominated by low ionization
ines of helium, hydrogen, oxygen, and nitrogen. Possible contri-
utions from Fe ii transitions may be present in the earliest epoch,
ut these features are strongly blended with other broad emission

ines, making individual Fe ii lines difficult to identify, so they are
ot explicitly labelled in Fig. 5 . Fe ii lines disappear very soon af-

er the nova eruption. As the ejecta expands and the layers closer
o the central WD ar e r evealed, the ionization levels incr ease. B y
NRAS 547, 1–16 (2026) 
ay 19.87 after eruption, coronal (e.g. [Fe x ] [Ionization Potential
IP) = 235.04 eV], [Fe xiv ] [IP = 361 eV]) and high-ionization
ines of iron (e.g. [Fe vi ] [IP = 75 eV], [Fe vii ] [IP = 99 eV]),
long with nebular lines (e.g. [O iii ] [IP = 35.116 eV], [Ne iii ]
IP = 40.962 eV]) show up in the spectra. All these lines increase
n strength over time before weakening. The spectrum on day
47.66 (see Fig. 6 ) shows that the coronal and high-ionization
ines hav e ev entually disappeared. How ev er, the nebular lines are
till present. Although He ii 4686 Å is present, there has been
 subsequent diminishing of the full width at half maximum
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Figure 5. Spectral evolution of V1674 Her across eight epochs. Each epoch is labelled on the right side of the plot. The spectra have been given an offset 
for clarity. On the y -axis, the logarithm of flux is displayed, while the x -axis r epr esents the wavelength. The log arithmic scale has been used to emphasize 
the visibility of weaker features. 
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FWHM) of He ii 4686 Å (see Figs 7 and 8 ). Furthermore, the
pectrum shows a rising continuum in the blue, and the presence 
f the He ii 4686 Å line indicates an accretion-dominated spec- 
rum. The detailed evolution of the optical spectra of V1674 Her
s given in the subsequent sections. 

.1 Early spectra: day 1 to 6 

ay 0.84: the early spectrum is dominated by lines of helium,
 xy gen, and nitr ogen. Typical ejecta v elocities, calculat ed using
WHM, are approximately 6300 km s –1 for helium, 5800 km s –1 

or o xy gen, and 5150 km s –1 for nitr ogen lines. Hydr ogen Balmer
ines are also present, with FWHM velocities of 5830 km s –1 for
 α, 5800 km s –1 for H β, and 5780 km s –1 for H γ . The Balmer

mission lines also show very broad wings; the full width at 
ero intensity (FWZI) velocity, estimated from the velocity extent 
here the emission merges with the local continuum, reaches 
10 600 km s –1 for H α and ∼9300 km s –1 for H β. H α and H β

mission lines exhibit a blue shoulder atop their flat top profiles.
he Balmer-line peaks show a corrug ated structur e, indicating 
ultiple sub - structures within the ejecta (see Fig . 9 ). H γ e xhibits
 structural differ ence fr om H α and H β, possibly due to the con-
ribution of other lines blended with the H γ feature. He i 7065

is clearly present, while He i 5876 Å is possibly blended with
nother line. He i 5016 and 5048 Å may also be present but could
e blended with N ii 5001 Å line. N i 8692 Å and N ii 5679 Å are
learly present. The combination of O i 8227 Å and N i 8212 Å
nd O i 7477 Å and N i 7452 Å is also observ ed. Int erst ellar Na i
D) absorption lines are also identifiable. 

On the left side of H β, two distinct broad features can be ob-
erved centred at 4622 and 4507 Å. These features are likely due
o the blending of several emission lines. The feature at 4622 Å is
 iii 4638 Å, with a possible contribution from Fe ii (37) multiplet

t 4629 Å. The 4507 Å feature is likely a blend of N iii 4517 Å, He
 4471 Å, Fe ii (37) multiplet at 4491 Å and 4515 Å, and Fe ii (38)

ultiplet at 4508 Å, 4523 Å, and 4549 Å. Moving rightward from
 β, a featur e centr ed at 5014 Å, is likely attributable to N ii 5001
, with possible contributions from He i 5016 and 5048 Å, and Fe

i (42) multiplet at 5018 Å. How ev er, the presence of Fe ii is not
efinitive. The feature centred at 5179 Å is t entativ ely assigned to
 blend of N ii 5176 and 5180 Å, and Fe ii (42) multiplet at 5168
, along with Fe ii (49) multiplet at 5199 Å. The feature to the

ight of λ ∼ 5179 possibly originates from a combination of Fe 
i (49) multiplet at 5276 and 5317 Å and Fe ii (41) multiplet at
284 Å. A dditionally, the o xy gen lines O i 8446 Å and O i 7774

ar e also pr esent. O i 8446 Å also has a corrug ated structur e
ith multiple sub-peaks, indicating many velocity components 

re being observed (see Fig. 10 ). The strength of the O i 8446 Å
MNRAS 547, 1–16 (2026) 
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Figure 6. Spectrum of V1674 Her on day + 147.66. The nebular lines are still visible and are very str ong . He ii 4686 Å line is present and is stronger in 
str ength compar ed to the Balmer lines. The presence of He ii 4686 Å line and the rising continuum in the blue indicate an accretion-dominated spectrum. 

Figure 7. Evolution of the He ii 4686 Å line profile across nine epochs. 
Initially, on day 0.84, the contribution arises pr edominantly fr om N iii 
4638 Å, potentially accompanied by the Fe ii (37) multiplet at 4629 Å. By 
day 19.87, He ii 4686 Å is distinctly present. The appearance of [Ne iii ] 
and [Ne v ] lines on day 19.87 (see Section 5.4 ) presents a compelling case 
for the presence of [Ne iv ] 4721 Å line, albeit possibly blended within the 
broad He ii 4686 Å feature. This blending might be one of the reasons 
for the asymmetry observed in the shape of the He ii 4686 line profile 
on day 37.88. Furthermore, on day 147.66, a considerable decrease in the 
full width at half maximum (FWHM) is observed, indicating a potential 
contribution from a different region or due to wind from the accretion 
disc. 

Figure 8. Emission line profiles of He ii 4686 Å. Dotted line represents 
the rest wavelength of He ii 4686 Å. For each epoch, the flux has been 
normalized to the local continuum. He ii 4686 Å is clearly observed on 
day 19.87 and is present throughout till day 147.66. 
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NRAS 547, 1–16 (2026) 
s slightly more than the O i 7774 Å emission line. There is an
mission line left to the H α, possibly due to the [O i ] 6364 Å. 

The early spectra of V1674 Her share similarities with the
pectra of V2491 Cyg (Nova Cyg 2008 N.2) given by U. Munari
t al. ( 2011 ), particularly in the structure of He i 5876 Å and
∼ 8231 . 482 Å (N i + O i ) feature. V2491 Cyg, discovered by

. Nishiyama and F. Kabashima at ∼ 7 . 7 mag (S. Nakano et al.
008 ), was classified as a He/N class nova. It displayed a t 2 time
f 4.8 d, with a secondary maximum also observed. It had an E ( B –
) value of 0.24, and the distance was 14 kpc. Multiple absorption
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Figure 9. Line profiles of H α (upper profile in each panel) and H β (lower 
profile in each panel) for nine epochs. For each epoch, the H α and H β

flux values have been normalized to their respective local continuum. A 

common y -axis scale is adopted for the early epochs, while a reduced scale 
is used for the later epochs, where the line fluxes are significantly weaker. 
The lines display corrugated profiles with generally similar shapes. On 
day 0.84, asymmetry is observ ed, charact erized by a prominent blue spike 
atop a flat profile, which transitions to symmetry over time. The FWHM 

velocities remain relatively stable until day 65.86; however, on day 147.66, 
FWHM values differ significantly from the previous ones. These notably 
different FWHM values suggest a shift in contribution, potentially origi- 
nating from a different region or due to wind from the accretion disc. 

Figure 10. Evolution of the O i 8446 Å line. For each epoch, the flux 
has been normalized to the local continuum. The line reaches a peak in 
strength by day 5.73 and subsequently declines in later epochs. 
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eatur es, such as N a i 8191 Å and N a i (D) lines, among others,
re also evident in the spectra of V2491 Cyg. 

On day 2.89 , the H α line profile shows a red peak on top of 
 flat profile (see Fig. 9 ). The same is the case for H β and H γ .
 dditionally, ther e seems to be a contribution on the red side tail
f the H α feature, which could possibly be due to He i 6678 Å
ine. Over all, the flux v alues have decreased in comparison to day
.84. The O i 8446 Å line has increased in strength compared to
he O i 7774 Å line. The O i 8446/7774 ratio = 3.64, indicating
hat neutral o xy gen is pr edominantly e x cited by Lymann-beta
uorescence (see Section 5.3 ). 
On day 5.73 , He ii 4686 Å seems to be present on the right edge

f the featur e centr ed at 4637 Å. How ev er, the broad N iii 4638 Å
ine makes it difficult to confirm the presence of the He ii 4686

line (see Fig. 7 ). H α and H β continue to exhibit a red peak in
heir line profiles (see Fig. 9 ). H γ also shows enhanced emission
owards the red side. In contrast, H δ has a boxy peak without a
r onounced r ed component. Furthermor e, the He i 6678 Å line
as become evident on the tail of H α. Both He i 5876 and 7065 Å
ave increased in strength relativ e t o the continuum compared to
ay 2.89 spectra. The strength of O i 8446 Å has increased further
see Fig. 10 ), and the O i 8446 / 7774 ratio = 7.93. 

.2 Later spectra: day 20 to 148 

. L. Page et al. ( 2021 ) reported that V1674 Her entered the SSS
hase on day 18.9. The spectra obtained on day 19.87 show the
ppearance of high ionization and coronal lines of F e: [F e vi ]
677 Å (IP = 75 eV), [Fe vii ] 6087 Å (IP = 99 eV), [Fe x ] 6375 Å
IP = 235.04 eV), and [Fe xiv ] 5303 Å (IP = 361 eV). Additionally,
Ne iii ] 3869 and 3968 Å (IP = 40.962 eV) lines are present,
ith [Ne iii ] 3869 Å being particularly prominent, indicating the 
r esence of an ON e-type WD. Both [N e iii ] 3869 and 3968 Å show
orrug ated structur es with multiple sub-peaks (see Fig . 11 ). H ζ

3889 Å) and H ε (3970 Å) lines are blended with the [Ne iii ] 3869
nd 3968 Å lines, respectively. The flux ratio of ([Ne iii ] 3869
+ H ζ ) & ([Ne iii 3968] + H ε) feature with respect to the H β

see Table 3 ) is 1.51 and 0.30, respectively, which is higher than
he ratios on day 5.73, indicating that the dominant contribution 

s due to the Ne iii lines in both features and ascertaining the
r esence of [N e iii ] lines. Furthermor e, [N e v ] (IP = 97.11 eV)
426 Å is visible, but the response of Grism 7 is not good in
he region less than 3800 Å; hence, the flux values calculated
n this region are not very accurate. Nebular lines of oxygen, [O
ii ] (IP = 35.116 eV) 4959, 5007 Å are present in the spectra.
he presence of these coronal, nebular, and high-ionization lines 

ndicates that the ionization levels have increased. He ii 4686 Å
s clearly present for the first time and shows a redder peak (see
ig. 8 ). Moreover, [Ne iv ] (IP = 63.45 eV) 4721 Å might be present
ut is blended with the broad He ii 4686 Å feature. He ii 5412 Å

s also pr esent. Furthermor e, the str ength of the O i 8446 Å line
as reduced and is now comparable to the He i 7065 Å line. This
eduction indicates a decrease in the neutral gas and highlights 
he increase in ionization levels. 

Day 23.71: in comparison to day 19.87, based on the lines
resent, the spectrum on day 23.71 has not changed significantly. 
he value of observed flux es r elativ e t o H β for nebular lines has

ncreased, while the value for H α has decreased (see Table 3 ).
n contrast, the H γ /H β flux ratio has increased, indicating an
dditional contribution to the flux value of H γ , possibly due to
nother line blended with the broad H γ feature. This additional 
ontribution could be due to [O iii ] 4363 Å line. Additionally,
 weak emission line of [Fe xi ] (IP = 261.1 eV) 7892 Å is also
bserved (see Fig. 12 ). 

Around the same time, ultraviolet (UV) spectra from Y. Bhar- 
ava et al. ( 2024 ) ( day 24 ) show the presence of neon emission
ines, [Ne v ] 1575 Å and [Ne iv ] 1602 Å, and He ii 1640 Å and
MNRAS 547, 1–16 (2026) 
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Figure 11. Evolution of the [Ne iii ] 3869 Å (left) and [Ne iii ] 3968 Å (right) emission lines. For each epoch, the [Ne iii ] 3869 Å and [Ne iii ] 3968 Å flux 
values have been normalized to their respective local continuum. In the initial spectra (day 0.84, 2.89, and 5.73) obtained shortly after the nova eruption, 
pr ominent hydr ogen lines H ζand H ε ar e observ ed. How ev er, as the eruption pr ogr essed and transitioned into the SSS phase on day 18.9 (K. L. Page et al. 
2021 ), the [Ne iii ] 3869 Å and [Ne iii ] 3968 Å lines are observed in the spectra starting from day 19.87. These neon lines remained present in subsequent 
spectra until the epoch of day 65.86. They are also present on day 147.66 (see Section 4.2 ). 

Figure 12. Evolution of [Fe xi ] 7892 Å. Dotted line r epr esents the rest 
wavelength of [Fe xi ] 7892 Å. In the early spectra (day 0.84, 2.89, and 
5.73), the O i 7774 Å feature is visible. A weak emission line of [Fe xi ] 
7892 Å is observed on day 23.71, which becomes more prominent on day 
37.88. How ev er, [Fe xi ] is absent on day 65.86. 
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everal other features. The presence of these neon lines in the
V, combined with the optical detection of prominent neon lines,

urther r einfor ces the classification of V1674 Her as a neon nova.
Day 25.68: no significant changes are observed in the spectra

ompared to day 23.71. 
Day 37.88: all the coronal, nebular, and high-ionization lines

bserved on day 25.68 are present. In contrast to a weak emission
n day 25.86, [Fe xi ] 7892 Å is distinctly present in the spectra
NRAS 547, 1–16 (2026) 

t  
see Fig . 12 ). Furthermor e, the intensity of the O i 8446 Å line
as been significantly reduced (see Fig. 10 ). 
On day 38 , UV spectra from Y. Bhargava et al. ( 2024 ) show

 decrease in the strength of He ii 1640 Å. A similar trend is
bserved in the optical, where He ii 4686 Å emission also weakens
see Fig. 8 ). 

Day 65.86: the overall flux has r educed compar ed to day 37.88.
Fe vi ] 5677 Å has subsequently weakened while [Fe xi ] 7892 Å
s absent in the spectra (see Figs 12 and 13 ). O i 8446 Å is also not
resent. 
Day 147.66: coronal and high-ionization lines of iron have

ventually disappeared. H α, H β, H γ , He ii 5412 Å, He ii 4686
, and [O iii ] 4959, 5007 Å lines ar e pr esent, as seen in Fig. 6 .
he [O iii ] 4363 Å line may also be present, but it is difficult to

dentify as it is blended with the H γ feature. After smoothing the
pectrum using iraf with a smoothing factor of 8, the [Ne iii ]
869 and 3968 Å lines stand out and are seen clearly. But even
fter smoothing, it is hard to comment if [Ne v ] 3426 Å is present.
he FWHM velocity of He ii 4686 Å line is ∼ 1500 km s –1 , much

ower than the typical FWHM velocity of more than 6000 km
 

–1 for the other ‘Later spectra’. A significantly different FWHM
 elocity indicat es that the contribution to He ii 4686 Å is coming
r om a differ ent r egion, an accr etion disc which is irradiated by
he hot WD. Moreover, the spectrum shows a rising continuum
n the blue. The presence of the He ii 4686 Å line and the rising
ontinuum in blue indicate an accretion-dominated spectrum. 

 O B S E RVE D  EMISSION  L I N E S  I N  V1674  H E R  

.1 Hydrogen lines 

almer lines of hydrogen are present in the spectra of V1674 Her.
 α and H β have similar line profiles (see Fig. 9 ) while the H γ

ine is contaminated due to contributions from the Fe II line in
he early spectra and later due to the [O iii ] 4363 Å line (see
ection 5.3 for details). H δ has a different structure compared to
he H α, H β, and H γ . The similarity in the H α and H β structure
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Figure 13. Evolution of [Fe vi ] 5677 Å emission line. Dotted line rep- 
r esents the r est wavelength of [Fe vi ] 5677 Å. Initially, on day 0.84, the 
observed emission feature is attributed to N ii 5679 Å. Subsequently, on 
day 19.87, [Fe vi ] 5677 Å becomes distinctly present and persists until day 
37.88. How ev er, [Fe vi ] is substantially weak on day 65.86 and eventually 
disappears by day 147.66. 

Figure 14. Velocity profiles of H α and H β on day 23.71. H α and H β

fluxes have been normalized to their respective local continuum. Further- 
mor e, the H β pr ofile has been scaled by a constant factor for clarity to 
highlight weaker sub - structures. Five distinct par cels of g as ar e evident. 
The similar shapes of both lines suggest that H α and H β emissions orig- 
inate from the same region. 

i
s
s
F  

v  

H

Figure 15. Evolution of the He i 7065 Å line. For each epoch, the flux 
has been normalized to the local continuum. Initially, on day 0.84, the 
profile appears flat without discernible sub - structures. How ev er, distinct 
sub - structures emerge in the line profile as the nova ev olv es. For example 
on day 5.73, three sub - structures can be seen. By day 65.86, the He i 7065 
Å line has weakened significantly (see Fig. 5 ). 
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ndicates that they originate from the same region. Both lines 
how corrugated line profiles with multiple sub-peaks. These 
ub-peaks suggest that there are sub - structures within the ejecta. 
or example, on day 23.71, five distinct parcels of gas at radial
elocities –1800, –200, 700, 1380, and 2120 km s –1 can be seen in
 α and H β line profiles (see Fig. 14 ). 
C. D. Gill & T. J. O’Brien ( 1999 ) modelled optically thin
mission-line profiles for several geometries of classical nova 
hells across different inclination angles, where an inclination of 
 

◦ indicated that the system is viewed along the polar symmetry
xis. For a simple ellipsoidal shell featuring an equatorial ring 
long with brighter polar rings, their simulations show that, at 
n inclination of i = 60 ◦, the r esulting pr ofiles closely resemble
he H α and H β line profiles observed on day 23.71. This angle of 
nclination is consistent with the value found by G. R. Habtie et al.
 2024 ), who determined an inclination of i = 67 ± 1.5 ◦ using the

orphokinematic modelling software shape 

5 (W. Steffen et al. 
011 ). 

There is no appreciable change in the FWHM velocity of H α

nd H β for the first eight epochs, where it remains roughly
round 4500 to 5500 km s –1 . How ev er, on day 147.66, the FWHM
elocity of H α and H β is ∼ 1500 km s –1 . This significantly differ-
nt FWHM velocity suggests a change in contribution, potentially 
riginating from a different region or due to wind from the accre-
ion disc. 

.2 Helium lines 

n the optical spectra of V1674 Her, both He i and He ii lines
ppear and disappear at different times in the evolution of the
ova. Initially, He i emission lines ar e pr esent in the spectra. Some
tand out (e.g. He I 7065 Å, 5876 Å), while some are blended (e.g.
e i 4471, 5016, 5048 Å) with other lines. Low ionization He i

ines initially increase in strength relativ e t o the continuum, but
s the ionization levels further increase, the strength of the He
 lines weakens, and they eventually disappear . However , He ii
ines appear in the spectrum as a result of the increase in the
onization conditions. 

On day 0.84, He i 7065 Å is present, but the line profile is flat.
ubsequently, on day 2.89, the profile becomes corrugated and 
MNRAS 547, 1–16 (2026) 
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Figure 16. Evolution of the He i 5876 Å line. The fluxes are scaled by a constant factor, as indicated in the legend. Dotted line r epr esents the rest 
wavelength of He i 5876 Å. By day 65.86, the He i 5876 Å line has w eakened significantly. Int erst ellar Na i (D) absorption lines are consist ently observ ed 
across all epochs. 

Figure 17. Velocity profiles of O i 8446 Å, He i 7065 Å, H α, and H β on 
day 5.73. The line fluxes are normalized to their respective local contin- 
uum values and then scaled using different constant values, as indicated 
in the legend. 
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ncreases in strength. On day 5.73, the strength of He i 7065 Å
eaked before gradually decreasing in the later epochs, eventually
isappearing on day 147.66. The evolution of He i 7065 Å is
hown in Fig. 15 . 

He i 5876 Å is also present on day 0.84. How ev er, the struc-
ure of the emission line with respect to the rest wavelength of 
876 Å is different on day 0.84 (see Fig. 16 ) in comparison to
he later epochs. Although consistently observed until day 37.88,
he line weakens significantly on day 65.86 before disappearing
lt ogether. Int erst ellar N a i (D) absorption lines ar e also pr esent. 

He i 6678 Å is possibly present on the tail of H α on day 2.89
see Fig. 5 ), but on day 5.73, the contribution due to He i 6678 Å
ecomes apparent. He i 6678 Å is seen in the spectra till day 25.68.
NRAS 547, 1–16 (2026) 
He ii 4686, 5412 Å lines appear clearly on day 19.87 and persist
hroughout the epochs (see Fig. 5 ). They are also present in the
ccretion-dominated spectrum on day 147.66 (see Fig. 6 ). As dis-
ussed in Section 4.1 , on day 5.73, He ii 4686 Å might be present
n the right side of the feature centred at 4637 Å, but the broad
 iii 4638 Å line makes it difficult to confirm its presence (see
ig. 7 ). The He ii 4686 Å line’s shape is different from the He
 7065 Å, 5876 Å, and He ii 5412 Å lines. One reason for this
ould be the contribution due to other lines (N iii 4638 Å and
Ne iv ] 4721 Å), which are blended with the broad He ii 4686 Å
ine. Another reason could be the inherent non-uniformity of the
jecta, which can lead to such line profiles. 

.3 Oxygen lines 

 i 8446 Å, O i 7774 Å, O i 8227 Å in combination with N i 8212
and O i 7477 Å in combination with N i 7452 Å are present

n the optical spectrum on day 0.84. The strength of O i 8446 Å
s slightly higher than that of the O i 7774 Å line. On day 2.89,
here is an increase in the O i 8446 Å line’s strength relativ e t o O
 7774 Å, with a ratio of O i 8446/7774 = 3.64 or O i 7774/8446
 0.275. 
N eutral o xy gen can be e x cited by r ecombination, continuum

uorescence, and Lyman beta fluorescence (P. A. Strit tmat ter et
l. 1977 and r efer ences ther ein). If r ecombination was to be the
ominant mechanism, the ratio of O i 7774 Å to O i 8446 Å
hould have been 0.6. If continuum fluorescence was significant,
he observed O i 1.3164 μm/1.1287 μm ratio would e x ceed unity.
ow ev er, in C. E. Woodward et al. ( 2021a ), on day 5.64, in the
IR spectra of V1674 Her, it is observed that the strength of the
 I 1.3164 μm line is low er compared t o O i 1.1287 μm. This

ndicates that Lyman beta fluorescence is the dominant excitation
echanism for O i 8446 Å line and also means that the ejecta

ontains r egions wher e both o xy gen and hydr ogen ar e neutral,
nd yet Lyman Beta flux density is high. This strengthening of 
he O i 8446 Å continues till day 5.73, as shown in Fig. 10 , with a
atio of O i 8446/7774 = 7.93. The line profile of O i 8446 is also
orrug ated. In Fig . 17 , the emission line profile of O I 8446 Å for
ay 5.73 is plotted alongside H α, H β, and He i 7065 Å. The details
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Figure 18. Evolution of [Fe vii ] 6087 Å and [Fe x ] 6375 Å emission lines. 
Dotted lines r epr esent the r est wavelengths of [F e vii ] 6087 Å and [F e 
x ] 6375 Å. In the early spectra (day 0.84, 2.89, and 5.73), [O i ] 6364 Å is 
possibly present. How ev er, aft er the onset of the SSS phase on day 18.9, 
both [Fe vii ] 6087 Å and [Fe x] 6375 Å lines were detected in the spectra 
on day 19.87 and remained present until day 65.86. On day 147.66, these 
lines are absent. 
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Figure 19. Evolution of the [O iii ] 4959 Å and 5007 Å emission line 
pr ofile acr oss nine epochs. Initially, on day 0.84, N ii 5001 Å is present 
with possible contributions from He i 5016 Å and 5048 Å as well as Fe 
ii (42) multiplet at 5018 Å. The [O iii ] 4959 Å and 5007 Å emission line 
emerges on day 19.87 and persists until day 147.66. 

Figur e 20. Velocity pr ofiles of [N e iii ] 3869, 3968 Å on day 25.68. The 
line fluxes are normalized to their respective local continuum values. [Ne 
iii ] 3968 Å line flux has been scaled by a constant number, as indicated in 
the legend. 
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n each profile exhibit remarkable similarities, particularly in the 
resence of identifiable features at radial velocities of –1700, –
20, and 820 km s –1 . Subsequently, O i 8446 Å starts to weaken,
ecoming weak on day 37.88 and absent on day 65.86. 

Furthermore, the [O i ] 6364 Å line might be present in the
nitial epochs (see Fig. 5 ). How ev er, in the lat er epochs, as the
jecta expands and the ionization condition increases, the coronal 
nd high-ionization lines of iron become dominant, resulting in 

he appearance of [Fe x ] 6375 Å line (see Fig. 18 ). 
[O iii ] 4959 Å, 5007 Å lines first appear in the spectra on day

9.87 and are present throughout until day 147.66. The evolution 

f [O iii ] 4959 Å, 5007 Å lines is depicted in Fig. 19 . It is difficult
o confirm the presence of the [O iii ] 4363 Å line due to blending
ith H γ . How ev er, the increase in the H γ /H β flux on day 23.71

see Table 3 ) indicates a secondary contribution due to some other
ine, which could possibly be [O iii ] 4363 Å. The increase in flux
s observed till day 65.86, making a case for the presence of the [O
ii ] 4363 Å line. On day 147.66 (see Fig. 6 ), [O iii ] 4363 Å might
e present, but it is difficult to confirm. 

.4 Neon lines 

n the ‘Early Spectra’ (see Section 4.1 ), hydrogen lines H ζ and
 ε are observ ed. How ev er, as the eruption pr ogr essed and tran-

itioned into the SSS phase on day 18.9, as reported by K. L. Page
t al. ( 2021 ), neon lines, including [Ne iii ] 3869 Å, [Ne iii ] 3968
, and [Ne v ] 3426 Å, are observed in the spectra on day 19.87,

ndicating the presence of an ONe-type WD. 
A dditionally, [N e iv ] 4721 Å might also be present but is

lended with the He ii 4686 Å line. The emission line profiles of 
oth [Ne iii ] 3869 Å and 3968 Å ar e corrug ated. Fig . 20 shows the
mission line pr ofile of [N e iii ] 3869 and 3968 Å for day 25.68,
 xhibiting similar featur es at radial velocities of –1700, –950, –
00, 900, and 1500 km s –1 . 

[Ne iii ] and [Ne v ] lines persist in the spectra throughout until
ay 65.66. There is no significant change in the FWHM velocity
f [Ne iii ] lines. The evolution of [Ne iii ] 3869 and 3968 Å lines
s illustrated in Fig. 11 , and the evolution of [Ne V] 3426 Å is
epicted in Fig. 21 . On day 147.66, Ne iii 3869 and 3968 Å stand
MNRAS 547, 1–16 (2026) 
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Figure 21. Evolution of the [Ne v ] 3426 Å line. The left panel shows the flux-calibr ated spectr a, while the right panel shows the same profiles, for each 
epoch, normalized to the local continuum. The [Ne v ] 3426 Å line is first detected on day 19.87, coinciding with the appearance of the [Ne iii ] 3869 and 
3968 Å lines, and persists until day 65.86. On day 147.66, it is difficult to confirm the presence of [Ne v ] 3426 Å line (see Section 4.2 ). 
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ut after smoothing the spectra, although it is difficult to ascertain
he presence of [Ne v ] 3426 Å line. 

.5 High ionization and coronal lines 

n day 11.5, coronal lines (e.g. [Si vii ] 1.96 μm, [Si vii ] 2.48 μm)
 ere observ ed in the NIR spectra of V1674 Her . C. E. W oodward

t al. ( 2021a ) argued that the pr esence of these cor onal lines
ould not have been caused by photoionization, as the SSS phase
as det ect ed on day 18.9 (K. L. Page et al. 2021 ). Hence, shock

onization was responsible for the presence of the coronal lines.
e do not have data for the epoch between the shock initiation

nd the commencement of the SSS phase. Ther efor e, we cannot
efinitively comment on the shock contribution. In our case, we
ave spectra from day 19.87, which is after the commencement
f the SSS phase, and hence, photoionization is the dominant
echanism, though some elements of shock might be present.

n the optical spectra of V1674 Her, [Fe vi ] 5677 Å, [Fe vii ] 6087
, [Fe x ] 6375 Å, [Fe xi ] 7892 Å, and [Fe xiv ] 5303 Å lines are
bserved. 

On day 19.87, [Fe vi ] 5677 Å, [Fe vii ] 6087 Å, [Fe x ] 6375 Å, and
Fe xiv ] 5303 Å lines are present. Fig. 13 illustrates the evolution
f [Fe vi ] 5677 Å line. The line persists throughout the spectra till
a y 37.88. On da y 65.86, it subsequently w eakened and ev entually
isappeared on day 147.66. In Fig. 18 , we observe the evolution
f [Fe vii ] 6087 Å and [Fe x ] 6375 Å lines. The ‘Early spectra’
see Section 4.1 ) potentially include the [O i ] 6364 Å line, but
s the ionization conditions increase, [Fe x ] 6375 Å is observed.
oth [Fe vii ] 6087 Å and [Fe x ] 6375 Å persist until day 65.86 and
re absent on day 147.66. [Fe xiv ] 5303 Å, appearing first on day
9.87, is present throughout until day 65.86 (see Fig. 22 ). On day
47.66, it is absent. 

A weak emission line of [Fe xi ] 7892 Å is observed on day 23.71,
ecoming distinct on day 37.88. How ev er, it is absent on day 65.86
see Fig . 12 ). Fig . 23 shows the emission line pr ofiles of cor onal
nd high ionization lines of iron in the optical spectrum of V1674
er on day 37.88. 
NRAS 547, 1–16 (2026) 
 ANALYSIS  OF  H  α L I N E  P RO F I L E  USING  shape 

o inv estigat e the geometry and understand the origin of the
omple x line pr ofiles observ ed in V1674 Her, w e performed a
orphokinematic analysis of the ejecta using shape . It is a mor-

hokinematic tool that can be used to construct 3D models and
enerate a synthetic spectrum, which can then be compared to
he observed spectrum. Although spatially resolved imaging can
ffer strong constraints when used in conjunction with spectral
rofiles, such data were not available at the time this modelling
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Figure 23. Velocity profiles of coronal and high-ionization lines of iron 
on day 37.88. The line fluxes are normalized to their respective local 
continuum values and then scaled by a constant number, as indicated in 
the legend. 
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as initiated. Consequently, the modelling relied entirely on the 
pectral features. 

The modelling was performed for two key epochs to capture 
he temporal evolution of the ejecta structure. For each epoch, 
he ejecta structure corresponding to the H α line profile was 
onsidered. shape has been developed primarily for modelling 
ptically thin environments. As discussed in Section 5.3 , in the
une spectra, the e x citation of neutral o xy gen is found to be
ainly driven by Lyman beta fluorescence, which indicates that 

he optical depth in H α was large at that stage. Ther efor e, day
5.68 (2021 July 8) was selected as the first modelling epoch. 
his choice was also based on visual inspection of the H α profile,
hich then exhibited a more defined and structured morphol- 

gy, making it suitable for geometric modelling. This epoch lies 
lose to the latest epoch modelled by G. R. Habtie et al. ( 2024 ).
o inv estigat e the subsequent ev olution of the ejecta, a second
poch was selected at day 65.86 (2021 August 17), providing a 
eaningful temporal baseline to assess morphological changes. 

his approach enables an assessment of whether the ejecta mor- 
hology inferred at earlier times remains consistent as the nova 
v olv es. The other spectra obtained in July were deliberately left
ut so that the epochs would not be too closely spaced, allow-
ng us to focus on broader structural development in the line 
rofiles. For each epoch, we built 3D morphokinematic models, 
ringing t ogether sev eral geometric components t o mat ch the
bserved line shapes as closely as possible. The 3D module in
hape software provides a range of geometric primitive types, 
ncluding sphere, torus, cone, cylinder, and plane, which can be 
ombined and modified to construct complex ejecta structures. 
sing these tools, the initial geometry of the ejecta structure was 

reated, starting with the assumption of a spheroidal shell featur- 
ng an equatorial ring and polar caps. The choice of these initial
omponents was guided by earlier studies of nova shells (e.g. C. 
. Gill & T. J. O’Brien 1999 ; J. B. Hutchings 1972 ). In addition to

his starting configuration, we also e xplor ed simpler geometries 
onstructed from individual primitives available within shape 

o assess their ability to r epr oduce the observed H α line profiles.
he radius of each component (or primitive) was calculated using 
he FWHM of the observed H α profile and the time since the
ruption. Each primitive was assigned the necessary modifiers, 
uch as density , velocity , and temperature. The density profile was
ssumed to vary with radius as r −3 , and the initial density value
as taken from G. R. Habtie et al. ( 2024 ). A Hubble-flow type

xpansion was adopted for the velocity field (V. A. R. M. Ribeiro
011 ), e xpr essed as 

 exp = 

3200 
sin i 

× r 
r 0 

, (1) 

here r and r 0 are outer and inner radii, respectively, and i is
he inclination angle. These paramet ers w ere defined for the
nitial structure of ejecta. Additionally, the structural modifier 
queeze was applied to shape the spherical shell into a bipolar
orm. The squeeze parameter r epr esents the degr ee of shaping
nd describes the extent to which the structure is pinched along
ne axis. In our modelling, the parameter space for the angle of 
nclination was initially sampled over the full range of 0 ◦– 90 ◦.

ow ev er, the primary modelling effort was concentrated within 

5 ◦– 75 ◦, as discussed in Section 5.1 , where the inclination angle
or V1674 Her is estimated to be around 60 ◦ based on comparisons
ith the modelled profiles of C. D. Gill & T. J. O’Brien ( 1999 )

nd the results of G. R. Habtie et al. ( 2024 ). Similarly, position
ngle was sampled over 0 ◦–180 ◦. We found a position angle of 35 ◦,
onsistent with the value reported by G. R. Habtie et al. ( 2024 ), to
e most appropriate. 

Once the initial geometry was set and its modifiers assigned, 
hape was used t o generat e a synthetic 1D line profile for both
pochs. During successiv e it er ations, the v alues of these modi-
ers, along with the inclination angle, were adjusted to improve 

he mat ch betw een the synthetic and observed profiles. In this
odelling approach, the inclination angle is the primary param- 

ter constrained by the H α line profiles. Other parameters, such 

s the density profile and v elocity field, w ere adjust ed qualita-
iv ely t o r epr oduce the observed pr ofile morphology. In the initial
tages, the comparison was carried out visually to check whether 
he overall width and structure of the observed H α profiles were
 easonably r epr oduced. Once the pr ofiles seemed to match rea-
onably w ell, w e calculat ed the quality of fit using the root mean
quare (rms) value and the quality factor ( K ). The rms value is
iven by 

ms = 

√ √ √ √ 

1 
N 

N ∑ 

i =1 

[
1 − F model ,i 

F obs ,i 

]2 

, (2) 

here N is the total number of velocity points, F model ,i is the flux
rom the synthetic spectrum at the i th velocity point, and F obs ,i is
he corresponding flux from the observed spectrum. 

The quality factor was calculated following C. Morisset & L. 
eorgiev ( 2009 ): 

 = 

log 
(

F model 

F obs 

)

log ( 1 + σ ) 
, (3) 

here F model and F obs are the int egrat ed model and observed
ux es, r espectively, and σ is the error in the observed line. A
alue of | K| < 1 indicates that the fit is within the chosen toler-
nce. For our analysis, we took σ as 0.1, implying a conservative
0 per cent error in the observed flux. 

The modelled H α line profiles for day 25.68 and day 65.86 are
lotted in Fig. 24 . The corresponding rms values are 0.2752 and
.0498, while the K values are −0 . 169 and −0 . 071 , respectively.
MNRAS 547, 1–16 (2026) 
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Figure 24. Observed (solid line) and modelled (dashed line) H α line profiles of V1674 Her for day 25.68 (left) and day 65.86 (right). The velocity profiles 
are normalized to their respective peak flux values. 

Figure 25. Morphology of the ejecta of V1674 Her using H α line profile for day 25.68 (left) and day 65.86 (right) in the 2D plane with x -axis being the 
line- of- sight direction and the y -axis being the axis perpendicular to that of the plane of sky and line- of- sight. 
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he angle of inclination (i) is 65 ◦. The morphology of the ejecta
f V1674 Her using the H α line profile is shown in Fig. 25 . At
oth epochs, the observed H α line profiles are well reproduced
y a morphology consisting of a bipolar shell, with polar blobs
nd an equatorial ring, similar to the configuration reported by
. R. Habtie et al. ( 2024 ). Simpler ejecta geometries, such as

pherical shells or individual bipolar components, were unable
o r epr oduce the observed corrug ated structur e and the multiple
ub-peaks present in the H α profiles at these epochs. 

This result ties into a broader discussion about how nova geom-
try relat es t o speed class. A ccor ding to A. J . Slavin, T. J . O’Brien
 J. S. Dunlop ( 1995 ), there is a relation between the speed class
NRAS 547, 1–16 (2026) 
 t 3 ) of the nova and the axial ratio (the ratio of the lengths of the
ajor and minor axes of the nova shell). They argued that faster

ovae should exhibit less pronounced shaping. How ev er, as not ed
y V. A. R. M. Ribeiro et al. ( 2011 ) and references therein, there
r e e x ceptions to this trend, such as V2672 Oph and RS Oph.
n this context, the H α line profile modelling of V1674 Her is
onsistent with an ejecta morphology comprising a bipolar shell,
olar blobs, and an equatorial ring, similar to those reported for
ome other fast novae. 

The model further suggests that the central ring has a higher
ensity in comparison to the surrounding squeezed shell. In
ig. 25 , we can notice that by the second epoch, i.e. day 65.86,
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he polar cones had broadened. This could possibly be a result
f polar outflow not being collimated, allowing some material 
o spread sideways. Although the H α pr ofiles ar e r epr oduced
easonably well, one must exercise necessary caution in overin- 
erpreting both the results and geometry of the ejecta. 

Recently, E. Aydi et al. ( 2026 ) presented early-time resolved
maging of the ejecta of V1674 Her obtained with the Center 
or High Angular Resolution Astronomy (CHARA) Array within 

he first few days after eruption. Their observations revealed 

lear deviations from spherical symmetry, including evidence for 
ultiple outflow components. Our shape modelling for later 

pochs is broadly consistent with the overall morphology seen 

t those earlier epochs. More detailed modelling, incorporating 
ther prominent line profiles or resolved imaging across multiple 
pochs, will be needed to place tighter constraints on the ejecta 
orphology. 

 CONCLUSIONS  

he evolution of the optical spectra and the light curves of the
ast nova V1674 Herculis has been presented. We summarize our 
onclusions below: 

(i) Using the AAVSO data, we find an orbital period of 0.153 d
or V1674 Her, consistent with the previously reported value. No 
pin period is det ect ed using the GIT data. The current GIT light
urv es are sensitiv e enough t o det ect spin modulations with an
mplitude greater than 0.04 for the r ′ filter and 0.065 for the g ′ 
lter, indicating that the inherent optical pulsations are weaker 

han this. 
(ii) [Ne iii ] and [Ne v ] lines are observed in the optical spectra,

ndicating the presence of an ONe white dwarf. 
(iii) In our optical spectra, coronal lines are initially observed 

n day 19.87 following the onset of the SSS phase, suggesting that
hot oionization primarily driv es the coronal line emission. How- 
ver, it is possible that some contribution from shock ionization 

xists. 
(iv) The FWHM velocities of the H α and H β lines are around

500 to 5500 km s –1 for the first eight epochs. On day 147.66, the
elocities are significantly different ( ∼ 1500 km s –1 ). 

(v) On day 147.66, the coronal lines are absent, but [O iii ]
ebular lines are still present, indicating that the nova has not
 et returned t o quiescence. He ii 4686 Å is observ ed with a much
arrower FWHM ( ∼ 1500 km s –1 ) compared to the earlier epochs
 > 6000 km s –1 ). This suggests that the line emission now origi-
ates from a different region, likely an accretion disc irradiated by 

he hot WD. The presence of the He ii 4686 Å line, along with the
ising blue continuum, indicates an accretion-dominated spec- 
rum. 

(vi) The strong O i 8446 Å emission relative to O i 7774 Å
ndicates that Lyman beta fluorescence is the dominant excitation 

echanism for neutral o xy gen. 
(vii) Using the H α line profiles, we see that the morphology of 

he V1674 Her ejecta consists of a bipolar shell with polar blobs
nd an equatorial ring, in agreement with the previously reported 

tructures. 
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