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ABSTRACT

Context. YZ Cancri is an SU UMa-type dwarf nova for which the available optical spectroscopy is sparse and heterogeneous. We
present a homogeneous analysis of archival outburst-related spectra and seven new low-resolution spectra obtained during quiescence.
Aims. We aim to consistently characterize the Balmer, He1, Fen1, O1, and occasional He 1 and Bowen features in YZ Cnc and to identify
which state-dependent differences are robustly supported by the available data.

Methods. We applied a common continuum-normalization and line-measurement procedure to the calibrated spectra. We measured
equivalent widths, integrated line intensities, and selected profile parameters, and compared line morphologies and intensity ratios
between quiescent and outburst-related states. Because the spectra have a modest and nonuniform resolving power and are not
orbital-phase resolved, the profile widths and centroid shifts were used only as relative diagnostics.

Results. The calibrated outburst-related spectra are dominated by broad Balmer absorption or composite profiles, whereas the quiescent
spectra show strong single-peaked Balmer and He'f emission together with recurrent Fert 15169 and weak O1 17772 emission. Hent
14686 is detected in only two quiescent exposures, and the Bowen blend in one. The quiescent Balmer decrement is relatively flat,
while the He 1 ratios show substantial exposure-to-exposure scatter. The measured Fe i1 ratios show no clear systematic departure from
the adopted optically thin reference values, although blending limits their interpretation.

Conclusions. The spectra establish an empirical state-dependent description of YZ Cnc. The results are consistent with a nonuniform
dwarf-nova accretion environment, but the present low-resolution, non-phase-resolved data do not uniquely determine the spatial
origin or geometry of the line-forming gas. The homogeneous measurements provide a reference dataset for future phase-resolved,
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higher-resolution spectroscopy.
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\Ol. Introduction

8

—{Cataclysmic variables are interacting binaries in which a white
dwarf accretes matter from a Roche-lobe-filling companion.
n dwarf novae, the accretion disk alternates between quies-
\cgence and outburst through the thermal-instability cycle (Warner
~1995). Their optical spectra change accordingly: quiescent spec-
« ¢ra are commonly dominated by Balmer and He1 emission,
.~whereas outburst spectra may show broad absorption troughs
mth narrow emission cores superposed on them, as reported by
« Williams & Ferguson (1982; hereafter WF82) and several subse-
quent studies (Horne & Marsh 1986; Marsh 1987; Wood 1990;
Woods et al. 1992).

Optical line strengths, profiles, and intensity ratios pro-
vide empirical diagnostics of the line-forming gas, although
their interpretation depends on spectral resolution, blend-
ing, optical depth, and temporal coverage. Balmer and Her
lines trace the dominant optical emission, while recurrent
Feun, O1, Hen, and Bowen features can reveal additional
low- or high-excitation contributions (Schachter et al. 1989;
Mason et al. 2000; Mason & Howell 2005; Papadaki et al. 2008;
Neustroev et al. 2016). In low-resolution spectra, these diagnos-
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tics are best used for relative comparisons rather than for uniquely
locating the emitting gas.

YZ Cancri (YZ Cnc) is an SU UMa-type dwarf nova near
the lower edge of the period gap of cataclysmic variables. Its
orbital period is close to two hours, with published values of
Py = 0.0868(2) d and 0.086924(7) d, and its inclination is es-
timated to be approximately 25°-43° (Shafter & Hessman 1988;
van Paradijs et al. 1994; Zhao et al. 2005). Studies of other low-
inclination dwarf novae have shown that their optical variabil-
ity and emission structures may require non-axisymmetric or
vertically nonuniform accretion disks, including edge or sur-
face hotspot components (Dai et al. 2018, 2020, 2021). Previ-
ous ultraviolet observations revealed phase-dependent resonance-
line changes and possible outflow signatures (Drew & Verbunt
1988; Woods et al. 1992), while X-ray studies showed accretion-
state-dependent high-energy emission (Cordova & Mason 1984;
van der Woerd 1987; Eracleous et al. 1991; Verbunt et al. 1997,
1999; Hakala et al. 2004). However, the available optical spec-
troscopy of YZ Cnc remains sparse, consisting of published
observations and public database spectra (Shafter & Hessman
1988; Kafka 2021; British Astronomical Association 2026). The
archival spectra analyzed here have not previously been mea-
sured together with the new quiescent spectra using a common
procedure.
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In this work we analyze calibrated archival low-resolution
spectra obtained during outburst-related states together with seven
new quiescent spectra. The data cover the Balmer series from
He to Ha, several He1 transitions, the Fen (42) triplet, weak
0147772, and occasional He 1 14686 and C 1 and N it Bowen
blend emission. We apply a common measurement procedure to
quantify the line strengths, selected intensity ratios, and profile
properties.

Our primary aim is to establish a homogeneous empirical
description of the optical line spectrum of YZ Cnc and its depen-
dence on luminosity state. We examine which spectral differences
are robust across the available observations and compare them
with the general phenomenology of dwarf-nova accretion disks.
Because the data are low resolution, sparsely sampled, and not
orbital-phase resolved, we do not attempt to derive a unique
spatial geometry or detailed velocity field for the line-forming
gas.

The paper is organized as follows. Section 2 describes the
spectra and their reduction. Section 3 presents the measurement
procedure and the empirical line properties. Section 4 discusses
the state-dependent behavior, its limitations, and the main conclu-
sions.

2. Observations and data reduction

Table 1 summarizes the spectra analyzed in this work.
We combine public low-resolution spectra from the British
Astronomical Association (BAA) Spectroscopy Database
(British Astronomical Association 2026) and the American As-
sociation of Variable Star Observers (AAVSO) Spectroscopic
Database (Kafka 2021) with seven follow-up spectra obtained
in quiescence with the Beijing Faint Object Spectrograph and
Camera (BFOSC). The luminosity-state assignments in Table 1
were based on the contemporaneous or nearest available AAVSO
photometry. They are used to provide the broad observational con-
text of each spectrum rather than to define a uniformly sampled
outburst sequence. Because the archival spectra are isolated expo-
sures and the photometric sampling is not identical for every date,
the state labels should be interpreted as approximate state classi-
fications. The dataset includes calibrated spectra obtained during
three outburst-related stages and seven new quiescent exposures.

2.1. Archival spectra

The archival spectra cover 2018 April 9-2025 December 20,
with wavelength ranges of 3650-8900 A and resolving powers of
R = 476-939, depending on the individual exposure. The BAA
entries B3, B5, and B6 duplicate the AAVSO spectra Al, A2,
and A3, respectively. To avoid ambiguous dual identifiers, we use
the AAVSO labels Al, A2, and A3 throughout this paper. The
corresponding BAA identifiers are given only in the note to Ta-
ble 1. The calibrated A1-A3 spectra are used for the quantitative
outburst-related comparison. Al, A2, and A3 correspond to the
fast-decline (FD), normal-outburst-peak, and pre-superoutburst
stages, respectively. We applied the same continuum normaliza-
tion and line-measurement procedures as for our ground-based
spectra to keep the measurements internally consistent.

For the archival AAVSO and BAA spectra, we retained the
wavelength solutions supplied with the database products and
did not attempt an independent comparison-lamp recalibration.
However, the BAA Flexible Image Transport System (FITS) files
associated with the quantitative spectra Al, A2, and A3 con-
tain the observation times, exposure durations, target coordinates,
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and observatory information required to calculate the barycen-
tric correction for each exposure. Their wavelength scales were
therefore shifted to the Solar System barycentric frame using the
mid-exposure time of each spectrum before the centroid velocities
were measured.

Since no contemporaneous comparison-lamp spectra are avail-
able for these public data, the instrumental full width at half max-
imum (FWHM) was estimated from the resolving power reported
for each spectrum, adopting FWHM;,s(1) =~ A/R for each mea-
sured line. These resolving-power estimates were used only for
the instrumental-broadening correction of the line widths and not
to redefine the original database wavelength solutions.

The remaining BAA spectra, B1, B2, B4, and B7, lack flux
calibration, flat-field calibration, or both. They are therefore used
only for qualitative reference in Fig. 1, not for line-intensity ra-
tios, equivalent-width (EW) measurements, or other quantitative
diagnostics. A narrow feature near 15461 A appears in the B1 and
B2 spectra. Its wavelength is consistent with the Hg1 15460.7 A
night-sky line commonly associated with artificial-light contam-
ination. Because the original two-dimensional frames and sky
spectra are unavailable, we cannot verify the subtraction directly.
We therefore regard the feature as a probable sky residual or
reduction artifact and exclude it from all astrophysical interpreta-
tion and quantitative measurements. We also searched LAMOST
DRI11, SDSS SkyServer, DESI DR1, and Gaia DR3 for additional
optical spectra. No product with sufficient spectral sampling and
calibration for the present line measurements was found. In partic-
ular, the Gaia DR3 BP and RP spectrum! is too coarsely sampled
and was excluded from the analysis.

Several published orbital ephemerides exist for YZ Cnc, but
extrapolating them to the 2020-2025 observations introduces
phase uncertainties exceeding one orbital cycle. We therefore do
not assign absolute orbital phases and treat centroid shifts only as
single-epoch profile diagnostics.

2.2. Ground-based spectra

We obtained seven quiescent spectra of YZ Cnc on 2023 May 13-
14 with the BFOSC on the Xinglong 2.16 m telescope. The obser-
vations used grating G4, giving a dispersion of 2.97 A pixel™! and
a wavelength coverage of about 3830-8350 A. The G1 sequence
was obtained on May 13 and consists of two 600 s exposures and
one 900 s exposure; the final integration was extended to 900 s
in response to changing observing conditions. The G2 and G3
sequences were obtained on May 14 and consist of two 600 s and
two 900 s exposures, respectively.

The BFOSC spectra were reduced with standard long-slit
procedures in the Image Reduction and Analysis Facility (IRAF;
Tody 1986, 1993), including overscan and bias subtraction, flat-
field correction, one-dimensional extraction, wavelength calibra-
tion with FeAr comparison-lamp spectra, and flux calibration.
After the FeAr wavelength calibration, each BFOSC exposure
was independently shifted to the Solar System barycentric frame
using the target coordinates, the geographic location of the Xin-
glong Observatory, and the corresponding mid-exposure time.
Three spectrophotometric standard stars> were observed, and
HD 161817 was used as the common sensitivity reference for
the two observing nights. Because exposure-dependent slit losses
could not be independently corrected, absolute line intensities,

I Sourceiqs 683908812437792000 (Gaia Collaboration et al. 2023;
De Angeli et al. 2023) contains only 41 sampled points over 400-800 nm
with a 10 nm step, corresponding to Ry,mp ~40-80.

2 BD+33°2642, HD 74721, and HD 161817
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Table 1. Optical spectra used in this work.

ID UT date JDgtart Coverage Exposure Resolution State Use
2400000+ A s

Bl 2018-04-09 58217.6911 3805-7391 1 %2739 reported ~ 874 Quiescence Qual.
B2 2018-04-11 58219.6946 3776-7385 1 %2510 reported =~ 939 Rising Qual.
Al 2020-01-03 58851.8946 3790-7100 1 x 3146 reported ~ 519 Fast decline Quant.
B4 2020-01-06 58854.9431 6260-8900 1 x 2860 reported =~ 822 Post-decline quiescence  Qual.
A2 2021-04-05 59310.4387 3785-7230 1 x 4581 reported ~ 564 Normal-outburst peak  Quant.
A3 2021-04-15 59320.3462 3650-7400 1 x5812 reported ~ 600 Pre-superoutburst Quant.
G1 2023-05-13 60078.0319 3830-8350 2x600+1x900 measured250-420 Quiescence Quant.
G2 2023-05-14 60079.0373 3830-8350 2 x 600 measured 280430 Quiescence Quant.
G3 2023-05-14 60079.0515 3830-8350 2 x 900 measured 280430 Quiescence Quant.
B7 2025-12-20 61030.0074 3665-7400 1x6174 reported ~ 476 Quiescence Qual.

Notes. JDy,, gives the start time of the first exposure in each listed spectrum or observing sequence. Barycentric corrections were calculated
separately for each individual exposure using its own mid-exposure time derived from the FITS timing information and exposure duration. The
spectra are listed in chronological order. The identifiers A1, A2, and A3 refer to the AAVSO versions of the spectra also listed in the BAA database
as B3, BS, and B6, respectively. Only A1-A3 and G1-G3 are used for quantitative line measurements (“Quant.”). B1, B2, B4, and B7 lack complete
flux calibration, flat-field calibration, or both, and are used only for qualitative comparison (“Qual.”). The resolving powers of the archival spectra
are adopted from the corresponding database records and literature descriptions. For the BFOSC spectra (G1-G3), the effective resolving power
was measured directly from FeAr lamp profiles obtained with the same instrumental setup. The wavelength-dependent instrumental FWHM were
converted into effective resolving powers through R = A/FWHM;, (1) and were used for all instrumental-broadening corrections. The wavelength
scales of all quantitatively analyzed spectra were independently corrected to the Solar System barycentric frame. The applied corrections were
+8.49, —28.86, and —29.49 kms~! for A1, A2, and A3, respectively, and ranged from —27.23 to —27.04 kms~' for the seven individual BFOSC

exposures.

It ine, are treated cautiously and line ratios within individual spec-
tra are emphasized.

The same FeAr lamp spectra were also used to estimate the
instrumental FWHM as a function of wavelength. Isolated and
reliably fit FeAr lines were first measured with Gaussian profiles.
For each science line, FWHM;;, was then assigned from nearby
reliable lamp lines using a local weighted estimate; when local
lamp lines were sparse, a smooth empirical FWHM;ys(A4) relation
constructed from the reliable FeAr lines was used. This procedure
avoids applying a single constant instrumental FWHM to all
BFOSC lines across the full wavelength range.

For display in Fig. 2, the flux-calibrated spectra were mul-
tiplied by individual constant factors and shifted vertically by
arbitrary additive offsets. As shown in Fig. 2, the quiescent spec-
tra display strong single-peaked Balmer emission from He to He,
multiple He1 triplet and singlet lines, the Fer (42) triplet, weak
0117772, and occasional He 1 14686 plus C m and N 1 Bowen
blend emission.

2.3. Dereddening

YZ Cnc is nearby and lies at relatively high Galactic latitude (i.e.,
b ~ +28.8°), so foreground reddening is expected to be negli-
gible. We adopted the Gaia EDR3 geometric distance estimate
dsy = 233.49 pc, with djg = 231.68 pc and dg4 = 235.03 pc,
from Bailer-Jones et al. (2021), and queried the Bayestar19 three-
dimensional dust map (Green et al. 2019) at these distances. The
map returned E(B — V) = 0.0 at the adopted distance estimates.
Therefore no extinction correction was applied. This choice has
no practical effect on the optical line ratios used here; any unmod-
eled residual reddening would mainly affect the bluest Balmer
lines. Given the negligible extinction estimate, we do not propa-
gate reddening uncertainties into line ratios.

3. Results
3.1. Line-measurement procedure

All line measurements were performed with a custom Python-
based procedure applied consistently to the calibrated archival
and BFOSC spectra. The same continuum-normalization, profile-
fitting, and uncertainty-estimation scheme was used for the
outburst-related composite profiles and the quiescent emission
features. All measurements were made on the original calibrated
spectra, before the multiplicative scaling and additive offsets used
only for display in Figs. 1 and 2.

For continuum normalization, a Savitzky—Golay-smoothed
spectrum (Savitzky & Golay 1964) was used to identify emis-
sion and absorption features, which were masked before fitting
a smoothing spline to the remaining line-free regions. The con-
tinuum was determined independently for each spectrum, and
the original spectrum was divided by this spline for EW and
profile measurements. Pure emission and absorption profiles are
denoted by E and A, respectively. Isolated lines were measured
with single- or double-Gaussian fits over several nearby fitting
windows, and the accepted solutions were combined using ro-
bust central values and the scatter among the trials. All fits were
visually inspected, with uncertain cases remeasured interactively.

The observed Gaussian widths were corrected for instrumen-
tal broadening as

1/2
1nst) ’

FWHM,or = (FWHM2 - FWHM?

obs

ey

where FWHM;,,; was assigned separately for each transition
from the wavelength-dependent FeAr measurements for the
BFOSC spectra or from the reported resolving power for the
archival spectra. Uncertainties in FWHM_,,, were propagated
from the observed and instrumental widths. No corrected width
was assigned when FWHMps < FWHMj,,i; measurements with
1 < FWHM,,s/JFWHM;,,s < 1.3 were flagged as marginally re-
solved. Line centroids were measured relative to the adopted
laboratory wavelengths on the barycentric-corrected wavelength
scales described in Sect. 2.
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Fig. 1. Archival optical spectra of YZ Cnc ob-
tained from the AAVSO and BAA databases.
Top: Flux-calibrated spectra Al, A2, and A3
used in the quantitative analysis. Bottom: Ad-
ditional BAA spectra B1, B2, B4, and B7 used
only for qualitative comparison. The spectrum
identifiers follow Table 1. For display purposes,
spectra are vertically shifted and scaled; these
A2 transformations were not used in the quantita-
tive measurements. Prominent features of H1,
He1, and Fe 1 are marked for reference, and the
@ symbols indicate the principal telluric absorp-
tion regions. A narrow feature near 15461 A
| in B1 and B2 is marked as a possible Hg1
Al A5460.7 A sky residual. The absence of the orig-
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For the composite outburst-related profiles, the broad back-
ground and narrow central component were separated phe-
nomenologically. Four interactively selected boundary points
defined the full profile and central-core intervals. After masking
the core, the broad component was represented by a low-order
polynomial fit to the two side regions, and the central compo-
nent was measured relative to this local background. The labels
“B,” “C,” and “T” denote the broad background, narrow central
component, and total measured profile, respectively.

The EWs were measured from the locally continuum-
normalized spectra, whereas the I1 i, values were obtained from
the corresponding continuum-subtracted calibrated spectra. HB
was adopted as the reference transition for the Balmer ratios.
With the sign convention used in the electronic Tables 5 and 6 at
the CDS, emission has a negative EW and a positive I j,e, while
absorption has a positive EW and a negative If je.

Measurement uncertainties were estimated from 1000 Monte
Carlo noise realizations based on the residual scatter around the
adopted continuum and were combined with the scatter among
accepted fitting windows. Because the continuum was held fixed
in the simulations, the quoted uncertainties represent statistical
errors conditional on the adopted continuum placement. The
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complete archival and BFOSC line measurements are provided
in electronic Tables 5 and 6, respectively, at the CDS.

At the present resolution, Few 14924 and 45018 remain
blended with He1 14922 and 15016, respectively, whereas 15169
is the cleanest member of the Fe 1 multiplet-42 triplet. The feature
near 77727775 A is treated as the unresolved O1 triplet, and the
feature around 14640-4650 A as the unresolved C m and N
Bowen blend.

3.2. State-dependent line morphology and strengths

The calibrated spectra show a clear state-dependent change in
line morphology. The outburst-related spectra A2 and A3 are
dominated by broad Balmer absorption profiles with weaker
central emission components, while the FD spectrum Al con-
tains more complex composite profiles, including absorption-
like He1 14471 and a composite Fenr 15169 feature. Because
each outburst-related stage is represented by only one calibrated
spectrum, these differences are treated as descriptive rather than
as fully sampled evolutionary trends. This overall change from
absorption and composite profiles in the outburst-related spec-
tra to emission-dominated quiescent spectra is typical of dwarf
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Fig. 2. Seven flux-calibrated optical spectra of YZ Cnc obtained with the BFOSC instrument on the Xinglong 2.16 m telescope. The spectra cover
the wavelength range of approximately 38308350 A. The labels G1-1 through G3-2 identify the individual exposures within the G1-G3 sequences
listed in Table 1. Emission features of H1, He1, Fen, O1, and occasional He 1 are marked for identification. The Bowen blend near 14640-4650 A
is marked as a combined C 1 and N o1 feature. The @ symbols mark the principal telluric absorption regions. For display purposes, spectra were
scaled and vertically shifted by arbitrary offsets. All EWSs, I ;,s, velocities, and profile measurements were performed on the original flux-calibrated

spectra before these transformations.

novae (Williams & Ferguson 1982; Marsh 1987; Wood 1990;
Szkody et al. 2018); the YZ Cnc-specific information here lies in
the recurrence and intermittency of the weaker features described
below.

The seven BFOSC quiescent spectra (Fig. 2) are emission-
dominated. Balmer emission from He to He is present throughout
the sequence, together with several Her lines. Fenn 15169, the
least blended member of multiplet 42, is detected in five quiescent
exposures. Weak O1 17772 is present in most exposures, while
He 1 14686 is detected only in G3-1 and G3-2 and the Bowen
blend only in G3-1. The occurrence of these features is summa-
rized in Table 2, while selected Balmer and ionic line ratios are
listed in Tables 3 and 4.

The EW measurements quantify the same contrast. Balmer
lines have the largest absolute quiescent EWs, Her1 lines are
weaker but recurrent, and the Fe 1 and O1 features occupy a still
weaker range. The high-excitation features are both weak and
intermittent.

The measured profile widths have substantial uncertainties,
and several features are only marginally resolved. The centroid
measurements likewise show no clear systematic velocity offset
shared by the different transitions. These measurements are there-
fore retained in the electronic Tables 5 and 6 at the CDS as part
of the homogeneous line dataset, but the present resolution and
sampling do not provide additional kinematic constraints beyond
the observed line morphology.

3.3. Line-intensity ratios

Because exposure-dependent slit losses could not be indepen-
dently corrected, we compare line ratios measured within indi-

vidual spectra rather than absolute line-flux differences between
exposures. Figure 3 summarizes three complementary line-ratio
comparisons. The Balmer panel shows that the quiescent spectra
have a relatively flat decrement, with I j,.(Ha)/ I jne(HB) rang-
ing from approximately 0.8 to 1.4 and generally remaining of
order unity. This behavior is flatter than the steeper decrement
expected for a simple optically thin Baker—Menzel Case-B re-
combination spectrum, indicating that the Balmer-emitting gas
cannot be described by such a simple nebular-like limit. The de-
composed broad-background and narrow-central components of
the outburst-related spectra span a wider range of Balmer ratios.
The WF82 values are shown as an empirical comparison with the
line-ratio behavior reported for dwarf novae.

The Her ratios show substantially larger exposure-to-
exposure scatter than the Balmer ratios and do not define a single
reproducible sequence across the available quiescent spectra. The
measured Fe 1 multiplet-42 ratios show no clear systematic de-
parture from the adopted optically thin reference ratios, although
14924 and 45018 are affected by blending with nearby He1 lines,
and therefore do not provide a unique optical-depth constraint.
Thus, the principal results of these comparisons are the relatively
flat Balmer decrement and its departure from the simple Case-B
limit, the larger variability of the He 1 line ratios, and the recurrent
presence of Fen A5169. Given the sparse, non-phase-resolved
sampling, some of the exposure-to-exposure ratio variations may
reflect orbital-phase variability in addition to luminosity-state
differences.

Table 4 provides several additional ratios that complement
the same-species comparisons in Fig. 3. The He116678/5876
ratio compares the singlet and triplet line strengths, while
He115876/HB measures the relative strength of helium and
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Table 2. Key spectral profiles in YZ Cnc.

Spectrum Balmer He1 Fen 0147772 Heun and Bowen
Al Composite and emission Absorption at 14471 Composite 15169 Not detected  Not detected
A2 Composite Not detected Not detected Not detected  Not detected
A3 Composite Not detected Not detected ~ Not detected  Not detected
Gl Emission Some exposures Some exposures Emission Not detected
G2 Emission Emission Emission Emission Not detected
G3 Emission Emission Emission Emission  Some exposures

Notes. Full line measurements and auxiliary profile parameters are provided in electronic Tables 5 and 6 at the CDS. Entries for G1-G3 summarize
all exposures in the corresponding sequence; “some exposures” indicates that the feature was not detected in every individual exposure.
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Fig. 3. Line-intensity ratios measured from the spectra of YZ Cnc. Top:
Balmer decrements normalized to HB. Middle: Fe n multiplet-42 line
ratios (14924, 15018, and A5169) normalized to Fen 15169. Bottom:
He 1 triplet line ratios normalized to He1 A4471. Symbols identifying the
individual BFOSC exposures and the decomposed archival components
are given separately in each panel. The Williams & Ferguson (1982;
hereafter WF82) values provide an empirical dwarf-nova comparison
for the Balmer and He1 ratios. The filled black squares in the Fe i1 panel
show the optically thin reference ratios calculated from the adopted
atomic transition data (Fuhr & Wiese 2006; Meléndez & Barbuy 2009;
Deb & Hibbert 2014). Translucent bands around measured curves show
the propagated line-ratio uncertainties. Connecting lines are included
only to guide the eye between discrete transitions, and the horizontal
dashed line at unity marks the normalization line in each panel. The
wavelength ranges are chosen independently for the three panels to
display the relevant transitions clearly.

Balmer emission. The Fe 1 15169/HB and He 1 14686/Hg ratios
provide empirical measures of the low- and high-excitation contri-
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butions, respectively. Where measurable, He 1 15876/Hf remains
within approximately 0.19-0.25, while Fe 1 A5169/Hp spans ap-
proximately 0.11-0.21. The He116678/5876 ratio remains ap-
proximately 0.7-1.0 where measurable. He 1 14686/HS is approx-
imately 0.07-0.11 in the two G3 exposures in which Hem is
detected. These ratios provide descriptive measures of relative
line strength.

4. Discussion and conclusions
4.1. State-dependent optical spectrum of YZ Cnc

The clearest result of the present dataset is the contrast between
the sampled outburst-related and quiescent spectra. The calibrated
outburst-related spectra show blue continua and broad Balmer
absorption or composite profiles, consistent with the familiar
appearance of an optically thick dwarf-nova disk during or shortly
after outburst (Williams & Ferguson 1982; Marsh 1987; Wood
1990; Szkody et al. 2018). The quiescent BFOSC spectra are
instead dominated by single-peaked Balmer and He 1 emission
and contain a richer set of weak metal lines.

This contrast is robust because it is visible directly in the
calibrated spectra and does not depend on detailed profile mod-
eling. However, each archival luminosity state is represented by
only one quantitative spectrum. The differences among Al, A2,
and A3 therefore cannot establish a continuous spectroscopic
evolution through the outburst cycle. In particular, the composite
Fen 45169 profile in Al should be regarded as a property of that
individual FD spectrum rather than as a general signature of all
FD stages.

The absence of reliable orbital phases prevents us from sepa-
rating luminosity-state changes from orbital modulation. Because
line strengths and profiles in dwarf novae can vary with orbital
phase, orbital modulation is a plausible contributor to some of
the observed exposure-to-exposure variations. The present data
therefore establish a state-associated empirical contrast, while the
relative contributions of luminosity state and orbital phase remain
unresolved.

4.2. Specific line properties in quiescence

The relatively flat quiescent Balmer decrement is consistent with
dense and radiatively processed hydrogen-emitting gas, as com-
monly observed in quiescent dwarf novae (Williams & Ferguson
1982; Marsh 1987; Neustroev 2002). It differs from the steeper
decrement expected for a tenuous optically thin recombination
nebula. The present ratios do not, however, provide a unique
temperature, density, or optical-depth solution.

The Her1 ratios show substantially greater scatter than the
Balmer ratios. Their main observational implication is therefore
variability in the relative strengths of the He 1 transitions, rather



Zhibin Dai et al.:

Table 3. Balmer decrements of the decomposed outburst-related profiles.

A homogeneous analysis of archival and new low-resolution spectra of YZ Cancri

Spectrum “Component ILme[Ha/H,B] Itine[Hy/HB]  ILine[Ho/HB]

Al B 2.79(0.07)
C 0.5(0.1)

A2 B 0.62(0.04)  1.82(0.09)  2.5(0.1)
C 3.0(0.7) 0.5(0.2) 0.3(0.1)

A3 B 1.25(0.08)  1.7(0.2) 2.3(0.2)
C 4.3(1.5) 1.1(0.4) 0.9(0.3)

Notes. ¢ For the composite Balmer profiles, the ratios were calculated separately for the fit broad-background (B) and narrow-central (C) components.
These component ratios are phenomenological measurements and do not by themselves imply spatially distinct line-forming regions.

Values in parentheses are the 10- measurement uncertainties.

Table 4. Selected additional quiescent line-intensity ratios.

Spectrum Her116678/5876 He145876/HB Fen A5169/HpB Hen/l4686/H,8

GI-1 0.7(0.3) 0.25(0.05)

Gl1-2 1.0(0.3) 0.23(0.05) 0.11(0.04)

G1-3 .. .. .

G2-1 0.8(0.3) 0.21(0.03) 0.18(0.05)

G2-2 0.9(0.3) 0.19(0.03) 0.19(0.03) .
G3-1 0.8(0.2) 0.19(0.03) 0.16(0.06) 0.11(0.02)
G3-2 1.0(0.2) 0.20(0.03) 0.21(0.03) 0.07(0.02)

Notes. Ratios are calculated from the measured Iy, values. No reddening correction was applied because the foreground reddening toward YZ Cnc
is negligible. Ratios involving strongly blended features are omitted. Values in parentheses are the 10- measurement uncertainties.

than a single optical-depth sequence. Optical-depth effects, colli-
sional excitation, self-absorption, and continuum-placement un-
certainties may all contribute (Smits 1996; Benjamin et al. 2002;
Porter et al. 2005).

A more YZ Cnc-specific result is the recurrent detection of
low-ionization emission in the quiescent spectra. Fem 45169 is
detected in five BFOSC exposures, and weak O1 17772 is present
in most of them. The other two Fe i1 multiplet-42 members are
blended with nearby Her1 lines, so their ratios cannot uniquely
determine the optical depth of the Fe*-emitting gas. Neverthe-
less, the repeated 15169 detections establish that low-ionization
emission is not confined to a single quiescent exposure.

The high-excitation contribution is more intermittent.
He 1 14686 appears only in G3-1 and G3-2, and the Bowen blend
is confidently identified only in G3-1. Such features require a
harder ionizing field than the dominant Balmer and He 1 emission,
but the available spectra cannot distinguish among a boundary
layer, inner-disk irradiation, stream impact, or short-timescale
variability. Their principal significance here is their restricted
occurrence within the seven quiescent exposures.

4.3. Limitations and future observations

The present study is limited by the modest and heterogeneous
spectral resolution, the small number of independent observing
nights and luminosity-state samples, the lack of orbital-phase cov-
erage, and the incomplete calibration of several archival spectra.
These limitations restrict the present analysis to empirical com-
parisons of the observed line properties and prevent a detailed
kinematic interpretation.

The decomposition of the outburst-related composite pro-
files is also nonunique at the available resolution. The broad-
background and narrow-core measurements are useful phe-
nomenological descriptions, but they do not prove that the two
components originate in spatially separate regions. Similarly, the
simultaneous presence of lines with different ionization require-

ments is consistent with a nonuniform accretion environment,
but does not distinguish discrete layers from a continuous disk
atmosphere with gradients.

Future progress requires phase-resolved spectroscopy at a
substantially higher spectral resolution. Such observations would
test whether the observed line-profile variations and the recurrent
Fe 1 15169 emission repeat with orbital phase, resolve the Fe 1—
He1 blends, and determine whether the intermittent He m and
Bowen emission is tied to preferred orbital phases or to short-
timescale accretion variability. Simultaneous photometry would
provide an unambiguous luminosity-state and flickering context
for each spectrum. Taken together, the available spectra place
YZ Cnc within the usual spectroscopic behavior of dwarf novae,
while providing a homogeneous reference dataset for future phase-
resolved studies of its recurrent low-ionization and intermittent
high-excitation features.

Data availability

Tables 5 and 6 are only available in electronic form at the CDS
via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/.
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