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A B S T R A C T 

SU Lyn is a binary system composed of a white dwarf and a red giant star. Although it is known to be bright and variable at X-ray 

wavelengths, the optical counterpart of the source appeared as a single red giant without prominent emission lines. Because of 
the lack of optical features typical for interacting systems, the system was classified as a hidden symbiotic star. We present the 
results of optical monitoring of the system. While SU Lyn did not show substantial photometric variability, the spectroscopic 
observ ations re v ealed a comple x behaviour. The system sho wed strong emission line v ariability, including P Cygni profiles, 
changing line emission environments, and variable reddening. Both X-ray and optical observations indicate that the components 
of SU Lyn were interacting only for a short time during the last twelve years of monitoring. For the first time, we showed that 
SU Lyn resembled a classical symbiotic star when it was X-ray bright, and remained hidden afterwards. We also discuss the 
current evolutionary status of the red giant, as well as possible future evolution of the system. We suggest that SU Lyn could be 
a progenitor of a classical, persistent symbiotic system. 

Key words: accretion, accretion discs – binaries: symbiotic – stars: individual: SU Lyn – nov ae, cataclysmic v ariables. 
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 I N T RO D U C T I O N  

ymbiotic stars are interacting binaries with red giant donors. The 
ass accretor is typically a white dwarf, while in some systems a

eutron star is present instead of the white dwarf. Their orbital periods
ange from hundreds of days to decades (Gromadzki et al. 2009 ;
romadzki, Mikołajewska & Soszy ́nski 2013 ). The circumstellar 
aterial in symbiotic stars is ionized by the mass accretor, which 

eads to the production of emission lines. The main source of energy
n symbiotic stars is often the accretion itself. Ho we ver, in some
ystems the white dwarf experiences steady shell burning, which is 
roviding more radiation energy ionizing the circumbinary material, 
esulting in more prominent emission lines. 

SU Lyn was disco v ered as a semi-re gular variable star with a
eriod of ∼126 d by Kippenhahn ( 1955 ). The spectral type of the
iant in SU Lyn was first estimated to be M2 (University of Virginia
956 ). Later, the spectral type was derived to be M6 (Grasdalen et al.
983 ) and finally it was refined to be between M5.6 and M5.9 (Mukai
t al. 2016 ). Based on optical and infrared magnitudes the red giant
n SU Lyn was estimated to have a diameter of ∼3.5 mas (Bourg ́es
t al. 2014 ). No water maser emission was detected from SU Lyn
Szymczak & Engels 1995 ). 

Mukai et al. ( 2016 ) identified SU Lyn with a hard X-ray source
PBC J0642.9 + 5528 detected by the Swift satellite. In addition 
o X-ray radiation, Mukai et al. ( 2016 ) detected UV variability,
eak Balmer, [Ne III ] and Ca II emission lines, and red giant optical

pectrum. Based on X-ray and UV variability, Mukai et al. ( 2016 )
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lassifies SU Lyn as a symbiotic star that is not showing strong
mission lines typical for this class of objects. They also argued
hat SU Lyn does not show strong emission lines because it is
ot a shell-burning system. The symbiotic star nature of SU Lyn
as later supported by the disco v ery of high-e xcitation emission

ines in SU Lyn UV spectrum (Kumar et al. 2021 ). A detailed
e vie w of SU Lyn optical properties is given by Munari et al.
 2021 ). Because SU Lyn would not be detected as a symbiotic
tar in optical surv e ys Mukai et al. ( 2016 ) suggested that this
ystem represents a large hidden population of symbiotic stars. 
hese stars would not show typical symbiotic features in the 
ptical spectrum similar to SU Lyn, and there is no estimate
f the size of their population. Ho we ver, the infrared colors of
U Lyn seem to match the symbiotic star population (Akras et al.
019b ). 
SU Lyn showed strong variability in X-ray and UV bands (Mukai

t al. 2016 ; Lopes de Oliveira et al. 2018 ; Kumar et al. 2021 ). Lopes
e Oliveira et al. ( 2018 ) showed that SU Lyn harbors a relatively
assive ( > 0.7 M �) white dwarf. The mass transfer rate in the system

ecreased by nearly 90 per cent between 2015 and 2016 (Lopes de
liveira et al. 2018 ). Moreover, Lopes de Oliveira et al. ( 2018 )

howed that there is a strong, variable source of absorption in the
ystem and that the boundary layer of the white dwarf became more
ptically thin with time. 
Here we show results of long optical monitoring of SU Lyn, study

he evolutionary status of the red giant as well as discuss the nature
f the system. In particular, we show that SU Lyn optical spectrum
esembled that of a classical symbiotic system when the system was
-ray bright. We argue that the SU Lyn can evolve into a classical,

table symbiotic star. 
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Figure 1. Long-term light curve of SU Lyn. The cyan line marks the date of SOPHIE spectrum. The red line marks the observation of Lopes de Oliveira et al. 
( 2018 ). The grey area marks the X-ray high state observed by Mukai et al. ( 2016 ). 
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 OBSERVATIONS  

.1 Photometry 

e collected all of the photometry available in the literature for
U Lyn. Archi v al data from the Harv ard College Observ atory in the
hotographic m pg filter were collected from DASH (Digital Access to
 Sky Century at Harvard; Laycock et al. 2010 ). Optical observations
n a proprietary filter were collected from the Wide Angle Search for
lanets ( WASP ) project (Butters et al. 2010 ). Data in the standard
ptical filters were collected from the International Gamma Ray
strophysics Laboratory ( INTEGRAL ) Optical Monitoring Camera

OMC; Mas-Hesse et al. 2003 ), All-Sky Automated Surv e y for
upernovae (ASAS-SN; Shappee et al. 2014 ; Kochanek et al. 2017 )
nd American Association of Variable Star Observers (AAVSO) data
ase. The available photometric data ranged from years 1887 to 2021,
ith major gaps in 1960s and from years 1989 to 2006. The collected

ight curve of SU Lyn is presented in Fig. 1 . 

.2 Spectroscopy 

e collected spectroscopic observations from the Astronomical Ring
or Access to Spectroscopy data base 1 (ARAS; Teyssier 2019 ).
he low-resolution spectra ( R < 10 000) of SU Lyn do not show
ny significant changes compared to the spectra presented in the
iterature. Hence, we analyzed only high-resolution spectra available
n ARAS. The list of observations is presented in Table A1. All
he spectra were reduced by the individual observers following
tandard procedures. Since the spectra from ARAS were carried out
sing different instruments, we normalized all of the spectra to the
ocal continuum in order to a v oid inconsistent spectrophotometric
alibration. As the emission lines in SU Lyn are relatively weak they
an be hidden within the red giant absorption spectrum. To impro v e
heir visibility, we subtracted from ARAS spectra a spectrum of a

5 III star spectroscopic standard. For the spectroscopic standard
 ht tps://aras-dat a base.github.io/data base/symbiot ics.ht ml 

i  

o  

b  
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pectrum, we chose a spectrum of 13 Lyr carried out by Fran c ¸ois
eyssier that was shifted to the SU Lyn radial v elocity. F or the
adial velocity, we used the mean radial velocity of the red giant
Section 3.4). We did not subtract the 13 Lyr spectrum from the region
ear the Na D1 line spectra region to a v oid contamination coming
rom Na D1 lines originating from the interstellar reddening of
3 L yr . The emission lines and Na D1 absorption lines are presented
ollectively in Fig. 2 . 

We supplemented our observations with the archival spectrum
btained with SOPHIE spectograph mounted on a 1.93m telescope
n the Haute Pro v ence Observatory (Moultaka et al. 2004 ; Bouchy &
ophie Team 2006 ). The SOPHIE spectrum was carried out on 2012
arch 12 with an exposure time of 600 s. A spectrum of 13 Lyr was

ot subtracted from the SU Lyn SOPHIE spectrum because in the
OPHIE spectrum the emission lines are significantly stronger than

he red giant absorption features (Fig. 3 ). 
We measured spectral lines using two methods. In order to measure

qui v alent widths (EWs), full width at half maxima (FWHM) and
adial velocities we fitted Gaussian profiles. In order to measure
ndividual pieces of lines consisting of two components (H α and
O III ]), we fitted two Gaussian profiles. This resulted in an error of
he measured EWs of up to 10 per cent, accuracy of the FWHM of
.1 Å, and the accuracy of the radial velocities of 3 km s −1 . In the case
f the total EWs of lines with two components (H α and [O III ]) we
easured the EWs by integrating spectral region in the ±400 km s −1 

ange after the red giant continuum was subtracted. This resulted in
n accuracy of 0.1 Å. Measurements of emission lines, as well as
a D1 absorption line, are presented in Table A1. 

 RESULTS  

.1 X-ray variability 

U Lyn was first observed in the X-ray range by the ROSAT satellite
n the 1990s (1RXS J064255.9 + 552835; Voges et al. 1999 ). The
ptical counterpart of this X-ray source was identified to be SU Lyn
y Mukai et al. ( 2016 ). In the Swift observations of Mukai et al.

art/stab3637_f1.eps
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Figure 2. Emission lines in ARAS spectra after normalization, subtracting 
a normalized spectrum of 13 Lyr as well as Na D1 absorption line for witch 
no subtracting was performed (see text). All the spectra were shifted by the 
system mean radial velocity. The emission line region spectra were shifted 
by + 1 in the flux scale for clarity. SOPHIE spectrum was not plotted. The 
non-variable combination of stellar and interstellar profiles of Na D1 line is 
denoted by ‘S + I’ and a variable circumstellar component of Na D1 line is 
denoted as ‘CS’. 
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 2016 ) with the energy range of 15–35 keV, the system showed a
igh state between 2010 October 14 and 2012 August 1. During 
he high state, SU Lyn appeared to maintain a constant, high X-
ay luminosity. The remaining Swift observations out the X-ray high 
tate showed a constant low X-ray brightness, between the years 
005–2010 and between the years 2012–2015. 
As opposed to the Swift observations, where the system seemed 

o plateaued at maximum, the data from the MAXI/GSC X-Ray 
ource Catalog ( 3MAXI ; Kawamuro et al. 2018 ) indicates that the
ystem showed a more flare-like behaviour (Fig. 4 ). The 3MAXI
bservations in the 4–10 keV range are consistent with the results of
ukai et al. ( 2016 ), where the authors argued that the mass transfer

ate decreased after the X-ray high state observed by Mukai et al.
 2016 ). Because of the difference in the energy ranges co v ered by
MAXI and Swift the apparent differences in the light curves can be
ue to different behaviour of SU Lyn in these two energy ranges. This
ehaviour could be associated with the variable source of absorption 
n the system (Lopes de Oliveira et al. 2018 ). Ho we ver, the X-ray
pectrum seems to consist of only one component (Mukai et al.
016 ; Lopes de Oliveira et al. 2018 ). Therefore, it is possible that
he 3MAXI observations have a higher signal to noise ratio and the
are-like behaviour reflects the real variability. This implies the X- 
ay maximum occurred in the year 2011 rather than between the
ears 2010 and 2012. Hence, we will refer to the X-ray maximum
s an X-ray flare rather than the bright state that was used in the
iterature. There are no X-ray observations carried out after 2016 that
re published, therefore it is not certain whether the X-ray luminosity
ontinued to decrease. Ho we ver, gi ven the spectroscopic variability
Section 3.3) it seems likely that no X-ray flare occurred after the
010–2012 brightening. 

.2 Photometric variability 

he historical light curve in the of SU Lyn in the m pg and B filters
id not show any significant changes in the visual brightness during
he last century (Fig. 1 ). While there are significant gaps in the data,
his suggests that there were no nova-like or Z-And type outbursts in
he recent history of the system. 

Observations just before the X-ray flare show SU Lyn at V
 8.5 mag (Fig. 1 ). WASP observations, which were carried out
ith a photometric filter relatively close to the V band (Pollacco

t al. 2006 ), suggest that there were no major changes in the SU Lyn
rightness up to a few years before the X-ray flare. During the high
tate, the system faded by ∼0.5 mag in the V band. Conversely, after
he X-ray flare, the system experienced a brightening by ∼0.5 mag in
he V band. In 2014 the brightness of SU Lyn returned to V � 8.5 mag.
fter that, SU Lyn gradually increased its visual brightness and 

eached V � 8.0 mag between the years 2014 and 2020. Munari et al.
 2021 ) showed that the B – V colour did not change significantly
uring this increase in the visual brightness. 
The visual variability does not follow the UV observations, where 

he maximum flux was observed in 2015 (Mukai et al. 2016 ; Lopes
e Oliveira et al. 2018 ; Kumar et al. 2021 ). Ho we ver, no UV
bservations exist from the time of X-ray flare and 2015 observations
re the first observations after the flare. Only two UV observations
rom the years 2006 and 2007 exist from before the X-ray flare
Kumar et al. 2021 ). A similar decrease in the UV component flux
as observed between 2015 and 2017 in the optical spectra of Munari

t al. ( 2021 ). 
The amplitude of variability in the R band was significantly higher

ompared to the V band. SU Lyn brightness changed from R �
.3 mag to R � 6.9 mag (Fig. 1 ). The R brightness from before
he X-ray flare is less precisely estimated due to the scarcity of
bservations. A brightness of R = 7.60 mag reported by (Monet
t al. 2003 ) may suggest that variability in the R band follows the
ariability in the V band, but with a higher amplitude. 

SU Lyn semi-regular pulsations were observed with a period of 
26 d between the years 1932 and 1938 (Kippenhahn 1955 ). In the
SAS-SN g data we find semi-regular pulsations with a period of
134 d. A similar variability was observed by Munari et al. ( 2021 ),
here the authors noted that they did not find any strict periodicity
ased on data co v ering a similar time period. We note that our results
re consistent with that of Munari et al. ( 2021 ), since we do not
laim a strict periodicity, but rather a quasi-period that is expected 
o vary in semi-regular pulsators. In order to study the variability of
MNRAS 510, 2707–2717 (2022) 

art/stab3637_f2.eps


2710 K. Iłkiewicz et al. 

Figure 3. The SOPHIE spectrum of SU Lyn from the year 2012, when the system was X-ray bright. The spectrum was not flux-calibrated and it is affected by 
the instrumental flux modulation. 
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Figure 4. An X-ray light curve of SU Lyn in the 4–10 keV range. The red 
line marks the observation of Lopes de Oliveira et al. ( 2018 ). The grey area 
marks the X-ray high state observed by Mukai et al. ( 2016 ). The cyan line 
marks the date of the SOPHIE spectrum. 
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he pulsation period, we analysed the historical m pg observations. We
nd that the pulsations were strongest between the years 1910 and
920 with a period of ∼118 d. The pulsations seem weaker before
nd after that dates, including the period observed by (Kippenhahn
955 ). Ho we ver, we note that the historical data are not of sufficient
uality for conclusive results. Interestingly, the pulsations were not
resent in data from the DIRBE infrared surv e y (Price et al. 2010 )
aken between the years 1990 and 1993. This does not imply that
he pulsations were not present at this time, as similar semi-regular
ulsations are not al w ays seen in the DIBRE data. For example, while
emiregular-pulsators UU Dra and U Del were classified as variable
bjects by DIBRE, no variability was detected from semiregular-
ulsators TT Peg and SV Peg (Price et al. 2010 ). In summary, all
he available data can suggest that there is a possible evolution of
ulsations in SU Lyn, but the results are inconclusive. 

.3 Spectral variability 

he first spectra of SU Lyn were carried out by Feast, Woolley &
ilmaz ( 1972 ), where no emission lines were noted. Ho we v er, the y
id not present the spectrum itself. Mukai et al. ( 2016 ) showed that
eak emission lines were present in SU Lyn spectrum. This was

ater confirmed by Kumar et al. ( 2021 ), which also showed that there
re emission lines present in the UV spectral range. Because only
eak emission lines were present in the optical spectrum of SU Lyn,
ukai et al. ( 2016 ) suggested that SU Lyn is a hidden symbiotic star.

he limitation of the Mukai et al. ( 2016 ) hypothesis is that the only
vailable spectra analyzed by them were from a limited period of
ime. In particular, the earliest spectrum of Mukai et al. ( 2016 ) was
rom the year 2016, four years after the X-ray flare. 

.3.1 Balmer lines 

he SOPHIE spectrum is the only spectrum available from the time
ear the X-ray flare (Fig. 1 ). In the SOPHIE spectrum, strong Balmer
ines are present, in contrast to the spectrum presented by Mukai et al.
 2016 ). While systematic comparison of these lines with the entire
opulation of known symbiotic stars is beyond the scope of this work,
 comparison with EG And shows that these lines were as strong as
t lest in some of the other symbiotic stars (Fig. 5 ), while they were
ignificantly fainter afterwards (Mukai et al. 2016 ). 
NRAS 510, 2707–2717 (2022) 
Interestingly, no forbidden lines such as [O III ] are present in the
OPHIE spectrum. The Balmer and [O III ] lines are present on all of

he ARAS spectra. Our spectral range does not co v er the [Ne III ] 3868
ine reported by Mukai et al. ( 2016 ) and Kumar et al. ( 2021 ). On the
rst ARAS spectrum from JD = 2457513, the H α line has a profile

ypical for a symbiotic star, with a broad emission (FWHM = 2.5 Å)
nd a narrow absorption from the red giant. After removing the red
iant features, which remained constant throughout our observations,
he second ARAS spectrum from JD = 2457775 revealed a P Cygni
rofile. The absorption part of the P Cygni profile evolved with time,
hanging its width, the mean radial velocity, as well as depth (Fig. 2 ).
e measured its evolution by fitting two Gauss functions, one for

he evolving absorption and one for the emission part of the P Cygni
rofile. The radial velocity of the absorption first increased sharply
owards bluer wavelengths and then decreased the velocity gradually
Fig. 6 ). Similarly, the width of the absorption first rose sharply and
hen decreased gradually. Both the radial velocity and width of the
 Cygni absorption reached their maxima at JD � 2457840. While

he equi v alent width of the absorption experienced behaviour similar
o the other two studied parameters, its maximum was delayed by at

art/stab3637_f3.eps
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Figure 5. Balmer lines in SU Lyn from the time of X-ray high state (2012) 
and out of the X-ray high state (2020). A classical symbiotic star spectrum 

of EG And is shown for comparison. The EG And spectrum was carried out 
by Fran c ¸ois Teyssier on 2017 January 26 and was taken from the ARAS data 
base. The date of EG And spectrum was chosen to be close to the median 
H α emission strength observed in this object by Shagatova et al. ( 2021 ). The 
EG And spectrum has been shifted to fit the SU Lyn radial velocity. 
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Figure 6. Evolution of an absorption component of the P Cygni profile 
in the H α line. The magenta error bars indicate the typical error of the 
measurements. 
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east ∼50 d (Fig. 6 ). The reason for the delay is unclear, but the delay
ay be due to the pulsations of the red giant, which would change

he flux at the base of the line and introduce a shift in the measured
qui v alent width. The last spectrum in which the P Cygni profile
s visible is from JD = 2458252 and on all further spectra only
he emission is present. It seems that the P Cygni profile observed
y us is associated with a second absorption component disco v ered
y Munari et al. ( 2021 ). Ho we ver, Munari et al. ( 2021 ) reported
n the emergence of this absorption profile only at the time of our
bserved absorption radial velocity maximum, while we observed 
 gradual increase in the radial v elocity. Moreo v er, Munari et al.
 2021 ) reported that the new absorption component merged with the
ed giant absorption line, while we observed a gradual decrease in 
ts equi v alent width. 

The equi v alent width of all of the lines showed significant
ariability (Fig. 7 ). For the Balmer lines analysis, we restricted 
urselves to analysing the H β line since it did not seem to show the
 Cygni profile. Ho we ver, we note that the emission component of
 α line seemed to follow the same variability. The Balmer lines were

trongest in the SOPHIE spectrum, right after the X-ray flare. On the
ext available spectra, equivalent widths of H β were decreasing, until 
hey reached a minimum at JD � 2457800. Afterward, the equi v alent
idth of H β was increasing, until it reached a local maximum at
D � 2458550. After the local maximum, the H β strength continued
o decrease until our last observation. This result is consistent with
he observations of Munari et al. ( 2021 ), where the H α emission
eemed to reach a local maximum in the year 2018. It seems that no
hotometric variability accompanied the changes in H β emission 
ine. We note, that the H β equi v alent widths sho wed v ariability
n shorter time-scales than the one discussed here. Ho we ver, this
ariability can be attributed to pulsations of the red giant and resulting 
hanges in the continuum level. These changes would not be remo v ed
y subtracting the spectrum of 13 Lyr, as both spectra of SU Lyn and
3 Lyr were normalized to the local continuum before the subtraction. 

.3.2 [O III ] 5007 line 

he integrated [O III ] emission line flux showed variability similar to
he H β line (Fig. 7 ). Ho we ver, upon closer inspection it is clear that
ometimes the [O III ] emission consist of two components (Fig. 2 ).
he blue component was stronger and was located at -12 km s −1 

elative to the red giant radial velocity. The red component of the
O III ] emission was located at + 39 km s −1 relative to the red
iant radial velocity. This stands in contrast to the H β emission,
hich seemed to be red shifted on a verage, b ut remained consistent
MNRAS 510, 2707–2717 (2022) 
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Figure 7. Evolution of the equi v alent widths of emission lines and blue- 
shifted component on Na D absorption lines in SU Lyn compared to the 
photometric variability in the V band. All emission lines were measured after 
subtraction of a reference spectrum of 13 L yr . The measurements of [O III ] 
emission line equi v alent width included simultaneous measurement of the 
two line components. The magenta error bars indicate the typical error of the 
measurements. 
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ith the red giant radial velocity within our error of 3 km s −1 . Both
he components seemed to follow the variability of the H β line
trength (Fig. 8 ). The red component was not detected in our last
bservations. Both components line widths seemed correlated with
he line strengths (Fig. 9 ). Ho we ver, the blue component of [O III ]
ine seemed to be narrower than during the rise of the line strength
han during the decrease in the line strength. The opposite might be
rue for the red component, but the data accuracy for this component
f the [O III ] line is too low for a conclusive result. 

.3.3 Na D lines 

n the SU Lyn spectra Na D absorption lines are present at the red
iant radial velocity. These lines are expected for the spectral type
f the red giant in SU Lyn and are also present in the spectrum
NRAS 510, 2707–2717 (2022) 
f 13 L yr . Moreo v er, the stellar Na D lines are blended with an
nterstellar component detected at -4.1 km s −1 by Mukai et al. ( 2016 ).
o we ver, an additional blue-shifted component of the Na D lines is
resent at the radial velocity of -88 km s −1 (Fig. 2 ). While the Na D
ines connected to the red giant remained constant, the blue-shifted
bsorption showed strong variability . Namely , the blue-shifted Na D
bsorption showed a maximum at JD � 2457800, when the emission
ines showed a minimum (Fig. 7 ). After that date, the blue-shifted
a D absorption was decreasing independently from the variability
f emission lines. The exception was a local maximum of the blue-
hifted absorption at JD � 2459112, where it seemed that the [O III ]
mission experienced a local minimum (Fig. 2 ) 

The changing equi v alent width of the blue-shifted Na D absorp-
ion can be connected to a changing circumstellar component of
xtinction. This is consistent with the observed changing column

art/stab3637_f7.eps
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Figure 9. Relation between the line width and line strength of two [O III ] emission line components – the blue component (left-hand panel) and red component 
(right-hand panel). 
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ensity towards the white dwarf observed by Lopes de Oliveira et al.
 2018 ). The equi v alent width of Na D1 line can be used to calculate
he change in reddening (Munari & Zwitter 1997 ). The minimum 

a D1 equi v alent width measured at JD = 2456 000 corresponds to
ircumstellar extinction of E( B − V ) = 0.01 mag. Afterward, the
hange in reddening is following the changes in equi v alent widths of
a D lines, with the maximum circumstellar extinction at E( B − V ) =
.18 mag at JD = 2457 841. The circumstellar extinction reached a
ignificantly larger value than the constant interstellar extinction E( B 

V ) = 0.07 mag estimated by Mukai et al. ( 2016 ) on JD = 2457 409
e note that the [K I ] 7699 line that should behave similarly to Na D

ines was outside the spectral range of our spectra. 

.4 Red giant radial velocity 

e searched for possible changes in the red giant radial velocity 
sing cross-correlation of SU Lyn spectra with 13 Lyr spectrum. 
e did not find any significant variability within our accuracy of
 km s −1 . This is consistent with the reported limit on radial velocity
ariability of < 2 km s −1 reported by Munari et al. ( 2021 ). The mean
ed giant radial velocity in our spectra was −22 km s −1 . 

.5 The red giant evolution status 

ukai et al. ( 2016 ) estimated a distance to SU Lyn of 640 ± 100 pc.
 similar distance of 659 + 46 

−40 pc was obtained using Gaia DR2 data
Bailer-Jones et al. 2018 ) and a distance of 710 + 31 

−35 pc using Gaia
R3 data (Bailer-Jones et al. 2021 ). The ef fecti ve temperature of

he RG estimated in Gaia DR2 was T eff,RG = 3544 + 249 
−256 K, while the

uminosity L RG = 2261 ± 176 L � (Gaia Collaboration 2018 ). No red
iant parameters were estimated in Gaia DR3 (Gaia Collaboration 
021 ). We note that the distance and luminosity estimated by Gaia
ay be unreliable since currently the Gaia archive does not account 

or the astrometric motion due to the binary nature of the system (e.g.
lind et al. 2011 ). The red giant temperature of T eff, RG � 3565 K
as estimated by Akras et al. ( 2019a ). We estimated the ef fecti ve

emperature and luminosity of the RG by fitting models to the spectral 
nergy distribution (SED) using the VO Sed Analyser (VOSA; Bayo 
t al. 2008 ). 
For the SED fit, we used data from TYCHO-2 (Høg et al. 2000 ),
an-STARRS (Flewelling et al. 2016 ), 2MASS (Skrutskie et al. 
006 ), AKARI/IRC (Ishihara et al. 2010 ), IRAS PSC/FSC (Abra-
amyan, Mickaelian & Knyazyan 2015 ), and unWISE (Schlafly, 
eisner & Green 2019 ) surv e ys. In order to a v oid contamination

rom the white dwarf and any dust emission, we limited the fit only
o data ranging from 420 to 52 000 nm. Since all of the employed
bservations were obtained before the X-ray flare and the changes 
n the circumstellar reddening, we limited the reddening correction 
o only the interstellar component equal to E( B − V ) = 0.07 mag
Mukai et al. 2016 ). We also assumed the distance of 710 + 31 

−35 pc
Bailer-Jones et al. 2021 ). 

As a result of the SED fit, we obtained T eff,RG = 3200 ± 100 K
nd L RG = 7700 ± 1000 L �. The estimated luminosity was higher
han the one observed by Gaia , while the ef fecti ve temperature was
ower. We note that our estimate of the red giant effective temperature
s consistent with the M5 spectral type derived by Mukai et al.
 2016 ), while the Gaia ef fecti ve temperature is too high for this
pectral type. Hence, the parameters estimated using VOSA are more 
onsistent. In order to estimate the evolutionary status of the RG, we
ompared the red giant parameters to the MESA Isochrones and 
tellar Tracks (MIST; Choi et al. 2016 , Dotter 2016 ). Using T eff,RG 

nd L RG from Gaia and VOSA, we identify the donor in SU Lyn
s a relatively young thermally pulsating RG (Fig. 10 ). Using the
arameters derived with VOSA, we estimate log(Age/yr) = 8.70 + 0 . 36 

−0 . 23 

nd M RG = 2.78 + 0 . 62 
−0 . 64 M �. The RG stellar parameters are summarized

n Table 1 . If the red giant in SU Lyn experienced a thermal pulse in
ecent history, this can be associated with changes in the pulsation
eriod, which would be consistent with discussion in Section 3.2. 
hanges in the observed pulsation period due to a thermal pulse
ere e.g. observed in another semiregularly pulsating star RU Vul 

Uttenthaler, Greimel & Templeton 2016 ). 
The red giant 2MASS magnitudes J = 2.979 and K = 1.618 mag

ranslate to a Weisenheit index equal to W JK = 0.684 mag. Scaling
his index to the Large Magellanic Cloud distance of 49.59 kpc
Pietrzy ́nski et al. 2019 ), we obtain W 

LMC 
JK 

= 10.15 mag. Together
ith the pulsation period of P pul = 126 d, this indicates that

he red giant in SU Lyn belongs to a C’ sequence (Wood 2015 ).
sing our VOSA analysis, we estimated the red giant radius to
e R RG = 280 ± 40 R �. This gives a pulsation constant Q =
MNRAS 510, 2707–2717 (2022) 
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Figure 10. The stellar parameters of RG in SU Lyn (Table 1 ; red cross) 
compared to single star evolution models from MIST. The tracks have been 
computed using zero-age main sequence masses in the range of 0.5–8 M �
with a step of 0.05 M �. The evolutionary track best fitting VOSA estimates 
is highlighted with a grey line. 

Table 1. Summary of the derived stellar parameters of the RG in SU Lyn. 

T eff,RG (K) L RG (L �) M RG (M �) R RG (R �) log(Age/yr) 

3200 ± 100 7700 ± 1000 2.78 + 0 . 62 
−0 . 64 280 ± 40 8.70 + 0 . 36 

−0 . 23 
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 pul (M RG /M �) 1/2 (R RG /R �) −3/2 � 0.044 d. This pulsation constant is
onsistent with pulsations in the first o v ertone (e.g. F ox & Wood
982 ). 

 DISCUSSION  

U Lyn shows a very complex behaviour. In particular, optical emis-
ion line changes correlated with photometric and X-ray variability.

hereas it might not be easy to identify mechanism(s) behind the
ariability, it is clear that not only the X-ray emission showed a
ransient brightening, but also the optical appearance of the system
as transient in nature. 

.1 Nature of variability 

U Lyn is the first object of its kind ev er observ ed (Mukai et al. 2016 ).
ecause of this, a comparison to variability of other binary systems

s not tri vial. Ho we ver, we w ould lik e to propose a few directions
hich future studies could explore. While not much is known about

he system orbital parameters, the only certain thing is that the system
onsists of a white dwarf and a red giant (Mukai et al. 2016 ; Lopes
e Oliveira et al. 2018 ; Kumar et al. 2021 ). Therefore, all proposed
cenarios will include both binary components. Moreo v er, SU Lyn
as observed as an X-ray emitting object before the X-ray flare

Mukai et al. 2016 ), therefore a possibility of recurring or periodic
-ray flashes will be explored. 
The simplest scenario involves a highly eccentric orbit. During a

eriastron passage, the tidal forces would lead to an enhanced mass
oss from the red giant, allowing for an increased mass transfer rate.
his scenario could be confirmed if the discussed SU Lyn behaviour
ould be repeatable. Ho we ver, the orbital period of SU Lyn is
nknown and the object should be monitored continuously for at
east two additional cycles to confirm this hypothesis. A similar,
NRAS 510, 2707–2717 (2022) 
uasi-periodic enhanced mass transfer rate near a periastron passage
as observed in a symbiotic stars BX Mon (Anupama et al. 2012 ;
romadzki et al. 2013 ), CD-43 14304 (Gromadzki et al. 2013 ), and
X 1 + 4 (Iłkiewicz, Mikołajewska & Monard 2017 ). 
The mechanism triggering the variability could be related to a

otential He-shell flash of the red giant. Such a flash could be related
o a mass ejection event (e.g. Mattsson, H ̈ofner & Herwig 2007 ),
hich would lead to a temporary increase in the mass accretion

ate by the white dwarf. Furthermore, it is possible that the white
w arf w ould then heat up and be able to ionize the material close to
he red giant, potentially ionizing the wind acceleration zones and
ecreasing the radiation pressure. The material would build up in
hese wind acceleration zones until it would cool and the radiation
ressure could build up again, ejecting a shell of matter. When this
hell would encounter the white dwarf, it would be partially accreted.
his cycle of heating material in the wind acceleration would then

epeat, leading to the observed variability of SU Lyn. 
Independently from the mechanism triggering the variability, the

ariability is associated with a strong mass loss from the system.
his is demonstrated by the detection of a transient P Cygni profile
nd appearance of Na D lines at a high blue shift. Mass loss
n symbiotic stars can lead to a binary-induced spiral structure
round the binary (e.g. Mohamed & Podsiadlowski 2012 ; Booth,
ohamed & Podsiadlowski 2016 ). Presence of such a spiral could

xplain the variability of the [O III ] 5007 line (Section 3.3.2). Namely,
he presence of a blue and red components of [O III ] line could
riginate in two opposite spiral arms. The apparent increase of width
f the blue component of the [O III ] line could be explained if a
ew, closer loop of the spiral formed later in time. This more distant
oop would have a lower radial velocity due to interaction with the
nterstellar material. Ho we ver, the dif ference would not be larger and
oth blue components would blend in our observations, resulting in a
ingle, wider line. A similar structure is present in a nearby symbiotic
tar , R Aqr , where the spiral structure was formed due to a highly
ccentric orbit (Bujarrabal et al. 2021 ). The circumstellar material
resent in R Aqr shows radial velocity amplitude of ∼10 km s −1 

Bujarrabal et al. 2021 ), which is of the same order of magnitude
s the observed radial velocities of the blue and red components of
he [O III ] line in SU Lyn. The caveat is that the spiral structure in
 Aqr consists of dusty molecular dust, while the material around
U Lyn is ionized. This difference could be due to the fact that

he structure around SU Lyn is newly formed and transient in
ature, implying shocks in the outer region of the forming spiral
onizing the inner parts of the loop. Alternatively, the white dwarf in
U Lyn could be more efficient in ionizing the material in the spiral 
tructure. 

.2 SU Lyn as a transient symbiotic star 

ymbiotic stars are defined as interacting binaries with a red giant
onor and a compact companion. An observational manifestation of
his interaction is the presence of emission lines in the optical part
f the spectrum. Because no strong emission lines were present in
he optical part of the SU Lyn spectrum and there was evidence of
igh mass transfer rate during the X-ray flare, Mukai et al. ( 2016 )
rgued that SU Lyn is a hidden symbiotic star. This is because a high
ass accretion rate indicates interaction between the red giant and

he white dwarf, making the system an interacting binary system –
 symbiotic star. Ho we ver, we sho wed that when the mass transfer
ate was high, the optical emission lines were as strong as at least
n some other classical symbiotic stars (Fig. 5 ). Therefore, when the
ystem was interacting, the spectrum of SU Lyn was that of a typical
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ymbiotic star, and the nature of the system was not ‘hidden’ in the
ptical spectra. 
The problem with the classification of SU Lyn as a symbiotic star

s due to the intensity of the binary interaction. The mass accretion
ate changed from ∼1.0 × 10 −8 M � yr −1 during the X-ray flare 
Mukai et al. 2016 ) to 1.5–2.2 × 10 −10 M � yr −1 when system was
-ray faint (Lopes de Oliveira et al. 2018 ). The mass accretion rate
utside of the X-ray flare is smaller than the mass accretion rate of
10 −9 M � yr −1 that is the minimum mass accretion rate typical for
 symbiotic star (Kenyon & Webbink 1984 ). 

The population of symbiotic stars is studied assuming that as 
 result of interaction between the system components the mass 
ccretion rate is high enough to power the production of emission
ines. In theoretical studies, this is quantified by assuming that the 
ccretion powered luminosity is higher than at least 10 L � (e.g. 
ikolajewska & Kenyon 1992 ; L ̈u, Yungelson & Han 2006 ; Belloni

t al. 2020 ). The white dwarf mass in SU Lyn was estimated to
e in the range of 0.69–0.92 M � (Lopes de Oliveira et al. 2018 ).
sing a white dwarf radius calculated with equation 15 of Verbunt &
appaport ( 1988 ) the accretion power luminosity of the white dwarf
hanged from 18–33 L � during the X-ray flare to < 0.5 L � during
opes de Oliveira et al. ( 2018 ) observations. Therefore, the accretion
owered luminosity was high enough to be classified as a symbiotic 
tar during the X-ray flare and not high enough after the flare. Again,
his is confirmed by the presence of emission lines with strengths
ypical for a symbiotic star during the X-ray flare and their absence
fterward (Fig. 5 ). 

In conclusion, all metrics used to classify a system as a symbiotic
tar – the presence of emission lines, mass accretion rate, and 
ccretion powered luminosity – point at that SU Lyn could be 
lassified as a symbiotic star only during a short period. Therefore, 
U Lyn can transition between being a hidden and a classical 
ymbiotic star. Mukai et al. ( 2016 ) argued that the known population
f symbiotic stars is biased in fa v our of shell-b urning systems
nd SU Lyn is a hidden accretion powered system. This could be
nterpreted as that SU Lyn would be a classical symbiotic star if
here was shell burning present in the system. Ho we ver, the presence
f shell burning requires mass accretion rate between ∼10 −7 and 
10 −8 M � yr −1 depending on the white dwarf mass (e.g. Nomoto 

t al. 2007 ). Therefore, SU Lyn could never be a shell-burning system
ue to the low mass transfer rate – the system is not interacting
trongly enough. Ho we ver, if the white dwarf is not a ne wly formed
emnant after the asymptotic giant branch phase of evelution, the 
uclear -b urning shell must be ignited. Therefore, all symbiotic stars
ere first accreting only symbiotic stars, and experience at least 
ne thermonuclear nova eruption. A similar transition was recently 
bserved in a symbiotic star AG Peg (e.g. Ramsay et al. 2016 ; Tomov,
toyano v & Zamano v 2016 ; Skopal et al. 2017 ). Hence, whether or
ot the SySt can sustain the shell burning after ignition depends 
ainly on how strong the system components are interacting. 
Another object that showed variability similar to SU Lyn is 

ASCH J075731.1 + 201735. This object showed a Z And type 
utburst in the 1940s, classifying it as a shell-burning symbiotic star
t that time. Ho we ver, it no w appears as a non-interacting binary
ith a red giant and possibly a white dwarf (Tang et al. 2012 ). More

imilar, transient objects could be present in the known population of
ariable stars, but no systematic search for them has been performed 
hus far. 

Inspired by the suggestion that SU Lyn represent a potentially large
ample of hidden symbiotic stars, Munari et al. ( 2021 ) searched
or new candidates for symbiotic stars with weak emission lines 
nd found 33 candidates. We note that some of the stars found by
unari et al. ( 2021 ) have accretion luminosity lower than 10 L �.
uch systems should be clearly distinguished from the classical 
ymbiotic stars to a v oid confusion in theoretical population studies,
or the reasons giv en abo v e. Ho we v er, the y represent a potentially
nteresting new population of systems, as was noted by Mukai et al.
 2016 ). We note that the systems disco v ered by Munari et al. ( 2021 )
re not necessarily similar to SU Lyn, as we showed that interaction
n SU Lyn was transient, and there is no proof of transient interaction
n Munari et al. ( 2021 ) systems, with the exception of GaSS 1-31.

oreo v er, Munari et al. ( 2021 ) stated that ‘ the results of this paper
re independent on the actual nature of the accreting star ’, which
eans that at least some of their systems could host a main-seaquence 

ccretor. 

.3 SU Lyn as a progenitor of a classical symbiotic star 

e note that SU Lyn may evolve towards a stable, typical symbiotic
tar. The mass loss of the red giant can increase significantly during
he last stages of its evolution, which could result in an increased

ass accretion of the red giant wind by the white dwarf on a long
ime-scale. This could result in a mass transfer rate high enough to
each the lower limit of the accretion powered luminosity, making 
he system a persistent symbiotic star. Ho we ver, in order to predict
he future evolution of SU Lyn orbital parameters need to be known,
o predict the mass transfer mode (e.g. Iłkiewicz et al. 2019 ). We
tudied the future mass loss of the RG using the single star evolution
odels fitted to the VOSA RG parameters (Fig. 10 ). We found that

n all of the models the red giant mass loss will increase by at least an
rder of magnitude. Assuming that the mass transfer rate would scale
inearly with the mass loss from the red giant, this would imply that
he mass transfer rate will increase from the current mass transfer rate
f 10 −10 M � yr −1 (Lopes de Oliveira et al. 2018 ) to mass transfer rate
ufficient to make this system a classical symbiotic star. If the increase
n mass loss would be due to a He-flash, the evolution of SU Lyn
ould be relatively fast (e.g. Mattsson et al. 2007 ; Dotter 2016 ). The
ast time-scale of increase in the mass accretion rate would be similar
o the evolution of CH Cyg, which did not resemble a symbiotic star
ntil ∼1960s since at least 1885 (e.g. Mik olajewski, Mik olajewska &
hudiakova 1990 , and references therein). Moreover, changes in the 
ulsation period of CH Cyg red giant were attributed to a recent He-
ash (Mik olajewski, Mik olajewska & Khudyak o va 1992 ). Howev er,
o direct link between the He-flash in CH Cyg and the change in
ts spectroscopic appearance was made thus far, hindering a direct 
omparison to SU Lyn. We predict that sufficient increase in the
ass transfer rate in SU Lyn could happen anytime between the next

0 2 –10 5 years, therefore it is unlikely that it will be observed in the
ear future. Nonetheless, SU Lyn could serve as an useful case study
f symbiotic star progenitors. 

 C O N C L U S I O N S  

U Lyn showed a period of high X-ray luminosity and strong UV
ariability, which lead Mukai et al. ( 2016 ) to classify this system
s a symbiotic star. Ho we ver, due to lack of strong emission lines
ukai et al. ( 2016 ) classified SU Lyn as a member of a new class

f hidden symbiotic stars. We showed that at the time of high X-ray
uminosity the Balmer lines were as strong as in the case of classical
ymbiotic stars. Combined with the variable mass transfer rate it is
lear that SU Lyn can transition between being hidden and a classical
ymbiotic star. 

We presented optical monitoring of SU Lyn, which revealed a 
trong variability in the emission lines and a weak photometric 
MNRAS 510, 2707–2717 (2022) 
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ariability. The Balmer and [O III ] lines showed strong variability
hat appeared to not be accompanied by any photometric variability.
mong the strongest spectroscopic features was the appearance of
 transient P Cygni profile in the H α line. The [O III ] 5007 line
ho wed two v ariable components that follo wed the v ariability of
almer lines. In the most recent spectra, a variable, blue-shifted
bsorption component of the Na D lines is present, suggesting a
trong variability in the circumstellar reddening. This is consistent
ith a variable source of absorption observed in the X-ray range by
opes de Oliveira et al. ( 2018 ). 
We estimated the RG ef fecti ve temperature to be 3200 ± 100 K

nd its luminosity to be 7700 ± 1000 L �. A comparison of the
G stellar parameters to the single star evolution models revealed

hat the RG is a low mass star (2.78 + 0 . 62 
−0 . 64 M �) relatively early in

he thermally-pulsating stage of evolution. The single star evolution
odels show that the RG mass loss will increase by at least an order

f magnitude in the future, which suggests that SU Lyn will evolve
owards a persistent symbiotic star. 

We note that one of the main challenges with any interpretation
f SU Lyn variability is understanding whether all of the observed
ptical variability is associate with the X-ray flare. While it is likely
hat the Balmer lines were related to the X-ray flare (Fig. 5 ), the vari-
bility observed in the most recent years could occur independently
rom the 2010–2012 X-ray event. Therefore, future monitoring and
etection of possible subsequent X-ray variability will reveal the
ature of the system. 
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