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Abstract

SDSS J183131.63+420220.2 is an AM CVn-type cataclysmic variable. Using Asteroid Terrestrial-impact
Last Alert System (ATLAS) and Zwicky Transient Facility (ZTF) data, I found that this object is actually
a helium dwarf nova, which experienced a long (~6 yr) standstill (2017 to 2022). The object is currently (in
2023) in ER UMa-type state with supercycles of 20-30 d and large duty cycles exceeding 0.5. This object
is the second known star among AM CVn stars having characteristics of ER UMa and Z Cam types. The
long duration of the standstill phase is outstanding among helium dwarf novae. These observations indicate
that the accretion disk in SDSS J183131.634420220.2 is very close to thermal stability. I detected a period
of 0.01602343(1) d in the ZTF data, which can be the orbital one. Combined with the case of MGAB-V240,
the limit of thermal stability of the disks in AM CVn stars appears to be located around the orbital period of
0.0158-0.0160 d.

SDSS J183131.63+420220.2 was selected as a white dwarf candidate from Sloan Digital Sky Survey (SDSS)
colors and was classified as a cataclysmic variable (CV) by Girven et al. (2011). This object was spectroscopically
classified as a DB white dwarf by Kleinman et al. (2013). The variability of this object was detected by Asteroid
Terrestrial-impact Last Alert System (ATLAS: Tonry et al. 2018) and was listed as ATO J277.8818+42.0389 with
a classification of “irregular” (Heinze et al. 2018).! The variation was also detected by Zwicky Transient Facility
(ZTF: Masci et al. 2019) and was given a name of ZTF J183131.63+420220.1 (Ofek et al. 2020). Most recently,
Gaia Collaboration et al. (2022) listed this object as a CV (Gaia DR3 2111270034246759424).

Inight et al. (2023) studied this object and classified it as an AM CVn star with a helium-dominated absorp-
tion line spectrum and showing occasional “drop-outs” (fading) in the ZTF and Gaia light curves. Inight et al.
(2023) described that the drop-outs in the Gaia and ZTF light curves are unusual for this type (i.e. AM CVn) of
system.

Using ZTF and ATLAS data, I found that this object currently (in 2023) shows ER UMa-type (subclass of
SU UMa stars; see e.g. Kato et al. 1999) variations (vsnet-alert 27896). The long-term light curves are shown
in figures 1 and 2. The enlarged 2023 light curve is shown in figure 3. Long outbursts (superoutbursts) were
intervened by short fading episodes. Short outbursts are also also evident around BJD 2460131 and 2460133.
The recurrence times of long outbursts varied between 20 and 30 d. The duty cycles of long outbursts were ~0.5
or even larger. The current light curve is very similar to the AM CVn star MGAB-V240 particularly in 2021 to
2022 (Kato 2023). It is also similar to the hydrogen-rich ER UMa star RZ LMi when it showed standstills (Kato
et al. 2016). MGAB-V240 was the second AM CVn-type object showing true standstills after CR Boo (Kato
et al. 2023). SDSS J183131.63+420220.2 has become the third known such an object and is notable in that it
showed a very long standstill lasting almost 6 yr, while the other two objects showed relatively short ones. The
suggested type is SU UMa(ER UMa)+Z Cam+AM CVn, the same as for MGAB-V240.

The discussion in MGAB-V240 (Kato 2023) also applies to SDSS J183131.63+420220.2. The accretion disk
in this object should be very close to the thermal stability. Using the ZTF data during the standstill, I detected

LAlthough I used this as the primary name in vsnet-alert 27896 (<http://ooruri.kusastro.kyoto-u.ac.jp/mailarchive/vsnet-
alert/27896>), which first described variability, I here use the SDSS name knowing that the CV nature had already been recognized.
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Figure 1: Light curve of SDSS J183131.63+420220.2 in 2016-2019. The object was mostly in nearly constant
brightness in 2017-2019. Larger-amplitude variations were present in 2016, as was also evident in Gaia observa-
tions shown in Inight et al. (2023).
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Figure 2: Light curve of SDSS J183131.63+420220.2 in 2020-2023. The symbols are the same as in figure 1.
The object brightened somewhat in 2022 (third panel) with a sudden short drop near the end. The object was
in dwarf nova (ER UMa) phase in 2023 (last panel).



‘ ‘ ‘ 0
17 e e e e a8 T
| 9 o, o S | R 6
< o 8 8 g 8 g &g 8 o g8
= 8 g é 8 | 88
-+ g° ‘ o
=18+ - - - S Y e Q. . ... g
s 8 g g

Mag
o
((¢9)
o
«D
cD

[HEN
(o]
o
(o100
o®
o

60020 60040 60060 60080 60100 60120 60140
BJD—-2400000

Figure 3: Enlargement of the light curve of SDSS J183131.63+420220.2 in 2023. The symbols are the same as in
figure 1. Long outbursts were intervened by short fading episodes. Short outbursts are also also evident around
BJD 2460131 and 2460133.

a period of 0.01602343(1) d (figure 4) using the phase dispersion minimization (PDM: Stellingwerf 1978) method
after removing long-term trends by using locally-weighted polynomial regression (LOWESS: Cleveland 1979).
The error was estimated by the methods of Fernie (1989); Kato et al. (2010). There was no other candidate
period in the period region acceptable for an AM CVn star. This period is likely either the orbital or superhump
period of this system. I consider the former more likely based on the long coherence. If the period is the orbital
period, a superhump signal ~1% different from this can be expected. I could not find such a signal. The period
in SDSS J183131.63+420220.2 is very close to the superhump period [0.015824(9) d] of MGAB-V240. It is most
likely that the limit of the thermal stability in the disks of AM CVn stars is around these periods, as expected
from the disk-instability theory (Tsugawa and Osaki 1997; Solheim 2010; Kotko et al. 2012).

The long-term variation during the standstill probably requires long-term slight variation of the mass-transfer
rate, as is usually considered as the origin of standstills in hydrogen-rich Z Cam stars (Meyer and Meyer-
Hofmeister 1983). I also point out that the gradually rising standstill (2017 to 2021) and brightening in late 2022
before its termination are somewhat similar to the IW And stars (hydrogen-rich systems) (Szkody et al. 2013;
Kato 2019). The time scales in SDSS J183131.63+420220.2, however, would be too long compared to the viscous
time scale of the disk to be considered as the same origin as in IW And stars.
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Figure 4: Period analysis of SDSS J183131.634420220.2 during the standstill. (Upper): PDM analysis. The
bootstrap result using randomly contain 50% of observations is shown as a form of 90% confidence intervals in
the resultant 6 statistics. (Lower): Phase plot.
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