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Cataclysmic variables and dwarf novae

WD

Donor

Disk
UoTokyo

Hot spot

Various amplitude/duration/variations …

: disk instability model

(see Osaki 96, Lasota 00)

Established before transient survey era

→ unique systems from large samples?
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Disk instability model in dwarf nova outbursts

Simplest laboratory of accretion disk physics + many bright systems

Balance b/w viscosity heating & radiation cooling in disk

high state : ionized, high viscosity / accretion rate / luminosity

low state : neutral, low viscosity / accretion rate / luminosity
e.g. Osaki 74

Hoshi 79
Mayer+ 81
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CV binary evolution – progenitor of SN Ia / AIC?

Pala+22

Porb < 3hr
Porb > 3hr

4

CV w/ MS donor Sub-giant / giant donor → thermal timescale

Standard CV evolve to shorter Porb

due to angular momentum loss

– no evidence of WD mass growth

– no confirmed massive WD system

Not likely a progenitor of 

– SN Ia

– accretion induced collapse

***Long Porb system could be a progenitor

source; VSX
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MASTER OT J030227.28+191754.5

12-mag transient as a possible optical counterpart of the IceCube neutrino event

–  〜22 mag UV/optical source in GALEX/SDSS → Galactic source?

Optical observations (PI: YT – arxiv 2408.13783)

– Seimei 3.8m telescope in Japan

– VSNET: pro + amateur variable star collabolation 

– OISTER: small–mediam telescope network in Japan 

X-ray observations (PI: M. Kimura – arxiv 2305.15994)

– NICER

– NuSTAR

Zhirkov+21 ATel #15067

Kyoto U
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10.2 mag amplitude & 60 d duration (〜7 mag amplitude at discovery)

: classical nova? extreme dwarf nova? or anything exciting?

Kawash+21

J0302 – overall optical light curve
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classical nova

dwarf nova
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J0302 as a WZ Sge-type dwarf nova 

Double-peaked emission lines → disk origin not a neutrino source

Early & ordinary superhumps → WZ Sge-type DN – BL Lac AGN activity?

Orbital period = 0.05986 d (86.2 min)

Mass ratio (M_2/M_WD)= 0.063(1)

Except its outburst amplitude & duration,

very typical binary parameters and behaviours as a WZ Sge-type DN

}
Paiano+21; ATel 15085

For WZ Sge stars; Kato 15
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J0302 outburst in X-rays 

ONe WD

WD radius: (2.9±1.1) x 108 cm

WD mass: 1.15–1.34 M⊙

First short Porb & massive-WD CV!

Open question: its binary evolution?

BB

O
Ne

Bremss

R
W

D

Kashiyama+19
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Possible outburst scenario of J0302

Massive WD + larger disk → brighter disk

: just 〜0.35 mag

Poorly-estimated distance + standard disk 

suggest 〜10
-6

 M⊙/yr at peak

→ x 100 higher than others!

Lower viscosity in quiescence is the key?

– larger disk density to trigger an outburst

→ longer duration

– higher accretion rate at outburst

→ larger amplitude

e.g. Mineshige+85
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Fate of J0302 – possible AIC progenitor?

Near-chandrasekhar & ONe WD 

⇒ new channel to 

: accretion induced collapse progenitor?

: millisecond pulsar? 

 

1 / 〜300 known period-bouncing DNe

x space density of CV 〜10
-6

 pc
-3

x accretion time scale 〜Gyr

⇒ 10
-5

 events yr
-1

 galaxy
-1

←→ theoretically expected MSP birth rate via AIC 

in sub-giant/giant donor star CVs; thermal-timescale mass transfer

: 10
-4 – -5

 events yr
-1

 galaxy
-1

   (e.g. Harley+10) 
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Summary & future works

MASTER OT J030227.28+191754.5

: 10.2-mag amplitude & 60-d duration dwarf nova outburst → most energetic

From X-ray observations

: likely > 1.15 M⊙ and ONe WD system

Large disk around a massive WD cannot explain the outburst

: quiescence disk viscosity is a key?

Possible new channel to AIC and MSP

Future works

– Quiescence observations to establish its binary parameter, 23 mag tho

– Detailed light curve simulation(s)

– Binary evolution model for J0302
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Binary evolution in cataclysmic variables

Pala+22

Porb < 3hr
Porb > 3hr

Toward shorter orbital period

: due to angular momentum loss

Period bounce at 〜80 min

: degenerated secondary 

DNe will explode as a SN Ia?

No evidence of WD mass growth

: mass ejection via classical novae

Not likely a progenitor of SNe Ia …

(Zorotovic+11, Pala+22)

(e.g. Knigge+11)
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Back-ups
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Back-ups
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