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Searching for yet-to-be-discovered          
sub-minute variability of white dwarfs

• Spin (close to the mass shedding limit)
ü (Magnetohydro)dynamics of formation and merger
üA new class of high energy source

• (p-mode) oscillation 
ü New asteroseismology to probe the interior 

• Tidal disruption (of asteroids)
• Transits (of “habitable” planets)

üFuture of our solar system?
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Double WD merger

Ia SNe?

Debris expansion
(R Coronae Borealis variables?)

Fast-spinning  WD?
if @ mass shedding limit

Prot = 1-10 sec 

~ 1 yr -1gal-1

~ 1050erg/100yr
~ 10 % of CCSN 

Not found



Prospects of the fssWD survey

• Limiting magnitude: g = 19,  sky coverage 10,000 deg2

• ffssWD = 0.3%
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ü a new class of high energy source

• (p-mode) oscillation 
ü new asteroseismology to probe the interior 
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can be explored with 
~1 (10 night x 1000 WDs) 
hertz spinning object survey!



Pipeline Construction, 
Test Observations Under Way  

�WD
� K2 field
� HeSO ASF
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A massive white-dwarf merger product before final 
collapse
Vasilii V. Gvaramadze1,2,3*, Götz Gräfener4*, Norbert Langer4,5, Olga V. Maryeva1,6, Alexei Y. Kniazev1,7,8, Alexander S. Moskvitin9 
& Olga I. Spiridonova9

Gravitational-wave emission can lead to the coalescence of close 
pairs of compact objects orbiting each other1,2. In the case of 
neutron stars, such mergers may yield masses above the Tolman–
Oppenheimer–Volkoff limit (2 to 2.7 solar masses)3, leading to the 
formation of black holes4. For white dwarfs, the mass of the merger 
product may exceed the Chandrasekhar limit, leading either to a 
thermonuclear explosion as a type Ia supernova5,6 or to a collapse 
forming a neutron star7,8. The latter case is expected to result in 
a hydrogen- and helium-free circumstellar nebula and a hot, 
luminous, rapidly rotating and highly magnetized central star with 
a lifetime of about 10,000 years9,10. Here we report observations of 
a hot star with a spectrum dominated by emission lines, which is 
located at the centre of a circular mid-infrared nebula. The widths 
of the emission lines imply that wind material leaves the star with 
an outflow velocity of 16,000 kilometres per second and that rapid 
stellar rotation and a strong magnetic field aid the wind acceleration. 
Given that hydrogen and helium are probably absent from the star 
and nebula, we conclude that both objects formed recently from 
the merger of two massive white dwarfs. Our stellar-atmosphere 
and wind models indicate a stellar surface temperature of about 
200,000 kelvin and a luminosity of about 104.6 solar luminosities. 
The properties of the star and nebula agree with models of the 
post-merger evolution of super-Chandrasekhar-mass white 
dwarfs9, which predict a bright optical and high-energy transient 
upon collapse of the star11 within the next few thousand years. Our 
observations indicate that super-Chandrasekhar-mass white-dwarf 
mergers can avoid thermonuclear explosion as type Ia supernovae, 
and provide evidence of the generation of magnetic fields in stellar 
mergers.

During our search for mid-infrared circumstellar nebulae 
(see Methods), we discovered a new object in the constellation 
Cassiopeia (Fig. 1) using data from the Wide-field Infrared Survey 
Explorer (WISE)12. At a wavelength of 22 µm the new nebula appears 
as a circular shell with ragged edges and an angular radius of about 
75 arcsec. The higher-contrast 22-µm image of the nebula shows a dif-
fuse halo with a radius of about 110 arcsec surrounding the shell. For 
a distance of about 3 kpc to the nebula (see below), the linear radii of 
the shell and halo are about 1.1 pc and 1.6 pc, respectively. The shell is 
also visible in the WISE 12-µm image, where it appears as a circular dif-
fuse structure of the same angular size as the 22-µm shell. Surprisingly, 
despite the moderate extinction towards the nebula (see below), the 
shell has no optical counterpart in the INT Photometric Hα Survey 
(IPHAS) of the Northern Galactic Plane13 (see Fig. 1). We identified the 
central star of the nebula with an optical star (V ≈ 15.5 mag) located 
at RA = 00 h 53 min 11.21 s and dec. = +67° 30′ 2.1″ (J2000). In the 
following, we call this star J005311 (see Methods).

Optical follow-up spectroscopy of J005311 with the Russian 6-m 
telescope (see Methods) revealed an emission-line-dominated spec-
trum, reminiscent of oxygen-rich Wolf–Rayet (WO type) stars (Fig. 2). 

However, the emission lines of J005311 are stronger and broader than 
those of even the most extreme (in terms of strength and width of their 
emission lines) WO stars. Most notably, the O vi (3,811 Å, 3,834 Å) 
emission doublet shows an equivalent width of EW(O vi) ≈ 2,300 Å 
and a full-width at half-maximum of about 300 Å. We note that no 
nebular lines are visible in the obtained long-slit spectrum.

We analysed the optical spectrum of J005311 using the Potsdam 
Wolf–Rayet code for expanding stellar atmospheres (see Methods). In 
Fig. 2, we compare our best-fitting model with the observed spectrum. 
The line spectrum is reproduced well, except for two missing emission 
lines near 4,340 Å and 6,068 Å, which are probably formed by high- 
lying transitions of highly ionized oxygen (O viii) or neon (Ne viii) 
ions. The lines may either originate from a hot plasma that coexists with 
the cooler simulated wind material in our models, or indicate a high 
neon abundance (see Methods). Our model fit yields a stellar temper-
ature of −

+211, 000 K23,000
40,000  (see footnote of Table 1 for the definition of 

the uncertainities) at the base of the wind and a chemical composition 
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Fig. 1 | New mid-infrared nebula in Cassiopeia. a, b, WISE 22-µm image 
of the nebula at two intensity scales, highlighting details of its structure. 
The position of the central star J005311 is indicated by a circle. c, d, WISE 
12-µm (c) and IPHAS Hα (d) images of the nebula and its central star. 
At the distance of J005311 (about 3 kpc), 1 arcmin corresponds to about 
0.9 pc. All images have the same angular scale and orientation.
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ABSTRACT

WD J005311 is a newly identified white dwarf (WD) in a mid-infrared nebula. The spectroscopic
observation indicates the existence of a neon-enriched carbon/oxygen wind with a terminal velocity of
v∞ ∼ 16, 000 km s−1 and a mass loss rate of Ṁ ∼ 3.5 × 10−6 M⊙. Here we consistently explain the
properties of WD J005311 using a newly constructed wind solution, where the optically thick outflow
is launched from the carbon burning shell on an oxygen-neon core and accelerated by the rotating
magnetic field. Our model implies that WD J005311 has a mass of M∗ ∼ 1.2-1.3M⊙, a magnetic field
of B∗ ∼ 108 G, and a spin angular frequency of Ω ∼ 0.1-1 s−1. The large magnetic field and fast spin
support the carbon-oxygen WD merger origin. WD J005311 will neither explode as type Ia supernova
nor collapse into neutron star. If the wind continues to blow another a few kyr, WD J005311 will spin
down significantly and join to the known sequence of slowly-rotating magnetic WDs. Otherwise it may
appear as a fast-spinning magnetic WD and could be a new high energy source.

Keywords: white dwarfs — stars: winds, outflows — stars: rotation — techniques: photometric

1. INTRODUCTION

Recently ? reported observation of an extremely hot white dwarf (WD) in a mid-infrared nebula J005311. In this
paper, we call this object WD J005311. The spectroscopic analysis indicates the existence of a peculiar wind. The
characteristics can be summarized as follows.

• The effective temperature of WD J005311 is Teff = 211, 000+40,000
−23,000 K.

• The distance to WD J005311 is d = 3.07+0.34
−0.28 kpc and the bolometric luminosity is calculated as log(Lrad/L⊙) =

4.60± 0.14.

• The photospheric radius is estimated to be rph = 0.15± 0.04R⊙.

• The chemical composition of the wind is dominated by carbon and oxygen (XC = 0.2± 0.1 and XO = 0.8± 0.1).

• The neon mass fraction (XNe = 0.01) is significantly larger than the solar abundance while the iron group mass
fraction (XFe = 1.6× 10−3) is consistent with that.

• From the width and strength of the OVI emission lines, the terminal velocity and mass-loss rate are estimated
as v∞ = 16, 000± 1, 000 km s−1 and Ṁ = (3.5± 0.6)× 10−6 M⊙ yr−1, respectively. Note that v∞ is significantly
larger than the escape velocity at the photospheric radius, vesc(rph) ∼ 1, 600 km s−1.

• The apparent size of the infrared nebula is ∆θ ∼ 75 arcsec, which corresponds to rnb ∼ 1.6 pc. From the
expansion velocity of vnb ∼ 100 km s−1, the age of the nebula is estimated to be ∼ 16, 000 yr.
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LETTER RESEARCH

dominated by oxygen and carbon with mass fractions of 0.8 ± 0.1 and 
0.2 ± 0.1, respectively, in line with white-dwarf core abundances 
recently obtained from asteroseismology14. Remarkably, the absence 
of the He ii 4,686 Å emission line implies an essentially helium-free 
composition, with a conservative upper limit of  0.1 on the helium sur-
face mass fraction. From the width of the O vi (3,811 Å, 3,834 Å) emis-
sion we derive a terminal wind velocity of v∞ = 16,000 ± 1,000 km s−1. 
The strength of the emission lines is best reproduced with a mass-loss 
rate of = . ± . × − −!

⊙M M(3 5 0 6) 10 yr6 1  (where M⊙ is the solar mass) 
with a wind clumping factor of 10 (Methods).

Using the distance to J005311 of . − .
+ .3 07 kpc0 28

0 34  derived from the sec-
ond Gaia data release15, our model reproduces the observed flux dis-
tribution from the ultraviolet to the infrared with a luminosity L∗ 
described by log(L∗/L⊙) = 4.60 ± 0.14 (where L⊙ is the solar luminos-
ity) and with an interstellar extinction of E(B − V) = 0.835 ± 0.035 mag 
(see Fig. 2 and Methods). This luminosity is four times lower than those 
of even the faintest massive WO-type Wolf–Rayet stars16 
(log(L∗/L⊙) > 5.2) and at least about four times higher than those of 
the known low-mass (WO-type) central stars of planetary nebulae17 
(log(L∗/L⊙) < 4.0).

Very few hot stars free of hydrogen and helium are known in the 
Milky Way. Besides the rare DQ white dwarfs18, there are two hot white 
dwarfs with unusually high masses (0.7M⊙–1.0M⊙), which have been 
suggested to have formed through the merger of two carbon–oxygen 
white dwarfs19. Recent models for the evolution of super-Chandrase-
khar-mass carbon–oxygen white-dwarf merger remnants9 match the 
properties of J005311 remarkably well. First, the fiducial model of such 
remnants comes close to the Hertzsprung–Russell diagram position of 
J005311 (Fig. 3). Second, these models predict an episode of extreme 
mass loss during and shortly after a merger event in an expanded cool 
phase, which forms a hydrogen- and helium-free circumstellar nebula 

with a slow expansion velocity of about 100 km s−1. The expected 
hydrogen- and helium-free composition of the nebula and the high 
temperature of its central star (leading to triple ionization of oxy-
gen) suggest that no optical nebular lines form, and that the observed 
mid-infrared emission from the nebula around J005311 is dominated 
by the [O iv] 25.89 µm and [Ne v] 14.32 µm and 24.32 µm lines20. 
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Table 1 | Stellar parameters and surface abundances of J005311
Parameter Value

log(L∗/L⊙) 4.60 ± 0.14

T∗ (K) −
+211, 000 23,000

40,000

R∗ (R⊙) 0.15 ± 0.04
!M (M⊙ yr−1) (3.5 ± 0.6) × 10−6

D 10

v∞ (km s−1) 16,000 ± 1,000

β 1.0

d (kpc) . − .
+ .3 07 0 28

0 34

E(B − V) (mag) 0.835 ± 0.035

RV 3.1

He mass fraction <0.1

C mass fraction 0.2 ± 0.1

O mass fraction 0.8 ± 0.1

Ne mass fraction 0.01

Fe group mass fraction 1.6 × 10−3

The given uncertainties are an indicator of the obtained fit quality as a function of stellar 
parameters, on the basis of the criteria described in Methods. Owing to the nature of this 
analysis they do not represent statistical error distributions. Parameters without error estimates 
were adopted in the model. D, wind clumping factor; β, acceleration parameter; d, distance to 
J005311; RV, total-to-selective absorption ratio.
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ABSTRACT

WD J005311 is a newly identified white dwarf in a mid-infrared nebula. The spectroscopic ob-
servation indicates the existence of a neon-enriched carbon/oxygen wind with a terminal velocity of
v∞ ∼ 16, 000 km s−1 and a mass loss rate of Ṁ ∼ 3.5 × 10−6 M⊙. Here we consistently explain the
properties of WD J005311 using a newly constructed wind solution, where the optically thick outflow
is launched from the carbon burning shell on an oxygen-neon core and accelerated by the magnetic
torque and pressure gradient. Our model implies that WD J005311 is likely the remnant of a carbon-
oxygen white dwarf merger and has a mass of M∗ ∼ 1.2-1.3M⊙, a magnetic field of B∗ ∼ 108-9 G, and
a spin angular frequency of Ω ∼ 0.1-1 s−1. WD J005311 will neither explode as type Ia supernova nor
collapse into neutron star. If the wind continues to blow another ∼ 1-10 kyr, WD J005311 will spin
down significantly and join to the known sequence of slowly-rotating magnetic WDs. Otherwise it will
appear as a fast-spinning magnetic WD and could be a new high energy source.

Keywords: white dwarfs — stars: winds, outflows — stars: rotation — techniques: photometric

1. INTRODUCTION

Recently Gvaramadze et al. (2019) reported observation of an extremely hot white dwarf (WD) in a mid-infrared
nebula J005311. In this paper, we call this object WD J005311. The spectroscopic analysis indicates the existence of
a peculiar wind. The characteristics can be summarized as follows.

• The effective temperature of WD J005311 is T∗ = 211, 000+40,000
−23,000 K.

• The distance to WD J005311 is d = 3.07+0.34
−0.28 pc and the bolometric luminosity is calculated as log(L∗/L⊙) =

4.60± 0.14.

• The photospheric radius is estimated to be R∗ = 0.15± 0.04R⊙.

• The chemical composition of the wind is dominated by carbon and oxygen (XC = 0.2± 0.1 and XO = 0.8± 0.1).

• From the width and strength of the OVI emission lines, the terminal velocity and mass-loss rate are estimated
as v∞ = 16, 000± 1, 000 km s−1 and Ṁ = (3.5± 0.6)× 10−6 M⊙ yr−1, respectively. Note that v∞ is significantly
larger than the escape velocity at the photospheric radius, which is ∼ 1, 600 km s−1.

• The apparent size of the infrared nebula is ∆θ ∼ 10 arcmin, which corresponds to rnb ∼ 0.01 pc. From the
expansion velocity of vnb ∼ 100 km s−1, the age of the nebula is estimated to be ∼ 16, 000 yr.

Gvaramadze et al. (2019) proposed that WD J005311 is a super-Chandrasekhar-mass remnant of double degenerate
carbon-oxygen white dwarf merger, given the observed T∗ and L∗ and the absence of hydrogen and helium broadly
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Figure 1. Schematic picture of our wind model for white dwarf J005311.

consistent with the stellar evolution calculation of such system (Schwab et al. 2016). Since the merger remnant can
have a large magnetic field and fast spin, the extremely fast wind can be powered by the rotating magnetic field; instead
of the radiation pressure gradient, the wind is mainly accelerated by the magnetic torque and pressure gradient. WD
J005311 may be the first observed example of a super-Chandrasekhar-mass merger remnant avoiding thermonuclear
explosion. Gvaramadze et al. (2019) further proposed that WD J005311 will collapse into a neutron star within the
next few kyr. To test this interesting possibility, it is important to clarify the physical properties, in particular, the
mechanism and fate of the wind mass loss.
In Gvaramadze et al. (2019), the authors assume that the base of the wind is the photosphere R∗ = 0.15R⊙. They

argue that the terminal velocity of the wind can be explained by the rotating magnetic wind model with a surface
magnetic field of B∗ ∼ 108 G and the wind acceleration mainly occurs up to the Alfven radius rA ∼ 10×R∗ = 1.5R⊙.
However, this picture may have a drawback. If the wind is significantly accelerated beyond the photosphere, a P Cygni
profile would be detected. But the emission lines in the observed spectrum lacks blue shifted absorption components.
Other key components of the wind, e.g., the launching process and the rotation of the star, also need to be specified.
To this end, here we construct a consistent wind model for WD J005311. Fig. 1 shows the schematic picture. In

our model, the base of the wind is the surface of the degenerate core. Here we point the additional observational fact
of the WD J005311 wind.

• The neon mass fraction (XNe = 0.01) is significantly larger than the solar abundance while the iron group mass
fraction (XFe = 1.6× 10−3) is consistent with that.

The chemical abundance is broadly consistent with the so-called neon novae (Hachisu & Kato 2016), in which ... .
Similar situation can be realized in the merger remnant of a carbon-oxygen WD binary (Schwab et al. 2016); in the
merged CO WD, the off-center carbon ignition happens and the flame propagate into the interior. When the flame
reaches the center, the Kelvin-Helmholtz contraction of the ONe core happens and a series of off-center carbon flashes
occur. We regard these carbon burning is responsible for the launch of the WD 005311 wind.
Another important feature of our model is that the wind is initially highly optically thick. The bulk of the wind

acceleration by the rotating magnetic field occurs below the photosphere (rA ! 0.15R⊙). In this case, P Cygni profile
may not appear. In the following section, we construct a series of wind solution compatible with above scenario, and
show that the observed properties of WD J005311 can be explained by the rotating magnetic wind from an ONe WD
with M∗ ∼ 1.2-1.3M⊙, B∗ ∼ 108-9 G, and Ω ∼ 0.1-1 s−1.
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This naturally explains why this nebula appears neither in the IPHAS 
image nor in our long-slit spectrum. The possibility of a high neon 
surface abundance could even imply that a high-mass neon–oxygen 
white dwarf participated in the merger event.

The merging white-dwarf scenario also addresses the extremely large 
width of the emission lines of J005311. A velocity of 16,000 km s−1 
exceeds the stellar escape speed by about eight times and is typical for 
supernovae, but so far unheard of for radiation-driven winds. In fact, 
pure radiation driving is excluded because the wind’s kinetic energy 
flux exceeds the total radiative luminosity of the star by a factor of two 
(Methods). However, this extremely high velocity can be explained in 
the framework of rotating magnetic wind models. It has been found21 
that a rigidly co-rotating magnetic field can increase the speed and mass 
outflow rate of radiation-driven winds by more than a factor of three, 
at the cost of the star’s rotational energy. We find that a co-rotation 
speed of 16,000 km s−1 at the Alfvén point in J005311, where the inertia 
force starts to dominate over the magnetic forces22, requires an Alfvén 
radius of about 10 stellar radii (about 1.5R⊙; R⊙, solar radius), which 
is achieved with a magnetic field strength of about 108 G. Because the 
whole post-merger evolution is expected9 to last about 20,000 yr, it is 
plausible that the corresponding magnetic torques have not yet spun 
down J005311.

The generation of a strong magnetic field is indeed expected in stellar 
mergers23. Three-dimensional magneto-hydrodynamical models of 
white-dwarf mergers find10 a magnetization of the merger product of 
2 × 108 G. This compares to the peak of the magnetic-field distribution 
of magnetic white dwarfs24, which is several tens of megagauss. The 
observations that the mean mass of magnetic white dwarfs is consid-
erably higher than that of non-magnetic ones and that nearly none 
of the known magnetic white dwarfs have a companion star provide 
strong evidence for the generation of magnetic fields by the merging 
of white dwarfs24.

With a wind speed of about 100 km s−1 during the cool phase8, the 
angular radius of 1.6 pc of the nebula implies an expansion age of about 
16,000 yr. This, together with the high stellar temperature, indicates that 
J005311 is close to the endpoint of its post-merger evolution. Because 
J005311 is more luminous than the 1.49M⊙ model9, it appears likely 

that its mass also exceeds the Chandrasekhar limit, with the exciting 
perspective that it will produce a low-mass neutron star in the near 
future, accompanied by a high-energy transient and a fast-evolving 
supernova11.

The merging of two stars in a binary system is not a rare event. About 
10% of the massive main-sequence stars25, and a similar fraction of 
the known white dwarfs26, are thought to be merger products. The 
very unusual wind of J005311 strongly supports the idea that stellar 
mergers can indeed produce highly magnetized stars, which would 
explain the magnetic stars of the upper main sequence27 and the for-
mation of magnetic white dwarfs24. Our results may also help to resolve 
the ongoing debate on whether a super-Chandrasekhar-mass merger 
of two carbon–oxygen white dwarfs leads to a type Ia supernova, for 
which J005311 appears to provide a counter-example, indicating that 
the merger produced enough heat to prevent immediate collapse and 
to ignite carbon non-explosively. The sequence of thermonuclear burn-
ing stages was thus only interrupted during the white-dwarf stage of 
both components and is now expected to continue and to end in a 
core collapse within the next few thousand years9. This will probably 
produce a neutrino flash and a γ-ray burst28, followed by a very fast and 
subluminous type Ic supernova11.
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ABSTRACT

WD J005311 is a newly identified white dwarf (WD) in a mid-infrared nebula. The spectroscopic
observation indicates the existence of a neon-enriched carbon/oxygen wind with a terminal velocity of
v∞ ∼ 16, 000 km s−1 and a mass loss rate of Ṁ ∼ 3.5 × 10−6 M⊙. Here we consistently explain the
properties of WD J005311 using a newly constructed wind solution, where the optically thick outflow
is launched from the carbon burning shell on an oxygen-neon core and accelerated by the rotating
magnetic field. Our model implies that WD J005311 has a mass of M∗ ∼ 1.2-1.3M⊙, a magnetic field
of B∗ ∼ 108 G, and a spin angular frequency of Ω ∼ 0.1-1 s−1. The large magnetic field and fast spin
support the carbon-oxygen WD merger origin. WD J005311 will neither explode as type Ia supernova
nor collapse into neutron star. If the wind continues to blow another a few kyr, WD J005311 will spin
down significantly and join to the known sequence of slowly-rotating magnetic WDs. Otherwise it may
appear as a fast-spinning magnetic WD and could be a new high energy source.

Keywords: white dwarfs — stars: winds, outflows — stars: rotation — techniques: photometric

1. INTRODUCTION

Recently ? reported observation of an extremely hot white dwarf (WD) in a mid-infrared nebula J005311. In this
paper, we call this object WD J005311. The spectroscopic analysis indicates the existence of a peculiar wind. The
characteristics can be summarized as follows.

• The effective temperature of WD J005311 is Teff = 211, 000+40,000
−23,000 K.

• The distance to WD J005311 is d = 3.07+0.34
−0.28 kpc and the bolometric luminosity is calculated as log(Lrad/L⊙) =

4.60± 0.14.

• The photospheric radius is estimated to be rph = 0.15± 0.04R⊙.

• The chemical composition of the wind is dominated by carbon and oxygen (XC = 0.2± 0.1 and XO = 0.8± 0.1).

• The neon mass fraction (XNe = 0.01) is significantly larger than the solar abundance while the iron group mass
fraction (XFe = 1.6× 10−3) is consistent with that.

• From the width and strength of the OVI emission lines, the terminal velocity and mass-loss rate are estimated
as v∞ = 16, 000± 1, 000 km s−1 and Ṁ = (3.5± 0.6)× 10−6 M⊙ yr−1, respectively. Note that v∞ is significantly
larger than the escape velocity at the photospheric radius, vesc(rph) ∼ 1, 600 km s−1.

• The apparent size of the infrared nebula is ∆θ ∼ 75 arcsec, which corresponds to rnb ∼ 1.6 pc. From the
expansion velocity of vnb ∼ 100 km s−1, the age of the nebula is estimated to be ∼ 16, 000 yr.
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ABSTRACT

WD J005311 is a newly identified white dwarf (WD) in a mid-infrared nebula. The spectroscopic
observation indicates the existence of a neon-enriched carbon/oxygen wind with a terminal velocity of
v∞ ∼ 16, 000 km s−1 and a mass loss rate of Ṁ ∼ 3.5 × 10−6 M⊙. Here we consistently explain the
properties of WD J005311 using a newly constructed wind solution, where the optically thick outflow
is launched from the carbon burning shell on an oxygen-neon core and accelerated by the rotating
magnetic field. Our model implies that WD J005311 has a mass of M∗ ∼ 1.2-1.3M⊙, a magnetic field
of B∗ ∼ 108 G, and a spin angular frequency of Ω ∼ 0.1-1 s−1. The large magnetic field and fast spin
support the carbon-oxygen WD merger origin. WD J005311 will neither explode as type Ia supernova
nor collapse into neutron star. If the wind continues to blow another a few kyr, WD J005311 will spin
down significantly and join to the known sequence of slowly-rotating magnetic WDs. Otherwise it may
appear as a fast-spinning magnetic WD and could be a new high energy source.
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1. INTRODUCTION

Recently ? reported observation of an extremely hot white dwarf (WD) in a mid-infrared nebula J005311. In this
paper, we call this object WD J005311. The spectroscopic analysis indicates the existence of a peculiar wind. The
characteristics can be summarized as follows.

• The effective temperature of WD J005311 is Teff = 211, 000+40,000
−23,000 K.

• The distance to WD J005311 is d = 3.07+0.34
−0.28 kpc and the bolometric luminosity is calculated as log(Lrad/L⊙) =

4.60± 0.14.

• The photospheric radius is estimated to be rph = 0.15± 0.04R⊙.

• The chemical composition of the wind is dominated by carbon and oxygen (XC = 0.2± 0.1 and XO = 0.8± 0.1).

• The neon mass fraction (XNe = 0.01) is significantly larger than the solar abundance while the iron group mass
fraction (XFe = 1.6× 10−3) is consistent with that.

• From the width and strength of the OVI emission lines, the terminal velocity and mass-loss rate are estimated
as v∞ = 16, 000± 1, 000 km s−1 and Ṁ = (3.5± 0.6)× 10−6 M⊙ yr−1, respectively. Note that v∞ is significantly
larger than the escape velocity at the photospheric radius, vesc(rph) ∼ 1, 600 km s−1.

• The apparent size of the infrared nebula is ∆θ ∼ 75 arcsec, which corresponds to rnb ∼ 1.6 pc. From the
expansion velocity of vnb ∼ 100 km s−1, the age of the nebula is estimated to be ∼ 16, 000 yr.

Corresponding author: Kazumi Kashiyama

kashiyama@phys.s.u-tokyo.ac.jp

Draft version June 24, 2019
Typeset using LATEX default style in AASTeX62

The optically thick rotating magnetic wind from a massive white dwarf merger product

Kazumi Kashiyama,1, 2 Kotaro Fujisawa,1 and Toshikazu Shigeyama1

1Research Center for the Early Universe, Graduate School of Science, University of Tokyo, Bunkyo-ku, Tokyo 113-0033, Japan
2Department of Physics, Graduate School of Science, University of Tokyo, Bunkyo-ku, Tokyo 113-0033, Japan

(Received June 24, 2019; Revised ???; Accepted ???)

Submitted to ApJ

ABSTRACT

WD J005311 is a newly identified white dwarf (WD) in a mid-infrared nebula. The spectroscopic
observation indicates the existence of a neon-enriched carbon/oxygen wind with a terminal velocity of
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A massive white-dwarf merger product before final 
collapse
Vasilii V. Gvaramadze1,2,3*, Götz Gräfener4*, Norbert Langer4,5, Olga V. Maryeva1,6, Alexei Y. Kniazev1,7,8, Alexander S. Moskvitin9 
& Olga I. Spiridonova9

Gravitational-wave emission can lead to the coalescence of close 
pairs of compact objects orbiting each other1,2. In the case of 
neutron stars, such mergers may yield masses above the Tolman–
Oppenheimer–Volkoff limit (2 to 2.7 solar masses)3, leading to the 
formation of black holes4. For white dwarfs, the mass of the merger 
product may exceed the Chandrasekhar limit, leading either to a 
thermonuclear explosion as a type Ia supernova5,6 or to a collapse 
forming a neutron star7,8. The latter case is expected to result in 
a hydrogen- and helium-free circumstellar nebula and a hot, 
luminous, rapidly rotating and highly magnetized central star with 
a lifetime of about 10,000 years9,10. Here we report observations of 
a hot star with a spectrum dominated by emission lines, which is 
located at the centre of a circular mid-infrared nebula. The widths 
of the emission lines imply that wind material leaves the star with 
an outflow velocity of 16,000 kilometres per second and that rapid 
stellar rotation and a strong magnetic field aid the wind acceleration. 
Given that hydrogen and helium are probably absent from the star 
and nebula, we conclude that both objects formed recently from 
the merger of two massive white dwarfs. Our stellar-atmosphere 
and wind models indicate a stellar surface temperature of about 
200,000 kelvin and a luminosity of about 104.6 solar luminosities. 
The properties of the star and nebula agree with models of the 
post-merger evolution of super-Chandrasekhar-mass white 
dwarfs9, which predict a bright optical and high-energy transient 
upon collapse of the star11 within the next few thousand years. Our 
observations indicate that super-Chandrasekhar-mass white-dwarf 
mergers can avoid thermonuclear explosion as type Ia supernovae, 
and provide evidence of the generation of magnetic fields in stellar 
mergers.

During our search for mid-infrared circumstellar nebulae 
(see Methods), we discovered a new object in the constellation 
Cassiopeia (Fig. 1) using data from the Wide-field Infrared Survey 
Explorer (WISE)12. At a wavelength of 22 µm the new nebula appears 
as a circular shell with ragged edges and an angular radius of about 
75 arcsec. The higher-contrast 22-µm image of the nebula shows a dif-
fuse halo with a radius of about 110 arcsec surrounding the shell. For 
a distance of about 3 kpc to the nebula (see below), the linear radii of 
the shell and halo are about 1.1 pc and 1.6 pc, respectively. The shell is 
also visible in the WISE 12-µm image, where it appears as a circular dif-
fuse structure of the same angular size as the 22-µm shell. Surprisingly, 
despite the moderate extinction towards the nebula (see below), the 
shell has no optical counterpart in the INT Photometric Hα Survey 
(IPHAS) of the Northern Galactic Plane13 (see Fig. 1). We identified the 
central star of the nebula with an optical star (V ≈ 15.5 mag) located 
at RA = 00 h 53 min 11.21 s and dec. = +67° 30′ 2.1″ (J2000). In the 
following, we call this star J005311 (see Methods).

Optical follow-up spectroscopy of J005311 with the Russian 6-m 
telescope (see Methods) revealed an emission-line-dominated spec-
trum, reminiscent of oxygen-rich Wolf–Rayet (WO type) stars (Fig. 2). 

However, the emission lines of J005311 are stronger and broader than 
those of even the most extreme (in terms of strength and width of their 
emission lines) WO stars. Most notably, the O vi (3,811 Å, 3,834 Å) 
emission doublet shows an equivalent width of EW(O vi) ≈ 2,300 Å 
and a full-width at half-maximum of about 300 Å. We note that no 
nebular lines are visible in the obtained long-slit spectrum.

We analysed the optical spectrum of J005311 using the Potsdam 
Wolf–Rayet code for expanding stellar atmospheres (see Methods). In 
Fig. 2, we compare our best-fitting model with the observed spectrum. 
The line spectrum is reproduced well, except for two missing emission 
lines near 4,340 Å and 6,068 Å, which are probably formed by high- 
lying transitions of highly ionized oxygen (O viii) or neon (Ne viii) 
ions. The lines may either originate from a hot plasma that coexists with 
the cooler simulated wind material in our models, or indicate a high 
neon abundance (see Methods). Our model fit yields a stellar temper-
ature of −

+211, 000 K23,000
40,000  (see footnote of Table 1 for the definition of 

the uncertainities) at the base of the wind and a chemical composition 
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Fig. 1 | New mid-infrared nebula in Cassiopeia. a, b, WISE 22-µm image 
of the nebula at two intensity scales, highlighting details of its structure. 
The position of the central star J005311 is indicated by a circle. c, d, WISE 
12-µm (c) and IPHAS Hα (d) images of the nebula and its central star. 
At the distance of J005311 (about 3 kpc), 1 arcmin corresponds to about 
0.9 pc. All images have the same angular scale and orientation.
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a white dwarf merger product with 
a super-Chandrasekhar mass



LETTER
https://doi.org/10.1038/s41586-019-1216-1

A massive white-dwarf merger product before final 
collapse
Vasilii V. Gvaramadze1,2,3*, Götz Gräfener4*, Norbert Langer4,5, Olga V. Maryeva1,6, Alexei Y. Kniazev1,7,8, Alexander S. Moskvitin9 
& Olga I. Spiridonova9

Gravitational-wave emission can lead to the coalescence of close 
pairs of compact objects orbiting each other1,2. In the case of 
neutron stars, such mergers may yield masses above the Tolman–
Oppenheimer–Volkoff limit (2 to 2.7 solar masses)3, leading to the 
formation of black holes4. For white dwarfs, the mass of the merger 
product may exceed the Chandrasekhar limit, leading either to a 
thermonuclear explosion as a type Ia supernova5,6 or to a collapse 
forming a neutron star7,8. The latter case is expected to result in 
a hydrogen- and helium-free circumstellar nebula and a hot, 
luminous, rapidly rotating and highly magnetized central star with 
a lifetime of about 10,000 years9,10. Here we report observations of 
a hot star with a spectrum dominated by emission lines, which is 
located at the centre of a circular mid-infrared nebula. The widths 
of the emission lines imply that wind material leaves the star with 
an outflow velocity of 16,000 kilometres per second and that rapid 
stellar rotation and a strong magnetic field aid the wind acceleration. 
Given that hydrogen and helium are probably absent from the star 
and nebula, we conclude that both objects formed recently from 
the merger of two massive white dwarfs. Our stellar-atmosphere 
and wind models indicate a stellar surface temperature of about 
200,000 kelvin and a luminosity of about 104.6 solar luminosities. 
The properties of the star and nebula agree with models of the 
post-merger evolution of super-Chandrasekhar-mass white 
dwarfs9, which predict a bright optical and high-energy transient 
upon collapse of the star11 within the next few thousand years. Our 
observations indicate that super-Chandrasekhar-mass white-dwarf 
mergers can avoid thermonuclear explosion as type Ia supernovae, 
and provide evidence of the generation of magnetic fields in stellar 
mergers.

During our search for mid-infrared circumstellar nebulae 
(see Methods), we discovered a new object in the constellation 
Cassiopeia (Fig. 1) using data from the Wide-field Infrared Survey 
Explorer (WISE)12. At a wavelength of 22 µm the new nebula appears 
as a circular shell with ragged edges and an angular radius of about 
75 arcsec. The higher-contrast 22-µm image of the nebula shows a dif-
fuse halo with a radius of about 110 arcsec surrounding the shell. For 
a distance of about 3 kpc to the nebula (see below), the linear radii of 
the shell and halo are about 1.1 pc and 1.6 pc, respectively. The shell is 
also visible in the WISE 12-µm image, where it appears as a circular dif-
fuse structure of the same angular size as the 22-µm shell. Surprisingly, 
despite the moderate extinction towards the nebula (see below), the 
shell has no optical counterpart in the INT Photometric Hα Survey 
(IPHAS) of the Northern Galactic Plane13 (see Fig. 1). We identified the 
central star of the nebula with an optical star (V ≈ 15.5 mag) located 
at RA = 00 h 53 min 11.21 s and dec. = +67° 30′ 2.1″ (J2000). In the 
following, we call this star J005311 (see Methods).

Optical follow-up spectroscopy of J005311 with the Russian 6-m 
telescope (see Methods) revealed an emission-line-dominated spec-
trum, reminiscent of oxygen-rich Wolf–Rayet (WO type) stars (Fig. 2). 

However, the emission lines of J005311 are stronger and broader than 
those of even the most extreme (in terms of strength and width of their 
emission lines) WO stars. Most notably, the O vi (3,811 Å, 3,834 Å) 
emission doublet shows an equivalent width of EW(O vi) ≈ 2,300 Å 
and a full-width at half-maximum of about 300 Å. We note that no 
nebular lines are visible in the obtained long-slit spectrum.

We analysed the optical spectrum of J005311 using the Potsdam 
Wolf–Rayet code for expanding stellar atmospheres (see Methods). In 
Fig. 2, we compare our best-fitting model with the observed spectrum. 
The line spectrum is reproduced well, except for two missing emission 
lines near 4,340 Å and 6,068 Å, which are probably formed by high- 
lying transitions of highly ionized oxygen (O viii) or neon (Ne viii) 
ions. The lines may either originate from a hot plasma that coexists with 
the cooler simulated wind material in our models, or indicate a high 
neon abundance (see Methods). Our model fit yields a stellar temper-
ature of −

+211, 000 K23,000
40,000  (see footnote of Table 1 for the definition of 

the uncertainities) at the base of the wind and a chemical composition 

1Sternberg Astronomical Institute, Lomonosov Moscow State University, Moscow, Russia. 2Space Research Institute, Russian Academy of Sciences, Moscow, Russia. 3Isaac Newton Institute of Chile, 
Moscow Branch, Moscow, Russia. 4Argelander-Institut für Astronomie, Universität Bonn, Bonn, Germany. 5Max-Planck-Institut für Radioastronomie, Bonn, Germany. 6Astronomický ústav, Akademie 
věd České Republiky, Ondejov, Czech Republic. 7South African Astronomical Observatory, Cape Town, South Africa. 8Southern African Large Telescope Foundation, Cape Town, South Africa. 
9Special Astrophysical Observatory of the Russian Academy of Sciences, Nizhnii Arkhyz, Russia. *e-mail: vgvaram@mx.iki.rssi.ru; goetz@astro.uni-bonn.de

2 arcmin

N

E

a b

c d

Fig. 1 | New mid-infrared nebula in Cassiopeia. a, b, WISE 22-µm image 
of the nebula at two intensity scales, highlighting details of its structure. 
The position of the central star J005311 is indicated by a circle. c, d, WISE 
12-µm (c) and IPHAS Hα (d) images of the nebula and its central star. 
At the distance of J005311 (about 3 kpc), 1 arcmin corresponds to about 
0.9 pc. All images have the same angular scale and orientation.

6 8 4  |  N A T U R E  |  V O L  5 6 9  |  3 0  M A Y  2 0 1 9

time 

~10 kyr

Gvaramadze et al.19

will finally collapse into a neutron star

a few kyr



Q.  How can the wind be so fast?

• Radiation pressure? 

à wind velocity  � escape velocity @ photosphere

� O(1,000) km s-1 for a ~ solar mass obj.

<< 16,000 km s-1 …

• Rotating magnetic field?

à wind velocity ↑↑ for a larger B field and a faster spin



The Astrophysical Journal, 773:136 (14pp), 2013 August 20 Ji et al.
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Figure 1. Four frames in the r-z plane consisting of (a) log ρ, (b) log T , (c) magnetic field, with lines of poloidal magnetic field in the r-z plane superposed against a
color raster plot of the toroidal field Bφ , and (d) the ratio of gas pressure to magnetic pressure β value. All four frames are taken at the midpoint of the model S-bh
simulation at t = 104 s.
(A color version of this figure is available in the online journal.)

structure of the merger and the disk. This is done plotting the
poloidal magnetic field lines in the r-z plane superimposed on
the background toroidal magnetic field Bφ (left-hand panel), and
the ratio of the gas to magnetic pressure β (right-hand panel).
Regions of high β are dominated by gas pressure, while those
with low β are supported by magnetic pressure. The merger and
accretion disk themselves remain relatively weakly magnetized
(β ≫ 1), whereas the disk corona and biconical jets are strongly
magnetized (β ! 1), as previous MRI studies have found (Miller
& Stone 2000).

The magnetic field structure in the disk is highly turbulent
and disordered. Loops of low-density, heated magnetic flux rise
buoyantly above the accretion disk into the corona (Machida
et al. 2000), where some reconnect through numerical resistivity,
thereby heating the coronal region. Some poloidal loops of

flux—which actually are toroidal in shape in an axisymmetric
geometry—are long-lived in our simulation, persisting for many
local dynamical times. While it is known that these poloidal flux
tori are subject to a wide variety of instabilities in 3D, including
the kink and interchange instabilities, both the toroidal field and
the differential shear in the disk (Spruit et al. 1995) may help
stabilize these even in full 3D.

In contrast, biconical axial outflows carry open field lines
away from the merger. The biconical region is strongly magne-
tized and heated to T ∼108 K, as is clearly seen in Figures 1(b)
and (d). A strong outflow is driven at the interface of this region
with the magnetized corona, similar to previous MRI studies of
black hole accretion disks (De Villiers et al. 2005). However, we
find that this interface region, which is Kelvin–Helmholtz unsta-
ble, varies significantly in location and shape over the duration

5

Ji et al.13
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• “ … this extremely high velocity can be explained in the 
framework of rotating magnetic wind models.” 

• “ We find that a co-rotation speed of 16,000 km s-1 at 
the Alfvén point in J005311, where the inertia force 
starts to dominate over the magnetic forces, requires an 
Alfvén radius of about 10 stellar radii (about 1.5R⊙), 
which is achieved with a magnetic field strength of 
about 108 G. ’’
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???
• If the bulk acceleration occurs beyond the photosphere,             

a P Cygni profile should be detected, but the emission lines 
in the observed spectrum lacks blue-shifted absorption 
components … 

àA sub-photospheric acceleration may be required.
LETTERRESEARCH
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Extended Data Fig. 1 | Neon features in our models. Comparison of models with neon surface mass fractions of 0.0 (red), 0.1 (green) and 0.5 (blue) 
with observations (black). The observed and calculated fluxes are divided by the same modelled continuum flux fc.
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???
• If the bulk acceleration occurs beyond the photosphere,             

a P Cygni profile should be detected, but the emission lines 
in the observed spectrum lacks blue-shifted absorption 
components … 

àA sub-photospheric acceleration may be required.

• How fast the star rotates?
• How the wind is launched?

• Does it need to have a super-Chandrasekhar mass? 
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Figure 1. Schematic picture of our wind model for white dwarf J005311.

Gvaramadze et al. (2019) proposed that WD J005311 is a super-Chandrasekhar-mass remnant of double degenerate
carbon-oxygen (CO) WD merger, given the observed Te↵ and Lrad and the absence of hydrogen and helium broadly
consistent with the stellar evolution calculation of such system (Schwab et al. 2016). Since the merger remnant can
have a large magnetic field and fast spin, the extremely fast wind can be powered by the rotating magnetic field; instead
of the radiation pressure gradient, the wind is mainly accelerated by the magnetic torque and pressure gradient. WD
J005311 may be the first observed example of a super-Chandrasekhar-mass merger remnant avoiding thermonuclear
explosion. Gvaramadze et al. (2019) further proposed that WD J005311 will collapse into a neutron star within the
next few kyr. To test this interesting possibility, it is important to clarify the physical properties, in particular, the
mechanism and fate of the wind mass loss.
The chemical abundance of the WD J005311 wind is broadly consistent with so-called neon novae, in which some

matter is thought to be dredged up from the core of the underlying oxygen-neon (ONe) WD to enrich the envelope
with neon (Truran & Livio 1986; Hachisu & Kato 2016). Similar situation can be realized in the merger remnant of
a CO WD binary (Schwab et al. 2016); in the merged CO WD, carbon is ignited o↵-center and the carbon-burning
flame propagates into the interior. After the flame reaches the center in ⇠ 10 kyr from the merging event, neutrino
cooling leads to the Kelvin-Helmholtz contraction of the ONe core and a series of o↵-center carbon flashes occur.
The timing is consistent with the nebula age of J005311. We regard these carbon flashes are responsible not only for
neon rich materials in the envelope but for the launch of the wind. Gvaramadze et al. (2019), however, assume that
the base of the wind is the photosphere rph = 0.15R�. They argue that the terminal velocity of the wind can be
explained by the rotating magnetic wind model with a surface magnetic field of B⇤ ⇠ 108 G and the wind is mainly
accelerated up to the Alfvénradius rA ⇠ 10 ⇥ rph = 1.5R�. This picture may actually have a drawback. If the
wind is significantly accelerated beyond the photosphere, a P Cygni profile would be detected. But the emission lines
in the observed spectrum lack blue shifted absorption components. It is important to construct a wind model that
consistently describes the flow from the surface of the degenerate core to a distant point where the wind velocity
su�ciently approaches the terminal velocity, including the launching process and the rotation of the star.
To this end, here we synthesize a new wind model for WD J005311. Fig. 1 shows the schematic picture. In our

model, the base of the wind is the surface of the degenerate core launched from the deep interior of the photosphere.
The bulk of the wind is accelerated by the rotating magnetic field below the photosphere (rA . 0.15R�). In this
case, P Cygni profile may not appear. In the following section, we build the wind equation compatible with the above
scenario, and search solutions that can explain the observed properties of WD J005311.

Kashiyama, Fujisawa, Shigeyama in prep
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A massive white-dwarf merger product before final 
collapse
Vasilii V. Gvaramadze1,2,3*, Götz Gräfener4*, Norbert Langer4,5, Olga V. Maryeva1,6, Alexei Y. Kniazev1,7,8, Alexander S. Moskvitin9 
& Olga I. Spiridonova9

Gravitational-wave emission can lead to the coalescence of close 
pairs of compact objects orbiting each other1,2. In the case of 
neutron stars, such mergers may yield masses above the Tolman–
Oppenheimer–Volkoff limit (2 to 2.7 solar masses)3, leading to the 
formation of black holes4. For white dwarfs, the mass of the merger 
product may exceed the Chandrasekhar limit, leading either to a 
thermonuclear explosion as a type Ia supernova5,6 or to a collapse 
forming a neutron star7,8. The latter case is expected to result in 
a hydrogen- and helium-free circumstellar nebula and a hot, 
luminous, rapidly rotating and highly magnetized central star with 
a lifetime of about 10,000 years9,10. Here we report observations of 
a hot star with a spectrum dominated by emission lines, which is 
located at the centre of a circular mid-infrared nebula. The widths 
of the emission lines imply that wind material leaves the star with 
an outflow velocity of 16,000 kilometres per second and that rapid 
stellar rotation and a strong magnetic field aid the wind acceleration. 
Given that hydrogen and helium are probably absent from the star 
and nebula, we conclude that both objects formed recently from 
the merger of two massive white dwarfs. Our stellar-atmosphere 
and wind models indicate a stellar surface temperature of about 
200,000 kelvin and a luminosity of about 104.6 solar luminosities. 
The properties of the star and nebula agree with models of the 
post-merger evolution of super-Chandrasekhar-mass white 
dwarfs9, which predict a bright optical and high-energy transient 
upon collapse of the star11 within the next few thousand years. Our 
observations indicate that super-Chandrasekhar-mass white-dwarf 
mergers can avoid thermonuclear explosion as type Ia supernovae, 
and provide evidence of the generation of magnetic fields in stellar 
mergers.

During our search for mid-infrared circumstellar nebulae 
(see Methods), we discovered a new object in the constellation 
Cassiopeia (Fig. 1) using data from the Wide-field Infrared Survey 
Explorer (WISE)12. At a wavelength of 22 µm the new nebula appears 
as a circular shell with ragged edges and an angular radius of about 
75 arcsec. The higher-contrast 22-µm image of the nebula shows a dif-
fuse halo with a radius of about 110 arcsec surrounding the shell. For 
a distance of about 3 kpc to the nebula (see below), the linear radii of 
the shell and halo are about 1.1 pc and 1.6 pc, respectively. The shell is 
also visible in the WISE 12-µm image, where it appears as a circular dif-
fuse structure of the same angular size as the 22-µm shell. Surprisingly, 
despite the moderate extinction towards the nebula (see below), the 
shell has no optical counterpart in the INT Photometric Hα Survey 
(IPHAS) of the Northern Galactic Plane13 (see Fig. 1). We identified the 
central star of the nebula with an optical star (V ≈ 15.5 mag) located 
at RA = 00 h 53 min 11.21 s and dec. = +67° 30′ 2.1″ (J2000). In the 
following, we call this star J005311 (see Methods).

Optical follow-up spectroscopy of J005311 with the Russian 6-m 
telescope (see Methods) revealed an emission-line-dominated spec-
trum, reminiscent of oxygen-rich Wolf–Rayet (WO type) stars (Fig. 2). 

However, the emission lines of J005311 are stronger and broader than 
those of even the most extreme (in terms of strength and width of their 
emission lines) WO stars. Most notably, the O vi (3,811 Å, 3,834 Å) 
emission doublet shows an equivalent width of EW(O vi) ≈ 2,300 Å 
and a full-width at half-maximum of about 300 Å. We note that no 
nebular lines are visible in the obtained long-slit spectrum.

We analysed the optical spectrum of J005311 using the Potsdam 
Wolf–Rayet code for expanding stellar atmospheres (see Methods). In 
Fig. 2, we compare our best-fitting model with the observed spectrum. 
The line spectrum is reproduced well, except for two missing emission 
lines near 4,340 Å and 6,068 Å, which are probably formed by high- 
lying transitions of highly ionized oxygen (O viii) or neon (Ne viii) 
ions. The lines may either originate from a hot plasma that coexists with 
the cooler simulated wind material in our models, or indicate a high 
neon abundance (see Methods). Our model fit yields a stellar temper-
ature of −

+211, 000 K23,000
40,000  (see footnote of Table 1 for the definition of 

the uncertainities) at the base of the wind and a chemical composition 
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Fig. 1 | New mid-infrared nebula in Cassiopeia. a, b, WISE 22-µm image 
of the nebula at two intensity scales, highlighting details of its structure. 
The position of the central star J005311 is indicated by a circle. c, d, WISE 
12-µm (c) and IPHAS Hα (d) images of the nebula and its central star. 
At the distance of J005311 (about 3 kpc), 1 arcmin corresponds to about 
0.9 pc. All images have the same angular scale and orientation.
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Tomo-e observation of J005311



Timing analysis of J005311



Summary and discussion 

• The Hertz Spinning Object Survey
• The goal is ~1 (10 night x 1000 WDs) 

• A target observation of J005311-like system will be 
also interesting.

• Pipeline construction under way.



Appendix



Searching for yet-to-be-discovered 
sub-minute variability of WDs

• Spin (close to the mass shedding limit)
ü (Magnetohydro)dynamics of formation and merger
üA new class of high energy source

• (p-mode) oscillation 
ü New asteroseismology to probe the interior 

• Tidal disruption (of asteroids)
• Transits (of habitable planets)

üFuture of our solar system?



Pulsating white dwarfs

discovered by 



Probing the internal structure 

Giammichele et al. 18e.g., DBV J192904.6+444708 (KIC08626021) using Kepler data



Radial p-modes also becomes unstable?

e.g., 

But not detected so far.



VLT-ULTRACAM vs 11 WDs

Silvotti et al. 11



Searching for yet-to-be-discovered 
sub-minute variability of WDs

• Spin (close to the mass shedding limit)
ü (Magnetohydro)dynamics of formation and merger
üA new class of high energy source

• (p-mode) oscillation 
ü New asteroseismology to probe the interior 

• Tidal disruption (of asteroids)
• Transits (of habitable planets)

üFuture of our solar system?



Credit:NASA/ESA/Z. Levy (STScl)

Asteroid disruption by WD 



WD1145+1017 with K2

Vanderberg et al. 15



Searching for transiting/eclipsing objects 
around 1148 WDs with K2

van Sluij & van Eylen 17



Credit:ESA/Hubble

Our far far future …



Habitable planets around WDs
Agol 11



Transit signals from WDs 

Figs. are from Winn 10


