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Dynamical time of massive white dwarfs







P-Pdot diagram and pulsar death line

1

Fig. 1. Three examples of Chandra-observed pulsar wind nebulae. (Left) The
Crab Nebula (the image is 5′ across) with its clear toroidal morphology and jet structure
(NASA/CXC/SAO/F. Seward et al). (Middle) The PSR B1509−58 pulsar wind nebula, knick-
named the “hand of God” (image is 20′ across; NASA/CXC/SAO/P.Slane, et al., Ng et
al. in prep.). (Right) The ‘Mouse’ ram-pressure-confined pulsar wind nebula (1.2′ across;
NASA/CXC/SAO/B.Gaensler et al. Radio: NSF/NRAO/VLA; [19]). These images provide an
indication of the variety of structures possible in PWNe.

Fig. 2. P -Ṗ diagram for 1704 objects, including 1674 RPPs (small black dots), 9 AXPs
(blue crosses), 5 SGRs (green crosses), 3 CCOs (cyan circles), 6 INSs (mageneta squares), and 7
RRATs (red triangles) for which these parameters have been measured. Open circles indicate bi-
nary systems. Data from the ATNF Pulsar catalog (www.atnf.csiro.au/research/pulsar/psrcat),
the McGill SGR/AXP Online Catalog (www.physics.mcgill.ca/ pulsar/magnetar/main.html), as
well as from [75] and [59]. MSPs are RPPs having periods below ∼20 ms. Lines of constant
B (dashed) and τ (dot-dashed) are provided. The solid line is a model death line (see text).
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PSR J0901-4046

Caleb et al. 22

• ν ~ 1 GHz
• DM ~ 52 pc cm-3

à d ~ 300-400 pc

• P = 75.88 sec
• Pdot = 2.25x10-13

à B < 1.3x1014 G

• Edot = 2x1028 erg s-1

• Liso, radio ~ 1024 erg s-1

• Fractional linear polarization  12%

• Fractional circular polarization  21%
“quasi-periodicity and partial nulling” 



GLEAM-X 
J162759.5-523504.3

Hurley-Walker et al. 22

• ν ~ 100 MHz
• DM ~ 57 pc cm-3

à d ~ 1.3 kpc

• P = 18.18 min
• 0 < Pdot <  1.2x10-9

à B < 5.1x1016 G

• Edot < 1.2x1028 erg s-1

• Lpeak, radio ~ 4x1031 erg s-1 >> Edot

• high-fractional linear polarization (88 ± 1%) 



Neutron star pulsars 
beyond the death line?

• ultra-long-period magnetars (ULPMs)
above the “low-twist” death line 
(originally proposed for FRBs                  )?

• multipolar magnetic field configuration?

• many more sources like this to be found 
Caleb et al. 22

Wadiasingh et al. 20



Or white dwarf pulsars?

AE aqr AR sco

P = 33.08 sec
B = 5e7 G

P = 1.95 minute
B = 7.1e8 G

Terada et al. 08
Marsh et al. 16



White dwarf pulsars as CR e± factories

WD

Kashiyama, Ioka, Kawanaka 10



Spin periods of magnetized WDs

Ferrario et al. 19



ZTF J190132.9+145808.7

P = 6.97 min

Caiazzo et al. 21

M = 1.327-1.365 M☉, Teff = 46,000 K

B = 6-9x108 G



SDSS J221141.80+113604.5 

P = 76 sec
M = 1.268 M☉, Teff = 7500-8390 K

B = 1.5x107 G

Killic et al. 21



Fast spinning WDs on the HR diagram

SDSS J2211+1146

Caiazzo et al. 21



NS pulsars or WD pulsars?
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More and more fast spinning (single) WDs
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A repeating FRB source in a globular cluster

Kirsten et al. 21; Nimmo et al. 21;…

M81



Highly magnetized 
massive white dwarf?

…

Collapse into
neutron star?

GRB? FRB?
r-process?

…

Type Ia
supernova?

WD merger remnant
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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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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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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.

Corresponding author: Kazumi Kashiyama
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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.

Online content
Any methods, additional references, Nature Research reporting summaries, source 
data, statements of data availability and associated accession codes are available at 
https://doi.org/10.1038/s41586-019-1216-1.

Received: 15 June 2018; Accepted: 28 March 2019;  
Published online 20 May 2019.

 1. Hulse, R. A. & Taylor, J. H. Discovery of a pulsar in a binary system. Astrophys. J. 
195, L51–L53 (1975).

 2. Abbott, B. P. et al. Observation of gravitational waves from a binary black hole 
merger. Phys. Rev. Lett. 116, 061102 (2016).

 3. Özel, F. & Freire, P. Masses, radii, and the equation of state of neutron stars. 
Annu. Rev. Astron. Astrophys. 54, 401–440 (2016).

 4. Abbott, B. P. et al. Gravitational waves and gamma-rays from a binary neutron 
star merger: GW170817 and GRB 170817A. Astrophys. J. 848, L13 (2017).

 5. Iben, I. & Tutukov, A. V. Supernovae of type I as end products of the evolution of 
binaries with components of moderate initial mass (M ≤ 9M⊙). Astron. 
Astrophys. Suppl. Ser. 54, 335–372 (1984).

 6. Pakmor, R. et al. Violent mergers of nearly equal-mass white dwarf as 
progenitors of subluminous Type Ia supernovae. Astron. Astrophys. 528, A117 
(2011).

 7. Saio, H. & Nomoto, K. Off-center carbon ignition in rapidly rotating, accreting 
carbon-oxygen white dwarfs. Astrophys. J. 615, 444–449 (2004).

 8. Shen, K. J., Bildsten, L., Kasen, D. & Quataert, E. The long-term evolution of 
double white dwarf mergers. Astrophys. J. 748, 35 (2012).

 9. Schwab, J., Quataert, E. & Kasen, D. The evolution and fate of super-
Chandrasekhar mass white dwarf merger remnants. Mon. Not. R. Astron. Soc. 
463, 3461–3475 (2016).

 10. Ji, S. et al. The post-merger magnetized evolution of white dwarf binaries: the 
double-degenerate channel of sub-Chandrasekhar Type Ia supernovae and the 
formation of magnetized white dwarfs. Astrophys. J. 773, 136 (2013).

 11. Dessart, L. et al. Multidimensional simulations of the accretion-induced collapse 
of white dwarfs to neutron stars. Astrophys. J. 644, 1063–1084 (2006).

 12. Wright, E. L. et al. The Wide-field Infrared Survey Explorer (WISE): mission 
description and initial on-orbit performance. Astron. J. 140, 1868–1881 (2010).

 13. Drew, J. E. et al. The INT Photometric Hα Survey of the Northern Galactic Plane 
(IPHAS). Mon. Not. R. Astron. Soc. 362, 753–776 (2005).

 14. Giammichele, N. et al. A large oxygen-dominated core from the seismic 
cartography of a pulsating white dwarf. Nature 554, 73–76 (2018).

 15. Bailer-Jones, C. A. L., Rybizki, J., Fouesneau, M., Mantelet, G. & Andrae, R. 
Estimating distances from parallaxes IV: distances to 1.33 billion stars in Gaia 
Data Release 2. Astron. J. 156, 58 (2018).

 16. Tramper, F. et al. Massive stars on the verge of exploding: the properties of 
oxygen sequence Wolf–Rayet stars. Astron. Astrophys. 581, A110 (2015).

 17. Gesicki, K. et al. Planetary nebulae with emission-line central stars. Astron. 
Astrophys. 451, 925–935 (2006).

 18. Dufour, P., Liebert, J., Fontaine, G. & Behara, N. White dwarf stars with carbon 
atmospheres. Nature 450, 522–524 (2007).

 19. Werner, K. & Rauch, T. Analysis of HST/COS spectra of the bare C–O stellar core 
H1504+65 and a high-velocity twin in the Galactic halo. Astron. Astrophys. 584, 
A19 (2015).

 20. Flagey, N., Noriega-Crespo, A., Billot, N. & Carey, S. J. Spitzer/infrared 
spectrograph investigation of MIPSGAL 24 µm compact bubbles. Astrophys. J. 
741, 4 (2011).

 21. Poe, C. H., Friend, D. B. & Cassinelli, J. P. A rotating, magnetic, radiation-driven 
wind model for Wolf–Rayet stars. Astrophys. J. 337, 888–902 (1989).

10–1R

~5
 k

yr

~1 kyr

~10
 ky

r

3.03.54.04.55.05.5

3.6

4.8

4.0

4.2

4.4

4.6

4.8

log[Teff (K)]
lo

g(
L/

L 
 )

100R 101R 102R 103R

2

1

3

4

Fig. 3 | Position of J005311 in the Hertzsprung–Russell diagram. The 
red cross marks the position of J005311, with error bars (see Table 1). This 
position is compared with the evolutionary track of the fiducial carbon–
oxygen white-dwarf post-merger model9, which starts at the black dot 
and passes through the points labelled 1, 2, 3 and 4, which correspond to 
about 100, 5,000, 6,000 and 16,000 yr, respectively, after the merger. Figure 
adapted from ref. 9 with permission from Oxford University Press.
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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.
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Super-Chandrasekhar mass WD 
eventually collapse into a NS?

Gvaramadze et al.19

Or Sub-Chandrasekhar mass WD 
with a fast spin and a strong B field? 

Kashiyama et al.19



X-ray observations of IRAS 00500+6713

Large neon, magnesium, silicon, and sulfur enrichment of the central star and the nebula

“Both the central star and the nebula 
are detected in X-rays, heralding 
the WD merger products as 
a new distinct type of strong X-ray sources.”

Oskinova et al. 20

X-ray EPIC image: 
red: 0.2–0.7 keV,

green: 0.7–1.2 keV, 
blue: 1.2–7.0 keV

c.f., PSF, 6 arcsec FWHM



Long slit observations with OSIRIS
on board the 10-m GranTeCan (GTC) telescope

an expansion velocity of ~ a few 1000 km/s is inferred, which is consistent with type Iax SNe

Ritter et al. 21



「吾妻鏡」
“治承五年六月廿五日（1181年8月7日）
庚午 戌尅 客星見艮方”

SN 1181 à IRAS 00500+6713?
the youngest Galactic supernova 

without a firmly confirmed remnant
Ritter et al. 21

ü The magnitude of SN 1181 is not known
ü it was compared to Saturn
ü mV ∼ −0.5 to +1.0? 
ü MV ∼ −14 to −12.5?
ü sub-luminous supernovae?

ü remained visible for 185 days
ü 4.5 - 6 mag of fading over this period?



A dynamical model for IRAS 00500+6713

In order to consistently explain 
ü the nebula morphology, 
ü the emission measure, and 
ü the wind properties,

we need to consider 
• a merger of a massive WD binary system 

with a total mass of > 1.4 Msun
• accompanied by an SN Iax like event, and 
• the strong wind starts to blow ~ kyr after 

the merger (need fine tuning?)

Ko et al. in prep



How merged WDs spin down & 
collapsed into NSs?
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Summary and discussion

• Slowly rotating coherent radio emitters are being detected,                           
and even more so in the coming era. 

• Are they slowly rotating magnetars or fast spinning WDs?

• Fast spinning strongly magnetized WDs are being detected,                        
and even more so in the coming era

• A good fraction of them are merger product of  WDs
• How they evolves with time, in particular, how they spins down is likely  

important in the context of FRBs, SNe Ia, and so on. 


