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Self-Introduction 

• PhD student in University of Tokyo
• JRA fellow in RIKEN

• Interests
• Type Iax SNR 1181 (Today’s topic)
• interaction-powered SN

https://sites.google.com/view/takatoshi-ko/home
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Many historical SNR are identified

?
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The newest un-identified SNR 1181

?

the newest un-identified SNR

• It occurred in the direction of Cassiopeia
• It is as luminous as Saturn
• It lasted for 180 days
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A leading candidate of SNR 1181
IRAS 00500+6713

• The on-sky location fits historical reports 
of SN 1181
• Radius and velocity of the remnant 

→ SN happened ~1000 yr ago

• IRAS 00500+6713 has been a leading 
candidate of SN 1181 remnant!
• I will report the properties of this object

Ritter+ 2021
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IRAS 
00500+6713

distance ~ 2.3 kpc (Gaia DR3)



Mid-Infrared/Optical Observation

The width & height of 
the wind line spectrum 
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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

kashiyama@phys.s.u-tokyo.ac.jp
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Gvaramadze+ 2019
distance ~ 2.3 kpc (Gaia DR3)
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spectrum at photosphere

magnetohydro model mass~1.1 − 1.3𝑀⊙
Kashiyama+ 2019



Massive White Dwarf : WD J005311
distance ~ 2.3 kpc (Gaia DR3)

spectrum at photosphere

IRAS 00500+6713
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Gvaramadze+ 2019

𝑀 ∼ 1𝑀⊙ (Kashiyama+ 2019, Lykou+2023)
𝑣"#$ ∼ 𝑣%&'( = 1.5×10) cm/s

𝑟*+ ∼ 10, cm



White Dwarf
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single star origin
WD with low spin
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Massive White Dwarf : WD J005311

Gvaramadze+ 2019

distance ~ 2.3 kpc (Gaia DR3)

Merger origin WD in SNR

IRAS 00500+6713
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WD mass~1.1 − 1.3𝑀⊙
Ω~0.2 − 0.5 /s



Peculiar properties of SNR 1181

Type Ia
DD SD

WD WD WD

companion star

WD

nothing

Type II

massive star

neutron star or black hole 10



Peculiar properties of SNR 1181

IRAS 00500+6713 includes a white dwarf → SN 1181 may be a SN Iax? 
Type Iax

DD SD

WD WD WD

companion star

WD

11

WD
WD



SN 1181 is a type Iax SN?

SN Iax is thought to leave a WD as its remnant.

• Type Iax SN → sub-luminous Type Ia SN
• thought to leave a white dwarf as a remnant
• typical ejecta mass ~ 0.5 solar mass 
• rate → ~10% of SN Ia rate
• progenitor → If DD : ONe WD + CO WD with super-Chandrasekhar ?

Features of SN Iax

12

Lykou+ 2023



Our work
• We assume this nebula is SNR 1181.
• We analyze the X-ray emission from the SNR .
• We calculate the time evolution of the SNR.

→ We estimate the ejecta mass, explosion energy of SN 1181
→ consistent with SN Iax? with every observation?

→ If so, our work supports this nebula is a type Iax SNR 1181
→ If not, this nebula should not be SNR 1181

• If this nebula is SNR 1181, there might be a radio source
• We estimate the radio source and search the radio archive data. 13

arXiv: 2304.14669

arXiv: 2401.12487



Mid-Infrared Observation

The width & height of 
the wind line spectrum 

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
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
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Gvaramadze+ 2019
distance ~ 2.3 kpc (Gaia DR3)
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spectrum at WD photosphere

WD surrounded
by nebula

magnetohydro model WD mass~1.1 − 1.3𝑀⊙
Kashiyama+ 2019



X-ray observation

Oskinova+ 2020 Ko+ 2023

XMM Observation
→ diffuse source & central source

distance ~ 2.3 kpc (Gaia DR3)
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Chandra observation

r = 0.77–1.60 arcsec
→ 0.0087 – 0.018 pc

comparing with 
photosphere radius ~10-. cm
This region is certainly spread

→inner X-ray region is not 
WD origin

16

Ko+ 2023



SNR consists of Multi layers 

17

mid-infrared X-ray

Multi layers!

1.46 pc

0.68 pc ???

XMM-Newton cannot resolve
this spread

Oskinova+ 2020



Multi layer structure
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interstellar medium

outer X-ray nebula
/infrared halo 

dust-rich ring

photosphere

wind bubble

wind termination shock

contact surface

forward shock

reverse shock

unshocked ejecta

inner X-ray nebula

!!"# = 129 ± 2′′
()!"#)

0.77′′ ≤ !$%≤ 1.6′′
()$%)

synchrotron 
radiation?

Ko+ 2024

Multi layer structure

distance ~ 2.3 kpc
(Gaia DR3)
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Multi layer structure

distance ~ 2.3 kpc
(Gaia DR3)
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Outer region modeling
• We calculate the shock evolution using                              self-similar 

solution by Chevalier 82
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Outer region modeling
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Inner modeling

• We use thin shell approximation.
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Inner modeling
• We use thin shell approximation.
• EOM + energy conservation of the shell

• If the observed wind is released steadily from the time of merger 
(1181 AD)

→ r_inner >> 0.018 pc （constraint from X-ray analysis）
25



Wind started blowing recently?

• Wind is produced by the surface burning of the massive WD

• Wind launching timescale can be estimated by Kelvin-Helmholtz timescale

• We consider the wind started blowing recently → free parameter

Schwab+ 2016
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Parameters of our model
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？
What we want to obtain

Ko+2023



Parameters of our model
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Outer analysis gives

We solve the inner region
with each parameter sets:

𝑀/0, 𝑡1234



Inner region calculations
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compared withWe solve these equations
with each parameter sets:

𝑀/0, 𝑡1234



12 yr < Δ𝑡! < 30 yr
0.18𝑀⊙ < 𝑀#$ < 0.53𝑀⊙

0.77×10%& erg < 𝐸#$ < 1.1×10%& erg

Results

30

Ko+ 2023



Progenitor mass
• progenitor binary mass = remnant mass +ejecta mass

• progenitor binary mass : 1.3 − 1.8 𝑀⊙

→ ONe WD + CO WD? as Kashyap+2018 reported.

31

1.1 < 𝑀'( < 1.3𝑀⊙ (Kashiyama +2019)
0.18𝑀⊙ < 𝑀#$ < 0.53𝑀⊙ (This work)  



What is SN Iax?

32

• Type Iax SN → sub-luminous Type Ia SN
• thought to leave a white dwarf as a remnant
• typical ejecta mass ~ 0.5 solar mass
• rate → ~10% of SN Ia rate

Physical quantities of SN 1181 estimated by our work 
are almost consistent with SN Iax
→ our model strongly suggests IRAS 00500+6713 is
Type Iax SN 1181 remnant !

Lykou+ 2023
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Conclusion of the first paper
• IRAS 00500+6713 has been a leading candidate of SNR 1181
• Type Iax SN 1181 remnant has a multiple layer and includes a massive ONe

WD
• We follow the time evolution of the SNR 1181 and obtain
• ejecta from SN 1181 : 0.18𝑀⊙ < 𝑀./ < 0.53𝑀⊙
• SN 1181 energy : 0.77×1001 erg < 𝐸./ < 1.1×1001 erg

• These values are consistent with the assumption that type Iax SN occurred at 
1181 

→ strongly supports that IRAS 00500+6713 is a SN 1181 remnant

• Fast wind started blowing recently! 12 yr < Δ𝑡% < 30 yr
• WD J005311 was formed by ONe WD + CO WD 

and mass of the binary system is 1.3 − 1.8 𝑀⊙ 34



Wind started blowing recently?

• The KH timescale ~ 1000 yr → The wind can start blowing recently
• By checking this, we can justify our theoretical model.

→ Precise spread and the expansion velocity is required.
• Radio observation → from next slides

• Better spatial resolution
• Magneto structure 

• XRISM observation → future work (the deadline of the proposal is Feb. 22nd)
• Better energetic resolution → We may be able to obtain the expansion velocity from the spectral
• Precise composition 

35
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Synchrotron Emission

𝑁 𝐸 ∝ 𝐸)*
𝑝 ∼ 2.5, 3 in SNR context

Electron acceleration efficiency
1056 < 𝜖"< 1057

for historical SNR, young SN



Magnetic field

Magnetic-field amplification efficiency



Synchrotron Emission
Ko+ 2024



Radio archive data
No detection by VLASS, NVSS, CGPS (3 sigma)

Ko+ 2024



Radio future observation

Ko+ 2024



Proposal for VLA
beam number = 36, beam size = 0.488 arcsec

(10 hour at 6 GHz)



Future work

• Radio observation 
→ spatial information
proposal to VLA (submitted)

• XRISM observation → spectral information
(deadline 2/22)

• Why wind started blowing recently? 
→ theoretical modeling (carbon accretion on ONe WD)



Other interesting Features



• We cannot explain the dust formation and extinction.
• Only a few SN Ia(x) remnant with dust inside the remnant.
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Dust Features

Gvaramadze+2019



Filaments Structure

• long filament structure (Fesen+2023)
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Fesen+2023
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/infrared halo 
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wind bubble
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()$%)

synchrotron 
radiation?

85 arcsec



To Reveal the Filament Structure

• Are there such filament structures in outer shocked ISM/ejecta ?
→ Subaru narrow band imaging (Hα)

85 arcsec
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Fesen+2023

interstellar medium
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/infrared halo 
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photosphere

wind bubble
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Hα line in the outer shocked ISM
Virginia Tech “Hα” Spectral-line Survey (VTSS; Dennison et al. 1998)
→ tentatively detected (~ 200 uJy or ~ 18 mag)
→ proposal for Subaru (~1 mins)
→ Where is the contact surface?

ISM number density?
Are there filament structure?

Proposal Deadline : April 2nd
w/ K. Maeda, K. Uno, K. Taguchi,
T. Shigeyama, Y. Shiraishi

interstellar medium

outer X-ray nebula
/infrared halo 

dust-rich ring

photosphere

wind termination shock

contact surface

forward shock

reverse shock

unshocked 
ejecta

inner X-ray nebula

!!"# = 129 ± 2′′
()!"#)

0.77′′ ≤ !$%≤ 1.6′′
()$%)

H& emission

shocked ejecta

shocked ISM
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Dust Features (ongoing with Hotoke-san)
Lykou+ 2023

central source dust source (not black body!!!)
[S III]?

[Ar III]?

Optical observation
→ Only [S II] 𝜆6716, 6731 and [Ar III] 𝜆7136
are detected in the unshocked ejecta.
→ [S II] 20um and [Ar III] 9um are expected 
→ Something like that from the photometry data!

↓
unshocked ejecta properties 

(electron temperature, number density...)



Searching for the companions

• SD vs DD
• If SD, companion must survive
• If DD, no companion

• If exists, can we find it by Subaru?

→ No.
Because the binary would not break...
Since a WD is left...

Created by Shiraishi-kun
based on Gaia data



Features our model 
cannot explain

• Schaefer 2023 examined approximately 
100 years of the object's luminosity and 
found that the luminosity has been 
fading.

• We guess this might relate to                 
the wind starting blowing recently
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Schaefer 2023 



Please 
remember

• There is a recently-identified historical SNR 1181 
with a massive WD in its center.
• There may be several such SNRs (or WDs) in our universe.
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