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The pale blue dot on the HR diagram

IIIII]IIIIIIIII]IIII]IIII

100R. 10'R. 10%R. 10°R.
4.8

T = 211,000" 20000 K

4.6

log(Lyaa/Le) = 4.60 +0.14

sl Jrpn = 0.15 4 0.04 R
S T < )
542 | .
vl -
4.8 - .
i Gvaramadze et al.19 ]
a6 Schwab et al. 16 ]

I 1 1 1 1 I L1 1 | I 1 1 1 1 I L1 1 | I 1 1 1 1

5.5 5.0 4.5 4.0 3.5 3.0
log[T ot (K)]




log f, /1.

Ne enriched C/0 dominated wind

Gvaramadze et al.19
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A white dwarf merger product with
a super-Chandrasekhar mass

Gvaramadze et al.19

N
/0
.







Gvaramadze et al.19
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Our model



The launching mechanism

* Xc=0.2, X5 =0.8, X\ = 0.1
(but X¢, = 1.6x10-3 similar to the solar abundance )

D c.g.,
“Neon novaen “ Trura.n & Livio 86
\ Hachisu & Kato 16

The ONe mantle is dredged up

accretor




The launching mechanism

e A similar situation can be realized on the surface of
a carbon/oxygen white dwarf merger remnant
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Schwab et al. 16

In the merged CO WD, C is ignited

off-center and the C-burning flame
propagates into the interior.

The flame reaches the center in
~ 10 kyr after the merger,

neutrino cooling leads to the
Kelvin-Helmholtz contraction of
the ONe core and a series of off-
center C flashes occur.

The timing is consistent with
the nebula age of J00531 I!
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4 constraint equations

Fg =1r°B, = const

BCb B ”U¢ — TQ
B, Uy

, M

Upr® = —

P 4




3 evolution equations
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3 evolution equations

keT  AZvi \ r dv, &KL k dT A A
2 hBL ¢-r L% rad B ¢
(UT pmy  v2 —A%) v dr  dxre i [y <dlogr +2T> 620 v2 — A2
B, B
. A — o, = Be
with Trp b T
de o KfLrad
dr  4mr2c
L 1 5 kT GM
with &= —2% 4 (0,2 4 vy2) + = — T Quy + LD
M 2 2 1My, T
dar KpPLyaq

dr ~ 16macA\T3r2



7 variables

(107 Ury U B?“v B¢7 T7 Lrad)



7 boundary conditions

Go through the slow point
Go through the fast point
M 2 Mobs

vr(00) 2 Voo,obs

T'(rpn) ~ Teft,obs

Lyad(rpn) ~ Lrad obs

Ln(Ry) = Lyaa(Rx)

The M:-R« relation of rotating ONe core



The M.-R: relation of uniformly rotating ONe core
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The WD J005311 wind:v, & v,
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Liner scale

Log scale

M, =125Mg, R, =33x10%cm, B, =42x10"G, Q=0.55s"",and M =6 x 107 Mg yr*

The WD J005311 wind:v, & v,
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The WD J005311 wind

Radial velocity v, [cm s'l]

Liner scale

Radial velocity v, [cm s'l]
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The WD J005311 wind:v, & v,
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The WD J005311 wind : B, & B,
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The WD J005311 wind:p, T, L, _,
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The WD J005311 wind:p, T, L, _4
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The WD J005311 wind:p, T, L, _4
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The WD J005311 wind:p, T, L, _,
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The WD J005311 wind:
How is it accelerated?
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Surface magnetic field B [G]

The WD J005311 wind:
Allowed parameter region
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The observed properties of WD J00531 | can be explained by

the rotating magnetic wind from an ONe WD with
M, =1.1-1.3 My, B, = (2-5) X 107 G,and Q = 0.2-0.5s7".



Kashiyama, Fujisawa, Shigeyama 19
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Discussion

* WD J005311 will neither explode as type la
supernova nor collapse into neutron star.

* If the wind continues to blow another a few kyr,
WD J00531 | 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.

* The photosphere spins with a period of ~min.



JO05311 with Tomo-e

Extremely wide-field CMOS camera

20 deg?, max 2 frames/sec




e

lysis of JOO531 1

Light curve (aperture)

22000

21500

21000

20500

Count.

20000

19500

19000

7500

38600 38800 39000 39200 39400 39600 39800

Light curve (b.g. subtracted)

7000

6500

6000

Count

5500

5000

4500

4000

38600 38800 39000 39200 39400 39600 39800

Light curve (PCs subtracted)

o o

Normalized Count
a5
8

P

FAPIR,

095 % 5
F ]
090 .
. woe
085
0.80
38600 38800 39000 39200 39400 39600 39800
Time
Power spectrum (Absolute photometry) : Vpmax= 1.25e-02 Period = 80.317635 [sec]
0.0200 1020
00175
0.0150
1015
00125
00100
0.0075 Loto
0.0050
0.0025 s
0.0000 £ 1005
1072 1071 10° E
<
3
False Alerm Probability (Absolute photometry) : FAPymayx= 4.30e-01 %
100 v l T| E 1000
s
2
0995
1071
0990
1072
1072 1071 100 00 02 0.4 06 08 10

Frequency Hz Phase




Appendix



Results



The WD J005311 wind:v, & v,

2.5x10° 6x10%
() ;
sx10% F 1
— 2x10° X
c - .
(@) g S 4x10° 1
Q
(7, = 1.5x10° =
> )
i z
(. & 2 3x10% - 1
S 2
w £ 1x10° e
: Z S 2x10% | .
5 =
o~ g
] | 8 <
o 51 "4 Ll |
0 s ‘ ‘ ‘ 12 0 8 ‘ 9 ‘ 10 ‘ 11 12 K
1x10® 1x10° 1x10'° 1x10"! 1x10 1x10 1x10 1x10 1x10 1x10
Radius r [cm] Radius r [cm]
1x10'° 1x10°
AN
ZON
w 1x10% ¥ :
— — ] T 1x10% E
N E 1x10" F E 5
U & 2
B >
(7] 2. 10000 k i 2z
£ 2 10’k E
bo “
: 100 | 1 E
o
el
5 =
- F v, vV
P P
‘ 9 ‘ 10 ‘ 11 ‘ 12 100000 8 ‘ 9 ‘ 10 ‘ 11 ‘ 12
1x10® 1x10 1x10 1x10 1x10 1x10 1x10 1x10 1x10 1x10

Radius r [cm]

M, =125Mg, R. = 3.3 x 10%cm, B, = 4.2

x 10"G, Q =0.5s""

Radius r [cm]

,and M =6 x 1075 Mg yr!



Liner scale

Log scale

M, =125Mg, R, =33x10%cm, B, =42x10"G, Q=0.55s"",and M =6 x 107 Mg yr*
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The WD J005311 wind

Radial velocity v, [cm s'l]
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The WD J005311 wind : B, & B,
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The WD J005311 wind:p, T, L, _4
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The WD J005311 wind:p, T, L, _4
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The WD J005311 wind:p, T, L, _,
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The WD J005311 wind:
How is it accelerated?
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Surface magnetic field B [G]

The WD J005311 wind:
Allowed parameter region
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The observed properties of WD J00531 | can be explained by

the rotating magnetic wind from an ONe WD with
M, =1.1-1.3 My, B, = (2-5) X 107 G,and Q = 0.2-0.5s7".



Table 1 | Stellar parameters and surface abundances of J0O05311

Parameter Value

log(L./Le) 460+ 0.14

T. (K) 211,00073%8%
R. (Rz) 0.15+0.04

M (Mg yr) (3.5+06)x 10°°
D 10

Voo (kms™1) 16,000 + 1,000
B 1.0

d (kpc) 3.07703

E(B — V) (mag) 0.835 +0.035
Ry 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 x 1073

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; 3, acceleration parameter; d, distance to
JO05311; Ry, total-to-selective absorption ratio.



Q. How can the wind be so fast?

* Radiation pressure!
—> wind velocity ~ escape velocity @ photosphere
~ O(1,000) km s*! for a ~ solar mass obj.
<< 16,000 km s ...

* Rotating magnetic field?

- wind velocity 11 for a larger B field and a faster spin
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Gvaramadze et al.19

* “ ... 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 at
the Alfvén point in J0053 1 |, where the inertia force
starts to dominate over the magnetic forces, requires an
Alfvén radius of about |0 stellar radii (about 1.5R),

which is achieved with a magnetic field strength of
about 108 G. ”



27?2

* 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 ...

—> A sub-photospheric acceleration may be required.
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27?2

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 ...

—> A 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!?



