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double WD merger remnant
—— supernova?

/'

AN

| Collapse into
. . neutron star?
Highly magnetized GRB? FRB?

massive white dwarf?
WD pulsar? ...



Gvaramadze et al.19

A pale blue dot in

an infra nebula

WS35 (= 00531 1)




The pale blue dot on the HR diagram
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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
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Gvaramadze et al.19

Photosphere Alfven point
= base of the wind
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Slow point Alfvén pointﬁ'" _ Photosphere ""‘e._..:_'_Fast point
C burning
I/
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v ~ 10% cms Ur S Uso = a few X 10”7 cm s Vp R Voo
ONe d
core N
~
M, =1.1-1.3 My &
Q=02055"
B, = (2-5) x 10" G
Ts ~109 cm ra S rpj;l ~'10'"% cm Ts 2 1()12 cm
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The launching mechanism

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

D e.g.,
¢¢ X ..
N eon hovae | Trurap & 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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The rotating magnetic wind
in the equatorial plain




4 constraint equations

Fg =1r°B, = const
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3 evolution equations
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3 evolution equations
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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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Results



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]

Log scale
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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, _,

100000
1 L
s
Q
20 5|
o Ix10 2.1x10%
2
g
"o ra
1x107'0 E ':I
— 2.05x10°% | 1
‘VJ
2o
1x1075 F S,
8 ‘ 9 ‘ 10 ‘ 11 ‘ 12 g
1x10 1x10 1x10" 1x10 1x10 g 25103 | s
Radius r [cm] 2
1x10° ‘ 2
g
3
' 1.95x10% | 1
1x10% B 1
)
& 38 : ! ! !
© 1.9x10
g o} 1 1x10® 1x10° 1x10'° 1x10M 1x10'?
;5- Radius r [cm]
=
1x10° H .
AN/
ZON
100000 : : : :
1x10® 1x10° 1x10'° 1x10" 1x10'?

Radius r [cm]

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



The WD J005311 wind:
How is it accelerated?

1x10%°
1x10" ——
1x10° | _ N
o 1x10'8 | K 1
- Lo
] S .
%) 0 \.\{/
g > 1x10" F RN € ]
i g }K ‘\,\ EB ***** -
b Q . SK ””””
8 1x10° O 1x10' F S e |
> ~ d
— bﬂ ~ ra
(] b \\ €
> 2 15 o £as
m Ix10° F \‘\_\ 'SG — E
~
; 1x10"M | ~o
leO F \.\
. ~J
8 s T =T =T 1x10" 8 = 0 T T
1x10 1x10 1x10 1x10 1x10 1x10 1x10 1x10 1x10 1x10

Radius r [cm]

Radius r [cm]

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



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".
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Slow point Alfvén pointﬁ'" _ Photosphere ""‘e._..:_'_Fast point
C burning
I/
7 B 1 < 0 =1
v ~ 10% cms Ur S Uso = a few X 10”7 cm s Vp R Voo
ONe d
core N
~
M, =1.1-1.3 My &
Q=02055"
B, = (2-5) x 10" G
Ts ~109 cm ra S rpj;l ~'10'"% cm Ts 2 1()12 cm

arXiv:1907.12317



| essen learned

* 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.



Still, there should be ~ 100 of
massive WD merger remnants
in the Galaxy...
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(the Hertz Spinning Object survey)

with




RHAIDRDIRETEEN DL

! 100
Orion
X ™
: ¢ < 10
: |4
:Lﬁ&/mﬂ%ﬁ q; .iﬁﬁéﬁaﬁﬁﬂ
\-% AAAAAAAAAAAAA
. . (1
! “Lepus .+ . TAOSlu \"
\ 0.1 1 10 100
S — Ko fiRee ()

A0 DEF IR H BRFEFR



LR REDREFDLLE

ZTF (1.2m) , 475, 2018-

OO aYg AQ =40, A7 ~1H,CCD

I Pan-STARRS (1.8m), 95,
, AQ =15, At ~1H,CCD

LSST (8.4m), 9.6 5, 2023-

AQ =320, A ~ 1E5FS,

-
L

ccD
El O T
100100000 LR
I g Iy S i PIERND20FEFE
=== AQ =28, Az ~¥7%
CMOSt Y

AEIm¥ a2y FERFORE




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

* Spin (close to the mass shedding limit)
v" (Magnetohydro)dynamics of formation and merger
v" A new class of high energy source

* (p-mode) oscillation
v New asteroseismology to probe the interior

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

v'Future of our solar system?
He SO
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Tomo-e observation of JO0531 I
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The survey has started (~50TB/night).
The pipeline construction underway ...
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We need more people. If you are interested in the data, please let me know!



