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F1(x, y) := x2 + y2 − 4 = 0,
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ẍ+ 2ẋ− ẊX−1ẋ+XY F = 0.

Y = X−1J−1 $ A � $ ! Newton-
Raphson K $ � M � 6 = < � � @ �

� 	 
 !

J = UDL � � 	 � J 2 � !
Y = (UD)−1 $ 
 
 ! (W4UL J 2 )

E � $ Initial Guess � � ; � 
 $ # � � 2 (? ) � M � C � !

� � � � 2 � 
 !? K  9 � � 
 7 O � � 2 !



2 $ N (� @ )

uϕ[km s-1]
   5e+03
   4e+03
   3e+03
   2e+03
   1e+03

 0  40  80

x [km]

 0

 40

 80

z
 [

k
m

]

Streamline
Neutrino sphere

Shock surface

B[G]
   1e+14
   5e+13
   1e+13
   5e+12
   1e+12

 0  40  80

x [km]

 0

 40

 80

z
 [

k
m

]

Streamline
Neutrino sphere

Shock surface

2 E � � � % � � � < > � �

(@ F J 8 � 6 � � ) ( � J 8 � 6 � � )



N 3 % � ! � � � 8 E 6 @

 0

 20

 40

 60

 80

 100

 0  0.5  1  1.5  2  2.5

L
ν[

1
0

5
1
 e

rg
 s

-1
]

M
.
 [MO.  s-1]

f=0.00
f=0.10
f=0.20

 0

 20

 40

 60

 80

 100

 0  0.5  1  1.5  2  2.5

L
ν[

1
0

5
1
 e

rg
 s

-1
]

M
.
 [MO.  s-1]

B=  0   
B=10

11

B=10
12

2 E $ � � % � � � < > $ �

2 � � < � � � 	 
 � �  � � F � � � � �

9 C � � B � � 0 � � � � � � �



1 M N (A B O E 2 � @ )

Metric Ansatz :

ds2 = −f2
0 (r, θ)dt

2 + f−2
1 (r, θ)

(

dr2 + r2dθ2
)

+ f−2
2 (r, θ)r2 sin2 θ (dϕ− ω(r, θ)dt)2

Velocity field of Perfect fluid :
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√
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where v = (Ω− ω) r sin θf−1
0 f−1
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Degrees of freedom :

f0(r, θ), f1(r, θ), f2(r, θ), ω(r, θ), ρ(r, θ) and P (r, θ)

Equations : Eµν(≡ Gµν − κGTµν) Einstein eqs.(Ett, Err, Eθθ, Etϕ),
Conservation of Tµν (∇µT

µ
r ,∇µT

µ
θ ) and EOS.
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