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e Extended study of Blondin and Mezzacappa (2006) to include GR

@ Showed that GR leads to longer SASI oscillation period than NR

@ Showed that GR leads to smaller SASI growth rate than NR

@ Found that growth rate is such that w T is roughly constant for some
parameter sets: implications for growth rate mechanism

o Future Work

o Extend study to 3D
o Include GR monopole (Marek et al., 2006)
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Table 1. Model Parameters

Parameters we varied:

Model Mpys [Mp]  Roxs [km] Ry [km] €

5 = Mi.4 Rpns040 Rshi.20e2 1.4 10 120 07

M1.4 Rpns040 Rsh1.50e2 14 40 150 0.7

(MPNS /M@) / (RPNS /20 km) M1.4 Rpns040 Rshi.75e2 1.4 40 175 0.7

(O’'Connor and Ott, Vo spmsos0 ey cout 35 %0 s
20 1 1 ) , RSh ( t f— 0) NoOTE—Model parameters chosen for the 5 models. All models were

run with both GR and NR. The first three rows correspond to the
low-compactness models and the last two rows correspond to the
high-compactness models.
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Conformally-Flat Condition

Wilson et al. (1996); Cordero-Carrién et al. (2009)
ds* = —a? dt? + ;5 da' da?

M=Y xRT

M
/\M
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Conformally-Flat Condition

Wilson et al. (1996); Cordero-Carrién et al. (2009)
ds* = —a? dt? + ;5 da' da?

= M= xR
— 4

1 < < 2: Conformal factor
0m P,
vi; = diag (1, r2, 12 sin? 9)
%
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Conformally-Flat Condition

Wilson et al. (1996); Cordero-Carrién et al. (2009)
ds* = —a? dt? + ;5 da' da?

= M= xR
— 4

1 < < 2: Conformal factor
0m P,

vi; = diag (1, r2, 12 sin? 9)

(Also, maximum slicing
condition: T

K :=Tr,, (K)=0,K =0)
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Isotropic Coordinates (¢ =G = 1)

Baumgarte and Shapiro (2010)

a(r)= (1— %) (l—i-%)_l
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Isotropic Coordinates (¢ =G = 1)

Baumgarte and Shapiro (2010)

a(r)= (1— %) (l—i-%)_l

w(r)zl%—%
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Isotropic Coordinates (¢ =G = 1)

Baumgarte and Shapiro (2010)

a(r)= (1—%) (l—i-%)_l
w(r)zl%—%

r > Rg.:= M/2
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Isotropic Coordinates (¢ =G = 1)

Baumgarte and Shapiro (2010)

a(r) = (1- fx) (1+%)_1
¥ (r) =1+ Bse

> Rge :==M/2

Bi=0

Kij=0
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Figure: Equilibrium (white), under- (blue), and over- (red) pressure
(Blondin et al., 2003).
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Figure: Equilibrium (white), under- (blue), and over- (red) entropy
(Blondin et al., 2003).
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d+1 Decomposition

ds? = Guv dat dx”

M=T xRT

_ P}
a t+di

P
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d+1 Decomposition

ds? = Guv dat dx”

g: spacetime metric on M

M=T xRT

_ P
a t+di

P

MICRA 2023 September 11, 2023

Samuel J. Dunham



d+1 Decomposition

ds? = Guv dat dx”

g: spacetime metric on M

—a?+ 3By B M= 5 xR

uv =
bi i /\W
T St ad
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d+1 Decomposition

ds? = Guv dat dx”

g: spacetime metric on M

—a? 4+ 5B, B; M=E xR
Juv =

bi Yis /W
. . _ 5
7: spatial three-metric on ¥, an i
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d+1 Decomposition

ds? = Guv dat dx”

g: spacetime metric on M

—a® + 5B, Bj M= xR
uv =

7: spatial three-metric on ¥, at Serad
0 < a < 1: Lapse Function
W

Samuel J. Dunham MICRA 2023 September 11, 2023 12 /26



d+1 Decomposition

ds? = Guv dat dx”

g: spacetime metric on M

—a® + 5B, Bj M= xR
uv =

7: spatial three-metric on X am Hd
0 < a < 1: Lapse Function
n: Eulerian four-velocity W
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d+1 Decomposition

ds? = Guv dat dx”

g: spacetime metric on M

—a® + 5B, Bj M= xR
uv =

7: spatial three-metric on X am Hd
0 < a < 1: Lapse Function
n: Eulerian four-velocity W

(Also, K: Extrinsic curvature)
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Fluid Equations

Units defined such that c =G =1
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Fluid Equations

Units defined such that c =G =1

V-J=0 (J: baryon mass density current four-vector)
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Fluid Equations

Units defined such that c =G =1

=0

J: baryon mass density current four-vector)
=0 (? Rank (2,0) stress-energy tensor)

< <
HH M
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Fluid Equations

Units defined such that c =G =1

V-J=0 (J: baryon mass density current four-vector)
V.-T=0 (? Rank (2,0) stress-energy tensor)
J:=pu (p: comoving baryon mass density)
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Fluid Equations

Units defined such that c =G =1

V-J=0 (J: baryon mass density current four-vector)
V.-T=0 (? Rank (2,0) stress-energy tensor)
J:=pu (p: comoving baryon mass density)

T = phu®u+pg (p: comoving thermal pressure,

h:=1+ (e+ p) /p: specific enthalpy, e: comoving internal energy
density)

Samuel J. Dunham MICRA 2023 September 11, 2023 14 /26




Fluid Equations

Units defined such that c =G =1

V-J=0 (J: baryon mass density current four-vector)
V.-T=0 (? Rank (2,0) stress-energy tensor)

J:=pu (p: comoving baryon mass density)

T:= phu®u+pg (p: comoving thermal pressure,

h:=1+ (e+ p) /p: specific enthalpy, e: comoving internal energy
density)

Five equations with six unknowns ®
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Fluid Equations

Units defined such that c =G =1

V-J=0 (J: baryon mass density current four-vector)
V.-T=0 (? Rank (2,0) stress-energy tensor)

J:=pu (p: comoving baryon mass density)

T:= phu®u+pg (p: comoving thermal pressure,

h:=1+ (e+ p) /p: specific enthalpy, e: comoving internal energy
density)

Five equations with six unknowns ®

Close with an equation of state: p=p(e) == (I'—=1)e, ' =4/3
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Valencia Decomposition

[-2]
=1

=(@+n®n)v

Extensible to higher-rank tensors!

Samuel J. Dunham MICRA 2023 September 11, 2023 15 /26



Valencia Decomposition

1.0
E :=nymn,TH"
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Valencia Decomposition

1.0
E :=nymn,TH"

. i 7
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Valencia Decomposition

1.0

E :=nymn,TH"
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Valencia Decomposition

1.,/
E :=nymn,TH"
. i v
SM =Y ! Ny T‘u
o.M v 7
PR = o oY, TH

Math...
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Valencia Decomposition

8tU+\%8Z- a7 F'(U)] =8 (U)

GR
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Valencia Decomposition

8tU+\%8Z- a7 F'(U)] =8 (U)

GR
U:=(D,S;,7)"

Samuel J. Dunham MICRA 2023 September 11, 2023 17 /26



Valencia Decomposition

atU+ial- a7 F'(U)] =8 (U)

VAl
GR
U:=(D,S;7)"
D:=pW
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Valencia Decomposition

atU+ial- a7 F'(U)] =8 (U)

VT
GR
U:=(D,S;,7)"
D:=pW
S; = phW?v;

Samuel J. Dunham MICRA 2023 September 11, 2023 17 /26



Valencia Decomposition

atU+ial- a7 F'(U)] =8 (U)

Val
GR
U : (DaSj7T)T
D:=pW
S; = phW?v,
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Valencia Decomposition

atU+ial- a7 F'(U)] =8 (U)

Nal
GR
U:=(D,S;,7)"
D:=pW
S; = phW?v,
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Valencia Decomposition

atU+ial- a7 F'(U)] =8 (U)

Nal
GR
U:=(D,S;,7)"
D:=pW
S; = phW?v,
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Valencia Decomposition

atU+ial- a7 F'(U)] =8 (U)

Nal
GR NR
U:=(D,S;,7)"
D:=pW
S; = phW?v,
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Valencia Decomposition

atU+ial- a7 F'(U)] =8 (U)

Nal
GR NR
U := (D, Sj,T)T U := (D, Sj,T)T
D:=pW
S; = phW?v,
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Valencia Decomposition

1 .
U+ —0; |a\/y F* =SU
U+ [a V7 F* (U)] = S (U)
GR NR
U := (D, SJ,T)T U := (D, S],T)T
D:=pW D:=p
S; = phW?v,
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Valencia Decomposition

atU+ial- a7 F'(U)] =8 (U)

Nal
GR NR
U:=(D,S;7)" U:=(D,S;,7)"
D:=pW D:=p
S; = phW?v; Sj = pv;
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Valencia Decomposition

atU+ial- a7 F'(U)] =8 (U)

Nal

GR NR
U:=(D,S;,7)" U:=(D,S;,7)"
D:=pW D:=p
Sj = phW?uv; Sj = puj
T:=E-D=phW?—p—pW T:e+%pvivi
a=(1—Rs./r)/ (14 Rsc/T)

v =97
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Valencia Decomposition

@U+$L&hfwﬂUﬂ=sw)

Nal
GR NR
U :=(D,S;,7)" U :=(D,S;,7)"
D:=pW D:=p
Sj = phW?v; Sj = p;
T:=E-D=phW?—p—pW T:e+%pvivi
a=(1—Rs./r)/ (14 Rsc/T) a=1
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Valencia Decomposition

atU+ial- a7 F'(U)] =8 (U)

Nal

GR NR
U:=(D,S;,7)" U:=(D,S;,7)"
D:=pW D:=p
Sj = phW?v; Sj = p;
T:=E-D=phW?—p—pW T:e+%pvivi
a=(1—Rs/r)/(1+ Rsc/T) a=1

¥=1v0Vy V1=V
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Valencia Decomposition

atU+iai ey F'(U)] = 8 (U)

Nal
GR NR
FU)= F'(U)=
p W' puv
phW? v vj 4+ pd'; pv'vj+pd’;
(,ohWQ—pW) vt (,ohNR—i—%vjvj) v
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Valencia Decomposition

8tU+\%8i ey F'(U)] =8 (U)

GR NR

0 0

. — | L pikyg. 5., _ .
SW)=|taP*0; vy — Ed;a SWU)= |2 P70 % —p0;®
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97 9.
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Steady-State Solutions (pre-shock)

0
QU+ \1ﬁ o [a 7 F" (U)] = S (U)

GR
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Steady-State Solutions (pre-shock)

0
QU+ \1ﬁ o [a 7 F" (U)] = S (U)

GR
aSW x dnr?pv=—-M
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Steady-State Solutions (pre-shock)

0
QU+ \1ﬁ o [a 7 F" (U)] = S (U)

GR
aSW x dnr?pv=—-M
ahW =58
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Steady-State Solutions (pre-shock)

0
QU+ \1ﬁ o [a 7 F" (U)] = S (U)

GR

aSW x dnr?pv=—-M
ahW =B

p=Kp
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QU+ \1ﬁ o [a 7 F" (U)] = S (U)

GR NR
aSW x dnr?pv=—-M

ahW =B

p=Kp

Samuel J. Dunham MICRA 2023 September 11, 2023 20/26



Steady-State Solutions (pre-shock)

0
QU+ \1ﬁ o [a 7 F" (U)] = S (U)

GR NR

aSW x dnr?pv=—-M drr?pv=—M
ahW =58

p=Kp
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Steady-State Solutions (pre-shock)

0
QU+ \1ﬁ o [a 7 F" (U)] = S (U)

GR NR
aSW x dnr?pv=—-M drr?pv=—M
ahW =B $v%+ har + © = Bag

p=Kip"
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Steady-State Solutions (pre-shock)

0
QU+ \1ﬁ o [a 7 F" (U)] = S (U)

GR NR

aSW x dnr?pv=—-M drr?pv=—M

ahW =8B 202+ hag + @ = Bar
p=Kip" p=Kip"

20 /26
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Jump Conditions

U, #U;
F"(U,)=F"(Us)
Yields:

P2

€2 (p2)

Ky (> K1)

.
L)
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Steady-State Solutions (post-shock)

0
QU+ \1ﬁ o [a 7 F" (U)] = S (U)

GR NR

aSW x dnr?pv=—-M drr?pv=—M

ahW =8B 202+ hag + @ = Bar
p=Kyp" p=Kyp"
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(Blondin and Mezzacappa, 2006)
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Fy =S h W2 x /5 pu" vy
Fj :=FFT {Fy}

M2.8_Rpns020_Rsh6.00el

M2.8_Rpns020_Rs6.00el

WL M
109 "

— GR
108 N ﬂ
1047

1.00 T T T

U-{J 0.00 ———
‘ G 0 5 10 15 20

7 [

T defined as the unique T such that ]303" (f) =1

Samuel J. Dunham MICRA 2023 September 11, 2023 25/26



M1.4_Rpns040_Rsh1.20e2 M1.4_Rpns040_Rsh1.50e2
T T

1026 [T ] 1026 T T T ]
'bﬁo‘ 1021 |
L.
—
m 1016 |
- GR
1011 . i v i i i
0 100 200 0 100 200 300
t [ms] t [ms]
M1.4_Rpns040_Rsh1.20e2 M1.4_Rpns040_Rsh1.50e2
1.00 y 1 1 1
’ — NR
2 0.75 — GR
&
N~—
E]
=i 0.50
g
~
S 0.25
0.00 i i i

0 25 50 75 100
T [ms] T [ms]

Samuel J. Dunham MICRA 2023 September 11, 2023 26 /26



	Summary, etc.
	References
	Appendix
	Steady-State Solutions


