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Explore several progenitors, varying expl. energies

p [9/cm’]

progenitor 3D explosion  time Eexp 1“*’3:2:?;.] Ry My (Myisx) Vimax (N1) < v >1g (Ni)
type model model [s] [B] [10° km] (M) [103kms™ '] [10° kms1]
WiS-l-ew  WIS-1 84974 148 3895320  0.05(0.13) 5.29 3.72
WiS2-cw  WI5-2 85408 147 39309 0.05(0.14) 4.20 3.47
RSG (349)

L15-I-cw  LI5-1 95659 175 47830  0.03(0.15) 4.78 3.90

L152cw  LI5S2 76915 275 47550 0.04(0.21) 5.01 4.51

N20-4-cw  N204 5580 165 397030  0.04(0.12) 2.23 1.95

43.6 : - -

BSG BIS-lew  BI5-1 5372 256 41555  0.05(0.11) 6.25 5.01

BIS-l-pw  BIS-1 7258 1.39 427000  0.03(0.09) 3.3 3.17

BIS-3-pw  BIS-3 8202 L14  4815,;  0.03(0.08) 3.18 2.95
10 P . ' I l ' I ]
1078 X | W15
n S x | 115 3
L N H [ I r\;ﬂ ]
10° — N g | N20
N i 4 L [ E15
L [ | _

|
1 OO __ : I : | __
— | : h : =
— Iy | -
- AL -
N o e s
| o [ e — |
Ll N | I 1 I
0 10 15

Enclosed mass [Mg]



& - -
v, [1000 km/s] v, [1000 km/s]
-0.37 1.1 2.6 42 -0.57 1.2 3.0 4.7

Woosley&Weaver Limongi+ (2000)
(1995) RSG, L15
RSG, W15

Nickel-rich ejecta at shock
breakout

Woosley+ (1988) BSG, B15

Shigeyama&Nomoto (1990)

BSG, N20

5589 s

5ell cm
v, [1000 km/s]

. .
-0.37 0.49 1.4 22

v, [1000 km/s]
— B
-0.074 1.1 2.2 3.3



Shock dynamics

shock propagates according to accelerates when pr3 decreases,
blast wave solution (Sedov, 1959) and vice versa
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Explore several progenitors, varying expl. energies
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SN1987A

Woosley et al. (1988)

Shigeyama & Nomoto (1990)
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Light Curves of
SN1987A

Utrobin et al. (2015)
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Type llb model

Without thick H-envelope
we retain larger scale
asymmetries from the

explosion
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Type llb model
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Type llb model
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3D interactive visualization




Apsara: A multidimensional unsplit fourth-order explicit Eulerian
hydrodynamics code for arbitrary curvilinear grids

A. Wongwathanarat, H. Grimm-Strele, and E. Miiller

(figure from wikipedia) An Apsara is a female spirit of the clouds and
water in Hindu mythology.

Apsaras are said to be able to change their
shape at will.

A




Mapped grid technique
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Non-uniform grid in
physical space is mapped
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Gresho vortex E
APSARA can capture low-  &°7 '
mach number flows better .| ‘ |
APSARA '
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Single block circular domain

Low quality grid
cells along
diagonals
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High-order finite-volume methods for hyperbolic conservation
laws on mapped multiblock grids

P. McCorquodale *-*, M.R. Dorr”, J.A.F. Hittinger”, P. Colella®

2 Computational Research Division, Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Mail Stop 50A1148, Berkeley, CA 94720, USA
b Center for Applied Scientific Computing, Lawrence Livermore National Laboratory, P.O. Box 808, L-561, Livermore, CA 94551-0808, USA



Conclusion

- 3D models from explosion to shock breakout now feasible

- evolution of early-time asymmetries associated with explosion
mechanism depends on complex interplays between the
asymmetries and the SN shock

- SN shock dynamics connects to the density structure of the
progenitor star

- Density structure of He shell and He/H interface are very
important in determining the fate of heavy clumps
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