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Model

l|deal MHD Equation
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x Nested Grid Method
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® | argest grid : 3300 Km on a sl

x Finest resolution ; 410 m

type Scheme
x A shock capturing scheme

® 3 concentric grids x 6423 cell

x Roe
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INnicial Condition

15 Mo star Code: No symmetry assumed
x Woosley et al. 2002 Initial : Point symmetry
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Overview
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Twisted B Field
| -t.= 195.91 (ms) . 5.0
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Bipolar Jets

16t = 213.25 (ms)
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& downflow(1.x10* km s1)

® [he high velocity jets emerge from r ~ 60 km




t =220.43 (ms)

Bipolar Jets {846 km(31d)
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® [he direction Is along the initial rotation axis.
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Evolution of Krag Energy
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Jet l[ag & Alfven transit time

x [he lag between the bounce and jet gjection is related to the
Altven transit time.

S e Jet : 60 km
g\ 5 / ad’r
e i 'éﬂpdr (\/;Tp X %) SJ
~ 77 ms : Br: 10166

PNS : 10'* g cm™, 20 km
x the foot-point of the jets,; i ~ 60 km
x |f the B field is twisted in-a deep interior of the PNS,
x the lag = longer,
® B3 energy — larger,
® |ets = stronger




Dependence on Rotation

x \\Vhen Qo Is faster, B field is more tightly twisted.
x \When (o is faster, v, rises earlier and stays at a high level.
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Dependence on Inclination

» \When B¢ is larger, magnetic multi-layers is taller.
» \When Bg¢ is larger, vr rises earlier.
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Technical Issues

x Source term of gravity
x Cell center : spurious heating

x Cell surfflce

PUYi — 5 (fi—1/2 T f75+1/2) 9i

x Carbuncle Instability

= additional viscosity::
only in the regions where the
characteristics of either fast or
S

OW. Wave CONVErges
(Hanawa et al. 2008)

42 km
(Hanawa et al. 2008)




Next

Step dissipated propagating outward
for coarser grid

= \otivation
= Jets structure
» Magnetic multi-layer 2ms 102G, 10" gcm™
x MRl : observed with a spatial resolution:of ~120 m

(E’[ieﬂﬂe 2007) t = 1.54673E+07 [ms] Bx [1e16 G]

x Sfumato (I. Matsumoto 2007)
x AVIR code for star formation
x Roe type MHD scheme
x Self gravity
x Divergence cleaning
® Dedner et al. 2002
® Performance

x Cray X
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x \\[th a

resolution of 100 m, 75 hours / 40 ms after core



Conclusions

®x [he new feature in 3D is B multi-layers. It 1s formed when the
magnetic field Is split monopole like and inclined with repect
to the rotation axis.
» B multi-layer more tightly when BO 4 or Q0 T.

= MHD bipolar jets
x Jets are gjected along the rotation-axis.
x B energy Is stored on the sphere of r = 20 km and jets are
launched from =60 Km.
x Jets emerge earlierwhen BO T, Q0 T, 0or 6Q T.

x Coming soon, the 3D MHD simulation for CCSN with AMR.



