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§ Movie Gallery
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UHECRs and SZ in CGs

Kotera, Allard, Murase, Aoi, Dubois, Pierog, SN ApJ (2009)
Prokhorov, Dubois, S.N. A&A (2010)

Formation of Cluster of Galaxies
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Prokhorov, Dubois, S.N. A&A (2010)
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Fig. 6. The normalized X-ray surface brightness map of the sim-

ulated cluster in the [2.0-10.0 keV] band in logarithmic scale.  Fig. 5. Temperature (in keV) of the simulated cluster along the x
The region corresponding to the highest temperature in Fig. 5is  direction at z=0.74 derived from the ratio of the SZ intensities.
shown by a black circle.
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What Is Blandford-Znajek Process?

Blandford and Znajek 1977

Energy extraction from a rotating BH.

Mono-pole solution.

The solution is obtained for
Slowly rotating BH.

Strong outgoing flux in the
Equatorial plane.

This solution can be used to check the validity of numerical codes.



Numerical Simulation of Blandford-Znajek Process

~ Mono-pole Solution~

2D-calculation. Grid Size = (300,300)
[r +<r<230], [0<the < Pi]

Initial Condition:
Ot order terms for the mono-pole
Solution is put around a Kerr BH.

Time evolution is followed until
T=200 (c=G=M=1 unit). At the final
Stage, poynting flux is estimated at
R=20.

2 ~ n 2
= —  at / d@sin” 6 )
32 Jo Numerical results for energy

Analytical Prediction (only for a<<1) flux with various a.

vuTzil - v,uTz!fl © + ( - ) v!lTaﬂr 2) + (Jt_l[) v,u]—jzﬁ/‘f ) + O (((1/}\[)())

Vi




Higher Order Terms of BZ mono-pole Solution

Numerical results for the Tanabe and S.N. (2008) PRD.
conserved Poyinting Flux. T=200, c=G=M=1

Red:Numerical " Red:Numerical

Blue:Analytical i ~ Blue:Analytical
(2nd order) ) - (2nd order)

| 1 1 1 1 1 | 1 1
0.1 0.15
a

Analytical (for a<<1):
E L CQT(' (12 n ﬂ'CQ a_4
c.f. Blandford and Znajek (1977) 24 M?2 1080 M4
Ruben (2004)

(56 — 37°)




Initial Condition S.N. 09

12TJ:Rotating star with12Msolar, z=0.01,
Mass of Fe core=1.82Msolar (Woosley and
Heger 2006).

sh=2Msolar, a=0.5.
Kerr-Schild coordinate.

256(r) Xx128(06)

i

Ay o max(g

4."')

Pgas / Pmag = 10°




Simulation of a Collapsar

S.N. 2009 ApJ.
200 1 1 1 1 1 .
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R<200 R<5000

Density contour in logarithmic scale (g/cc)

Final time corresponds to 1.77sec. R=200 corresponds to 600km.



Poynting Flux Dominated Jet with Rapid
Time Variability S. N. 09

R=200 corresponds to 600km
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Plasma beta (Pgas/Pmag) Time evolution of the mass accretion
At t=1.77sec. Rate at the horizon. It shows a rapid
Poynting Flux-Domindated Jet Time variability after the formation

EM Energy also dominates rest mass Of the jet. Related with the GRB’s time
energy in the jet. Variability?



§ Numerical Simulation of a collapsar by
a General Relativistic Magneto-
Hydrodynamic (GRMHD) code.

When General Relativistic Numerical Code is used, general relativistic
Effects can be seen. Energy extraction from a Black Hole is one of them.

This effect may be related with formation of GRB jet.

S.N. (2009) ApJ



Dependence of Dynamics on Rotating Black Hole
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S.N. (2010)

Density Structure
at T=1.6sec.

Not the Time
Sequence, but

For Different Models
With different Kerr
parameters.



Stagnation Region

S.N. (2010)

Kerr Parameter, a=0.95
T=160000 (=1.5760 sec).
Stagnation Region can be seen
8 At R=15 (=45km) in the Jet.

10

Density Contours in logarithmic scale (g/cc) with Velocity Fields



Blandford-Znajek Flux and Jet Energy

S.N. (2010)
4 25( Faster is Better
e,
o [
&
-8
4 2 0 2 4
BZ (outgoing poynting)-Flux " U kerr parameter &
In unit of 10750 erg/s/Sr at ferr Parameter a
T=160000 (1.5760sec).
Kerr Parameter, a=0.95. Jet Energy at t=1.5750 sec for a=0,

Time variability is also triggered by the BH? 0.5,0.9,0.95



Density Contours with Poloidal Fields

Kerr Parameter, a=0.95

R=20 corresponds to 60km.

-100

S.N. (2010)

-100 -20 0 a0 100

R=100 corresponds to 300km.
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Wall-Like Structure SN, (2010)

A Wall-like Structure can be seen. Kerr Parameter, a=0.95
Collimation of the Jet is determined R=100 corresponds to 300km.
By the Wall?
100 ! - . 29 10
? 9
0 ] 28 g
. . -
ar | 27
: 6
-50 ' ! 58 5
: Z 4
R . AN . . IS |25 13
-100 -50 0 h0 100
Contours of Total Pressure Density contour with Poloidal B-Field

(Thermal + Magnetic) in cgs units. lines



S. N. 09

Bulk Lorentz Factor

200 FOt ’ vvvvv 4 sos | = : 2.0
100 | ’ 004 oo : e
\ | 0.03 p
{ H - s 3
. b OF . ' 1 0
f\ 3 0.02 3
-100 f : E A
o ‘ 3 0.01 -100 3 0 0.5
-200 t : l ; : 1 0.00 v
. , . ; f -200 t . " : J 0.0
200 100 0 100 200
200 -100 0 100 200
Contour of the Bulk Lorentz Energy flux per unit rest mass flux at T=1.77
Factor at T=1.77sec (in logarithmic S€C (in Logarithmic scale), which is the upper
Scale), which is still small at the limit of the bulk Lorentz factor . This is
Center. As high as 100 at the bottom of the jet.

The jet is accelerated when it is propagating?



Development of 3D-GRMHD Code

SN.1L,inprep.  / > =
e e =

3D GRMHD code has been Developed. MPI (Message Passing Interface) is used
for every Coordinate so that this code can be applicable to supercomputers .
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Interviews towards 90Tera
Flops Computer in YITP.

Finally, HITACHI company has
Been chosen as our partner.

Hiro as the Chair of
Supercomputlng Commlttee
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Summary

2D GRMHD code has been developed, and collapsar
simulation has been done (S.N. 2009).

A stronger jet is launched by a more rapidly rotating BH
(Faster is Better). Wall-like structure determines the opening
angle of the jet? (S.N. 2010)

3D GRMHD code has been developed, and the simulations of
collapsars by the 3D GRMHD code are going-on. (S.N. 2010,

In prep.)

We are planning to do Calculation of Nucleosynthesis with
this code as a next step (S.N. 2011, in prep.)



