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§ Introduction



History of the Numerical Study on the
Central Engine of Long-GRBs.

First report on the association of a GRB with
a hypernova was done in 1998.

Outline of Explosion Mechanism is still under debate.
BH (Collapsar) or NS (Magnetar)?
Neutrino or B-Field?

Rotating Black Hole with Neutrino Heating?
Rotating Black Hole with Strong B-Fields ?
Rotating Magnetars?



Black Hole with Neutrino Heating
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Black Hole with Strong B-Fields
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I'< a few. Density Contour.
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3D-GRMHD Simulation

~ S.N. 2012, in prep.
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Black Hole Formation
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Magnetar Scenario

S S Case C: density (log)
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2D-GRMHD with some Microphysics Bucciantini+09

. 2D-SRMHD without Microphysics
v /¢ ~o0s. Lorentz factor = 5-10



Takiwaki et al. 09 Burrows et al. 07

SRMHD, Neutrino Physics, Newtonian-MHD, Neutrino
Realistic EOS. Upto 100ms. I'< a few. Physics&EOS. Upto 0.5-0.6sec.
See also Takiwaki,Kotake,S.N.,Sato 04.



§ Study on a Rotating Black Hole with Strong B-Fields
by a General Relativistic Magneto-Hydrodynamic
(GRMHD) code

2D/3D GRMHD Codes with MPI. S.N. ApJ (2009).
2D/3D SRMHD with AMR & MPI. S.N. PASJ (2011).

S.N. 2012, in prep.

YukAwa institute’s MAgneTO-hydro (YAMATO) code
YAMATO (ZX#0) =Old Name of Japan

GRMHD Code is necessary to see Blandford-Znajek Process.



Blandford-Znajek Process can be seen Numerically Now
Blandford and Znajek 1977

Tanabe and S.N. PRD 2008
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C:Amplitude of B-Field. a: Kerr-Parameter.

This solution can be used to check the validity of numerical codes.
Numerical Simulation is necessary for large a and different B-fields.



Initial Condition for GRB Simulations
S.N. 09

Fastly Rotating Massive Stellar Model (12TJ)
by Woosley and Heger 2006.

Fe core (1.82Msolar) is extracted and a
rotating black hole is put instead.

Msnw=2Msolar, a=0.5 (Fixed Kerr Metric).

'=4/3

Ay x max(p/pmax — 0.2,0) sin* 4
Minimum value of pga,s/pma-g — 102



Simulation of a Collapsar

C=G=M=1 Unit S-N. 2009
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Density contour in logarithmic scale (g/cc)
Dynamics is followed up to 1.77sec from the collapse.



Dependence of Dynamics on Rotating Black Hole
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Blandford-Znajek Flux and Jet Energy

S.N. 2011
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In unit of 1050 erg/s/Sr at 0.5, 0.9, 0.95 (Solid Curves).
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Kerr Parameter, a=0.95.



3D- GRMHD Slmulatlon of GRBs

S.N. 2012, in prep.
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a=0.9

S.N. 2012, in prep.

T~0.85sec

Same Simulations.
Left: 3D Image.

Density+B-fields.

Bottom: 2D Slice
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a=0.9

S.N. 2012, in prep.

T~0.9sec.

Same Simulations.

Left: 3D Image.

Density+B-fields.

Bottom: 2D Slice
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T~0.3SSec. - T~0.8sec.
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For Fine Resolution Simulations: SRMHD Code
with Adaptive Mesh Refinement (AMR)

S.N. 2012, in prep.

DB: paramesh_chom
Cycle: 0 Time:0

Pseudocolor
Var: unk_0001
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Paramesh:
http://Iwww.physics.drexel.edu/~olson/paramesh-doc/Users_manual/amr.html



K(3=:10Peta-Flops) Computer is
Coming Soon (2012-).
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Summary on the Central Engine of LGRBs

Outline of Explosion Mechanism of LGRBs is still under debate.
Lots of things to do.

Rotation Energy of a Black Hole can be extracted with a help of
Magnetic Fields (Blandford-Znajek Effect).

Faster is better: Rapidly rotating Black Hole can drive an
energetic GRB jet.

GRB simulations by 3D GRMHD code are being done. AMR will
be attached. 10-Peta Flops Computer will be open very soon.



§Slide Show of Our Studies



Gamma-Ray Bursts as a Treasure Box of Physics & Mysteries

Progenitor
(massive star)

External
shocks

Internal
shocks

>100

Large optical depth

CEININER LY

burst Afterglow

R=~10"%cm

R<edt~10"cm R~10"cm

Nucleosynthesis Photospheric UHECRs? GRB/SN

Central Engine Emission? Neutrinos? Remnants?

GRB Cosmology?
Figure from P. Meszaros
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Explosive Nucleosynthesis 30
in Jet-Like SNe/GRBs by FLASH.

S.N.+ 03, 06.

Ono, S.N.+ 2012, in prep.
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Simulations for the Photospheric Model

Mizuta, S.N., Aoi 2010 (Also, F.Ryde’s talk and D.Lazzati’s talk)
Mizuta, S.N., et al. 2012, in prep.
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Yonetoku (and Amati) Relation is almost reproduced except for
some systematic difference.



E’N, (erg-cm2s™)

vL, (erg/s)
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Monte-Carlo Simulations for the Band-Function

Ito, S.N. et al. 2012, in prep

Band-Function can be reproduced
By structured photospheric model.
: Numerical Set-Up &
Monte-Carlo Calculations
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First Results of Telescope Array are Open Now
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Re-analysis of 215

He, Liu, Wang, S.N.+ 12
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1, 3 =“2, fluence Fi?*’ = 10— %ergem=—2 (in lOkC\} to 1MeV), : = 2.1.’_';. e?"_’b = 200keV.

L~ = 1052ergs—1, bulk Lorentz factor I' = 1023, the observed variability timescale 2> = 0.01s and the baryon ratio 7, = 10.



Study on Supernova Remnant
RXJ1713.7-3946 with CR-Hydro-NEI Code

RXJ1713 in TeV-Gamma (Color, HESS)
And X-rays (Contour, ASCA)
Age is about 1600yrs.

Lee, Ellison, S.N. 2012
Ellison+ 2010 and References there in.
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Supernovae and Gamma-Ray

Bursts in Kyoto, 2013

* Oct.-Nov. in 2013. Photo from GRB2010, Kyoto
- 2weeks for Conferences (SN and GRB) In April. 2
- 3weeks for Workshops (§emi,na.rg & Discussions). -
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You can Stay More in Kyoto.

* Program for Ph.D Students or Postdocs
Period: 1-3 Months.
Flight fee & accommodation fee are covered, at least.

" Some Programs for Visiting Staffs.

" Some Postdoc Positions will be open
(YITP, Kyoto Univ. and JSPS).

RBXY ERVEFUEA P - Y'TP
Yukawa Institute for Theoretical Physics Kyoto University . o ‘
' 4 A )l 2

AJATSA P

Ve s of e






|
- 1
. ) .e.‘-' S -5_54
it oy - W AN
@
)

Kyoto in Summer




m

tu

u

A

Kyoto



S

O 2 e s
Ao L

s ML,

> _t
R -

Kyoto in Winter




Summary

Outline of Explosion Mechanism of LGRBs is still under debate.

Rotation Energy of a Black Hole can be extracted with a help of
Magnetic Fields (Blandford-Znajek Effect).

Faster is better: Rapidly rotating Black Hole can drive an
energetic GRB jet.

GRB simulations by 3D GRMHD code are being done. AMR will
be attached. 10-Peta Flops Computer will be open very soon.

Explosive Nucleosynthesis is being studied by Flash code.

Photosperic Models are studied by numerical simulations and
Monte-Carlo calculations.

UHECRSs, VHE-Neutrinos, SNRs are being studied.

5 Week Conferences and Workshoos on SNe and GRBs will be
held in Kyoto, 2013, Oct.-Nov.

Programs for Visitors and Postdocs.



Stagnation Region
S.N. (2011)
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Density Contours in logarithmic scale (g/cc) with Velocity Fields



Time evolution of the Photo-sphere and
Thermal Emission

Log{Local Temp [K]) at photo-sphere Beaming Factor at Photo-sphere
le+11 ; 1e+11
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Left: Evolution of the temperature at the photo-sphere viewed from the jet axis.

Right: Beaming factor at the photo-sphere.

Superposition of thermal emissions from each area of the photosphere is
observed.



Re-analysis of 215 GRBs’ Neutrinos

He, Liu, Wang, S.N.+ 12
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a = 1, 3 =“2, fluence F}fb = 10~%ergem—2 (in 10keV to 1MeV), z = '2.1:3.. e?""b = 200keV,

L~ = 1052ergs—1, bulk Lorentz factor I' = 1023, the observed variability timescale 2> = 0.01s and the baryon ratio 7, = 10.



E? ¢,(v)[GeV cm?®s 'sr]

1C40/59 can draw a constraint on GRB-Neutrino
scenarios with a help of some Empirical Relations

10°F

215 GRBs’ Neutrinos

[ The IceCube Collaboration
- Benchmark Model
- Ghirlanda relation

Nlim =~ 1.9

He, Liu, Wang, S.N.+ 12.

Gray: All GRBs are assumed to be same
(IceCube Collaboration).

Red: Same with ICC, but for Numerical
Model.

Green: Numerical Model with
Lv relation (2011)
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Gamma-Rays look Leptonic Origin for
RXJ1713. 7-3946
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