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Magnetic Reconnection Experiment 

By Dr. Hantao Ji 
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Turbulence Amplitudes Correlate with 
Resistivity Enhancement	
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Farady Rotation Diagnostics for Magnetic Field 

J. A. Stamper, Magnetic Field Generation by Lasers, Laser & Particle Beams 9, 841 (1991).  Rikyo	
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  BaBery	
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Vortex	
  Forma<on	
  and	
  
Hydrodynamic	
  Instability	
  

=	
  Vortex	
  in	
  Fluid	
  is	
  Magne<c	
  Field	
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Large Scale Computing for Laser Fusion 
Energy Research 

Temperature 

Density 

DD Fuel 

Temperature 

At Max 
Compression 

By	
  H.	
  Takabe	
  (see	
  NF	
  Paper)	
  



Equa<on	
  for	
  Complete	
  Fluids	
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Lord	
  Rayleigh	
  (1842	
  –1919)	
 Geoffrey	
  Ingram	
  Taylor	
  (1886	
  –1975)	
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Meshkov	
  with	
  me,	
  January	
  1992	
  at	
  Cheriyabinsk-­‐70,	
  Russia	
  
	
  (just	
  a]er	
  the	
  collapse	
  of	
  USSR)	
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Vortex	
  in	
  fluids	


d 1 P
dt

= − ∇
ρ

u
=∇×ω u

2
d 1( ) P
dt

= ⋅∇ − ∇ + ∇ρ×∇
ρ

ω ω )u ω( u



Physical	
  Mechanism,	
  Physics	
  Analogy	
  

Rikyo	
  Takabe	
  2012	
 16	




Helium	
  cylinder	
  in	
  Air	
  hit	
  by	
  Shock	
  (exp.)	
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Biemann’s	
  BaBery	
  mechanism	
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Bubble	
  Coalescence	
  (Inverse-­‐Cascade)	
  

Belnoulli Theorem	
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ReconnecMon	
  of	
  Vortex	
  Lines	
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Mode-­‐mode	
  Coupling	
  and	
  I.C.	
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Collisionless-­‐Shock	
  Mediated	
  by	
  
Magne<c	
  (Weible)	
  Instability	
  

Importance	
  of	
  Nonlinear	
  Growth	
  
of	
  B	
  field	
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(c)	


(d)	
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Shock Front 

SN1006（X-ray image)	


Chandra X-Ray Satellite	


Laser Experiment on Astro-
Shock and Cosmic-Rays	
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Weibel	
  Instability	
  

Lorentz Force: F = qv×B	
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Genera<on	
  of	
  Magne<c	
  Field	
  

Number 
Density 
n 

Current 
Density 
Jx 

Magnetic 
Field 
Bz 

Current filaments generates strong magnetic fields 
within the transition region 
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Shock Wave 
Formation 

and  Profiles 
Number Density 

Mean Velocity Vx 

Magnetic Field 
Electric Field 

x 

Transition Region 

X-ray intensity (SN1006) 

T. N. Kato	
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Magne<c	
  Reconnec<on	
  Plays	
  
Important	
  Role	
  for	
  Shock	
  

Forma<on	




Genera<on	
  of	
  Magne<c	
  Field	
  

Number 
Density 
n 

Current 
Density 
Jx 

Magnetic 
Field 
Bz 

Current filaments generates strong magnetic fields 
within the transition region 
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Evolution of Magnetic Structure	


ビーム（電流）間に働く力	


ビームの合体→より大きいスケールへ進化	


平均波長のオーダー評価	

1/ 2tλ ∝

同方向	
 逆方向	
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Time evolution of 
magnetic energy	
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Time	
  EvoluMon	
  of	
  MagneMc	
  Scale	


t～100	
  までは 
　　　　　に大体良く従う
（若干、成長率は大き
い？）	


1/ 2tλ ∝

Averaging	
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Power	
  Spectrum	
  of	
  MagneMc	
  Energy	


磁場のパワースペクトルの時間進化　(z=250)	
  
l 特徴的な波数（ピークの

位置）は、時間とともに
長波長側へ移動する	


l 特徴的波数より大きいと
ころでは、Power-­‐law	
  的
になる	


l Power-­‐law型のエネル
ギースペクトルは、フェ
ルミ加速で Power-­‐law	
  
の高エネルギー粒子を
作るために好都合	
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Evolu<on	
  of	
  Ion-­‐beam-­‐Weibel	
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Memorial	
  Photo	
 

Super	
  Computer	
  :	
  K	
  Computer,	
  Kobe,	
  Japan	
  

Banquet	
  

Snaps	
  of	
  CCP2012	

Laser	
  Astrophysics	
  



3D	
  PIC	
  simulaMon	
  of	
  collision-­‐less	
  shock	
  	
  
without	
  ambient	
  magneMc	
  field	


SimulaMon	
  condiMon	
  
	
  

Δ	
  :	
  grid	
  size,	
  Se	
  :	
  electron	
  inerMa	
  length,	
  λ	
  :	
  Debye	
  length	
  
(x,y,z)	
  =	
  (4096Δ,	
  256Δ,	
  256Δ)	
  =	
  (692Se,	
  43Se,	
  43Se)	
  

Δ	
  =	
  2	
  λ	
  〜	
  Se/6	
  
48	
  ×	
  2	
  parMcles	
  /	
  cell,	
  〜12.8×2	
  billion	
  in	
  total	
  

1024	
  nodes	
  (8192	
  cores),	
  	
  7.5	
  hour	
  in	
  K-­‐computer	
  	


periodic	


periodic	


x	


z	


y	


reflecMon	
  boundary	

iniMal	
  flow	
  V	
  =	
  0.125c	


(mass	
  raMo	
  :	
  Mi	
  /	
  Me	
  =	
  25)	




Filament structures of plasma density 	
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y	


z	


density isosurface  (low value)	


density isosurface  (high value)	


inflow	


counter flow	


tω pe =1014



Filament structures of plasma density 	


x	
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z	


void filament structure	


filled filament structure 	


inflow	


counter flow	


tω pe =1014



Fluctuations of electromagnetic field	


x	
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z	


magnetic flux rope	


electrostatic fluctuation	


inflow	


electron density &  
          magnetic field lines	


electric field Ex	


counter flow	


tω pe =1014



Bird’s	
  eye	
  view	
  in	
  shock	
  surface	


Filament-­‐like	
  structure	
  of	
  magneMc	
  flux	
  rope	
  	


turbulence	
  in	
  electron	
  density	
  	


inflow	


counter	
  
flow	


inflow	


counter	
  
flow	




RAL,	
  UK	
  

Ecole.P,	
  FR	
   Shanghai,	
  CN	
  

Osaka,	
  JP	
  

UoR,	
  US	
  

Livermore,	
  US	
  
Asia：２	

US	
  	
  ：２	

EU	
  	
  ：２	
NIF	
  laser	


VULCAN	
  
	
  laser	
 OMEGA	
  	
  

&	
  OMEGA	
  EP	
  laser	


LULI2000	
  laser	
 Shenguang	
  II	
  laser	


Gekko	
  XII	
  laser	


Collaboration experiments using ���
high-power lasers in the world	


42	




International Joint Experiment (Magnetic  
reconnection, Radiative shocks, Collisionless shocks)	


Laser 	


Astrophysics	
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I	


International  Collisionless Experiment Group on OMEGA and NIF 
(ACSEL team)	


Together	
  Photo	
  at	
  APS-­‐DPP	
  at	
  Chicago,	
  November	
  	
  19,	
  2010	
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N.	
  Kugland	
  et	
  al.	
  Nature	
  Physics	
  (2012)	






We	
  Need	
  Na<onal	
  Igni<on	
  Facility	
  
to	
  Demonstrate	
  our	
  Physics	
  

Scenario	




Scaling	
  Laws	
  from	
  PIC	
  Simula<ons	

1.	
  Shock	
  width	


2.	
  Coulomb	
  mean-­‐free-­‐path	


n20=n/1020cm-3 

V8=V/108cm/s	


H. Takabe et al., Plasma Physics and Controlled Fusion　50,124057 (2008)	


3.	
  Energy	
  of	
  counter-­‐streaming	
  plasma	


5mm	


E　=　1/2ZmpniV2L3 

  　=　35 kJ	
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Science on NIF Committee just after  the  Evaluation 
July 15, 2010 at LLNL	


David Arnett*, University of Arizona 
Riccardo Betti, University of Rochester 
Roger Blandford, Stanford University 
Nathanial Fisch, Princeton University 
Ramon Leeper, Sandia National Lab. 
Christopher McKee, UC Berkeley 

Mordecai Rosen, LNL 
Robert Rosner, The Univ. of Chicago (Chair) 
John Sarrao, Los Alamos National Laboratory 
Hideaki Takabe, ILE, Osaka University 
Justin Wark, University of Oxford 
Choong-Shik Yoo, Washington State University	
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D-3He filled glass!
 shell capsule!
(500-mm diam, !
2-mm thick)!

Double-foil target!

10 mm!protons!

CH or CD!
(3 x 3 mm2) !

64 beams !
for each foil,!
10 ns	


2 x Proton backlighter!
2 x 32 beams, 1 ns	


Drive beam 
　10 kJ/ beam x 64 beams  
   for each foil, 10 ns 
D-He3 implosion beam  
　1.5 kJ / beam x 64 beams, 1 ns	


Collisionless Shock Experiment with NIF 
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We	
  have	
  to	
  know	
  the	
  
Fundamental	
  Physics	
  of	
  Magne<c	
  

Reconnec<on	
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International 
Collaboration on 
Simulation and 
Experiments give us  
unexpected Imagination.  
The Mixture of Human is 
essential for Imagination 
and Creation. 
 

Hide-Aki Takabe	

立教・高部2012.8	



