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Challenging Basic Science in 
Laboratory Astrophysics 

Model Experiment  

Supernova  

Space & Time 

1. Test bed for Numerical Astrophysics 

2. New Finding of Physics not Expected 

3. Provide Challenging Plasma Physics 

4. Prediction of Astrophysical Phenomena 

Supercomputer  
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Scaling Parameters Controlling Physics 

1. Hydrodynamics 

2. Atomic Process 

3. Plasma Shocks 

4. Rel. Pair Plasmas 
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Passive only 

Photons Particles Passive 

Active 

Active, Multi -angle and Time-evolution 
Diagnostics are Possible 
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1. Test bed for Numerical Astrophysics 

2. New Finding of Physics not Expected 

3. Provide Challenging Plasma Physics 

4. Prediction of Astrophysical 

Phenomena 

1. Hydrodynamic Instability 
and Turbulent Mixing  
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1.To Validate and Verify Physics Models and 
Codes through Comparison with Model 

Experiments in Laboratory.

PROMETIUS Code for Astrophysics Laser Experiment (Courtesy Kim Budil) 

Example (1): Mixing in Supernova Explosion 

(B. Remington et al) 
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2. Photo - ionized Plasma 

9 

1. Test bed for Numerical Astrophysics 

2. New Finding of Physics not Expected 

3. Provide Challenging Plasma Physics 

4. Prediction of Astrophysical 

Phenomena 
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Photo-ionization by 

X-rays from BH 

X-ray from Companion Star of Cyg X-3 

Chandra 

Observation 
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Binary system Laboratory expriment 

The origin of x - ray emission near blackhole can be 
studied by using the implosion x - ray source.  

Blackhole 

Accretion disc 
= X-ray source 

Accretion flow 

Companion star 

Cold and rarefied 
silicon plasma 

 mimicking 
accretion flow 

Implosion plasma 
mimicking blackhole and accretion disk 

S. Fujioka, H. Takabe et al., 

Nature-Physics,  5, 11, pp 821-825 (2009) 
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High- Mach Number 
Collisionless  Shock Formation 

and Origin of Cosmic - Rays  
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1. Test bed for Numerical Astrophysics 

2. New Finding of Physics not Expected 

3. Provide Challenging Plasma Physics 

4. Predict Astrophysical Phenomena 
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What is Cosmic-Ray? 

14 

1. Bow Shock of Earth 

2. Bow Shock by CME 

3. Pulsar Driven BS 

4. Supernova Remnants 

5. Cosmological Jets 

6. Gamma-ray Bursts 

7. é.. 

8. é.. 

SNRs 

14 
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Cas A (AD1680) 

1 pc 
0.7pc 

Kepler (AD1604) 

Tycho (AD1570) 

0.3pc 

A. Bamba et al.  

2003, 2005 ApJ 

SN1006 (AD1006) 

1 pc =3x1018cm 

        = 3.3 ly 

1.2 pc 

upstream      downstream 

SNR is Accelerator in Universe 

WX 

Relativistic Syclotoron Emission 

Shock Thickness (Observation) 

WX = 1 1017 cm (=1/400 lmfp) 
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(a) 

(b) 

(c) 

(d) 

WX 
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<n>  

Shock Front  

SN1006 X-ray image) 

Chandra X-Ray Satellite 

Laser Experiment on Astro-
Shock and Cosmic-Rays 
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Hydrodynamic Shock 
Molecular Viscocity  

Plasma Shock 
Collisionless  

Two Different Types of Shocks 

Shock 

Solar Wind and Magnetosphere Supersonic Projectile WT Exp.  

Shock 
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Surfing acceleration 

Fermi acceleration 

19 

Diffusive Shock Acceleration  
(Fermi Acceleration) 

Widely Accepted in Astrophysics 

Space 

T
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NON-RELATIVISTIC COLLISIONLESS SHOCKS IN 
UNMAGNETIZED ELECTRON-ION PLASMAS 

Tsunehiko N. Kato and Hideaki Takabe 
Astrophysical Journal 681, L93ςL96, Jul 2008 



2012/3/15 

11 

Shock Wave 
Formation 

and  Profiles 

Number Density  

Mean Velocity Vx 

Magnetic Field  
Electric Field  

x 

Transition Region  

21 

X-ray intensity (SN1006)  

T. N. Kato 

Generation of Magnetic Field 

Number 
Density  
n 

Current  
Density  
Jx 

Magnetic  
Field  
Bz 

Current filaments generates strong magnetic fields  
within the transition region  

22 

../movies/collisionless_shock/2d_ion/np.mov
動画/np.mov
動画/Bz.mov
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Weibel Instability in y -z Plane  

ni 

Jz 

|B|  

wpet = 0 125 250 375 500 

mi/me=20, Vz=0.05c, T=100eV 

wpe t = 500 1000 1500 2000 2500 

ni 

Jz 

|B|  

Continued 
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IAPCM 25 

Phase space Vx and X 

electron 

ion 

ln (Ne) 

ln (Ni) 

Fig. (A) shows that a large fraction of  electrons have been accelerated to light velocity 
in the shock transition region. However, the acceleration mechanism is not very clear. It 
may due to the shock acceleration! 

p̟et=2100  

high energy 
electrons 

IAPCM 26 

Electron Trajectory 

The original positions of 
the tracked particles 
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Laser 

Cosmic-rays 

A A 

B 

B 

A: Ablation  

B: Shocks 

How to make such counter streaming ultra-
high speed plasmas 
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Gekko XII Laser Facility at ILE, 
Osaka University  

ES collisionless shock experiment using GXII laser 
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32 
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We Need NIF to Demonstrate Universality 

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 = ZmpniV
2L3 

   = 70 kJ 

33 
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OMEGA Laser at U of Rochester, 

NY, USA 

ñAstrophysical Collisionless Shock Generation in Laser 

Driven Experimentsò OMEGA Facility, Dec. 14, 2010  
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Thomson Scattering Diagnostics 
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Proton Back-lighting Diagnostics 
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