
FROM   PARSEC  TO  MICRON:
THE LABORATORY OF ASTROPHYSICS

I Jornada de Recerca del Dpt. De Física i Enginyeria Nuclear,  02/2006  

Domingo García-Senz
Dpt. Física i Enginyeria Nuclear-(UPC)



I  Jornada de Recerca del Dpt. De Física i Enginyeria Nuclear,  02/2006  

Astronomy & Astrophysics has traditionally been a very special
Science because it was not possible to dessign controlled laboratory 
Experiments to validate models.

The ultimate goal of Astronomers is to solve the cosmic puzzle by 
decodying  the information arriving from outer space. 

OBSERVATIONS ARE CRUCIAL !!

But also are

GOOD  PHYSICS !!
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Laboratory experiments on Earth would be extremely useful 
in many areas of Astrophysics:

•To improve the Equation of State in extreme physical conditions
• Simulate gas-dynamical processes in terrestrial laboratories
• To study radiative transport in stellar plasmas
• To measure nuclear cross-sections of nuclear reactions.

However:

Fluid-dynamical studies are routinely conducted in wind tunnels 
to  study aerodynamics. 

Would it be possible to reach astrophysical conditions ?
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SCALING LAWS: 

•Geometrical similarity: 
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•Dynamical similarity:
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Very often it is sufficient: Eu (m)=Eu (p), 
Re (m)= Re (p),  Fr (m)=Fr (p), etc ....to have dynamical similarity
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As soon as LASER was invented in 1964 people realized that 
it could be used to reproduce Astrophysical situations:

•Even moderate LASERs can deposite an enormous 
energy density.

•Experiments in Inertial Confinement Fusion showed that
it is possible to reproduce extreme thermodynamical 
conditions on Earth.

•Experiments in ICF also showed that it was easy to 
get plasma acceleration/deccelerations compatible with 
very large gravity values.
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Target size: 1mm diameter
Neodymium glass laser dumping 1 ns pulse of 105 Joules



I Jornada de Recerca del Dpt. De Física i Enginyeria Nuclear,  02/2006  

1.- An specific experiment: Simulation of a Supernova Remnant in 
the laboratory.

Main goals:

* Validate the output of Hidrodydamical Codes
* Reproduce the main trends of SNR  observed in nature

Cassiopea SNR 
In X-rays.



Model:
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Interaction of   SNII ejected gas (15 Mε) with 
the interstellar medium (ρ0=10-24 g/cm3)                

Intelstellar gas
Supernova
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Hydrodynamic Equations:
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Experimental  Device:
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Scale equivalence:
1 ns --------- 1 year
100 km/s --- 10,000 km/s
100 µm ------ 0.1 parsec

Total elapsed time ~ 8ns
spatial range ~600 µm --- 0.6 pc

V(fs)=108 km/s (exp); V(fs)=96 km/s (simulation)
V(rs)=76 km/s (exp);  V(rs)=61 km/s (simulation)

simulation
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2.- Role of Hydrodynamic instabilities in Supernovae

SN1987 which exploded in the 
Magellan Cloud (52 Kpc distance)
ls one of the best natural laboratories 
to study stellar evolution.

SN comes from the explosion of 
a 15 solar-masses progenitor star.
It has been predicted that gamma 
rays from   radioactive nuclei will 
show up 1 yr after explosion. 

BUT
X-ray japanese satelite GINGA 
detected them only 3 months after.
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Existence of hydrodynamic instabilities which transport 
radioactive nuclei to the surface of the star. 

ρ↑ P↓

g↓
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Rayleigh-Taylor 
instability
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Scheme of the 
experimental 
device.

Comparison with
hidrodynamical 
models.
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Origin of the 
“Hot-spots” spreaded 
around the ring ??

Can the ring be simulated 
in the laboratory?

0rigin of the explosion

Inner Ring (1.3 ly diameter)
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Explanation: Collision of expanding blast-wave of SN1987A 
with inner  of circumstellar ring structure

LABORATORY SIMULATION
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Experiment

Numerical 
Simulation
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Other areas suitable for Laboratory Astrophysics studies.

1) Jet formation, structure and interaction with the environment 

2) Magnetohydrodynamics.  Because extended  
Euler-equations to MHD are also scalable.

3) Other sort of hydrodynamical instabilities (Kelvin-Helmholtz, 
Ritchmyer-Meskov).

4) Study of the EOS at high density (important to study the 
Interior of planets for example)

VERY EXCITING EMERGING FIELD
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