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The Magnetosphere is an important part
of our life on earth

� The magnetosphere protects life on earth from the solar wind.

� Understanding the magnetosphere can help protect our communication 
systems, GPS, and power grids.



The solar wind and coronal mass ejections interacts 
with the earth’s magnetic field

� Coronal mass ejections (CMEs) are ejections of 
hot plasma along with the magnetic field frozen into 
that plasma from the solar corona.

� Earth directed CMEs can trigger geomagnetic 
storms, usually cause interplanetary shocks.

� The solar wind is a stream of magnetized plasma with parameters uSW ~ 450 
km/s, nSW ~ 5 cm-3, BIMF ~ 5-7 nT, and TSW ~ 1.2-1.4×105 K (10-12 eV).

� The Earth's magnetosphere is formed by interaction of solar wind plasma 
with the Earth's magnetic field BE(r)

� The magnetopause boundary layer forms when 0
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Laboratory astrophysical experiments need magneto-
hydrodynamic scaling to justify comparison physics

� Demonstration of laboratory to astrophysics scaling is a key scientific 
issue.

� Gravity is a key physical force in astrophysical problems which is 
NOT present in laboratory simulations.

� In laboratory simulations of the solar wind driven magnetospheres 
gravity plays no important role.

� Scaling factor from the laboratory to
• the geophysical space scale � 109

• a magnetic white dwarf  � 1012

• a supernova � 1040

Laboratory simulation of magnetospheric plasma shocks:
Horton, Chiu, Ditmire, Presura , et al. 2007, Advances in Space Research,p.358-369.
Horton and Chiu, Phys. Plasma 11, 1645, 2004.



Using MHD equations we scale between the 
laboratory and the magnetosphere

Magneto-
sphere

Experiment     

Scale length (cm) 109 1

Time (s) 10-3 10-10

Pressure (Pa) 10-9 103

Density (cm-3) 10 1014

Temperature (eV) 10 0.1

Magnetic field (G) 10-4 103

Velocity (cm/s) 107 106

Ideal MHD equations

Parameter invariant under hydrodynamic 
scaling  transformation:
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The dynamics of the magnetopause are governed by 
the magnetohydrodynamic equations
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Throughout the system we have
Pdyn+Pth + PB = constant

The shock Pth >> PB

And magnetosphere PB >> Pth

Dipole

Rc is the radius of 
curvature of the field at 
the magnetopause.



At the magnetopause the solar wind pressure 
balances with the magnetic pressure from the earth

Plasma 
blow off

Dipole

Plasma 
source
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Magnetic field of a dipole gives:
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Magnetopause



We calculate the standoff distance of the 
magnetopause

Plasma 
blow off

Dipole

Plasma 
source

R

rmp

Area

Current (I)

With the current sheet the 
magnetic field is doubled:
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The solar wind induces a force on the magnet:

Fsw = AmPsw
And a current (the Chapman- Ferraro current) at the magneto pause:

Fsw = LsheetIBz



We design a laboratory experiment to investigate 
magnetosphere physics 

� Plasma wind generated by a laser-target interaction.

� Magnetic obstacles are placed in the plasma wind.

� Our goal is to investigate the creation of a shock in front of the 
magnetosphere, the solar wind-magnetosphere interaction, and electron 
acceleration mechanisms. 



We perform a magnetosphere laboratory experiment 
on the YOGA laser at the University of Texas

� The YOGA laser can fire a pulse 8 ns long, at 1064 nm, up to 4.0 J.
� We use a Princeton Instruments ICCD camera to take gated images of plasma 
emission with a 4.0 ns exposure time. 



We focus the laser on an Al target in the presence of 
a magnet or an Al block with the same shape

Magnet or
Al block

0.50 T

0.25 T

0.05 T

N Pole

S Pole



1.0 cm

HYADES simulation with 
cylindrical geometry
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We can calculate the expansion of a laser produced 
plasma with a hydrodynamic code called HYADES 

ICCD picture of a 25 micron aluminum wire 
irradiated with 200 mJ taken at 35 ns.

� HYADES is a one dimensional 
hydrodynamic code developed at 
LLNL
� We use 1D and cylindrical 
geometries
� The front edge in our laser 
produced plasma case matches well 
the front edge in the HYADES case Time in ns
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We calculate plasma parameters using HYADES at 2.0 
cm away from a 200 mJ laser pulse impinging on Al

Solar wind mach 
~ 4 to 10



We compare ICCD images of a LPP impinging on an Al 
block and a magnet, with 200 mJ in the laser pulse

Outline of magnet 
or Al block

Laser direction

80 ns 300 ns 500 nsAluminum block

With dipole

Small amount of  laser 
energy hitting the block



Using HYADES we can calculate the magnetopause 
standoff distance and compare with our data 

Magnetopause boundary 
calculated using HYADES

The calculated magnetopause 
distance from HYADES is:

Force on the magnet:
Fpw = AmPpw � 1.2 N

This gives a current of  350 A

300 ns

Plasma hits the magnet

Magnetopause at 300 ns

Outline of possible 
magnetopause



We compare parameters between the 
solar wind-earth frame and the laboratory frame



Our experiment is ongoing

� We would like to induce a tilt in the 
magnetic dipole similar to the earth-sun 
relationship.

� We would like to put a magnetic 
field in the laser produced plasma.

� We would like to measure the 
induced magnetic field with a B-probe.

Dipole

B-probe



We use currents supplied by a capacitor and 
triggered by a laser for jet production

Jet formation with background 
magnetic field

Incoming 
laser beam

Wire target

Current interactions with background and 
self-induced magnetic fields collimate the jet. 

JxB 
forces

Current

Induced 
poloidal 
magnetic 
field

Grounded 
plane Laser 

direction

Laser target

Electrode

Center wire diameter = 1.0 mm
Center wire type =  Mo
Outer hole size = 1.0 cm 

C = 2.4 µF
L= .02 µH



We place a dipole magnet and an Al block of same 
dimension in the path of the jet

Aluminum block

With dipole

Outline of magnet or 
Al block

5100 ns4700 ns 5300 ns

Boundary region Brightened cusp region



We compare the observed stand off distance with 
assumed and measured parameters of the jet

Boundary region

scmV /102 6´»

31510 -» cmni

cmd 6.=�

cmd 0.1=

5100 ns



Summary

� We developed and performed repeatable laboratory techniques simulating 
plasma wind incident on a magnetic dipole target.

� Dynamics of wind-magnetosphere interaction were measured with both 
spatial and temporal resolution, opening up the possibility of direct investigation 
of relevant plasma dynamics.

� Features were found that were consistent with solar wind magnetosphere 
interaction, including creation of a possible magnetopause in front of the 
magnetosphere, and brightening visible at poles.

� Observed “magnetopause” visible at the standoff distance consistent with 
calculations.

� Continued development of these techniques may provide valuable data for 
testing our current understanding of Solar Wind - magnetosphere interaction.


