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Shows a diamagne'ri:: cavity, or @ Extrapolating to the space environment
region free of “solar wind using simulation shows the electric field

h a " o 5 plasma. intensity and field lines in the xy plane.
‘rhe health I"ISkS much more of an issue ’rhun it has been for 40 year's
The Mini-Magnetosphere Concept s —— Weasurment
i — Measurzgment
A small, porfable, electromagnetically confined plasma “bubble™ around the space craft L -
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that could protect the occupants in a similar way as the natural magnetosphere does —=— - po = cides an sty
around the Earth. Here computer simulations combined with laboratory experiments have _ y P
been used to re-examine the feasibility of mini-magnetospheres for astronaut protection Ewo .-
using modern knowledge of diamgnetic cavities and plasma transport barriers. g na Te.V) outside across.and
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Linear hydrogen Plasma beam

(equivalent of the ) Detailed plots of radial profiles show the narrowness of the plasma region

+ Beam diameter 10-20 mm,

+ Te~b-15eV,

i~ 10¥cm S,

+ Bfield~005T

< Ton Larmor radii r; ~ 10mm, r, ~ 0.2mm
+ Mean free path ~ 0.5 m,

+ Ion flow vel ~ 80km/s,

+ MACH ~ 3.5 (ion flow/ion acoustic)

Target: The probe measurements of ni, Te, Vf inside, across and outside the
Permanent magnet (equivalent of diamagnetic transport barrier show that the ion density is effectively zero
inside - thus the "solar wind" is seen to be deflected away from the magnet.

The laboratory S|mula'hon

25mm dia, 0.5T (central field)

Summary & Conclusions
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Plasma shield in operation. Stage 1: Magnetic "piston In light of the ESA AURORA godls, the physics behind mini-
A permanent magnet with NO internal Here the ion Larmor orbit is of the order of magn_e‘ro;pheres asl ! achvhe sh'e'd ;or‘ quronuuTl)p:rofechor\ i being i
plasma source (yet) creates a “mini- the size of the target. The impacting “solar examinec, UsTggEBsmA | physiCESantransport barriers¥inggrpausmrg
magnetosphere” away from the magnet. wind" plasma is deflected by > 15mm away particle kinetics. This involves computer simulations and laboratory

These results show the action of one from the magnet. The barrier depth is ~3- experimentg, The initial results shown here are very promising;

component of the shield the "magnetic 7mm ie of the order of the electron skin An established hybrid code (dHybrid) (Gargate et af 2004) and has now

piston’. . depth. - been used to simulate the laboratory re-creations of the “magnetic
A photograph of deflected "solar wind" plasrma piston” component of a mini-magnetosphere shield for astronaut
g protection.
e —
7 Both model and laboratory confirmed the creation of a diamagnetic
: =V cavity in the solar wind plasma in which a space craft would be
“Seolar Wind" Vs, (@ = protected from the energetic particles of a solar event. Thetvery
Plasma flow g 3 W narrow transport barrier created by both simulation and experiment,
~f?gt§'"/i 5, A e Emhs‘ showed that the important scale size is the efectron Larmor radius and
Ter 5100V gy |/ Magnetosphere not the ion Larmor radius. This illustrates that the microphysics
Mach ~ 3.5 I f /e dominates and MHD is not an appropriate model for this application
oy \ (Gargate et al excepted by Plasma Phys & Cont. Fus. 2007).
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VRN | These initial model and experimental results suggest that small
The H* plasma flows from left to . b N\ Permarent magnet | artificial magnetospheres may be practical - the shield is more
right. The H, & H, light indicates BN e effective and would require much less power than previously thought.

the location of the plasma as the
chamber is filled with neutral H, " . .
gas. with magnetic field lines superimposzd - For more information contact: +44 1235 44 6517
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