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Overview

• PBEX (Plasma Bubble Expansion eXperiment) goal:  conduct laboratory 
experiments and coordinated  numerical modeling addressing outstanding 
plasma physics issues related to how magnetic energy and helicity carried by 
extra-galactic jets reaches quasi-equilibrium with the surrounding intergalactic 
medium

• model problem : relaxation of a magnetized  plasma “bubble” as it expands into 
and reaches equilibrium with a lower pressure background plasma

•• Primary scientific objectives :
Characterize the underlying nonlinear plasma physics of the bubble relaxation 
process

• These nonlinear plasma physics issues cannot at present be resolved from 
numerical computation or astronomical observations alone

��� � Laboratory experiments are needed



Magnetic energy and helicity is transported via jet s to 
extra-galactic scales
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Jets produce extra-galactic radio lobes having larg e-scale 
organized magnetic field structure

Source of this appreciable magnetic field/energy 
thought to be magnetic dynamo in accretion disk at 

galactic center.



X-ray/radio composites show that “magnetic 
bubbles” shovel aside cluster plasma 

(Credit: X-ray image: NASA/CXC/Ohio U./B.McNamara et al.; 
Illustration: NASA/CXC/M.Weiss)

(Credit: X-ray: NASA/CXC/Ohio 
U./B.McNamara et al.; Radio: 
NRAO/AUI/NSF)

• Plasma bubble does work on the 
surrounding cluster (background) plasma

• MHD shocks may play significant role in 
energetics of radio lobe evolution (see 
following talk by W. Liu)



Survey of cluster & giant extra-galactic radio 
sources uncovers energy budget problem

• Total available:  1062 ergs 
from gravitational infall

• Giant radio sources have 
10% in WB at system-
scale

• Cluster sources 1–2 
orders smaller due to pdV

giant 
sources

orders smaller due to pdV
work on intracluster 
thermal plasma

Kronberg et al., Physics Today (2002)

WB at smaller (hidden) scales would 
exceed energy budget!

Need mechanism to distribute WB
efficiently to largest scales only.

cluster 
sources



New models of jet and lobe formation depend 
on nonlinear plasma physics processes

• Magnetic flux conversion between axial and azimuthal 
components of jet/lobe

• Plasma heating and acceleration in jet/lobe system due • Plasma heating and acceleration in jet/lobe system due 
to magnetic relaxation and reconnection

• Evolution and transfer of angular momentum between 
jets, lobes, and background medium



Experiments will be conducted in existing HelCat 
facility*

RF helicon plasma
• n ~ 1-5 ´́́́ 1019 m-3

• Te ~ 5 – 10 eV
• Ti ~ 0.1 eV 
• D = 10 – 20 cm

HelCat facility: ( Hel icon-Cat hode )
� Length: 4 m ···· Bz: ££££ 2.2 kG
� Diameter: 50 cm ···· 10 ms (cat.) – steady state (hel.), 1 Hz rep rate 

2 Background 
Plasma Sources

Available

• D = 10 – 20 cm
• P0 ~ 10-3 Torr

Diagnostics (partial list)
• Electrostatic and Magnetic Probes
• Microwave Interferometers (40 GHz, 96 GHz)
• Visible Spectroscopy
• Laser Induced Fluorescence

*Supported by DOE-OFES grants no. DE-
FG02-04ER54791, DE-FG02-06ER54898, 
and DE-FG02-06ER54895

Cathode plasma
• n ~ 1-5 ´́́́ 1018 m-3

• Te ~ 5 – 10 eV
• Ti ~ 1 eV
• D = 10 – 20 cm
• P0 ~ 10-4 Torr



Dual plasma sources allow flexibility in background  
plasma parameters

Cathode SourceWe are able to operate the sources individually or 
simultaneously

Helicon Source



PBEX experiment concept

plasma 
injector

(coaxial gun)

Model problem:  formation and expansion of a magnetized plasma 
“jet/bubble” (i.e., jet/lobe) into a lower pressure background plasma (i.e., 
inter-galactic medium).

vacuum 
chamber

background plasma 
30-40 cm diameter

(coaxial gun)

V ~ VAlfven

plasma jet or bubble 
(depends on gun 

parameters)



Detailed experimental layout



Adjustment of experimental parameters will allow 
studies of lobe plasma physics issues

Experimental 
parameter adjusted

Physics parameter 
affected

Effect on plasma

Gun voltage and 
initial flux, injected 
gas amount/timing

1. Bubble 
expansion rate

2. Flux conversion 
& amplification

1. Degree of 
magnetic 
domination

2. Collimation
3. Kink instability
4. Degree of 

relaxation
5. Magnetic to 5. Magnetic to 

plasma energy 
conversion

Background plasma 
source parameters
(Helicon and/or 
Cathode)

1. Density and 
temperature of 
background

2. Boundary 
conditions on 
expanding bubble

1. Amount of work 
done by bubble 
expansion

2. Plasma heating
3. Angular 

momentum 
transport

4. Equilibrium/stabi
lity of bubble at 
termination
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Multi-tip Langmuir probe diagnostic has measured th e gun 
plasma density

Probe tips

5.7 mm
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Time delay implies
propagation speed of 
» 0.5 cm/ms for argon 

plasma



3-D probe 
cluster

Plasma 
Bubble

X

Y

Z

Magnetic Probe

B-dot probe:
3 probes (x,y,z) at 11 
positions - 33 B field 
measurements

Background 
Plasma



Bubble velocity has been measured
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Bubble propagation velocity is changed by 
background plasma
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� Plasma processes are important for extra-galactic jet/radio lobe formation and 
evolution

+ Magnetic flux conversion

+ Plasma acceleration/heating due to relaxation/reconnection

+ Angular momentum transport between jet, lobe, and inter-galactic  
medium

� Numerical and observational efforts alone cannot adequately test nonlinear 
plasma physics in jet/lobe models -- laboratory experiments are needed

Summary

plasma physics in jet/lobe models -- laboratory experiments are needed

+ Model problem of magnetized plasma bubble (“jet”) with lower pressure 
background plasma (“inter-galactic medium”) being studied

� MHD modeling in progress (LANL); experiment hardware has been designed, 
built, and tested (UNM) with first measurements currently underway

� Detailed experimental measurements in close collaboration with numerical 
modeling will explore in detail the key plasma physics underlying new astrophysical 
models of extra-galactic jets and radio lobes


