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Malmberg-Pennning Trap

Confined thermal equilibrium

f=Cexp(—H,,/kT)

Potential well in rotating frame
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Long lived quiescent confinement




Imaginary cylinder of uniform neutralizing negative charge

e, (r,z2)=eq,, (r,z2)+ mmd, — W) /2
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The plasma matches its density to the density of the imaginary
neutralizing negative charge out to some surface of revolution
where the supply of plasma charges is exhausted, and there the
plasma density drops off on scale of Debye length.

Signatures of thermal equilibrium:
 density = constant
* temperature = constant

* rotation frequency = constant



UCSD ion trap

18 hours old plasma

PARALLEL BEAM

0o .

2 Los

20 P ™ ]

- n ... 1 —_—

; ‘ L0.6 >
¢ 0 1 ()

154 ' \ 12

n [10° cm™]

: ' 104 [~
104 ; . .
|I |I X :
ION SOURCE ' ./ 5 ) o2
MEVW S ; L
| 0

|| :_

| [ PHOTON i 1

PERPENDICULAR - COUNTER & :
BEAM - :

(@) ]

p— i

> ]

>” {

3

F. Anderegg and C.F. Driscoll Relax to near-thermal equilibrium




Microscopic order

The Gibbs distribution for the magnetically confined plasma is the same as that
for a plasma confined by a uniform cylinder of neutralizing negative charge.

Thus, the magnetically confined plasma is a simple laboratory realization of a well
known theoretical model: the one component plasma (a system of classical point
charges embedded in a uniform neutralizing background charge). The OCP was
studied as a model for high density matter (e.g., degenerate star).

For an infinite homogeneous OCP, the correlation properties are determined by
the coupling parameter: [ = e2/akT, where 4ma3n/3 = 1.
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bce crystal observations  '-8x10° Betions
n =4x10% cm3, T< 10mK
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Bollinger et al., Phys axial predicted spacing: 12.5 pm
Plasmas 7 (2000) cooling beam measured: 12.8 + 0.3 pm



Modeling fusion in dense matter

Salpeter enhancement factor for the thermonuclear fusion
rate:

R, =Re'.

fusion
For a strongly magnetized plasma (r. << b =e?/kT) the
cyclotron action is an adiabatic invariant that is broken
only by close energetic collisions; there is an analogy to
fusion, where nuclear energy is released only by close
energetic collisions.

Dubin (Phys. Rev. Lett., 2005) showed that the analogy is
guantitative:

V=W e', where dT | / dt = v, (@,-T)).



Measured collisional equipartition rate

in a pure 1on plasma \
ar, /dt=v (I, -T,)
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Anderegg et al. UCSD, Phys. Rev. Lett. (2009); Phys.
Plasmas (2010)



Measured enhancement factor

Theories for
enhancement factor:
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Plasma modes are easy to excite
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F. Anderegg, N. Shiga, J.R. Danielson, D.H.E. Dubin, and C.F. Driscoll, R.W. Gould, Phys. Rev. Lett. 90, 115001 (2003)



Thermally excited TG plasma modes
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As the plasma temperature T, increases:
- Mode frequency increases
- Landau damping increases and resonance width increases

- Area under the resonance curve increases



Plasma temperature from thermally excited mode
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Use a room-temperature amplifier

The plasma temperature is non-destructively

determined by ”listening” to plasma fluctuations.

F. Anderegg, N. Shiga, D.H.E. Dubin, and C.F. Driscoll, UCSD; and Roy Gould, Phys. Plas. 10, 1556 (2003)



Source

Modeling 2D 1deal flow with electron plasma *

B, ~ phosphor
screen
CCD
camera

Qc >> a)bounce >> wdrift

(2D ExB drift flow) <sssp (2D Euler flow)

drift velocity <«—p fluid velocity
electric potential «==s stream function

electron density <  Vorticity

Advantages: image vorticity directly; extremely low viscosity (R> 10°); no
boundary layer at walls (free slip bc); and high shot to shot reproducibility.

* Driscoll et. al. UCSD
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