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Waves in non-neutral plasma

« Diocotron wave -simple infinite length model




Diocotron mode

Where does the name comes from?

Diocotron comes from Greek “pursue, chase”

Hollow electron beam => Diocotron instability

This talk is about stable diocotron wave NOT diocotron instability of hollow plasma



Diocotron wave

Let’s consider the simplest case: monotonically decreasing density profile

B ® B

Long “rigid” plasma “Penning-Malmberg”

Density perturbation: 5n(r)exp{/( m, 6 + k
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“Infinitely” long plasma column m,=1

Replace the wall by an equal and opposite image charge such that
the potential at r=R,, is constant
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Let’s find out S such that ¢(R,,,8)=constant



Potential of o line charge
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Electric field from a line charge

Using Gauss’ law E - 2Q _ Ng
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The image charge electric field at r=0 is: E = NG _ -N.q D2
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The ExB drift velocity of the (real) charge in the electric field of the image charge is:
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The infinite length small amplitude diocotron frequency is:




The diocotron frequency is frequently expressed in term of the rotation frequency
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The diocotron frequency is the rotation frequency of a plasma extending to the wall



Higher order diocotron mode
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The diocotron plasma mode is a negative energy mode!

The image charge have opposite sign of the “real” charge

> 5w

Increasing D reduces S

LR/ L9 -N 9 The plasma is attracted towards its

image charge.

The electrostatic energy decreases
as the mode amplitude increases.
Kinetic energy is negligible.

How much electrostatic energy to displace the plasma by D in the image
electric field?
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The diocotron mode can be destabilized by dissipation!
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Use feedback circuit to damp the mode
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Figure 3.4: Feedback growth rate versus phase shift.

Diocotron mode is a tool to move the plasma off axis

« phaser picture (before CCD image of plasma)
 load off axis multi-trap (Surko’s multicell)



The diocotron frequency can be used to measure the line density

We have to be careful here
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Waves in non-neutral plasma

 Diocotron wave

-finite length, finite amplitude corrections




Large amplitude diocotron

For large displacement, the column distorts into an elliptical cross-section

Non-linear correction
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Finite length diocotron

Confining potential push the plasma in the z-direction.

This result in a radial force on a off axis plasma.

Confining potential add to the force due to the image charge Ftot = F, + FC

Image confinement
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Experimental test of finite length effects
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Magnetron mode

For small short plasma the confining potential dominates
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Waves in non-neutral plasma

* Plasma wave -Trivelpiece-Gould (TG) wave




Plasma wave

Infinite plasma
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Density perturbation:
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With thermal pressure |~ = —CU + 3V2k 2| " Trivelpiece Gould mode
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k2= k2 + Kk

Standing plasma wave
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In the radial direction the potential vanish at the wall.
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Finite length TG modes

For a long column “acoustic” dispersion relation

] o
143
2

Vo

Ry

\/d//a/ for m9=0
2

0=,k Rp(lln

My#0 rrode are Do/?p/er Stnfted 5}/ Zhe rolation f’re?aency
7721‘5 can be wsefu/ For Sornre roiaf/hg ewal/ qpp/z‘cafion

Ky = K, +aR, + Ry, Ko COrrespond to a longer wavelength than &

Jennings J.K.; Spencer R.L.; Hansen K.C . Phys. Plas. , 2, 2630, (1995)




All these m

m =2 K
N
AN

"N

%//3/7er m, res«/¢s
Y2 /7/:9/73/- £} regency

.

L.

my=3 ( m =3 /\\//\>

Higher My resu/ts Yigher My resw/ts
in lower - MyWe in lower fre?aency



Higher order TG modes

100 |

(Mg, m,, m,)

77 modes travel! Forward or backioard
on Che rot affng p/ asma colurin

Phys. Plasmas 7, 2776 (2000)



Waves in non-neutral plasma

 Plasma wave
-Thermally excited TG wave




TG modes are easy to excite
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Thermally excited TG plasma modes
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As the plasma temperature T, increases:
- Landau damping increases
- Mode frequency increases

- “Area under the mode increases”

PRL, 90, 115001 (2003)



Non-Neutral plasma can relax to a state of thermal equilibrium in the rotating frame.

e thermal ¢ motion in the plasma
g excited by 1 “reverse Landau damping”  “Cerenkov radiation”

* noise in the load
Plasma mode is <

_ damped by I * Landau damping
 Load dissipation



Nyquist’s theorem (“thermal noise in a resistor”)
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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.

Phys. Plas. 10, 1556 (2003)



Waves in non-neutral plasma

« Cyclotron wave




Cyclotron modes are a useful tool for identification of impurities ion

Thermal cyclotron spectroscopy.

* Heat resonantly impurity ions at their cyclotron frequency

* Hot impurity ions heat Mg,, through collisions

* Fluorescence of the Mg,, cooling laser beam increases
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Cyclotron wave

For single particle the cyclotron frequency is |2, = 2aF, =

q B

m

Radial force balance (m, =1)
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IfE =0 thenf = F"

But E, is generally non-zero due to space charge, image charge, and trap potentials



Center of Mass Mode Frequency (m,=1)
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Surface Cyclotron Modes




Uniform Density Surface Wave Theory

Solve Vlasov-Poisson equation for an cos(m0) perturbation in the f, frame
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Cyclotron Mode Frequency [kHz]
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Summary

* Diocotron wave - measure N,

- control position of the plasma in trap

 Plasma wave - useful for RW application

- Thermally excited: Temperature diagnostic

» Cyclotron wave - measure the plasma composition
- measure the magnetic field

Publications can be found at nnp.UCSD.edu
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