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PM trap and plasma parameters
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Ap < Ly
Plasma regime defined by n,(Ap)3> 1

electron density
electron temperature
thermal velocity
plasma frequency
cyclotron frequency
gyroradius

bounce frequency

Wpe = neez/gome
Wee = eB/m,
Te = V7 /Wee
fo = VT/ZLp
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Cold-fluid equilibrium

« Momentum balance equation for a cold fluid (at equilibrium, neglecting pressure)
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force balance
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Cold-fluid equilibrium space-charge force too large

Physics of Nonneutral Plasmas
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Cold-fluid equilibrium

* At low electron density or high magnetic field, w,, can be approximated by
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fr = pr— (slow E X B rotation frequency)
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* @Guiding centre drift due to a general constant force




Single-particle trajectories

Circular Gyration with
Period T=2/(wte-wre)
in Rotating Frame

<«—— Axis of Rotation
(Byé, out of the page)

* Typically, radius p < Ap, 13, so the particles are “tied to the field lines”
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Longitudinal confinement

* Plasma screens out the axial electric field by creating a space-charge potential ¢,

b = b, + by (independent of ) g _ 2

, rF>r
2eyr P

* Assuming that ¢(7;,) = 0 and integrating the radial electric field

H(r) =2 {1 +2In (L)] LY min required trap

e Ip 4€o voltage

e Potential difference between the wallandr = 0 is

agp — I {1 2 (f‘_w)] A = 2.2 x 1010 u(%;_ﬂ)‘ (at the Brillouin
4eo Fp density limit)




Finite temperature and thermal equilibria

Uniform temperature T

/ Viscosity acts to remove shears in w,
mnv-Vv=gn(E+vxB)-Vp p = nkgT

w
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wTe Radially

n(r,z) = Ce 9ar(r.2)/kaT Confined
Equilibria
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Poisson-Boltzmann system
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Finite temperature and thermal equilibria
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Figure 3.10. Plot of the thermal equilibrium density profile nl(r)
versus r/Ap. calculated numerically from Eqs.(3.29) and (3.30) for . . .
202 Jw?, = 0.5361 and wre fwiz — 1 = 0.938 x 107, * Relaxation occurs up to 5000 times faster than predicted
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Constants of the motion

e Canonical angular momentum Constant if
for a particle o external field and potential are

cylindrically symmetric
qB

Pg = MUpT + 77" o absence of other force with 0
component (e.g., collisional drag on
neutral gas)

* For a sufficiently large magnetic field

B
P@ Eq— 7’}2
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Cross-field transport trap imperfections gas collisions
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Cross-field transport

(Plasmas at low neutral pressure)

* Expansion rate

device dependent constant

https://doi.org/10.1016/S0969-806X(03)00194-4
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Cross-field transport

* Transport due to electric and magnetic asymmetries

UHV PM trap (5-tesla field)
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FIG. 3. Net expansion rate Ay vs asymmetry strength V, for
a low rigidity plasma (R = 2.5) and a high rigidity plasma

(R = 62).

EV  CamV
Oceci Brkly
§I||I| I I IIIIII| I T IIIII| I T I;
- R=2.0 §
- n=6g6cm ° : V&} 7
= B=0.19kG E
- T=2.4eV B
- L=30cm |
3 & \i§§;§
. & A
— * “
= A TE
g * ]
- ¥ ’
3 W R=62
- % n="7s6cm ° ]
L ¥ B=5.0kG _|
X r=14ev ]
B | | L::EOlcm ]
10~ 1 109 10l
Vg [Volts]

doi: 10.1103/PhysRevLett.85.2510


https://doi.org/10.1063/1.2179410

Plasma heating and cooling Cooling 1/ B\2
« cyclotron cooling I = Z(ﬁ) (s™H)

Heating sources: (requires 21, > A;)

* RF noise on the confining electrodes . , , 1dT <.
o * collisional cooling on atomic _ Vi€
* OQOutward plasma expansion itself [ ==—= ——+
or molecular gases T dt T
I, = l T _ €Po V; - excitation rate for a vibrational mode j
T dt 2nT ) ° & - transition energy for mode j

* |f neutral collisions dominate both the transport
@ - potential at r = 7, and the cooling:
1/m —fraction of space-charge

potential that is dropped ,
across the plasma ’ . ’ \2 .
ﬁ_rh_ VPT wp _Ip (”) _Sngj re
. n
. rc 4VJ£J ¢ ;LD B VpT I,p
https://doi.org/10.1016/5S0969-806X(03)00194-4
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Rotating wall technique

Rotating electric field injects angular momentum

S-phase * Good compression for the axial extent of the RW
{@ electrode less than half L,,
kol
Sositrons 270 180 i osphor e Usually RW electrode located at one end
f'r,:)rrrr}f trap \ screen
4 w * Radial electric field rotating in the same direction as the
plasma
k' B plasma
| P o eB 2 ) Srw > [z compression
; ° 6=—""7 /T :
DC bias DC bias 2 L Jew < fr  expansion
J
B=5T
==amls
| | cch * Cooling is required to counteract the heating caused
T e T 100 v+5 Windiah by the torque-produced work on the plasma




Rotating wall technique 25|
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Rotating wall technique
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Approaching the Brillouin limit
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High density => large space-charge, large non-circular orbits nearly ‘}
Higher density limited by molecular collisions unconfined
E X B orbits
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Non-destructive diagnostic techniques

Diocotron modes (k, = 0 plasma Trivelpiece-Gould modes
oscillations) (finite k, plasma oscillations)
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Summary

* Plasma can reach steady state —rigid rotor
* Strongly magnetized plasma => particles “tied” to the field lines
* Diagnostics: oscillation modes to measure N, n, T and aspect ratio
e Qutward transport (trap imperfections, gas collisions)
 “Anomalous transport” in UHV
* Expansion => Heating
* Compression possible with RW
* Minimise transport
* Maximize cooling

* Density limits yet to be determined




