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* Introduction/Motivation

* The Paul Trap Simulator Experiment (PTSX)
* Collective Modes

 Transverse Compression

e Summary



PTSX Simulates Nonlinear Beam Dynamics
=PPPL in Magnetic Alternating-Gradient Systems
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« PTSX simulates, in a compact experiment, the transverse nonlinear dynamics of intense beam
propagation over large distances through magnetic alternating-gradient transport systems.

* PTSX is a beam-frame experiment.

» The equations of motion for transverse particle dynamics have the same form.

Other Intense-Beam
Studies, Paul-trap-based
and otherwise:

Okamoto and Tanaka
Drewsen et al.

Kishek et al.




Scientific Motivation
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As self-field effects become important, it is
important to develop an understanding of:

* Beam mismatch and envelope instabilities;
* Collective wave excitations;

» Chaotic particle dynamics and production
of halo particles;

* Mechanisms for emittance growth;
« Compression techniques; and

« Effects of distribution function on stability
properties.



%FPF[ PTSX Configuration — A Cylindrical Paul Trap
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Plasma length 2m Maximum wall voltage ~ 400V
Wall radius 10 cm End electrode voltage <150V
Plasma radius ~1lcm Frequency < 100 kHz
Cesium ion mass 133 amu Pressure 5x10-° Torr
lon source grid voltages <10V Density 10°-10% cm3




Transverse Dynamics are the Same
=PPPL Including Self-Field Effects

Quadrupolar Focusing

Self-Forces

Field Equations

Vlasov Equation




Transverse Dynamics are the Same
=PPPL Including Self-Field Effects
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eLong coasting beams
*Beam radius << lattice period

 Motion in beam frame Is nonrelativistic

Then, when in the beam frame, both systems have...

« Quadrupolar external forces

 Self-forces governed by a Poisson-like equation

eDistributions evolve according to nonlinear Vlasov-Maxwell equation
lons in PTSX have the same
transverse equations of motion as

lons in an alternating-gradient
system in the beam frame.




~PPPL Force Balance and Normalized Intensity s

............
PHVYSILS LABORATORY

If p = n KT, then the statement of
local force balance on a fluid
element can be integrated over a
radial density distribution such as,

n(r)= n(O)EXp{_ mw;ﬁ;l;qqf (r)}

to give the global force balance
equation,

qu

ma, R® = 2kT +

o

for a flat-
2 .
5= % | |Y @ sy top radial
Za)q ) den3|ty
distribution
S v v,
01 095
0.2 0.90
0.3 0.84
0.4 0.77 PTSX-.
0.5 0.71 accessible
0.6 0.63
0.7 0.55
0.8 045
0.9 0.32
0.99 0.10
0.999 0.03



s)xl'l’l’l Electrodes, lon Source, and Collector
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Increasing source current creates
plasmas with intense space-
charge.

Broad flexibility in applying V(t) to
electrodes with arbitrary function
generator.

Large dynamic range using
sensitive electrometer.

Measures average Q(r).
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PTSX Simulates Equivalent Propagation
Distances of 7.5 km
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Collective Modes
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Can we use measurements of the
spectrum of collective modes to
infer plasma properties?



m =0 and m = 2 Collective Mode Frequencies can be
a)‘l'l'l’l Derived from KV Envelope Model
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Measuring Beam Oscillations and Inferring Beam
Normalized Intensity s
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Measured
frequencies...

... determine unique
“normalized intensity.”
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ma, R® = 2kT +

o

If line density N is constant and 47 doesn’t change too
much, then increasing o, decreases R, and the bunch
IS compressed.

w, =——"%

8eV0max
, 2,5
mrvr, f

Either

1.) increasing ¥, ... (increasing magnetic field strength) or
2.) decreasing f  (increasing the magnet spacing)
increases o,



Instantaneous Increase in Average Transverse

=PPPL Focusing Frequency o,
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Compression is Possible but Increasing Phase
%}jl'l’l'l. Advance Degrades Transverse Confinement
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Adiabatic Increase in Average Transverse Focusing

=PPPL Frequency o,




Adiabatic Amplitude Increases Transversely

%jl'l’l'l. Compress the Bunch Better
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Less Than Four Lattice Periods are Needed to

=PPPL Make the Transition Adiabatic
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Amplitude (arb)
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On-axis charge (pC)
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On-axis charge (pC)

Good Agreement Between Data and KV-
a)‘FPFI. Equivalent Beam Envelope Solutions
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PTSX is a Compact Experiment for Studying the
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PTSX is a versatile research facility in which to simulate
collective processes and the transverse dynamics of
intense charged particle beam propagation over large
distances through an alternating-gradient magnetic
guadrupole focusing system using a compact laboratory
Paul trap.

* Measured frequency spectrum is consistent with the
observation of the m = 0 and m = 2 collective-modes, but
more work needs to be done.

e Transverse compression can be achieved with low
emittance growth through either adiabatic Iattice
amplitude increases or lattice period decreases.



