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DYNAMICS OF HERYY ION BEAMS DURING LONGITUDINAL COMPAESSION*

0. 0.-M, Ho,? R. Q. Bangerter,t €. 7. Lee,** S, Brandon,? and J. w.-x. Markt

Abstract

Heavy ion beam witn initially uniform lire
charge density can b2 comoressed longituginally by an
order of magnituge in such a wady that the campressed

beam has  uniform line charge density and
velacity-tilt —profiles. There are np envelope
mismatch oscillatians during compression. Although

the transverse temperature veries along the beam and
also varies with time, no substantial Jongitudinal
and transverse emittance growth has been oObserved.
Scaling laws for beam radius ana transport System
parameters are given,

Introduction

After acceleration in an induction linac, a
neavy ion beam which is to drive an ICF pellet must
pe compressed longitudinally to meet the power
requirement for high gain. From the stadpoint of
final focusing, it may b2 advantageous for the
compressed beam to have uniform line-charge density
A and uniform particle longitucinal momentum. This
paper shows that it is possible for the beam te
satisfy thase requirements at the end of the
compression process if the beam is given proper )\
ang velocity-tilt profiles while tne beam j5 still
traveling in the accelerator before compression
starts. This paper alsp shows that there are no
significant envelope mismatch oscillations and
altnougn the iransverse temperature varies along the
beam and varies with time, there is no substantial
longitudinal anc¢ transverse emittance growth during
cempression.  Scaling laws for the beam radius and
transport system paraveters are given for various
regions along the drift-compression section.

Comoression Scenario

Wnen the beat is still in the accelerator,
tne Jonaitudinal space-charge force s relatively
small since the oulse is still long. Thus, it is
poscibie to change tne ) profile, from an initially
uniforr prefile, t3 any reascnakly shaoed orofile by
giving the bead & proper velocity tilt., Wnen the
desirec . profile is achieves, the tilt is resoved
tnrough aopropriate wave forms on the accelerating
how, another velocity tilt is gradually given

9aps.
toc the beam until the peaks of the tilt reach
220 (see  Figure 1(a)}  where (= /Z&fz)ql

anc g s a dizensionless conrstant of order unity.

o more external manipylation of tne beam is required
beyono tnis point. The velpcity tilt compresses *he
oeam in such a way that tne electrostatic force
generateg by tne gradient of i removes all the
velocity %31t 2t the end of the compressicn nroc=ss

wnile tng X profile oecomes uniform,  The

tneory is5  confirmed by 2-1/2-D particie- 1n-a]'l
simutation as snown in Figure ){c}, Figure J(b} is a
intermeaiate step of the bean evolution between
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Figures 1{a) and 1(c}. The beam envelope corresponds
to conaitions at Figure I(p) is shown in Figure 2{a}

and that corresponds to Fiqure lic) s shown in
Fiqure 2(b}.
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Figure 1. Line-charge and velocity-tilt profiles at
various stages guring lonaitudinal
campression.
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Figure 2. Radial part.le distribution during beam

compressicn.

In  arcer to aqetermine the 3  ang
velocity-tilt profites in Figure i(a), ane realizes
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that the equations for 1-D charged-particle motion
are identical to those for )-D ideal gas motion
except that the pressure farce P in the Tluid
equation is now replaced by the electrostatic force
(i.e. Ey = -g3ifaz). Tnerefore, the
longitudinal comoression process can be treated
exactly as tne time-reversal process far the free
expansion of a slao of gas »nlh initial constani
pressure anc cemsity profiles.’ A mare detziled
cescription of the longitudinal corpression scenario
is given in a forthcoming report.

Transverse Oynamics Durieg Longituainal Compressian

The change in 1, after the beam travels a
typical lattice period of Iengtn 2L is small, i.e.
83/ h<sl. Therefore  32a/5t+0  in the  beam
frame if 3%/3t2=0 initially. Here, a 1is the
rms envelcpe radius. Since there is no mismatch
oscillation, the density profile stays essentially
uniform if it 95 unifarm  initially,  This is
confirmed b5y simulation as shown in Figure 3,
Figure 3{a) is the projestion of all the beam
particles on the transverse plane at the time
corresponding tc the beam in the configuration shown
in Figure 1{h) and Ffigure Z{a) while Figure 3(b}
corresponos to beam configuration at Figure 1{c) and
Figure 2{b). Thus, all forces in the transverse
direction ere linear and no emittance growth is
observed in both the Jongitudinal and transverse
directions.
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Figure 3. Projection of beam particles on the
transverse plane.

Note that the normalized emittance cy
canstart everywhere along the beam and is also
constant  in  time. Therefore, the transverse
temperature is aporoximatly proportional to lzat
which varies along tne beam. It is necessary t0 take
this fact into account in the particle particle-in-
cell simulation, Also not that the apsence of
mismalch oscillations is important for final focusing
lens design considerations.

Scaling iaws for tne Beam Ragiys and for Transpert
Syster ParaTeters During Compressian

For constant external focusing strength
without mismatch oscillations, the rms radius for a
space-charge dominated beam varies as

a=/y
and a3t the beam center (3]

where

. 2283

aneeB y M’
is tne generahzed perveance, 0, is 0 at the beam
center, and o(a®) 15 the single particle phase
advance with (without) space-charge effect.

If the pole-tip magnetic field B° s
fized; o° is fixed at 90° but the fractional
gccupancy of quadrupoles n and the half ogeriod L
are allowee to vary, then

ALl e,
conts.

—<onts. 2)
/7 {3-2n]" ¢
L.
0° '/Q—,

If n is fixed but 8, is increasing, then

L=

By =
L = Const. 3)
<
and
g .1
9, T -

Finally, if n and B, are fixed but the
aperture radius is allowed to increase and if the
ratio of the aperture radius te the beam radivs s
fixed, ther

asqQ,

L//3 = const., (a)
and

o .1

W g

A more detailed description of the mzteria) presented
in tnis section is given n Ref. [3].
Pulse Shaping and Aelated Zonsiderations

Pulse shaping can be easily ootzined by
delaying the relative arrival time of different
pulses on the target. Finally note that the radius
vf the beam is greatly expandeg, e.q. greater than
10 cm, 1nside the final focusing lens system. Tnus,
the rectangularly-shapeo pulse may be able to pass



thraugh the lens system, which normally eaceeds ZUm-

in

length,*+® without too much erosion 3t both

ends due 1o the re-expansion of the rarefaction waves.
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