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DYNAMICS OF HEAVY ION BEAMS DURING LONGITUDINAL COMPRESSION* 

0. O.-M. Ho, + R. 0 . Bangerter,+ E. P. Lee , + + S. Brandon.1" and J . U . - K . Mark* 

Abstract 

Heavy ion beam witn i n i t i a l l y uniform l i r e 
charge density can be compressed longitufl inal ly by an 
order of magnitude in such a way that the comprised 
beam has uniform l ine charge density and 
ve loc i t y - t i 1 t prof i l es . There are no envelope 
mismatch osci l la t ions during compression. Although 
the transverse temperature varies along the beam and 
also varies with time, no substantial longitudinal 
and transverse emittance growth has been observed. 
Scaling laws for beam radius ana transport system 
parameters are given. 

Introduction 

After acceleration in an induction l inac, a 
neavy ion oeatt. whicn is to drive an ICF pel le t must 
oe compressed longitudinal ly to meet the power 
requirement for high gain. From the Jtaidpoint of 
f i na l focusing, i t may be advantageous for the 
compressed beam to have uniform line-charge density 
X ana uniform par t ic le longituoinal momentum. Tnis 
paper shows that i t is possible for the beam to 
sat isfy these reauirements et the end of the 
compression process i f the bes"1 is given proper \ 
ana v e l o c i t y - t i l t prof i les while tne beam is s t i l l 
travel ing in the accelerator before compression 
s ta r ts , th i s paper also shows that there are no 
s igni f icant envelope mismatch osci l lat ions and 
altnougn the transverse temperature varies along the 
beam and varies with time, there is no substantial 
longitudinal and transverse eraittance growth during 
compression. Scaling, laws for tne beam radius and 
transport system parameters are given for various 
regions along the drift-compression section. 

CoTpression Scenario 

Wnen the beax is s t i l l in the accelerator, 
tne longitudinal space-charge force is re la t ive ly 
small since the oulse is s t i l l long. Thus, i t is 
possible to change tne 1 p ro f i l e , from an i n i t i a l l y 
uniform p ro f i l e , to any reasonably shaoed oro f i le by 
giving the bea^ a proper veloci ty t i l t . Mien the 
desirec '* p ro f i le is achieved, the t i l t is removed 
tnrough aopropriate wave forms on the accelerating 
gaps, ho*', another veloci ty t i l t is gradually given 
to the beam un t i l the peaks of the t i l t reach 
i2C s {see Figure Ha)) nhere C s = / U e / i l g i . 
anc g is a din-ens ion less constant of order unity. 
•\o more external manipulation of the beam is reqt,ired 
beyona tnis point. The velocity t i l t compresses *:he 
oea? in such a way that tne electrostat ic force 
generateo by tne gradient of fc reraoves a l l the 
velocity "".ilt at the end of the compression process 
wmle '.n-i X pro f i le becomes uniform. The 1-3 
tneory is confirmed by 2-V2-D par t i c ' e - in -a l l 
simii tat ioi as snown in Figure 1(c). Figure 1(b) is a 
ir.termeaiate step of the bea^ evolution between 
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Figures 1(a) and 1(c). The beam envelope corresponds 
to conditions at Figure 1(D) is shown in Figure 2(a) 
and that corresponds to Figure l i e ) is shown in 
Fioure 2(b) . 
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Figure 1. Line-charge and v e l o c i t y - t i l t pro f i les at 
various stages during lonoitudinal 
compression. 
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Figure 2. Sadial part^le distribution during bearc 
compression. 

In order to aeternine the J and 
velocity-tilt profiles in Figure i(a), one realizes 
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that the equations for 1-D charged-partlcle motion 
are identical to those for 1-D ideal gas motion 
except that the pressure farce CP in the fluid 
equation is now replaced by the electrostatic force 
(i.e. E z * -gSi/az). Tnerefore, the 
longitudinal compression process can be treated 

ransverse Dynamics During Lorigituatnal Congress.Ian 
The change in \, after the beam travels a 

typical lattice period of length 2L is small, i.e. 
flA/A«l. Therefore 3 !a/&t J-G in the beam 
frame if 3*a/3t2=0 initially. Here, a Is the 
rms envelope radius. Since there is no mismatch 
oscillation, the density profile stays essentially 
uniform if it is uniforn initially. Tt>is is 
confirmed oy simulation as shown in Figure 3. 
Figure 3(a) is the projection of all the beam 
particles on the transverse plane at the tine 
corresponding tc the bean in the configuration shown 
in Figure 1(b) and Figure 2(a) while Figure 3(b) 
corresponds to team configuration at Figure H e ) and 
Figure 2(b). Thus, all forces in the transverse 
direction are 1 irtear and no emittance growth is 
observed in both the longitudinal and transverse 
directions. 

and at the beam center 

(it 

4*coB 7 He 
is the generalized perveance, Q0 Is Q at the beam 
center, and o(o e ) is the single par t i c le o»ase 
advance with (without) space-charge e f fec t . 

I f the pole-t ip magnetic f i e l d BD is 
f i xed ; o° is f ixed at 90*;" but the f ract ional 
occupancy of quadrupoles n and the hal f period L 
are allowed to vary, then 

i * conts. 
•F C3 -2n ] v * ' 

2 - . _L 

[ f ri is f ixed but 3 0 i s increasing, then 

<Z) 

Figure 3. Projection of beam particles on the 
transverse plane. 

Note that the normalized smittance c^ is 
constant everywhere along the beam and i s also 
constant in time. Therefore, the transverse 
temperature is approximatly proportional to 1/a* 
which varies along tne beam. I t is necessary to take 
th is f a u into account in the part ic le pa r t i c l e - i n -
ce l l simulation, Also not that the aosence of 
nismatch osc i l la t ions is important for f i na l focusing 
lens design considerations. 

Scaling Laws for tne Beam Raaius and for Transport 
5yste~ Parameters During Compression 

For constant external focusing strength 
without mismatch osc i l la t ions , the rms radius for a 
space-charge dominated beam varies as 

L • const. 

2. . _ L 
"• *r. 

F ina l l y , i f n and BD are f ixed but the 
aperture radius is allowed to increase and i f the 
ra t io of the aperture radius to the beam radius is 
f i xed , then 

a = Q, 

L//a -

A more detailed description of the material presented 
in tn is section is given in Ref. [ 3 ] . 

Pulse Shaping and Belated Considerations 

Pulse shaping can be easily ootained by 
delaying the re lat ive arr ival time of d i f ferent 
pulses On the target . Final ly note that the radius 
uf the beam is greatly expanded, e.q. greater than 
10cm, inside the f i na l focusing lens system. Tnus, 
the rectangularly-shapeo pulse may be able to pass 
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thraugh the lens system, which normally exceeds 20m 
in leng th , * * 1 without too much erosion at both 
ends due to the re-expansion of the rarefaction waves. 

References 

[ l ] L. J- l a s l e t t , LBL report Hi-Fan-113, 
unpublished. 

[ 2 ] L. D. Lanoan and E. M. L i f sh i t z , Fluid 
Mechanics. Oxford: Pergamon Press, 1959, C*.T. 

[3J 0. [).-». He, R. 0. Bangerter, E. P. Lee. and 
S. Brandon, "Longitudinal Compression of Heavy 
Ion Beams with Stringent Requirements on Final 
Focus," 1986 Laser Program Annual Report, 
Lawrence Livermore National Laboratory, 
forthcoming. 

[ 4 ] H1BALL-H, An Improved Conceptual^Heavy Ion Beam 
Driven fusion S e a c t ? r . . . . Study, 
Kerntorschungszentrum Karlsruhe, l9Bi>. 

[S] k. U.-K. Mark, et al .» "Studies on Longitudinal 
Beam Compression in Induction Accelerator 
Drivers," AIP Conferer-ce Proceedings 152, 
American Ins t , of Physics, 1986. 

i 


