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Abstract 

The four-gap superconducting resonators which have been 
developed at Argonne for u5e in the low-beta positive ion- 
injector for ATLAS [l] have potential applications for ion5 
with velocities less than 0.007~ and q/m less than 0.1. It 
was previously observed that at low velocities these stmc- 
tures can be focus5ing in both longitudinal and trans- 
verse phase spacn due to an inherent alternating-phase- 
focw5ing property [2]. Studien are underway to deter- 
mine the optimum combination of m&i-gap structures and 
solenoida at low velocity and low q/m. In this paper we 
present the results of acceptance rtadk for the Arat three 
resonators at the front of the positive-ion injector hnac, 
with and without the focasaing solenoids. These ntudiw 
include the effects of higher-order distortion5 in longita- 
dinal and transverse phase space5 since miaimkng such 
aberration5 is very important for most auclcar physica ag 
plications of such acceleratorn. 

I. INTRODUCTION 

The new positivoion injector (PII) linac for ATLAS nsa 
18 Cgap superconducting niobium resonators [l] to accel- 
erate ion5 a5 heavy as uranium Corn initial velocities of 
about 0.008~ [3] [4]. The successful performance of this 
new linac has led us to investigate po55ible extensions of 
this technology to even lower velocities, with potential ap 
plications in the acceleration of radioactive beams. We 
are first investigating the details of the beam dynamiu at 
the low velocity end of this linac, with special emphashr 
on the transverse and longitudinal acceptances and non- 
linearities. (see paper Gag of this conference [5].) Figure 
1 is a schematic of the first two types of resonator at the 
entrance of the PII linac. 

BEAM 

Figure 1: The tint two of the four typn of superconducting 
reaonaton in the PI1 Iinac; they are 48.5 MHs quarter-wave 
rtmcturcs. The 11 type (left) ha5 an efkctirc length of 10 em, 
in which the beam energy more than doublc5. 
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II. ALTERNATING-PHASE FOCUSSING 

Due to the rapid velocity increase in the Arst few gspB 
of this l&c, as shown in Figure 2, there h an inherent 
alternating-phase focus&g aspect to the beam dynamics 
[2] [6]. Figure 3 illustrates that the transverse focussing 
for an argon beam b so strong that an initially diverging 
beam is brought to a waist within the first 10 cm. Figures 
4 and 6 illustrate more schematically the tramverae and 
longitudinal focussing properties of the fist two resonators 
for both ugon and uranium beams. 
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Fiure 3: The evolution of a transverse phase space ellipse 
through the 11 resonator. The beam is “A?‘+ and it ls di- 
paging aligbtly w it cuterr the the resonator, at the upper left 
bcu of the ligme. (The beam is travelling left to rigbk darting 
at the upper left and then from the top to bottom row.) The 
very strong trsnsvcrse fo cushg of the first gap is seen in the 
top row. In each box the vaticd srt is divergence in mx and 
the horisontal ts sine in mm. The dcnlatiom are the rem&a of 
raytracing with up to third order terms in the reaonntor electric 
geld distribution. 

Figure 2: The velocity, beta, of a uranium beam entering the 
11 resonator at about 0.0086~ and leaving st about 0.0134~. 
The gradient is 4.6 MV/m over the 10 cm dfective length of 
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III. NONLINEARITIES 4 0.2 
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The low velocity end of the PI1 linac consists of the follow- 
ing components: solenoid, 11 resonator, solenoid, 12 res- 

onator, solenoid, second 12 resonator, etc. We have done 
calculations to compare the acceptances of the linac, in 
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longitudinal and transverse phase npaces, for this start- 
dad configuration ami for the -e with the firat three 

Figure 4: Raytracing of initially padlel trajectories through 

superconducting solenoids turned off. ‘C~ometrical” and 
I1 snd I2 The uppa p,ot L for B ~-,,p+ beMl and the lowu 

“biiear” acceptances were evaluated [5]. Although the ac- 
ia for a sssU1’+ beam. In tbia case the vertical aria is the time 
d cviation 

ceptances are signitlcantly greater with the solenoids, the 
from the central partid. In both eases the d phases 

results without look promising enough to search for more 
8re set for longitudind focussing. 

optimum configurations. Since the present calculations 
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Figure 5: Plots similar to Figure 4, but in transverse pbaae 
.pace. The I1 resonator is stonily focuaiug for both beams, 
while D t only dighly focuauiug. 

have been done with the actual linac configuration, it will 
be straightforward to teat these predictions with actual 
beams in the near future. Figure 6 shows the predicted 
degree of distortion after three resonators for a uranium 
beam with no transverse focus&g between them. 

IV. FUTURE STUDIES 

These stud& will be continued, to devclopc the optimum 
combination of rcaonaton and tra~vemc focuming ele- 
mentr. Experimental studies will be done to test the prt 
dictions. As we gain experience with and understanding 
of the dynamics of these linac structures, more cost effec- 
tive solutions will abnost certainly evolve. For the fiat 
staged of acceleration of radioactive b- structures ca- 
pable of accelerating ions with q/m values much less than 
the present 0.1 will be ncc-y. It appears that the PI1 
technology will also be useful in this lower velocity, lower 
s/m regime. 

This work was supported in part by the U.S. Department 
of Energy, Nucl. Phye. Div, under contract No. W-31-109- 
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Figure 6: The shaded ellipse in the uppa left box rcpraems a 
trauavaue area of llr mm.mr for a uranium beam enterbtg the 
11 ruonator. The lower ri& box dmw the particles transmit- 
ted, as calculated via raytracing. l-be lower left box shows the 
same partida calculated to tint order only. The upper right 
shows the amount of emittance growth iu the lougitudinal cuor- 
diuata iu keV vertical uxis and nsec horlsontal axis. The initial 
10ngitu&al emittaucc “as assumed to be sero to illustrate the 
coupling t-. 
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