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Abstract 

The desi 

?I 

n of the Radio Frequency Quadrupole 
(RI”. ) acce erator for the K Su 
Co111 er (SSC) is presented. T R 

erconducting Super 
e RFQ, which accepts 

the beam from the ion source through the low ener 
beam trans 

y 

II- beam rom 35 keV to ‘2.5 MeV. Key desi P 
ort (LEBT) line, is designed to accelera 7 e 

considerations and the final design 
P 

arameters for t 7-l 
n 

RFQ are presented. Results of simu 
e 

ation studies with 
and without misaligned input beam are also discussed. 

I. INTRODUCTION 

section of the SSC?linac 
The Radio Fre uency 

accelerated II- beam at 2.5 
frequency of 427.617 MHz. The ion source[l] followed 
by a suitable LEBT section is expected to provide up to 
70 mA of II- beam at a normalized rms transverse 

to 50 mA. The 

should also be high, preferably around 90 
beam dynamics design, described in the 

following sections, meets these goals. 

BEAM DYNAMICS DESIGN 

The fixed starting parameters of the RFQ are 
contained in Table I. 

TABLE 1 

Ions H - 

Frequency f 427.617 MlIz 

Injection Energy w 0.035 MeV 

Output Energy wF 2.500 MeV 

Injection Current (nominal) c 30 mA 

I Input Emittance & ten. rms) 10.02ncmmrad 1 

Maximum Peak Surface Field 1 -1.8 E,. (36 MV/m) 1 

A schematic of the RFQ vane geometry is shown in 
Figure 1. In the radial matching section, the beam 
changes from a round time independent shape to a 
transverse lime dependent 
the shaper section 91 

uadrupole shape. Next 
accelera es the beam to 75 keV. 

The acceleration ehicienc A and synchronous phase 
c@, vary linearly with long1 udinal position. *l 
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Figure 1. Schematic of the RFQ Geometry 

The potential used in the design has ei ht 
The first four terms of the radial electric Iiel s 

- v 1 ir\ 1 r \15 

terms. 

E =, r 0 cos2t) + A,,,3! < J cos6r+ 

kr 
A,,, 2 

kr 
I,, (kr) + A,,2 I, ikr) 1cos4~3 

2 2 

2n 
where k = -, 

P 

corres 
and t R 

ond to quadrupole, duodecapole, rf defocusing 
e octupole field components respectively. 

Alternate focusing and defocusing is not provided by 
the ‘rf defocusing and ‘octu 
volta 

ole’ terms because the 

with ‘t 
e (cos wt) and cos kz actors both than F e sign 
he same periodicity. Therefore, the de ocusing 

fields can be very important even 
H 

thou h these fields 
are an order of magnitude weaker than t ?I e quadrupole 
fields which focus with alternately focusin 

f: 
and 

defocusing fields. Figure 2 shows the re ative 
contribution of the different radial electric corn 
(the quadru P 

onents 

entire RFQ P 
ole term is -1 and is not shown) a ong the 
ength. 

Position (cm) 

Figure 2. Hi her order multipole components and the rf 
de ocusmg field along the length of the RFQ, P 
evaluated at r = r,. 
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Table 2 lists the relevant design final 
The gentle buncher section follows the s 
accelerator and the exit fringe field 
gentle buncher. 

Table 2 

Key Final Desien Parameters 

The variation of several of the parameters along the 
length of the RFQ is shown in Figure 3, as a function of 

t: 
osrtlon. Vane voltage and peak surface field along 
he length are plotted m Figure 4. 

-1.5 /11111,,11111,/1/1~,11, 
l R 8 8 

’ s El E t s a B 

BEAM DYNAMICS SIMULATIONS 

Particle simulation runs were made usin several 
versions of PARMTEQ. One version I21 inc udes the ‘? 
eight. term potential to incorporate the higher order 
multrpoles drscussed earlier. Another version 131 
calculates 3D space charge and image charge effects. 
Figure 5 shows the transverse and lon 
emlttances and the transmission along the 

itudinal 

the RF 
‘% 

4 ength of 

standar 
Figure 6 shows the 

30 mA input run. We R 
refile plots for the 
ave also considered 

the case when 30 mA and 70 mA misaligned beams are 
Injected 0.25 mm off-axis and 5 mrad off-angle in the 
x-plane. The beam profile plots for such a misaligned 
input beam of 30 mA are shown in Figure 7. In 
Table 3, transmission and emittance growths are 
presented for the case of an aligned and misaligned 30 
mA and 70 mA input beam. 
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Figure 5. Transverse and longitudinal emittances. and 
the transmission along the length of the RFQ 
as a function of the cell number, for an input 
beam of 30 mA. 

Position (al 
Figure 3. Variation of key design parameters along the 

length of the RFQ. 
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Figure 6. Profile 
P 

lots for a matched beam of 30 mA 
Multipo e code. 

Position (CR) 
Figure 4. Vane voltage and the peak surface field along 

the length of the RFQ. 
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Figure 7. Profile plots for a misaligned I Ax = 0.25 mm. 
Ax’ = 5 mrad) input beam of 30 mA 
Transmission is 93.5% 

TABLE 3 

RF STRUCTURE 

This RFQ design uses r = 0.198 cm (the aperture, 
at the symmetry point) at the low energy end. The 
beam d namics design then increases r0 to 0.366 cm at 
the hlg energy end. -ii 

In order to maintain a constant vane tip to vane tip 
capacitance with a changing r the ratio of the vane 
transverse radius of curvature”(p) to r must than e. 
The ratio p/r varies from 0.75 at the loi4 energy en B of 
the RFQ to Y.06 at the high energy end. The ratio of 
p/r0 is determined with the program SUPERFISH. 

The RFQ will be tuned using 32 slug tuners, 8 slug 
tuners in each quadrant. The slug tuners remove the 
effects of small misalignments of the vanes, tune the 
frequent of the cavity to the re 
in this LFQ 

uired frequency and 
will induce a vo tage ramp in the P 

accelerator section. 
Dipole tuners that are placed on the endwalls will 

be used to adjust the fre uenc of di ole modes away 
from the quadruple mole. &es, dipole tunes have 
virtually no effec on the quadrupole mode. 

CONCLUSION 

An RFQ for the SSC has been designed which 
exceeds the baseline 25 mA output current (30 mA 
input) and the upgrade 50 mA output current (70 mA 
input) requirements. The peak surface field, 1.81 E 
(target value = 1.80 E ) is conservative for the lo& 
duty factor of < 0.05%. There is essentially no growth 
in the transverse emittances. Simulations with 21) 

e, multipoles and ima es char es 
transmission through be RFQ?or 
mA. For 70 mA input beam the 
also fairly high, i.e., 79%. 
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