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The electric field potential function in the RFQ radial matching section 
has been formulated, adopting the lowest order potential function expanded in 
a Fourier-Bessel series. The resultant focusing strength increases sinusoid
ally with the distance along the beam axis. The overlap between the time
dependent RFQ acceptance and the time-independent phase space of the injected 
beam has been calculated. It has turned out that overlap higher than 90% is 
available, and that a long radial matcher is preferable to shape the input 
beam. 

1. Formulation of the Potential 
The potential of electric field in a four-conductor quadrupole cavity is 

generally expanded in a Fourier-Bessel series: 

U ( r, z ,1)!, t) = t [ F 0 ( r, 1)!) + I F n ( r, 1)!) sin nkz] x cos ( wt + ¢) , ( 1 ) 
n=l 

where 
F 0 ( r, 1)!) = I A0rn r2 (2m+ 1 ) cos 2 (2m+ 1 ) 1)! , 

m=O 

Fn(r,l)!) = I Anm I2m(nkr) cos 2ml)! 
m=O 

k = 1r/L 

(2) 

(3) 

(4) 

The length, L, is a half of the periodic length, which will be determined 
later. Imposing boundary conditions that the potential is zero on the beam 
axis (r=O) and the cavity end wall (z=O), and taking quadrupole (m=l) and the 
lowest order (n=l) terms, we have 

( _ V I2 (kr) 
U r,z,l)!) - 2 I 2 (ka) sin kz cos 21)! , (5) 

(6) k = 7f/2Q_ ' 

where a is the bore radius at the output of the radial matcher, and tis the 
length of this section, which is set at a half of L to obtain smooth connect
ion to the RFQ structure. The focusing strength is derived from the coeffi
cient of the linear term of the radial component of the electric field, 

1 k2 a2 . 
B(z) = 8 I2 (ka) B0 s1n kz (7) 

"' B0 sin kz (8) 

The vane of the radial 
matcher is shaped to an equi
potential surface given by Eq. 
( 5). Figure 1 shows the vane 
cross section and electric 
field lines in the x-T)plane 
at the INS RFQ 1 LITL 1 • The 
vane is chopped at z = 0.4 em, 
so that the electric field in 
the beam passing region (r ~ 
0.25 em) may not change much. 
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Fig. 1. Vane cross section and electric 
field lines in the radial matcher of LITL. 
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2. Phase Space Matching through the Radial Matcher 
The ellipse parame

ters of the RFQ accept
ance are obtained with a 
transfer matrix through 
one focusing unit (two 
cells) of constant fo
cusing strength of B0 . 
The acceptance rotates 
with rf phase as shown 
in Fig. 2. The ellipse 
parameters of the inject
ed beam to be matched 
with the RFQ acceptance 
are'derived using a 
transfer matrix through 
the radial matcher, 
which is calculated with 
the sinusoidally increas
ing focusing strength. 
Figure 3 shows such input 
beam phase space ellipses 
matching through a 12 
cell long radial matcher 
of LITL. A~ is apparent, 
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Fig. 2. Phase space 
ellipses of the RFQ ac
ceptance in the case of 
LITL. B0 = 5 and En 
0.6 n mm·mrad (v/c = 
0.00326). 
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Fi~. 3. Phase space 
ellipses at the input of 
the radial matcher. They 
are matched with the RFQ 
acceptance ellipses in 
Fig. 3 through a radial 
matcher of 12 cells. 

the ellipse parameters·are almost in
dependent of rf phase, and an ellipse 
can be drawn over the phase space ones 
so as to attain overlap higher than 

6 r---...----,---,..---,..---, 120 

90 %. 
Although a shorter radial matcher 

might do from the point of view of 
overlap, a long radial matcher is pre
ferable, as the ellipse parameters of 
the matching input beam phase space 
varies with the length of the radial 
matcher. As is shown in Fig. 4, with 
increase of the length, the size of 
the input beam gets large and its 
gradient small, i.e. the beam shaping 
gets easier. As the cell length is 
short in the radial matcher (0.49 em 
at LITL), a large number of cells does 
not cost length. 
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Fig. 4. Dependence of the size of 
the input beam (a = ISE/n) and its 
gradient (a' = lyE/i) on the length 
of the radial matcher. Focusing 
strength and input beam emittance are 
same as in Fig. 2. 
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