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Matching Fingers in the Four Rod RFQ
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Abstract

Matching the DC beam to the four rod RFQ is
accomplished by straight or bent fingers. The paper reports
behavior of several configurations with respect to radial
mismatch factors and outcoming energy spread.

1. POTENTIALFUNCTION

Following suggestions as reported in
discussion is based on the potentialfunction

[1],[2] the

o(r,z, 9, t) = %\—/ cos wt[ cos 20F (1, z) + cos 60F (1, z) |

Fi(r,2z) = % Cil,(ikr)cos(ikz)
=1

Fi(r,z) = 3 Dile(ikr)cos(ikz) M
=1

i=2]-1 here and in following equations

Cylindric coordinates r,8,z, particle velocity v, B = v/c,
vane voltage V, rf of RFQ f, @ = 2nf, mean aperture R.

Fig. 1 illustrates the corresponding periodic sequence of
the electrodes, where the section from z = -L to z = 0 is
investigated. This distance amounts to (N+1)BA2 cells
defining the matcher as well as its wave number k = /2L.

> gapv<
Tx
} + P,
-L ~BA2 0 L
/ straight fingers \

bent fingers
Fig. 1 Periodic electrode sequence

A stands for the regular transition of the potential (1) to
the one, which starts with plain electrodes from z=0 on.

AT = "ﬁfx(cjlz(jla) + DjI.s(jkr)) )

The Fourier coefficients C, characterize the slope of the
fieldgradients

Tj2C; cos(jkz

E/(Z) _ v 2)°C;cos(kz)

R? LG @)

For bent electrodes they are chosen such, that the slopes
have the form of trapezoid. This is shown in fig. 2, where the
choice with integer M,j=2i-1,i=1toimax =5 is

G = l‘( D*! sin(3iM) )

In case of a matcher with straight fingers (angle o in fig.
1) the C, are determined by way of a least square fit of the
potential equ. (1) (with all D, = 0) to the electrode potential
V/2 with an aperture function s(z) according to

-—5—? |:¢(s(z) 2,8=0,t=0) - —urdz -0 (5a)
8C; o T ’ 2

On the electrodes -L+g <z <0, U = AV, in the gap from
-L to -L+g the potential slope along the dotted line was
calculated with [3]. If we regard a four rod configuration, the
rod radius should obviously be kept constant, and may for an
example agree with the free aperture R. Corresponding D;'s
can again be evaluated with a least square fit. In this case the
set of inhomogeneous linear equations with degree imax for
the unknown D; is derived from

oy [Rz( 2 3 q’JLs(z)x.M,w ~0 (sb)
1o

8D; 692

Ry(2) = —s(z)|tﬂ + 1]

Of course the interpolation of the potential within the gap
is accomplished in the same way as in (5a), given C's
included. For bent electrodes imax = S suffices, straight
fingers, however, require imax > 10. Table I examplarily
shows coefficients of an optimized matcher design and fig. 2
and 3 pgive examples of fieldgradient slopes and
corresponding matcher configurations.

Table 1 Coefficients for k = TI/2BA, M =2

C(1) = 0.7071+000
C(3) = -0.8730-002
C(5) = -0.1131-002
C(7) = 0.2945-003
C(9) = 0.1078-003

D(1) = 0.3039+001
D(3) = -0.8829-002
D(5) = 0.3638-003
D(7) = -0.3035-004
D©) = 0.3367-005
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Fig. 2 Scheme of bent fingers and corresponding
fieldgradients, N = 4
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Fig. 3 Schemz of straight fingers and corresponding
fieldgradients, N = 3, gap = fA/4

2. MoTion

Transverse particle motion follows the equation

d’r _ eAVk
de2 2m

Gi(r,z) = ZjCj[In(Jkr) - .le(ikr)] cos(jkz)
=1 jkr

- cos(ot + @) €05 20G (1, Z) + cos 680G, (1,2) ]

Ga(r,2) = Zij[I5(jkr) - fk‘r‘lé(ikf)] cos(jkz) (6
=1

while the longitudinal equation is

d’u _ eAVk
@ - 2m cos(ot + @) cos 28H (1, 2) + cos 69H, (1, 2) ]
Hi(r,z) = X jC;lx(jkn)sinjkz

=1
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Ha(r,2) = X jDjle(ikr)sinjkz M

=1

u means the longitudinal deviation u =z - vt + L of the
particle with respect to the unpertubated particle on the axis
r =0, u(t) = 0. At z = 0 the acceptance of the RFQ rotates
with variable phase @, in which dc particles may enter. Fig. 4
illustrates the small remaining area of about 38% with
respect to the acceptance of any one of the rotating ellipses.
So a useful matcher should increase this area by a
considerable amount, and fig. 5 shows a gain up to 90%,
which may be achieved with the proper matcher. For these
determinations transport of particles which coincide with
corresponding acceptance ellipses using equ. (6) and (7) was
numerically carried on from z = 0 backwards to z = -L for
many phases in 0 <@ <2m.
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Fig. 4 Voluting acceptance at z = 0
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Fig. 5 Voluting acceptance at z = -L
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For the calculations with beam currents # 0 equ. (6) and
(7) were supplemented by proper KV space charge terms {4].
Tables 2 and 3 demonstrate variations of N and M acc. to
equ.'s (4) and (8), table 4 comprehends the optimum
configurations.

Table 2
f=169MHz, E=10keV,V=37kV,I=65mA, g,=90°,
He*,R=50mm, bent fingers left, straight fingers right

nlm] area[%)] nlmlarea[%] n]mlarea[%] nlm ea[%)]
11 2289 |5 1 3927 1 14836 |5 1 64.80
1 22710 |5 2 74.05 1 2 3587 |5 2 59.73
1 3 2833 |5 3 3715 1 3 4191 |5 3 6645
1 4 3486 |5 4 4591 1 4 6422 |5 4 78.06
21 1785 (6 1 27.01 21 5486 [6 1 77.15
2 2 2607 |6 2 4440 2 2 6264 |6 2 6430
2 3 4036 [ 6 3 38.65 2 3 6598 [6 3 60.75
2 4 6091 |6 4 5589 2 4 7817 |6 4 69.05
31 1843 |7 1 3462 3 15936 {7 1 8825
3 2 2875 |7 2 53.66 3 26474 |7 2 78.53
33 4577 |7 3 6551 3 3 6750 |7 3 65.10
34 5727 |7 4 42.86 3 4 6667 |7 4 59.09
4 1 3459 |8 1 68.08 4 1 5819 |8 1 72.71
4 2 4336 |8 2 4662 4 2 6243 |8 2 8846
4 3 6524 |8 3 3338 4 3 7097 {8 3 80.01
4 4 5548 |8 4 48.70 4 4 7595 {8 4 66.77
Table 3

f=27 MHz, E=300keV, V=180 kV, =20 mA, ¢, = 25°,
Xe'*, R =6.8 mm, bent fingers left, straight fingers right

n]m[axea[%] nlm[area[%] n]mlarea[%] nlmla.rea[%]
1 1 3848 |5 1 50.56 I 1 80.11 |5 1 89.16
1 2 47353 |5 2 76.71 1 2 8051 |5 2 9444
I 3 538 |5 3 6847 1 3 8382 |5 3 9745
1 4 6168 |5 4 7544 1 4 88.10 |5 4 99.03
21 3420 |6 1 76.63 2 1 8927 |6 1 83.66
2 2 4199 |6 2 85.81 2 29113 |6 2 89.60
2 3 5834 |6 3 85.01 2 39262 |6 3 9405
2 4 7750 |6 4 75.18 2 4 9318 |6 4 97.20
31 46.08 |7 1 5397 319104 [7 1 78.83
326471 |7 2 7148 3 29434 |7 2 84.01
33 7281 |7 3 72.87 3 39578 (7 3 78.56
3 4 8596 |7 4 68.81 3 49666 |7 4 9233
4 1 4811 |8 1 86.61 4 19196 [8 1 74.69
4 2 8798 |8 2 8577 4 2 9558 |8 2 7845
4 3 6719 |8 3 8537 4 3 9746 |8 3 8275
4 4 80.16 |8 4 8586 4 4 9863 |8 4 8647

In tables refering to straight fingers m is related to o
according to
&+ D*R

tang = — ——e——— 8
N E g ®)

Table 4
Normalized emittance ¢, and energy spread SW/W for the
optimised matcher configuration of table 2 and 3

f [MHz)[form [l [mA)l, [*] n | m |, [mmmradsW/W [%]
169 bent | 6590 |52 02 0.12
169 straight| 6.5 |90 |2]4| 0.2 0.08
169 ktraight| 6.5 |90 [8]2]| 0.2 0.013
27.0 bent |20.0 |25 42| 03 0.31
27.0 ftraight| 20.0 | 25 |54 | 03 0.19

3. CONCLUSIONS

Table 4 also lists energy spreads resulting from the
solutions of equ. (6) and (7). In these simulations the overlap
area was transported from z=-L to z=0. It tumes out that

1) energy spread is considerable
2)  the D;'s resp. the rod radius only play a minor role

3) energy spread is almost equipartioned over the whole
phase area

4)  energy spread is proportional to the illumination of the
overlap by the dc beam emittance, so when both phase
space coordinates are halved, energy spread is halved
too

5) bent and straight fingers behave slightly different
6.) satisfying overlaps turn out better at smaller o,

7.) the last example in table 4 indicates, that in a long
matcher energy spread is compensated

As a consequence considerable small and concentric
beam emittance is demanded.
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