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One RF system that was proposed has the harmonic number h = 8 x 342 =
2736, corresponding to a frequéﬁé:y of about f = 214 MHz. It was found that
this RF system requires a voltage larger than 32 MV in order for the RF bucket
to be large enough to contain the energy spread for a beam of gold ions, after

10 hours, at y = 100 with Ny = 1.1 x 109 ions/bunch, and an initial bunch area

A =1 eV-sec/amu.

Intrabeam scattering causes thz beam to grow as shown in the following

table for Au ions after 10 hours, and an initial bunch area of A = 1 eV-

sec/amu at vy = 100.

Table 1. ¥ = 100.

| ——initial | final, after 10 hours———— |
' -3 -3 .3 AP/R,
h v % /10 oy op/lo g, oy € 2.50 /10 10
MV cp® <n ol wmrad © _ bucket
2736 32 1.33 12.8  2.00 19.2 2.2 58 5.0 4.7
342 1.2 .36 48 1.07 142, 1.61 28 2.67 2.6

For comparison, the results for the old RF system with h = 342, V = 1.2

MV are also shown.

There is a considerable improvement in the bunch length which grows to
only oy = 19 cms after 10 hours. However, the other dimensions have grown
larger, €y = 58, 2.5 op = 5 x 10'3 instead of the old results ex-28, 2.5 gp =
2.6 x 1073,

The 60 rule requires a stability limit of Agy = 9.3 mm for o, = 2.2 mm

and for a particle with €y = ey. The tracking result for a g* = 3 m lattice

gives Agy = 9 mm at Ap/p = 5 X 10-3.

The larger energy spread will also cause a larger v-spread in the beam

due to the iron saturation generated b, and due to random field errors.
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The beam growth at y = 30 is shown in the following table.

Table 2. 4 = 30.

|—initial | final, after 10 hours——————~———-——|
Ap/p
. vV o /03 o 0./10°3 o o e, 2.50¢.s10°3 10°3
Po L, P 2 X X P
MV cR cm e moprad bucket
2736 32 4.45 12.9 4,42 12.8 4.0 57 11 15
342 1.2 1.26 45 1.99 71 3.0 32 5.0 10.0

The bunch length is again considerably improved; the bunch length grows
to only ¢y = 12.8 cm after 10 hours. The other dimensions have grown larger,
€y = 57, 2.5 oy = 11 x 10'3 instead of the oid results €x ~ 32, 2.5 oy = 5 x

-3
1077,

The 60 rule requires a stability limit of Ag; = 17 mm for o, ~ 4 mm and
for a particle with = Cye The tracking results for a g* = 6 m lattice give
Agy = 7 mm at ap/p = 11 x 10° -3 and Ag; = 17 mm at Ap/p = 0. This situation

can be somewhat improved by reducing the voltage at ¥ = 30,

If the RF voltage available is reduced the energy spread in the beanm
will grow to the boundary of the bucket in less than 10 hours. The following
table shows the time it takes for the beam to reach the edge of the bucket as

a function of the rf voltage for a beam of Au ions at y = 100.

v Time to Ap/p Final 1Initial Final , Final Final

MV  reach bucket buckgt Oy A eV- ap/lo'3 ay l/a /df/lO
(hrs) /10" ma__ sec/amu Gm P B
32 5.76 4.7 1.99 1 1.88 18 1.87
20 1.4 3.7 1.5 1 1.48 18 6.50
15 .56 3.2 1.28 1 1,28 18 13.0
10 .10 2.62 1.02 1 1.05 18 36.0
Pogsible Conclusions

The high frequency rf system h = 2736, f = 214 MHz might be considered
acceptable, It has less margin for error. It may lead to shorter bean
lifetimes (less than 10 hours), and to smaller luminosities.

The high frequency 214 MHz RF system has the advantage of a shorter

bunch length. 1In other respects it appears to give less favorable results

then the present 27 MHz RF system.
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Frequency Depepdence and Qthex Solutions

Figures 1 and 2 show how the intrabeam scattering results depend on the

harmonic number h or the frequency.

For each harmonic number, the voltage V has been adjusted so that the
beam energy spread will just fit inside the rf bucket at y = 100 after 10

hours.

Figures 1 and 2 show o,, oy and ¢, after 10 hours as a function of the

P
harmonic number h. Figure 1 shows results at y = 100, Figure 2 shows results

at y = 30,

Figures 1 and 2 show that, except for the growth in o, the performance
generally improves at the lower frequencies, which give smaller values for the

final 4 and €%

P

Other solutions, at lower frequencies, that may deserve consideration

are the following:

Solution A h=785 f£=61Miz, V=4.7MV
: v 30 100
a,(t=0)cm 26 28
oy (t=10)cm 31 61
€, (£=10) 45 41
2.50p(t-10)/10'3 6.4 3.4

This solution has oy = 28 cm at t=0 at vy = 100. The addition of stochastic

cooling would be required to keep o4 from growing.

Selution B h = 1700, £ = 130 MHz, V = 16.5 MV
v 30 100
04 (t=10) 18 28
€, (£=10) 52 52
2.50p(t:-10)/10'3 9 4.5

This solution has gy S 28 cms for t=10 hours, and V = 16,5 MV
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Solution ¢ h-2052,f-160MH2, V=20 My

v 30 100

0,4(t=10) 18 26

€y (£=10) 55 55

2.50,(t~10)/10"3 19 4.6
'DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, psoduct, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endossement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the

United States Government or any agency thereof.
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