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ABSTRACT: Two recent suggestions for avoiding radio frequency 

knock-out of a beam due to R~F. excitation of betatron 

ose~llations are discussed. The first is the use of 

two cavities tipped to give electric fields at angles 

.f, :::: :t $2.with the equilibrium orbit and spaced so 

that j; radians of betatron oscillation can occur 

between them ·with Tan g} ~ -~ (I t ('~s~l. The R.F./ x: ..r/"'.r~· 
phase must travel from one cavity to the other with 

the speed of the stacked particles. The second sug

gestion is that it is possible to turn off the cavity 

voltage briefly while it is passing the R.F.K.O. frequency 

without losing an appreciable number of particles and 

probably without enlarging the dimensions of the stacked 

beams seriously. 
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Two possibilities of suppressing R.F.K.O. which grew out of 

recent discussions with K. R. Symon are explained here. 

The first is the suggestion that with two R.F. cavities 

properly phased and tipped the radial betatron oscillations due to 

a tipped cavity (sine oscillations) and the betatronos~il1ations 

due to abrupt energy gain (cosine oscillations) might be simul

taneously eliminated. 

It is clear that if the electric fields of the two cavities 

are parallel to the orbit, sine oscillations will not be generated. 

If the sp acing of the cavities is a half a radial betatron wave 

length and if the accelerating voltage is the same in each cavity 

when the particle passes through, then cosine oscillations would 

be eliminated 'too. The way to do this is to have the phase of 

the R.F. voltage propagate from the first cavity to the second 

cavity with the speed of the stacked particle. This calls for a 

e~x~d delay line between the drivers for the two cavities which 

are accelerating other particles at frequencies which would excite 

betatron oscillations in the stacked beam. 

Some objection to this is that this pair of cavities would 

not accelerate slower particles of energy far below the stacking 

energy with the full available cavity voltages because if a slow 

particle passed the first cavity at full voltage, it would pass 

the second cavity at somewhat less than full voltage. Also spacing 

of the cavities a half a betatron wave length apart may be aw~ard 

if straight sections are not wanted at that spacing. The general 

solution at closer separations of cavities is needed to answer 

these objections so that cayities closer together can be used: 

If 7 is the time for a particle in the stacked beam to 

travel from the first cavity to the second, we want 
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in which al anq a2 are the amplitudes of sine oscillations excited 

by tipped first and second cavities passed at tl and t l + ~ 

respectively. bl and b2 are amplitudes of cosine$ excited by the 

jumps in energy on passage1through the cavities. ~.r is the 

angular velocity of a stacked particle around the accelerator. The 

superposition of these oscillations should be zero for all time 

after t 1 + 7". This 9ives 

a-2-::'-~, c os GJsVX l' +-h
J 
S)N~JVX i 

l> 2. ':: -., CoS VJ f)lX r - 0... / .rIN ~J~~ r (2) 

but ~. i - (lVYK) ( A"" /1'1· T,ltN €,' 
hi ~ [R/(Il+ 1))(~(Ji /tJ (3 ) 

where .dJh.Vt is the gain in momentum parallel . to the c Losed orbit on 

passing throug,h the gap and ~ i is the angle between the closed 

orbit and the direction of the R.F. electric field. 
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where f is the frequency of the cavity, t l the time of passage 

of the first cavity, and~' a phase adjustment of a cavity. 

Equations (2) become for a2 

~.rIN[t.Jr 1-(t ,+ yJ .f,12.] Titll~ =
- -9., .tIN[~Gft:, +f1,J TAN.i c (7.J'ws Jl" .,... (4 ) 

x I 

ri;; S J"'{)J..11"'rt, 1'tJ,JJ'IH~..JJ,/X 7 

/VII> .F-iJIt.. h "L 

-if-I S'1I'J['ar1r:f(t/+'f:)+fJtJ:: 
-f:;, .I'1n-[t..lTftj 'I-~] Co.J"-J..r~ j 

- ~r J#[2...rk -t~J r~;Y RJ s /HeJ.I)/x , 

(3 ) 



If we install a fixed t' d 1 MURA-215~me e ay between the R. F. cavity voltages 

equal to the time for a stacked particle to travel from cavity I to 

cavity 2, then ~ 2 +2 1l' f'l = .J3 1 + 2 n: m, If the integer 

m = 0, then 
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A solution of these equations (5) is obtained if the cavities 

are tipped at equal and opposite angles ~ = - if~ . 
Then T;1IV ~ = - /,4# §. :: - y;( 
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This shows that we can use different cavity separations of 

amount /if I where rir: is the velocity of the stacked particle, 

if we tip the cavities oppositely at the angle jp and let the 

voltage wave travel from one cavity to the other at the speed of 

the stacked particle. An accelerating electric field can have 

an adjustable angle by having a section of the gap lips adjusted 

to the desired angle at the stacking radius only thus: 
III G-N 
eNE~(JY 

,.. 
V~' 

(J~ 
- - -- E¢ 

otf'81T 
I ¢1 =-9

2 tf,9ZJ/(/S 

cA 9~z: 
~v;.7<rr ~s ~ r-= 1( 

Since the K.O. is a resonance phenomenon it might be difficult 

to get perfect elimination by this method. Two slanting R.F. 

cavities wi th ~/ = '§~ and 1 3/4 sectors apart but in the straight 

sections of the proposed 15 Bev MURA accelerators would suppress 

radial R.F.K.O. 
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In some cases it might even be possible to taper the gap w~dely 

in a single cavity to accomplish tge Iqes~red result,thus 
, . 

The second possibility is to avoid a large buildup of amplitude 

at resonance with a betatron frequency by jumping over the R.F.K.G. 

frequency. This can be done with very little beam loss if the width 

of the R.F.K.O. resonance is small compared to the bucket width. 

Then the R.F. vol tage'can be qr-adueLl.v Idecr-eased to zero .befor e 

the R.F,K.O. band is reac~e.d and the voltage can be adiabatically
I / 

built up after the frequency has beeh moved to the other side of 

the R.F.K.G. band. If the bucket was full before this operation was 

commenced and if the same voltage was later restored, the loss of 

particles would be approximately the fraction6 (,.),,/(2 71""~f) .. 

~~~ is the R.F.K.G. width ~n betatron oscillation circu~ar frequency, 

~ i is the bucket width in R. F. frequency. If at~higherl voltage 
I . • ~ 

was restored on the cavity, 'a 1,1 particles could be captured ; tJut s oms 
I ) • 

I 

empty phase space would ~hen .be brought into the} st~ck'i~ amount 

equal to twice the same fraction .. 
I� 

We calculate first .6 W g .� 
I / , 

If the R.F. cavity gave,an'amplitucle 

oscillation, a, to the orbit on each 

. passage, then the net oscillation 

built up near resonance would be 
No.

A = 
2.11 

(5)� 



where N� is the number .of passages to slipIilase 2. 7r 

/"""� Since the cavity doesn't give full a... on each passage, some average 

must be used. Symon has shown how to get this average and the res~lt 

is A = .flI 0
-+rr •� 
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where T is the revolution time 

of the st,acked beam and .cJJ<~ is the knockout circular frequency • . 
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A is� the allowable amplitude- (aperture or stability limit). 

By (3) we get fora relativistic stack: 

a;.:.([</~)(V?f/lW TAN ~ 
where- ?r is sin 1:s, , the sine of the stable phase angle. Es is 

the energy of the stack and V is thecavity voltage in the' same units 

as ThenEs• 

• 

To find A f convert the bucket width L:. Wdefined in 
.J .J 

MURA-KRS/AMSl and supplement 1. 
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Where~ is bucket or stable synchrotron phase space area, V is the 

cavity volta9~ E is the accelerated (not stacked) particle's energy, 

h is the harmonic numher, (;..) is the accelerated (not stacked) 

particles
~J

angular velocity, 

(6) 
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field index and Eo is the rest energy.� 

So for 4 f corresponding to ~\I'/ 
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Using the approximation a(S~~j-~nd (9) we find finally the� 

ratio of widths:� 

(11) 

As an example suppose V = .1 Mev, E = 300 Mev, Es = 1000 Mev g 

R = 5 x 10
3

Cm, A = 5 Cm, h = 1, ))x"210, t;.JV~~2., 

A W,8/(2.lT"Af)~ iAwhich means that .:l -- s a tip of the cavity 

would cause a buildup to ~ 5 Cm = A if we were willing to lose 1% 

of the accelerating beam. 

Thus if similar cases are encountered in accelerators and if the 
o

cavities are lined=up better than 5 , which should be easy, we would 

lose less than 1% for each jump; and by some non=adiabatic gymnastics 

with the bucket after passing the resonance most of the spilled 

drops might be caught o 

It would not do to have each passage of a bucket past the K.G. 

frequency shake up the stack by 5 cm since there would be many 

bunches brought up to the stack and since there may be several K.D. 

frequencies. This would cause the stacked beam to be too big for 

colliding beams. By letting the cavity voltage down and bringing it 

up again adiabatically this accumulation of amplitude could be 

(7) 



MURA-21E� 

avoided, and the agitation of the stack would shrink to a small 

value as the oscillator recedes from the K.O. frequency. 

This method could be used for vertical K.O. and for other 

resonances due to electric f~~ld gradients. 

The following pertinent comments on this process have been made: 

Ohkawa points out that the R.F.K.O. band width can be wider than 

(9) shows by the addi ticn of :VxA tJ s where A W s is the spread 

in angular velocities of particles of slightly differing energies 

in the stack. If the stack is where His very large, then~ Ws 
is very small and this increase would not be big. 

Jones has pointed out that the cosine oscillations resulting 

from the momentum increase on passage through the cavity make the 

amplitude bigger. Symon showed that this can be included in equations 

(9)� and (11) by replacing 

TAN £ 8Y f /A.,/;J +- Ili "} (12) 

The double cavity system discussed in the first part of this report 

can reduce this factor. 
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