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A few weeks ago, on the New York television news, 
we heard about a lady who dxained a court order 
against her neighbor in an apartment hoase: E yOLUl& 
boy, a very talented piano student, who would play the 
piano several hours a day. Now many of us would re- 
gard Beethoven as played by a zalented pianist as a 
vcq well-organized sigal tha: conveys pleas.ure to ils 
acd improves the qualify of our lives. But to this 
lady it was simply ncise. 

Now to a proton or electron in a circulating Seam, 
which signals are appreciated as music and which are 
c3ise? ii3K cultilred are ;he particles? 

Consider a bunched-particle beam in a storage 
ring such as PEF 'or ISABELLE. One obvious source cf 
ncise is the fVxtuai,ion in the holding RF voltage. 
This has been analyzed by Neil and CooperI as presen- 
ted at this conference. 

The fluctuations in the 3.F voltage on successive 
pessases through an accelerating cavity have corre- 
lations depending on the Q of the cavity. Neil and 
Cooper show that, for a given amplitude of ;he flu&-u- 
aticns , the effect is worst if the 9 is such that 
decay time is about one s;mchrotron oscillation period. 
In that case the mean diffusion time for amplitude 
kjrowth is a number of revolutions, 

n = $- <(LV/V)'>, 
1 s 

-<here \~s 
revcl>utioc. 
a revolution time of e X 10' 
we find: 

PEP: v = 0.01; s T,diff = 1 hour 

ISABEL=: v s = 6 x IO-~; 7diff Y 1 week. 

sensitive to noise :'nan zhe sharp bunches 'of.PEP. 
Actually, as pointed ant by Keil and Cooper,' the 
fluctua;icn amplitude .LiJ/V my be cLonsideratly ;xaller 
than assumed here. 

The major signal seen by :he particles, namely, 
the holding RF vol+age itself, is ,of colurse music 30 
the spcchrotron osclllzlons. 31uz x.&a+, 1s i; to -he 
other degrees of freedom:‘ This is the problem of 
Arnold diffusicn. b!otion - even according to a sixple 
deterministic law - in one :legree of freedom may in 
part be effectively noise as well as music to the 
other degrees of freedom, and in general is. The -r-i- 
terion for noise, according to 'Chirikov,'T3 is: If 
the spacing of the resonances is comparable to heir 
width, mise resul-x, 

Synchrotron oscillations ma!r result in repeated 
crossings of nonlinear resonance, because 0:' the 
m~omentum swing in the oscillaticns. On every crossing 
zhere is a change of betatron amplitude, depending on 
the phase of crossing. Nov if the frequencg of be;a- 
tron oscillations depends on their amplitude, the 
phase coherence of successive crossings of the reso- 
nance tends to be destroyed, so that the proton is 
unable to dlstingulsh music from noise. One can - FOS- 
sibly pessimistically - camp-te diffusion rates on the 
basis of complete incoherence; in this case the dif- 
fusion rate becomes independent of the s:ynchrotron 
frequency 'ti and depends only ,on the total amplit~ude 
of the freq&xcy swing and on the strength,of the 
damaging nonlinear resonance. F. E. Mills4 has com- 
puted that, for ;.xanple, if the decapole corn onent 

4, E 
cf 

the ISAEELLE magnetic field is about lo- /cm and the 
sgnchrotron oscillations pass through a fifth-crder 
resonance, the lifetime of the beam will be of the 
order of one hour. Clearlv more complete calc.Lations 
are needed, especially to determine the degree of 
coherence. 

Clearly :he diffuse tunches of ISABELLE are much less 
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