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SOME_REMARKS ABOUT COHERENT OSCILLATIONS
chherentoscillat:}_ons may arise in & synchroton because
of interaction of the beam with its image in the walls (resistive
wall 'im_atability),~ or due to interactions with its 'imgé»in»fhe gas.
of the vacuum chamber (ionic oscillations). A quite general property
of epy coherent motion is that the :largér the spread.in oscillation
frequencies, the harder it is to drive f.the “beam coherently.  Now .

there are. a number of mechsnisms which contribute to the bandwidth -

of & besm, The energzy spread enters via a term 4 V'O 2V AL
2M .

Octopole noment ciuses particles with different amplitudes of . |
oscillation to oscillate at diffeientvfrequenciea. However, there
iz another effect which spresds the bandwidth,: This is the frequency
modulation of the tranasverse A U shift at twice phase oscillation -
frecuency. ’i‘ﬁis produces s, spz;ea& in v values equal to = 4 V;.c- F (: 5).*
vhere E-:—- A Vi U . | |
| Wy

For K large, F () 1. For the 4GS, at injection K~ 2.5
F(2.5) 2 1.5, say, snd for.the P,S, we have Faz2.

In both the AGS and the PS, at present intensities,. this effect -

is probebly the dominating factor in suppressing coherent oscillations at

low energy.

¥ - Most good texts on communication theory have a plot of the bandwidth -

function for ™ transmission .



This has some interesting consequencies, Ffor:the threshold: -

intensity for coherent oscillation, ‘14 , now becomes & function of I, -
Consider the following simple case,

Consider a beam at some fixed energy, and energy spread,:-in -
a machine with fixed parameters. Then we could calculate an intensity
threshold in the conventional mammer. We obtain instability when the |
force driving the instability becomes larger than some value proportional ...
4o the Ay spread due t04E, octopoles, etc. i.e, Im=T1,

However, if we add an intensity d_ependant 4V apread, we obtain: -
Iv=1,+01 , where ol is some positive constant.

We assume .the intensity can be varied, but oscillation: ampli-

tudes s energy spreads, etc., are left alone,
7
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The shaded region indicates values where the beem will be stable,
We see therefore that the threshold intensity could be much higher than

the *zero" intensity threshold I...
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The above analysis held for the resistive waell instabilily.
In thet case, the. forces are proportional to the intensity. For the
ionic oscillations, the force is only:proportional to .I’},- as first-
pointed out by H,G. Hereward. This is beceuse the beam itself-repels-
the ions, and so they spend less time in the neighbourhood of the beam
as the:intensity goes up. Therefore when we pursue.the same analysis.
for the ionic case, we obbtain: .-

Ir= (Tg+d1)*

Now lock at a plot of -thefqn_ction:

stable
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Note.an interesting point hore, . The threshold for.instability .

may ‘drop as the intensity is decreased. That is to say, one may have a
stable: beam at high intensity, but then at low intensity coherent .
oscillation may start. This effect has been seen in the AGS:on occasion,.
bat usually was considered to be & result of some.change in mechine

parameters, beam size, etc.



Hoyever, the effect was very clear in.tha. P.S. last week.
Wrena 20F sieve was‘placedfafter the linac, the beam in the: machine
gtarted to exhibit verticel iomic oseillstion at about 5 ms, after
injection. This caused a loss of aboub 25% of the beam, When the .
beam was decreased by "'jaws",“‘thereby'r‘esul‘ting- in a beem.of the same
intensity, but smaller emittanc.e,"-the ‘vertical coherent oscillations
were reduced almoaf'entirely.: This can be explained by pointing out
that the space charge AV shift depends oalj, on the phase space density,
not the total current in the machine., A similar,isitﬁation applied also .
to radial ionic oscillations which caused beam loss at about 25 ms, after : .

injection, -
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