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of interaction of the bemi with ita Image i n  the walls (msiStive 

wall instability), OF due to  bteractions w i t h  i t s  image in the gas 

of my coherent motion is that the larger t'ne spread. 3x1 oscillation 

frequencies, the harder it is t o  drim the beam coherently. No# 

these are a number of mchElzpisms wMch contribute to the bndwidth 

of' a beam. The energy spread eaters v b  a tern d V5L A E 
2 h  

htopole mament caw88 particles wtth afferent mp3.itudes of 

osctillation t o  oscillate a t  different frequencies. However, there 

is another effect wM& s p a d s  the 'bandwidth. This is the frequencrg 

anodrxlation of the tmverse d V shift at twice phase oscillation 

fmcuency, This praducea a spread in \r values equal t o  -4 F (J)* 
ybgrej 8 = dl G C  Q%. , 

4 #.s 
For 5 large, P @-+'I. BE the AM, at i n ~ c t f o n ~ c S 2 , 5  

P(2.5)", 1.5, w, ~ n d  for the P.S, we have F-2. 

In both the AGS Etnd the PS, at present intensities, this effect 

is probably the dosnin&tina; factor in suppressing coherent oscillatforrs at 

low energy. 

Most good texts on c o d c a t i o n  theorg have a plot of the bandwidth 

*ation for FM trazmdssion e 

* 
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2. 

This has some interesting consequencfes, for the threshold 

intensity for coherent oscillation, I?, now becorns a function of I,. 

Consider the following simple case. 

Consider a beam at some f ixed  emrgy, and energy spread, in 

a machfne with f ixed pmueters. Then we could calculate an intensity 

threshold in the conventional mamm. We obtain instability when the 

farce driving the instability becomes 1a.rger than some value proportional 

t a  the 4 aprersd due todE, octopoles, etc. i.e. IT= Z 

Emever, if we add an fntensity dependant (4 Vspread,, we obtain: 

I7 = I o  +dI , w k r e  ck. is some poe%tive oonstant. 

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

tudes, energy spreads, stc. are left alone. 

We can now malre a plot: 

Relsistive Wall 

We m e  'therefore .that the threshold Sntensity could. be .much higher than 

the "zeroH 'intensity .threshold I ..,+. 
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!lW rr5ave analysis held %OF th resistive, wall instability. 

In .that case, the forces me proportional to the intensity. 

iorrio osckllatiom, the force is o d y  proportfonal t o  12, ae first 

pointed out by H.G. Hereward. Th%s is bcause the beam itself.repel.8 

the ions, and so they spend less tima in the neighbowhood of the beam 

For the 
I 

8.9 the intensity goes up. 

for the ionic case, we ob?ain: 

Therefore when we ~lrrsuo tfie same analysht 

a- lq-= [I;+dJ) 

Now look at a plot of the function: 

z 
Ho%e an interesting point hre. Ther threshold fOPtin&abili%y 

may drop as the intensity is decraased.' Tbat is t o  say, one m y  have a 

stable beam at.high intensity, but then at low intenrsity coherent 

oacilllstion may start. This effect has been seen in the A W  on occasion,. 

bdt usually wna considered t o  be a result of aom. change in nschine 

parameters, beam size, etc. 

3. 



However, the effect wa8 vsrg clear in the P.S. last week. 

W.ena a sieve was placed after the linac, the beam in the 'machine 

started to exh%bit mzrl;fal icrrutc oscillation at about 5 m. after 

injection. Thie cawed a loss of about 2% of the beam. When the 

beem was deareased by *8jaus1t,~ fhweby resulting kn a beam of &a same, 

btensity, but smaller emithue, the vertical aohemnt osci2latim.s 

were reduced ahoat entirely, 

that the apca C h a F g e  4v s w t  

Wt3 o m  be explained by pointing out 

depeds odty on the phase space density, 

not the t o t a l  current in the ~ ~ c Z Z I Z L C .  A sbi.3.ar situation applied also 

t o  radfal ionic oacillatione w h i c h  cawed beam loss at about 25 ms.  after 

in3eotion. 
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