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,ibstract - Short bunches are required in electron sto- 

rage rings. To get them shorter one is tempted to ha- 

ve machines working near transition energy. Then it 

becomes necessary to watch out for non linear terms 

because lower synchrotron and betatron stability li- 

mits arise. Typical results are given. 

In order to shorten the length of the brmches, 

electron storage rings are designed to work near tran- 
sition energy. With ~~dd”/“)‘(dp/p)=10-2, bunches, a few 

centimeters long, may be obtained. 

In special cases, smaller r values may he requi- 

red. As an example, for producing coherent synchro- 
tron radiation in optical range, /I / /2/one needs to 

shorten bun.-hes down to a fraction of a micron. Even 

using very high R. F. voltages ,Td10e6 is needed. 

In this range of 7 values, synchrotron motion be - 

comes essentially non-linear /3,/. Moreobrer, it may 
be necessary to care about modifications induced by 

betatron oscillation. 

I. NON-LINEAR SYNCHROTRON MOTION 

Let p be the momentum and T=F the revolution 

period. One has :, 2 

depend on chromatic closed orbit : 

roan,;y1= R. g( ) x 
5.0. 

s . t. . . 

where s is the azimuth and R the mean radius of the 

ring. 

When the lengthcof that closed orbit is expanded 

as follow : n 

y=:o.~2) +;‘1 ($t... 

where ( ) represents the mean value calculated in 

the c;lrvt’c i” 
7 

section and j i the mean value calculated 

07;tr the whole ring. /3 and ‘, are the usual relativistic 

paran-.eters. 2- 

The dominant contribution bering d:ie to E iz , 

‘71 
4 is positiT:e. Computational resrllts from di.ferc.nt 

rings give 
71 

~~al~ucs Ibctv::ccn some IO 
-1 

and a few unit5 

Thcr., the synchrotron motion equations become : 

(i =1;2 
iI- 

R .‘5max ii in 
dt p 

+,- yIRE’[-;Jy --: (yj 
tit 

* 
\L bring the argular freq~lency of small oscillations 

ant1 6 L il 
mx-- To qc 

z%ccording to 71 values, synchrotron diagram 

presents different aspects pictured in fig 1 to 4. 

One -1otices the presence of a new stability zone 

centered around : 

AP '10 -=- 

p ‘71 

; consequently, the number of bunches is 

doubled, provided that this momentum shift is accep- 

ted by the ring. When the synchrotron phase 9, is 

not equal to zero, the synchrotron diagram is more 

complicated (fig 5) and the angular frequency of small 

OS cillations becomes w=-qy. The nomentum 

acceptance is independant of 9,. 
One notices that the stability zone may collapse 

when 71 increases. Consequently, the beam life- 

time (Touscheck effect and diffusion losses) may be 

drastically reduced. For usual storage ring parame- 

ters i j qo# 1 a?, the ratio qo/“?jl ithat d;fines mo- 

mentumsacceptance) may get down to 10 or less, 

say 10 , which is obviously too small. 

II. BETATRON OSCILLATIONS INFLUENCE 

Betatron oscillations around the closed orbit 

increase the revolution period and by- this fact dis- 

turb synchrotron motion. 
In smooth approximation, particles follow sinu- 

soidal trajectories with a maximum amplitude $ and 

a wave length 2rRi/~ . The resulting trajectory 
lengthening is given by : 

y representing either radial or vertical motion am- 

plitude . In the actual case, the lengthening is well 

approximated bv : -, 

AYf 1 
( 1 

1+,*2 ;2 -=-- - 
c 4’ p * p 

where r and p are the usual Twiss functions. When 

p-function is deeply modulated (low-p), the smooth 

approximation result may be 3 or .h Limes loo small. 

A trajectory lengthening Ae,!‘f: changes the syn- 

chrotron motion equations into : 

d i&J 
( 1 

f2 ‘ma, - 
clt p 

$- ($3 
:;p;<,;y) 7] [yj 

One notices ihat _?e/c 
-1 

rn’ ,ly re.qult from rliffc- 
rent mechanisms such as : 

- betatron oscillations : Afi? ‘e always >0 and de- 
pending on particle amplitlltlc : 
- off momentum tllring hv R. F. fre~~lIP”cy Shift “I- , 
ring dilatation : Ae.ieof any sign ar.ci not depending 

on particle amplitude. 

The corresponding stability diagram is shown in 

fig 6. One finds the case AC/t = 0 again by changing 
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P p ql(l-J~) 

Tinto lo Jxwith @]li, $ 
:\ change in energy compensates the trajectory 

lengthening and a decrease (Je/c 70) 

~;ely an increase (Ac/e<O)] 

[respecti- 

of r. goes with a 

decrease, 
[ 

respectixrely an increase 1 of the stability 

area. 

The new angular frequency of small osc illations 

is : 

,’ 1 

Ifi 

fi (1 - (&ilim 

the value of 2 
.2x 70 

is obviously crucial. It lies roughly around 10 
-4 

but 

decreases sometimes down to 10e5 . These orders 

of magnitude determine the required minimum geo- 

metric stability of the ring and demand a limitation 

of betatron oscillation amplitude because of : 
- 

10 i l&&AZ i P e 

1 

=; 
lim 

( p 1 

1 +a2 

-2 

Tim - 
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Variation of synchrotron stability versus $/Flim is 

plotted in fig 7. 

Practically, vertical motion is disregarded and 

one restricts the amplitude of radial motion to 

; <(O. 6 to 0. 7). ^ in order to keep a sufficiently 
?iv. 

wide synchrotron s a illty area. Consequently, a 

bunch width L <IO. 35 to 0. 10). Glim prevents bunches 

from too fast %iffusion losses. 

From this point of view, conventional rings seem 

to be safe, nevertheless, problems could appear du- 

ring injection and before damping. 

It may be interesting to notice that a Se/e<0 

(a slight off-momentum tuning for example) may 

partly solve the problem by widening the synchrotron 

stability area. 

III. CONCLUSIOK 

With conventional rings, the value 

r= (do/o)/(dpjp) = lo-* seems to be a lower limit 

under which non linear problems may appear. The 

obtaining of very short bunches (L < 1~) as necessary 

for coherent synchrotron radiation production in 

optical range, assumes a low energy ring (say 50 to 

100 MeV). Then, the simultaneous decrease in width 

and ec%rgy spread of bunches moves the limit to 

7#10 . Consequently a 10 microns wave length seems 

to he the lovest feasible limit for coherent synchrotron 

radiation /2,/. The uses of lower energy rings is not 

possible because of internal collisions within the b.unch. 
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