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To el iminate t he  t r a n s i t i o n  energy and t o  increase phase 

focussing, L a s l e t t  has been searching f o r  necative monentum com- 

paction mzchines. The recent r e s u l t s  with the Argonne Avidnc 

on Mark11 FFAG suegested t o  Jones t h a t  one of the  anular r ings  

i n  the  t r i a l  machines where the f i e l d s  i n  each ha l f  sector  iwre 

i n  the saxe d i rec t ion  mieht have negativf ~omentum compnction. 

Such a p o s s i b i l i t y  i s  examined horc f o r  n standard low momentum 

content A.G. magnet for  t he  special  case of s l an t ing  magnet ends. 

It i s  c lenr  t h a t  i f  the  f i e l d  I1 ,, - ' Hb alonp: )Clo then 

jfe i s  greater  a t  smaller r a d i i  which gives neg?.tive momentum - 
compnction if the  increase i n  H i s  more t h i n  enoluch to  o f f se t  

the  natur? l ly  pos i t ive  momentum c o q ~ c t i o n  of r.n or4innr-y A.G, 

mr-~net oporating i n  the main s t a b i l i t y  region. If To was 

i n  t he  center  o f  the sector ,  t h e  l eng th  e f f e c t  on the  monentum 

compaction a t  r>rg vrould be t o  increase  t he  already pos i t ive  

momentum compaction. Hence we must work a t  r<rd for  

n e ~ a t i v e  compaction. 

Tne questions examined here a re  the  influence and magnitude 

of #I , the angle of t he  edge, rmd the  p o s s i b i l i t g  of making 

a magnet with and fly constant wi th  R. M 



We w i l l  assum a constant gradient machine and constmt  
0 

from, ,ir,ln t o  ; +Xg . From i n  far ther  we may - 
specialize f i r t h e r ,  

J 

and 

Also choose one special case t o  exmine where H - 
20 - H10 = Ho. 

I n  addition if we mke 2 m r 4 M, 
2 2 

then 

The 0( due to sBalloping i n  an ordinary A.G. magnet i s  

,++ , d 3  so it rippears t h a t  edges might be able 
@re= + 4% 



t o  eliminate the  t r ans i t i on  e n e r q  if 70 O 

The e f f ec t  of edges on cx i s  t o  decrease it: IF f F . J ~ L  L J H ~ ~  

-L - ( J , - P , ) ~ $ -  
f -, Since  there a re  tyro such 

?P 
edges per  sector 

. For such lenses 

thus 

c o m b i ~ t i o n  of d r follows the  r u l e  

where can be 
edge 

imaginaryif  X g  i s n e g a t i v e .  

f l '  f l ;  rf VVB make Sfi ~ L X J  constant and Sz&J %@j constant 

i n  the  aperture, c e c t o r s  w i l l  be constant. 

We have four re la t ions:  

3 = S; +s, 
K /  

everywhere i n  aperture. Keeps 
sectors 

constant F O W ( ~  , 
JEc 

I )  I ,  I I Keeps a d g e  and * 
constant 



$om which v.e can determine the  law for  the  edge shap$y 

Thus: 

SO 

Then 

integrm t ing  

~ u ~ P C n l 9 ~  6 RLFEltT. &Tx, 

T ~ U S  S s ,., constant for  & d 75 
1 Z 

This makes 

or exactly 

Tan ' 0  --  / 
&'A -7a X x 

7 1  O 

So it seems t h n t  &cuts vrould give a substant ia l  ra i s ing  or  

elimination of the t r a n s i t i o n  enerEy and t h a t  would stay about 

constant i f  t a n  + -4 provided the  scallops do not 

increase enough v.6th the  var ia t ion i n  sector length with radius 

t o  eliminate the  e f f ec t  of the r -24 o dependenoe 

of average field.  



The circumference of such an A.G. machine i s  bigger than one 

l'*ith El = HZ i n  the  aper ture ,  but  the  s p e c i a l i z a t i o n  of 

Ezo = D l o  a t  and  maynotbe notbe be c p t b m .  

u For example suppose a t  we are  on the  diagonal m i f i  6- [r =-  
K -  r 4 

and = f i L : f i o  L E ~ X ~ =  /Y) ,~)=f l ,&)  = 5 @ 0  

G=/09cm H Z L O S ~ ~ T O R I ,  
I 

J 2 = ~ , S X / K ~  =*2r ,J, IF ~ ~ / ~ P @ o  61)wsx 
I J 

f i e l d  

a t  the  o r b i t  (x = -10 cm) i s  15,000 gausses i n  magnet #l and 

5,000 gausses i n  m g n e t  ;#2. The circumference fac to r  is> 1.5. 

I f  we combine the 0( calculnted here wi th  ths - 1  t 
scal lop -hi 

by algebra ica l ly  adding t h e  rec ip rocs l s  of &> ( t o  add t h e i r d F ' ,  ) 

which i s  about equal  t o  the  

conventional 0( but  of  the  opposite s ign and there is no 

t r a n s i t i o n  energy. If the  focus sin^ and defocussing sec to r s  are  

subdivided, smaller ancles  can be used on the  edges. 

If we s l a n t  the  edges t h s  other ~wy,  t h e  t r a n s i t i o n  energy 

can be rc ised  somervhata 


