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€3- i o n  i n j e c t i o n  t o  a synchrotron enables one t o  circumvent t h e  

r e s t r i c t i o n s  imposed by t h e  Lou i sv i l l e  theorem and one can i n j e c t  i n t o  t h e  same 

phase space occupied by c i r cu la t ing  protons i n  t h e  synchrotron. I n  o ther  words, 

i f  t he re  are no o ther  r e s t r i c t i o n s ,  one can i n j e c t  a r b i t r a r i l y  long o r  many 

l i n a c  pulses. This i s  p a r t i c u l a r l y  usefu l  f o r  t h e  proposed "Accumulator- 

Booster"' f o r  t h e  AGS s ince  only mul t ip le  s ca t t e r ing  and space charge would 

eventually l i m i t  t h e  l eng th  of t h e  i n j e c t i o n  process. I n  conventional 2-E- i o n  

i n j e c t i o n  scheme, both incoming ions  and c i r cu la t ing  protons go through t h e  

s t r ipp ing  f o i l  every t i m e  they come around t o  t h e  i n j e c t i o n  poin t ,  and t h e  

s t r ipp ing  f o i l  i s  t h e  major cont r ibu tor  t o  mul t ip le  s ca t t e r ing .  The gas  

s c a t t e r i n g  i n  t h e  synchrotron can be cont ro l led  by means of a 'better vacuum but 

t h e  growth of t h e  emittance eventually causes l o s s  of t h e  protons out of t h e  

admittance of t h e  machine. For polarized protons, t h e  problem i s  even more 

ser ious  because t h e  depolarizing resonance depends on the  v e r t i c a l  emittance of 

t h e  c i r cu la t ing  protons. 

A new scheme t o  i n j e c t  EE- i ons  i n t o  a synchroton w a s  examined.2 The 

scheme attempts t o  minimize t h e  v e r t i c a l  emittance growth and preserve t h e  

protons i n s i d e  t h e  hor izonta l  admittance of t he  machine. 

simulation w a s  made t o  compare t h e  scheme with conventional in jec t ion .  The 

ca l cu la t ion  ind ica t e s  t h a t  up t o  twenty-five l i n a c  pulses can be in j ec t ed  

without excessive l o s s  o r  v e r t i c a l  emittance blow-up. 

A Monte Carlo 

Conventional 1%- i o n  i n j e c t i o n  schemes3 used a t  t h e  AGS and Fermilab 

u t i l i z e s  t h e  s t r i p p e r  f o i l  arranged as shown i n  Figure la. The o r i e n t a t i o n  of 

both v e r t i c a l  and hor izonta l  phase space i s  matched t o  miniuize t h e  d i l u t i o n  of 

t h e  phase space density.  The f o i l  covers one s i d e  of t h e  phase space. e I n  t h i s  



arrangement more than  ha l f  of t h e  c i r cu la t ing  beam goes through t h e  f o i l  every 

time i t  comes around t o  t h e  i n j e c t i o n  point. 

An obvious improvement t o  t h i s  i s  shown i n  Figure l b ,  where t h e  s t r i p p e r  

i s  only wide enough t o  cover t h e  incoming l i n a c  beam. The c i r cu la t ing  beam has 

less chance t o  h i t  t h e  s t r i p p e r  and t h e  growth of t h e  emittance i s  reduced. 

The scheme w e  are going t o  examine i s  a v a r i a t i o n  of t h e  lat ter.  One can 

recognize t h e  f a c t  t h a t  t he re  are two competing processes i n  t h e  phase space 

dens i ty  d i lu t ion .  One i s  from t h e  mul t ip le  s ca t t e r ing  and t h e  o the r  i s  caused 

by t h e  phase space o r i en ta t ion  mismatch. 

The i n j e c t i o n  poin t  we  examined has t h e  following properties.  I n  order t o  

minimize v e r t i c a l  emittance increase ,  we chose a loca t ion  where the  v e r t i c a l  B. 

func t ion  i s  as s m a l l  as practical. I n  a regular  synchrotron la t t ice ,  t h e  v e r t i -  

c a l  condition imposed makes t h e  hor izonta l  8-function la rge .  Since the  e m i t -  

tance of t h e  l i n a c  i s  much smaller than t h e  synchrotron admittance, one can 

choose from a v a r i e t y  of phase space o r i en ta t ions .  We choose one such t h a t  

v e r t i c a l  o r i en ta t ions  of phase space match with c i r cu la t ing  beams and form a 

hor izonta l  w a i s t  a t  t h e  s t r ipp ing  f o i l  (Figure 1 ) .  

Figure 2 shows t h e  stacking i n e f f i c i e n t y  as a func t ion  of hor izonta l  fi- 

function of t h e  l i n a c  and number of i n j ec t ed  turns.  Stacking ine f f i c i ency  i s  

defined as t h e  f r a c t i o n  of t h e  particles l o s t  during i n j e c t i o n  out  of t h e  

synchrotron admittance of: 

= 120 A x meter-radian *H 
ptr = 40 B x " 

In jec ted  l i n a c  emittance i s  assumed t o  be: 

EH = EV = 5 A x 

a =  - 2.14 

B = 9.6 m Bv = 2.93 m 

meter-radian 

The Twiss parameters a t  t h e  s t r i p p e r  f o i l  are: 

a = 0.89 v H 

B 
Y H =  0.58 yv = 0.61 

which are t h e  a c t u a l  parameters of t h e  proposed A/B ring f o r  t h e  AGS. 

As  can be seen i n  Figure 2 t h e r e  i s  a minimum a t  8 l i n a c  of .8 meters 

and a stacking e f f i c i e n t y  of 99% even a f t e r  12,500 tu rns  (25 l i n a c  pulses).  

Below t h a t  point p a r t i c l e s  are l o s t  because of t h e  phase space d i l u t i o n  by 



- 3  - AGS Div. Tech. Note #186 

mismatch and above t h e  point beams are l o s t  because of mul t ip le  s ca t t e r ing .  

Several o the r  lat t ices were a l s o  examined and an empirical  r e l a t ionsh ip  was  

found. When the  emittances and @-function of t he  l i n a c  have the  r e l a t i o n :  
& E 
acc i nj = 2  
acc 'inj B 

t h e  bes t  stacking e f f i c i ency  w a s  obtained. I n  o ther  words, when angular spread 

of t h e  angular spread a t  x = 0, t h e  stacking ef f ic iency  i s  of t h e  l i n a c  i s  - 
highest. 

W e  a l s o  examined t h e  growth of both ho r i zon ta l  and v e r t i c a l  emittance as a 

function of B i n j .  and number of tu rns  in jec ted .  The r e s u l t s  are shown i n  

Figures 3 and 4 ;  again, t h e  b e s t  compromise between both hor izonta l  and v e r t i -  

cal emittance i s  found around B i n j e c t i o n  of 0.8. The emittances are cal- 

cu la ted  f o r  97% of t h e  surviving protons. 

1 

fi 

The case of B i n j .  = .8 m i s  compared with conventional methods used a t  

t h e  AGS and Fermi labs. Also included i n  t h e  comparison i s  t h e  method which i s  

a simple improvement over conventional schemes. Figure 5 shows stacking inef -  

f i c i e n c i e s  vs. number of stacking turns.  Figures 6 and 7 show t h e  growth of 

hor izonta l  and v e r t i c a l  emittances vs. number of turns.  Apparent f l a t t en ing  of 

t h e  emittance growth i s  due t o  t h e  p a r t i c l e  l o s s  out of t h e  admittance of t h e  

accumulator synchrotron. 

caused by uncer ta in ty  of t h e  f o i l  thickness. 

The e r r o r  bars i n d i c a t e  systematic e r r o r  mainly 
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STACK IN G I N EF F I C I EN C I ES 
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Figure  7 


