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with 

Consider the  production of antiprotons from a 200 GeV proton & 
source. Collecting the  beam i n  the  energy region of 30 +V & 

. - r  ; . ?,A * . 
' - ,  

5 JZ& ! , *? j 5.F 
a production cross section, (dz~/dS2dp) - 0.5 s per .  s teraaian per ;# 

The normalized proton emittance f o r  protons - 1 . ,~ 

with B,y the  usual r e l a t i v i s t i c  parameters. , " .-*%a . , . . 4 

*,pL 2 
F - a ,  assuming a ve r t i ca l  crossing mode between doubler and main r i ng ,$  ' 

zld accept a horizontal  nittance f o r  the  antiprotons of t h i g  . - . &  

value. However, f o r  an optimized luminosity i n  a ve r t i ca l  crossing" 

mode,.o can accept a considerably larger  ve r t i ca l  emittance. In  
M 

f ac t ,  w e  can estimate j u s t  how much ve r t i ca l  emittance from 

1 
I where av is the  beam ve r t i ca l  1/2-size ( 9 5 % ) ,  
i 

I, is the  t o t a l  bunch length (95%) , 
Iq * - I  . I +- .f 

and a is We f u l l  ve r t i ca l  crossing angle. I 
i .  

4 

Note t h a t  because the r e l a t i ve  beam veloci ty is (2Bc), the  effect ive 

bunch length of one beam sekn by the o ther  is  only (Ig/2) .  In  terms j 
' A .  ' 

4. ' ... t u g  constraint  can b6 .. -' <"" . .'' ... ,. - ,' '. 
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where 
v 

i s  the  f; energy a t  c o l l i s i o n ,  i n  proton mass u n i t s ,  

and Bv i s  the  v e r t i c a l  focusing f i c t i o n  a t  t he  c o l l i s i o n  point .  

Taking ag = 41.2 cm (assuming an inva r i an t  bunch a rea ,  

A = 0.2 eV-sec, a  peak vol tage ,  V = 4MV, a t r a n s i t i o n  energyI y- = 17s 

and a  momentum, p  = 1 0 0 0  GeV/c.), a = 27 mrad, y- = 1 0 6 6 ,  and Bv= 25m1 
P 

w c  have TOE the maximum EL, 

< 
Ev - 3 . 3 ~ 1 0 ~ ~  rad-m 

Even though t h e  30 G e V  beam s i z e  corresponding. t o  t h i s  emittance and 

a  B -value of B, = l o o m ,  t he  l a t t i c e  maximum, is  

t o t a l  width = 2 (EVBJy) 1/2 

= 2 ( 3 . 3 ~ 1 0 - ~ ~ 1 0 0 / 3 2 )  = 6 .4  cm, 

we adopt t h i s  emittance f o r  t he  v e r t i c a l  acceptance of t h e  38.GeV f; 

beam. This ape r tu re  c o n s t r a i n t  could be a l l e v i a t e d  by e i t h e r  choosing 
. - . - -- - - .. -- 

a s t ronger  focusing doubler l a t t i c e  o r  b y . i n c r e a s i n g t h e  5 production 

energy. 

To optimize the  t a r g e t  e f f ic iency ,  w e  t ake  a  spo t  s i z e  about 
i 

1/2  m (r = 0-25 rnm). For a t a r g e t  length roughly the  c o l l i s i o n  length 
I 

I I .  ti of an i r id ium t a r g e t ,  P; = 5 an, we have t h a t  the  geometric parameter, 

y  = 2 - 0 3 ,  and the  geometric e f f i c i ency  i s  q = 0 .65 .  The t a r g e t  e f f i -  
. 

ciency i s  therefore  - .  
. -- .. - - . - -- - - 
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Thus, t h e  p e f f i c i e n c y  y i e l d  i s '  

The momentum spread t h a t  can be accepted is r e l a t e d  t o  t h e  bunch 

s t r u c t u r e  of t h e  proton source beam and t h e  des i r ed  i n v a r i a n t  longi- 

t u d i n a l  a r ea ,  A- , of t h e  an t ip ro ton  bunch: 
P 

where 11. i s  t h e  proton bunch leng th ,  which is j u s t  t he  bunch length  
P  

f o r  . the captured an t ip ro ton  beam a t  t he  production energy. .The pro- 

t on  bunch length  i s  given by 

These 

2 
. l /y  tr 

.., 
correspond t o  main r i n g  parameters: V = 4 MV, h  = 1113, q - 

P 
L' 3 . 5 ~ 1 0 ~ ~  = 47.75 kHz, p  = 200 G e V / c ,  and A = 0 . 1  eV-sec. 

f~ P  
Therefore,  R = 43.4 an. I f  w e  assume t h a t  twice t h e  i n v a r i a n t  a r ea  

P  
can be accommodated f o r  t h e  f; beam, A- = 0.2 e V - s e c t  and we have 

P  - 
Ap = 0.17.6 GeV/c.  Thus, t h e  number of  p' s produced per  proton,  r) , 
i s  given by 

- ;! 
q = (N-/N ) =  ( 3 . 9 ~ 1 0 ~ ~ )  ( 0 . 1 7 6 )  = 6.9x10-~ . 

P P .  C 
I 
I 

If w e  match h o r i z o n t a l  s i z e  and bunch leng th  i n  t h e  two collid=.-- ' '  
- -  

i n g  bunches, we can w r i t e  f o r  t h e  luminosi ty ,  assuming Gaussian bunches-- 

i n  a l l  dimensions, 
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where LB i s  t h e  t o t a l  bunch l eng th  ( 9 5 % ) ,  

41 i s  h o r i z o n t a l  1/2-size ( 9 5 % ) ,  

n  i s  t h e  number of  bunches, 

f  i s  t h e  r evo lu t i on  frequency,.  rev 
NIB, NZB a r e  t h e  number of  p a r t i c l e s . p e r  bunch i n  beams 1 and 

2 r e s p e c t i v e l y ,  

and ' a i s  ' the t o t a l  c ro s s ing  angle .  

The parameter va lue s  a r e  taken t o  be frev = 47.75 kHz, n  = 1113, 

a = 27 m a d ,  kg = 41.2 cm, and 

where w e  have assumed B = 25ml f o r  t h e  1000. GeV '  beam, h  

The number of  p a r t i c l e s  i n  t h e  proton beam i s  2 x 1 0 ~ ~ ~  corresponding 

-5 t o  an emittaqce ' E  = 2x10 rad-m. , T h e  number p e r  bunch i s  t h e r e f o r e  . 

N = ( 2 x 1 0 ~ ~ )  /1113 = 1 . 8 ~ 1 0 ~ ~ .  Although n o t  necessa ry ,  i f  w e  presume 
P 

. - - . . - . - . . 
t h a t  . t h e  'same c h a r a c t e r  proton beam is  used f o r  p produc t ion  a s  i s  

used f o r  c o l l i s i o n s ,  then  t h e  number of  a n t i p r o t o n s  p e r  bunch i s  

and t h e  pp luminos i ty  i s  p ropo r t i ona l  t o  t h e  pp Puminosityp and can 
ri 

be w r i t t e n  d 
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With t h e  above pa ramete r s ,  t h e r e  r e s u l t s  f o r  t h e  pp luminos i ty ,  

L = 2.9 x 10 29 a -2  sec -1 

PP 
I 

and f o r  t h e  pp l u m i n o s i t y ,  

.L- = 2 .O x l o L '  cm '2. sec -1 
PP 

The fo l lowing  comments r e f l e c t  some p e c u l i a r i t i e s  and p o t e n t i a l  

improvements i n  t h e  g iven  scheme. 

1. The e n e r g i e s  o i  both  the source  proton beam and t h e  pruduced 

a n t i p r o t o n  beam cou ld  be inc reased .  Th i s  would i n c r e a s e  t h e  p pro- 

d u c t i o n  c r o s s  s e c t i o n  as w e l l  a s  a l l e v i a t e  t h e  a p e r t u r e  problem 

when t h e  p beam i s  cap tu red  i n  t h e  doubler .  

2. More h o r i z o n t a l  emi t tance  of t h e  5 beam could  be accepted.  
I 

The 5 y i e l d  would go up l i n e a r l y  whi le  t h e  e f f e c t i v e  beam s i z e  f o r  

luminos i ty  c a l c u l a t i o n s  i n c r e a s e s  much more s lowly ,  roughly by t h e  

square  r o o t .  The luminos i ty  would t h e r e f o r e  increase. 

3 .  Although a s m a l l e r  c r o s s i n g  a n g l e  i n c r e a s e s  t h e  pp luminos i ty ,  

t h e  ~ p . l & n o s i t y  would a c t u a l l y  d e c r e a s e ,  s i n c e  t h e  y i e l d  i s  es- '  

s e n t i a l l y  p r o p o r t i o n a l  t o  t h e  square  o f  t h e  c r o s s i n g  angle .  

4 .  Those c o l l i d i n g  beam modes employing common d i p o l e  magnets 

t o  b r i n g  two p ro ton  beams i n t o  c o l l i s i o n  cannot  be used i n  t h e  c a s e  
[":, 

of  p ro tons  c o l l i d i n g  a g a i n s t  a n t i p r o t o n s .  Such common d i p o l e s  would b 

1 . i n s t e a d  cause t h e  ' p  and 5 beams t o  d ive rge .  I n  t h e  pp case, a  sep-tum- 

magnet arrangement,  w i t h  a l l  i t s  accompanying r i s k s ,  would-have t o  be-- 

a t tempted.  On t h e  o t h e r  hand, t h e  l a r g e  c r o s s i n g  ang le  mode, with  no 

common magnets, accommodates pp and pp c o l l i s i o n s  e q u a l l y  w e l l .  




