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BEAM OPTICS FOR THE SLOW BEAM EXTENSION 

A s  p r e s e n t l y  planned, t h e  SEE extens ion  t o  t h e  new East Experimental  

Bui lding Addit ion (EEBA) w i l l  be  a s t r a i g h t  through ex tens ion  of t h e  

present  "P' beam t o  a t a r g e t  s t a t i o n  ( h e r e t o f o r e  known as t a r g e t  "C") a t  

g r i d  coordinates '  N15000.0001', E14385.343" e 

5929.767" from t h e  SEE f i d u c i a l  a t  t h e  c e n t e r  of AGS s t r a i g h t  s e c t i o n  F13, 

taken  h e r e  as t h e  source poin t  f o r  beam o p t i c s  c a l c u l a t i o n s .  The source  

emit tances  used a re  from recent  d a t a  taken  j u s t  p r i o r  t o  t h e  1969 shutdown. 

The t a r g e t  c e n t e r  i s  then  
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For t h e  ho r i zon ta1 , emi t t ance  (87% contour) ,  I use  t h e  e l l i p s e  parameters 

a t  F13 
cyH = -2.8896 

p = 1086.95 inches  (1) 

eH 

H. 
= .0618 Inch-mrad 

which p e r t a i n  f o r  d a t a  obtained wi thout  simultaneous G10 t a r g e t i n g .  

h o r i z o n t a l  emi t tance  i s  e s s e n t i a l l y  unef fec ted  by i n t e r n a l  t a r g e t i n g .  ) 

(The 

2 

2 
I assume t h a t  t h e  l a r g e r  h o r i z o n t a l  (and v e r t i c a l )  beam spo t s  observed 

f o r  d a t a  time-averaged over t h e  e n t i r e  SEB s p i l l  du ra t ion  can be co r rec t ed  

1. H.N. Brown, p r i v a t e  communication (Sept. 1969). 

2. L.N. Blumberg, M.Q. Barton, J . D .  Fox, J.W. Glenn and L.E. RepeCa, 

Emittance Measurements i n  t h e  AGS Slow Ex te rna l  Beam," BNL Accel. Dept. I1 

I n t .  Rep. AGS D I V  69-12 (1969). 
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e i t h e r  by e l imina t ing  t h e  source  of  t h e  i n s t a b i l i t y  o r  by adjustment  of t h e  . 
e x i s t i n g  beam p o s i t i o n  servo.  For v e r t i c a l  emi t tance  a t  F13 t h e  e l l i p s e  

parameters  are taken as 

= . 9 9 n  

pv = 147.02 inches  

G = .0684 inch-mrad V 

corresponding  t o  d a t a  obta ined  wi th  50% of t h e  c i r c u l a t i n g  beam i n t e r a c t i n g  

a t  G10. 

without  i n t e r n a l  t a r g e t i n g .  

T h i s  emit tance i s  n e a r l y  twice as l a r g e  as t h e  va lue  p e r t a i n i n g  

Cons idera t ions  p e r t a i n i n g  t o  t h e  o p t i c a l  des ign  are: 

(A) It i s  d e s i r a b l e  t o  r e t a i n  t h e  ex is t ing"quadrupo1es  R Q l  (N3Q36) 

and RQ2 (8Q48)  i n  t h e i r  p re sen t  p o s i t i o n s .  

(€3) The beam envelope should have a h o r i z o n t a l  maximum near  t h e  a n t i -  

c i p a t e d  l o c a t i o n s  o f  f u t u r e  beam s p l i t t e r s - - o n e  j u s t  downstream of t h e  

e x i s t i n g  steel  beam s t o p  i n  t h e  o l d  East Experimental  Bui lding (EEB) t o  

p rov ide  a f u t u r e  second t a r g e t  i n  t h e  EEBA bu i ld ing ,  and another  near t h e  

p r e s e n t  RDl-RD2 magnets t o  provide  s imultaneous t a r g e t i n g  i n  EEB and EEBA. 

Hor i zon ta l  beam s i z e  of  - 1.5" seems reasonable  wi th  p re sen t  s p l i t t e r  des igns  

t o  l i m i t  l o s s e s  t o ?  l%, and v e r t i c a l  s i z e  of 2 .5'l i s  c o n s i s t e n t  wi th  

4 r e q u i r e d  septum th i ckness  and f i e l d  . 
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(C) E x i s t i n g  quadrupole des igns  should b e  used i f  p o s s i b l e ,  p r e f e r a b l y  

t h e  o ld  8Q16 Cosmotron quads which are  a v a i l a b l e 5  and less i n  demand f o r  

expe r imen ta l  physics  u s e  than  o t h e r  8" quads.6 The g rad ien t  o f  t h e  8Q16 

should  n o t  exceed 1.75 kG/in f o r  optimum match t o  e x i s t i n g  power s u p p l i e s .  6 

3. L.N. Blumberg, "Energy Deposi t ion i n  Cryogenic S p l i t t e r  Magnet," BNL 

Accel. Dept. I n t .  Rep. AGS D I V  69-7 (1969), Designs B and D. 

4 .  H. Hsieh, pr ivate  communication (1969). 

5. W.G. WaZker, p r i v a t e  communication (1969). 

6 .  J.R. Sanford,  p r i v a t e  communication (1969). 



(D) The beam envelope c a l c u l a t e d  f o r  t h e  87% contour  should not  exceed 

50% of t h e  vacuum p i p e  a p e r t u r e .  A 6" diameter p ipe  has  been s p e c i f i e d  f o r  

t h e  SEI3 extension.  

(E) The v e r t i c a l  divergence of  t h e  beam spot  a t  t a r g e t  C should be  

about  f 2.5 mrad and t h e  ve r t i ca l  s i z e  about f .Q25Iv1; t h e  h o r i z o n t a l  

divergence should not exceed t h e  v e r t i c a l  but  t h e  h o r i z o n t a l  s ize  can be 

l a r g e r ,  say  - .l" e 

(F) S u f f i c i e n t  reserve c a p a b i l i t y  should be  provided i n  t h e  quadrupoles . 

t o  ope ra t e  t h e  beam a t  P w 33 G e V / c ,  - 10% h ighe r  momentum than  w e  p r e s e n t l y  

ach ieve  f o r  t h e  SEB. Design momentum i s  taken  h e r e  as 29  GeV/c. 

R. Warkentien poin ted  out  t h a t  t h e  s imples t  conf igu ra t ion  t o  s a t i s f y  

cond i t ion  (€3) i s  a h o r i z o n t a l l y  converging l e n s  (HC) a t  each s p l i t t e r  l o c a t i o n  

and a v e r t i c a l l y  converging element (VC) between. Clear ly ,  RQ2 must be  t h e  

HC l ens  near t h e  upstream s p l i t t e r .  

d iverg ing  (HD) wi th  t h e  p re sen t  SEB emit tance t o  i n c r e a s e  t h e  hon izon ta l  s i z e  

t o  1.5" as requi red  a t  RQ2. J .D.  Fox subsequent ly  determined t h a t  cond i t ions  

(C),  (D) and (F) r e q u i r e  two v e r t i c a l l y  converging 8Q16's (RQ3 and RQ4) 

between t h e  s p l i t t e r  po in t s .  

downstream s p l i t t e r  is  then  f ixed  by t h e  s p l i t t e r  design3 and t h e  d e s i r a b i l i t y  

o f  l oca t ing  t h e  quad between t h e  t h i n  and t h i c k  septum of t h e  s p l i t t e r ,  t hus  

a s s u r i n g  t h a t  a h o r i z o n t a l l y  d ive rg ing  beam impinges on th5s  element. 

t h e  present  no te  t h e  p o s i t i o n  of t h e  downstream quads RQ7 and RQ8 were va r i ed  

t o  s a t i s f y  condi t ion  (E) and t h e  p o s i t i o n  and s t r e n g t h  of matching quad 

RQ6 was determined t o  a t t a i n  equal  h o r i z o n t a l  and v e r t i c a l  f i l l i n g  of RQ7$ 

RQ8. 

r e s u l t i n g  beam envelopes us ing  Eqs. 1 and 2 as sources  are  p l o t t e d  i n  

Fig. 1. 

Lens R Q l  must t hen  be h o r i z o n t a l l y  

The p o s i t i o n  of t h e  HC quadrupole (RQ5) a t  t h e  

I n  

7 

The f i n a l  geometry and beam cond i t ions  are g iven  i n  Table  I and t h e  

The v e r t i c a l  envelope a t  RQ4 s l i g h t l y  exceeds t h e  50% f i l l i n g  

7 .  J ,D .  Fox p o i n t s  out  t h a t  wi th  a s l i g h t  modi f ica t ion  of beam s ize  a t  t h e  
s p l i t t e r s  and a t p l e r a b l e  inc rease  i n  g rad ien t  of,RQ3, t h e  s t r e n g t h  
r equ i r ed  of RQ6 i s  reduced and an.8416 could s u f f i c e  here .  -_  . .  
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c r i t e r i o n ;  t h i s  can be co r rec t ed  by s l i g h t l y  inc reas ing  t h e  s t r e n g t h  of 

RQ3 without  v io l a , t i ng  cond i t ion  (F) .  

used i n  t h e  computer c a l c u l a t i o n  i s  a r b i t r a r y .  

f i l l i n g  of RQ7'and RQ8 can be  co r rec t ed  by inc reas ing  RQ5. 

immediate f u t u r e  cond i t ion  (C) on t h e  maximum grad ien t s  of t h e  8Q16's can 

The c o n s t r a i n t  t h a t  RQ3 = RQ4 = RQ5 

Likewise, t h e  s l i g h t  over- 

For t h e  

8 b e  r e l axed  s i n c e  they  w i l l  be operated from 450 KW supp l i e s  

e a s i l y  supply t h e  1000 A maximum cur ren t  (2.3 kG/in maximum g r a d i e n t )  r a t i n g .  

The beam e l l i p s e s  a t  t a r g e t  C are  p l o t t e d  i n  Fig.  2. The s p o t  sizes and 

angular  divergence s a t i s f y  cond i t ion  (E) ,  

which can 

I n  Fig.  2, t h e  envelopes corresponding t o  emit tances  f o r  no simultaneous 

2 i n t e r n a l  t a r g e t i n g , a r e  p l o t t e d .  The v e r t i c a l  source e l l i p s e  i s  then  

= 145.55 inches  (3) pv 

eV = -0367 inch-mrad 

Also of i n t e r e s t  i s  t h e  response of t h e  o p t i c a l  system of Table  I t o  

t h e  - rt .5% momentum v a r i a t i o n  i n  t h e  SEE. I n  Fig.  4 A, t h e  t r a j e c t o r y  of  

t h e  .5% o f f  momentum c e n t r a l  r a y  i s  p l o t t e d .  The h o r i z o n t a l  coord ina tes  a t  

t h e  C t a r g e t  change very  l i t t l e ,  i .e.,  gX = .004", AX' = .8 mrad. However, 

t h e  beam excursion i n  RQ7 o f -  .6" is  excessive i n  view of t h e  h o r i z o n t a l  

f i l l i n g  of RQ7 i n  Fig.  1. The momentum s h i f t  i s  e a s i l y  co r rec t ed  by t h e  

fe r r i te  s t e e r i n g  magnet; t h e  response of  t h e  c e n t r a l  r ay  t o  a, .1 mrad 

s t e e r i n g  magnet bend is  p l o t t e d  i n  F ig .  4 B and shows a coord ina te  d i s -  

placement a t  t a r g e t  6 of  AX = .012", AX' = 1.2 mrad. 

magnet h a s  a capabi l i ty '  of  m & 1 mrad, w e  can e a s i l y  c o r r e c t  fo r  p o s i t i o n  

misalignment a t  t a r g e t  C wi th  t h e  p re sen t  l o c a t i o n  of t h e  s t e e r i n g  magnet. 

Since t h e  s t e e r i n g  

F i n a l l y ,  an  a d d i t i o n a l  d e s i r a b l e  f e a t u r e  of  t h e  o p t i c s  i s  t h a t  we do 

8, G. Ryan, p r i v a t e  communication (1969). 

9. A.V.  Soukas, p r i v a t e  communication (1968). 
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n o t  have a 180' r o t a t i o n  o f  t h e  phase e l l i p s e  between s p l i t t e r  SC-1 and #2. 

A TT phase s h i f t  would g i v e  maximum s e n s i t i v i t y  of  t h e  h o r i z o n t a l  e x t e n t  

o f  t h e  beam a t  s p l i t t e r  /C-2 t o  t h e  r a t i o  o f  t h e  s p l i t  a t  s p l i t t e r  #l. 

To i l l u s t r a t e  th i s  p o i n t ,  t h e  e l l i p s e s  of  t h e  p r e s e n t  s o l u t i o n  a t  t h e  two 

10 

s p l i t t e r  p o s i t i o n s  are shown i n  Pig.  5. 

s p l i t t e r  i s  o r i e n t e d  as shown (pass ing  n e a r l y  through p o i n t s  7 and 19) ,  

t hen  t h e  image o f  the septum a t  s p l i t t e r  #Z is  s u f f i c i e n t l y  t i l t e d  so 

I f  t h e  septum o f  t h e  upstream 

tha t  t h e  beam t r a n s m i t t e d  t o  s p l i t t e r  IC-2 .(w 25% i n  example shown) w i l l  

have a h o r i z o n t a l  s i z e  of  75% of  t h e  maximum a t t a i n a b l e  va lue .  S imi l a r ly ,  

f o r  a 50-50 s p l i t  a t  fl, t h e  s i z e  o f  t h e  t r ansmi t t ed  beam a t  s p l i t t e r  #2 

i s  FS 95% of  t h e  maximum. 

Distr: 

Department Adminis t ra t ion  
AGS Divis ion  S t a f f  
EP&S Div i s ion  S t a f f  

LO. D. Berley,  p r i v a t e  communication (1969). 



Component 

TABLE I 

GEOMETRY FOR SEB EXTENSION 

P o l a r i t y  Lens Type 

D r i f t  1 

RQ1 

RQ2 
D r i f t  3 

RQ3 
D r i f t  4 

RQ4 
D r i f t  5 

RQ5 
D r i f t  6 

RQ6 

RQ7 

RQ8 

D r i f t  2 

D r i f t  7 

D r i f t  8 

D r i f t  9 

vc 

HC 

VC 

VC 

HC 

vc 

HC 

VC 

N3Q36 

8448 

8Q16 

8Q16 

8Q16 

8432 * 

N3 43 6 

N 3  43 6 

Length 
( inches)  

217,25 

37.5 

150.55 

51.5 

627.7 

20.0 

1418 

20.0 

15 17  
20.0 

550.5 

36.0 

741.4 

37.5 

56.0 

37.5 

390.9 

Distance From F13 
( inches)  

217.25 

254 75 

405 - 3  

456.8 

1084.5 

1104.5 

2523 

2 543 

4060 

4080 

4630,5 

4666 e 5 

5407 9 

5445 0 4 

5501.4 

5538.9 

5929.8 

J; 
See footnote  7 

LOCATION OF CENTER OF QUADRUPOLES 

Distance From F13 (inches) 

236 
43 1 

1094 5 
2533 
4070 
4648.5 
5426.65 
5520.15 
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Fig. 2 








