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SUMMARY 

Possible d i f f i c u l t i e s  with the proposed change t o  E20 ex t rac t ion  a re  d i s i . ”  

cussed. I n  addi t ion,  an a l t e r n a t i v e  t o  E20 i s  out l ined,  i n  which the ex is t ing  

ex t rac t ion  a t  F10 is‘ improved and the switchyard i s  r e b u i l t .  

The main improvements which a r e  planned f o r  the AGS slow extracted beam 

0 a r e  : 

(1) decrease the number of protons l o s t  i n  the ex t rac t ion  and t ransport  

equipment by an order of magnitude and thereby decrease the exposure t o  radio- 

a c t i v i t y  of the people who work on or near the equipment; 

(2) increase the number of protons delivered t o  the ta rge ts  by a fac tor  

of about 1.5 and; , 

( 3 )  provide four simultaneous ta rge t  s t a t i o n s  with complete control  over 

the s p l i t t i n g  r a t i o s .  

These improvements involve both the ex t rac t ion  and the switchyard, and i n  

one scheme’ involve moving the ex t rac t ion  point t o  E20. 

1. Extraction Options 

A. Conceptual Uncertainties 

There a r e  several  uncer ta in t ies  i n  discussions of the possible  performance 

proposed new ext rac t ion  schemes. F i r s t ,  recent s tud ies  of the present slow 

ext rac t ion  with and without the H20 e l e c t r o s t a t i c  septum2 show performance t h a t  

i s  considerably worse than expected from the simple models one uses t o  discuss 

extract ion eff ic iency.  Whether these discrepancies come from deficiencies  i n  
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the model or def ic iencies  i n  the ex t rac t ion  equipment, one must understand them 

before one has r e a l  confidence t h a t  proposed improvements w i l l  be successful.  il) 
e r e r i s d t h q  qaes t pled- qeipka. It 4 s  somewhatiuncertain 

whether ex t rac t ion  with an e l e c t r o s t a t i c  septum i n  a separate  upstream o r b i t  

bump can be highly e f f i c i e n t .  Proposed schemes -(3ike.:EZO 

oh &quz 

Despite these uncer ta in t ies ,  we proceed t o  a discussion of various extrac-, 

t i o n  options. 

B. Problems with E20 Extraction 

The present plan' f o r  E20 ex t rac t ion  is  t o  have an e l e c t r o s t a t i c  septum a t  

E13, a 0,020 inch magnetic septum a t  E17 and a 0.375 inch magnetic septum a t  E20, 

with 22 mrad def lect ion.  

I f  t h e  horizontal  emittance of the c i r c u l a t i n g  beam i s  P = E/n = 0.10 inch- 

mrad (Bye = 77 p rad - m), then the divergence of the resonantly extracted beam 

a t  E13 is  0.30 mrad, and a t o t a l  of 0.33 mrad def lec t ion  is  needed t o  overcome 

the beam divergence and make a clean shadow a t  E17. 

e l e c t r o s t a t i c  septum which is  planned, operating a t  80 kV/cm, w i l l  have a de- 

f l e c t i o n  of only 0.26 mrad. 

and a comparable amount a t  E17, f o r  a t o t a l  ex t rac t ion  eff ic iency of 97%. 

But, the 36 inch long 0 

The ex t rac t ion  loss  would then b e -  1.5% a t  E13 

Two other weaknesses of the present design for  E20 ex t rac t ion  a r e  worth 

mentioning. F i r s t ,  there  i s  the requirementsof new ext rac t ion  magnets for  E17 

and E20 with the same def lec t ion ,  but s k @ & f ~ ~ & ~ ~ t $ ~ : ~  

corresponding ones present ly  a t  F5 and F10. 

op t ics  of the extracted beam, which has been defocussed horizontal ly  much more 

thankwith F10 extract ion.  

t&&&&ks:ss iC~h8~). @he 

Second ~ i s ~ ~ t ~ - ~ ! ~ h ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ d ~ ~ = ~ o ~ ~ ~ e ~ ~ ~  

Several ways t o  overcome these d i f f i c u l t i e s  suggest themselves. One is  t o  

re-engineer the r ing  magnets and vacuum chambers around E13 to  allow for  a 46" 

e l e c t r o s t a t i c  def lec tor  there ,  giving 98.5% ext rac t ion  eff ic iency.  There a r e  a 

number of other p o s s i b i l i t i e s .  

each of them i s  analogous t o  a scheme t h a t  can apply t o  the present F10 extrac- 

t i o n ,  as discussed below. 

These w i l l  not  be discussed e x p l i c i t l y  because 
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C.  Improving F10 Ex t rac t ion  

There a r e  s e v e r a l  ways t o  e x t r a c t  from F10 wi th  improved e f f i c i e n c y .  

(1 1 It 

(I) A curved, 90 inch  long e l e c t r o s t a t i c  septum us ing  0.002 inch  

* 
wires  a t  H20 followed by the  e x i s t i n g  0.030 inch septum 5'5 and 0.53 inch 

septum F10 magnets. I f  such an  e l e c t r o s t a t i c  septum i s  b u i l t  wi th  curva- 

t u r e  equal  t o  112 t h e  t r a j e c t o r y  cu rva tu re ,  t h e  cont r ibu t ion ' -  of beam dF- 

ve rgenee le f f ec t s  - t o  i t s ,  apparent  I t h i ckness  ds_only+ 0:0015 inch. For a 

s e t r o f  -assumptions he e x t r a c t i o n  eff icCency-is-97%. 

0 

(2)  Same as (1) but  wi th  t h e  e l e c t r o s t a t i c  septum a t  ,410. This  

has  t h e  advantage over (1) t h a t  t h e  e l e c t r o s t a t i c  septum i s  only 12 

wavelengths upstream of t h e  magnetic one in s t ead  of 24, and a l s o  it 

does not  depend on non-l inear  e f f e c t s  f o r  s epa ra t ion .  The e x t r a c t i o n  

e f f i c i e n c y  i s  - 98%. 

(3) T h i r t y - s i x  inch e l e c t r o s t a t i c  s ep ta  a t  both F3 and F5 followed 

by a 36 inch  long, 0.040 inch magnetic septum a t  F7 and t h e  e x i s t i n g  e j ec -  

'cionmnagnE8 -ai?( E10. Despi te  t s unfavorable  a t t i a e  pa rame te r s , f th i s  b r u t e  

forceimefhbd a i th-c lose-coupled  sep ta  g ives  complete cleacanckcofl  t h e  -copper 

septa and a c a l c u l a t e d  e x t r a c t i o n  e f f i c i e n c y  of 96%. 

2. A New Switchyard f o r  F10 Ex t rac t ion  

The most a t t r a c t i v e  f e a t u r e  of E20 e x t r a c t i o n  i s  t h e  e x t r a  room it 

provides  f o r  a new switchyard design.  Th i s  room makes it easy t o  inc lude  

high e f f i c i e n c y  e l e c t r o s t a t i c  s p l i t t e r s ,  and t o  feed  t h e  t h r e e  e x i s t i n g  

t a r g e t  s t a t i o n s  A,  B and C,  a long  wi th  a 29 degree l e f t  bend t o  a new D 

s t a t i o n .  

However, it i s  a l s o  poss ib l e  t o  des ign  a n  equiva3.enti:switchyard 

f o r  F10 e x t r a c t i o n .  F igu re  1 shows a poss ib l e  layout  and Table 1 gives  

t h e  parameters of t he  s p e c i a l  components t h a t  a r e  requi red .  

The des ign  i s  based on conserva t ive  assumptions about t h e  emit tance 

of t h e  ex t r ac t ed  beam: 

(99%) = 0.06 in-mrad 

e (99%) = 0.10 in-mrad 
Y 
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(The h o r i z o n t a l  emit tance is  based on a c i r c u l a t i n g  beam emit tance of 

c = 0.10 in-mrad, and t h e  v e r t i c a l  emit tance i s  based on E:Raka's 

recent  f l i p - t a r g e t  measurements of v e r t i c a l  beam s i z e . )  The switchyard 

has  been designed s o  t h a t  a beam of t h e  assumed emit tance c l e a r s  t h e  

sep ta  and v e r t i c a l  a p e r t u r e s  wi th  a s&€ety f a c t o r  of 1.5. 

X e 

The f o u r  quadrupoles Q a r e  ad jus t6d  t o  s a t i s f y  t h e  fo l lowing  1-4 
f o u r  condi t ions :  

2 ;  (1) a h o r i z o n t a l  w a i s t  a t  p r o f i l e  monitor W 

2 ;  ( 2 )  

(3) a h o r i z o n t a l  beam s i z e  of 0.76 inches ( f u l l  width)  a t  W 

( 4 )  

a v e r t i c a l  w a i s t  a t  W 

1; 

1' minimum v e r t i c a l  beam s i z e  a t  W 

For  the  assumed emit tance,  t h e  beam s i z e  i s  then  0.68 X 0.6O.inches (H X V) 

a t  W2 and 0.76 X 0.84 inches a t  W 1 ,  and t h e  beam divergence is  0.36 X 0.66 

mrad . 
The D and A beams cont inue t o  d r i f t  a f t e r  leav ing  t h e  switchyard 

components shown i n  F ig .  1 u n t i l  they reach quadrupole double ts  which 

focus  them on t h e  D and A t a r g e t s .  The C beam i s  refocussed by symmetric 

t r i p l e t  Q5-7 t o  a w a i s t  a t  W 

W 2 ;  a f t e r  s p l i t t i n g  t h e  B and C beams d r i f t  and a r e  c a r r i e d  by t h e  e x i s t i n g  

beam t r angpor t  t o  t h e  B and C t a r g e t s .  

wi th  the  same p r o p e r t i e s  as  t h e  waist a t  4 

The beam s p l i t t i n g  c o n s i s t s  of a three-way D/A/C s p l i t ,  shown i n  

more d e t a i l  i n  F ig .  2 ,  followed by a two-way B/C s p l i t .  The D/A/C 

s p l i t  i s  made i n  t h r e e  s t a g e s ,  wi th  e l e c t r o s t a t i c  s p l i t t e r s  E ( f i e l d  

on each s i d e  of a wire  anode) followed by t h i n  copper septum magnets S 

1-4 and t h i c k  copper septum magnets D 

s t a g e s  (E followed by S ), s i n c e  t h e  angle  between t h e  B and C beams 

i s  only 10 mrad. Beam l o s s e s  should be l e s s  t han  1% on each of t h e  t h r e e  

e l e c t r o s t a t i c  septa.  

1-2 

1-2 
The B/C s p l i t  i s  made i n  only two 

3 3-4 

The s p l i t t i n g  r a t i o s  a r e  c o n t r o l l e d  by remote mechanical motion of 

and S and by s t e e r i n g  wi th  s t e e r i n g  d i p o l e s  V and septum 
E 1-3 1-2 , 2-5 
magnets D 1-2' 
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I? OOTNOT ES 

1. Memos by J . W .  Glenn, 7/20/76 and by L.W. Blumberg, J . W .  Glenn a n  d 

H.H. Hs ieh ,  10/7/76.  

2.  These w i l l  b e  d i s c u s s e d  i n  a s e p a r a t e  r e p o r t .  

Distr. : Dept.  A d m i n i s t r a t i o n  
A c c e l e r a t o r  Department S & P 

L, 1 nl i i ra  

7 5 - -  
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TABLE 1 

Components f o r  Revised Switchyagd 

SEC Secondary emission chamber 

Segmented w i r e  i on  chamber wl-4 

10 f t ,  f 35 kV/cm e l e c t r o s t a t i c  s I p l i t t e r ,  0.002 i n  wire  septum, . .  
E1-3 

rt 0.38 mrad d e f l e c t i o n  

10 f t ,  1.6 kG, 0.08 i n  Cu septum magnet, 1.25 i n  v e r t i c a l  a p e r t u r e ,  

5 mrad d e f l e c t i o n  
'1-4 ! 

8 f t ,  10 kG, 1.0 i n  Cu septum magnet, 1.0 i n  v e r t i c a l  a p e r t u r e ,  

26 mrad d e f l e c t i o n  

2 f t ,  10 kG Vernier  magnet wi th  v e r t i c a l  t r i m  winding 

D1-4 

1-5 

5C90, 13 kG, 1.25 i n  v e r t i c a l  a p e r t u r e ,  30 mrad d e f l e c t i o n  '1-5 
i-7 

6H300, 16 kG, 1.25 i n  v e r t i c a l  a p e r t u r e ,  130irmrad d e f l e c t i o n  '1-3 

i 
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