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ELECTROSTATIC INFLECTOR 

In t roduc t ion  

Mul t i t u rn  i n j e c t i o n  has been used a t  t h e  AGS s i n c e  August 1964 and 

has  been accomplished by using a n  e l e c t r o s t a t i c  i n f l e c t o r  and a s s o c i a t e  

equipment. 

The proton'beam leaves  t h e  l i n e a r  a c c e l e r a t o r  on an  o p t i c  a x i s  t h a t  

l i e s  on t h e  median p lane  of t h e  AGS r i n g .  

of t h e  beam t r a n s p o r t ,  which i s  approximately 4- in .  o u t s i d e  a tangent  l i n e  

t o  t h e  AGS. A s  t h e  beam moves a long  t h i s  f l i g h t  path,  it i s  d e f l e c t e d  

toward t h e  r i n g .  

accomplished by t h e  e l e c t r o s t a t i c  i n f l e c t o r .  

The beam moves a long  t h e  axis  

The f i n a l  tangency of t h e  l i n a c  beam t o  t h e  AGS r i n g  i s  

Mechanical Design 

The i n f l e c t o r  i s  loca ted  a t  t h e  edge of t h e  usable  machine a p e r t u r e  

a t  t h e  10 f t  s t r a i g h t  s e c t i o n  "L-20". 

are shown i n  a c ros s  s e c t i o n a l  view i n  F ig .  1. The main assembly drawing 

i s  D07-M-5203-5, and anyone i n t e r e s t e d  i n  g r e a t e r  d e t a i l  should refer to. 

t h i s  drawing. 

The major components of t h e  i n f l e c t o r  

A s i m p l i f i e d  p l an  view, wi th  cover removed, i s  shown i n  F ig .  2.  The 

sub-base i s  a c c u r a t e l y  surveyed i n  p o s i t i o n  r e l a t i v e  t o  t h e  l i n e  j o i n i n g  t h e  

magnet sockets  (So) of t h e  "L-20" and "A-1" AGS main r i n g  magnets. 

i n f l e c t o r  sub-assembly i s  a c c u r a t e l y  pos i t ioned ,  re la t ive  t o  t h e  sub-bas.e, 
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through t h e  use  of t h r e e  gage b locks  as noted i n  t h e  f igu re .  

t h e s e  gage blocks faci l i ta tes  a c c u r a t e  l o c a t i o n  without  survey and i n s u r e s  

The use  of 

a c c u r a t e  r e p o s i t i o n i n g  of  t h e  i n f l e c t o r  sub-assembly, a f t e r  i t  has been 

removed f o r  maintenance, wi th  minimum e f f o r t  and t i m e .  

The high vo l t age  e l e c t r o d e  i s  60-in. long and i s  made from 6061-T6 

aluminum a l l o y  h igh ly  pol i shed  a l l  over .  The e l e c t r o d e  f ron t  f ace  shape, 

shown i n  Fig.  3 was-opt imized by making equ i -po ten t i a l  p l o t s  on h igh  

r e s i s t a n c e  paper of  t e n  t i m e s  s ize  c r o s s  s e c t i o n s .  'The normal running 

vo l t age  i s  a negat ive  45 kV. 

Shown i n  Fig.  4 i s  a two p i e c e  co.pper s h i e l d  block t h a t  i s  fas tened  

t o ,  and i n s u l a t e d  from, t h e  i n f l e c t o r  sub-assembly. I n  add i t ion ,  each of  

t h e  two component p i eces  are  i n s u l a t e d  from each o ther .  The func t ion  of 

t h i s  block is  to--1) act as a co l l ima to r  f o r  t h e  l i n a c  beam, and 2) t o  

provide a p r o t e c t i v e  s h i e l d  f o r  t h e  o u t s i d e  face of t h e  t h i n  (0,015) septum 

p l a t e  from t h e  o r b i t i n g  beam. C e r a m i c  beaded, copper s i g n a l  w i r e  has  been 

run  from each p i ece  t o  a vacuum feed  t h r u  loca ted  on t h e  f r o n t  f a c e  of t h e  

vacuum box; co-ax c a b l e  then  runs  t o  t h e  AGS Main Control  Room. This  

enables  c l o s e  monitoring f o r  s tudy  and eva lua t ion  of t h e  s i g n a l  generated 

by t h e  en te r ing  l i n a c  beam "wiping of f"  on en t rance  through t h e  opening of 

t h e  copper block, and t h e  s i g n a l  genera ted  by t h e  c i r c u l a t i n g  beam "wiping 

of f"  on t h e  o u t s i d e  edge of t h e  b lock  as i t  passes  t h e  ou t s ide  of t h e  

i n f l e c t o r .  

Af te r  several weeks of  o p e r a t i o n  it was found t h a t  a thermal  breakdown 

of some of t h e  i n s u l a t i n g  material (.005 t h i c k  "H" f i lm)  caused outgassing.  

This  r e s u l t e d  i n  a s e r i o u s  a r c i n g  problem t h a t  i n t e r m i t t e n t l y  t r i p p e d  t h e  

i n f l e c t o r  o f f .  

by a one p iece  s h i e l d  block. 

The two p i e c e  copper s h i e l d  block w a s  removed and rep laced  

A new s p l i t  b lock h a s  been designed and i s  

now ready f o r  i n s t a l l a t i o n .  
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The upstream i n f l e c t o r  viewing f l a g  and i t s  b a s i c  dimensions are shown 

i n  F ig .  5. 

p o s i t i o n s  denoted, o r  withdrawn w i t h i n  t h e  shadow of t h e  vacuum p i p e  by 

a c t i v a t i n g  a 24 v o l t  d.c. l i n e a r  a c t u a t o r  d r i v e  motor from t h e  Main Control  

Room. A potent iometer  readout  system, accu ra t e ly  c a l i b r a t e d  by t h e  AGS 

Target  Group, enables  t h e  machine ope ra to r  t o  p o s i t i o n  t h e  f l a g  i n  t h e  des i r ed  

p o s i t i o n .  

t e l e v i s i o n .  Operating p o s i t i o n  #l i s  use fu l  when s e t t i n g  up o r  f o r  s t u d i e s  

purposes, bu t  not s a t i s f a c t o r y  f o r  e f f i c i e n t  machine ope ra t ion  because t h e  

obs t ruc t ion  presented  by t h e  1/8- in .  t h i c k  qua r t z  p l a t e  "stops" most of t h e  

The f l a g  can b e x e m o t e l y  pos i t ioned  t o  e i t h e r  of t h e  two working 

The f l a g  i s  viewed i n  t h e  Main Control  Room v i a  c losed  c i r c u i t  

50 MeV beam. 

a i r  gap between t h e  two qua r t z  p i eces  t o  t h e  i n j e c t e d  beam c e n t e r l i n e .  

obs t ruc t ion  of  t h e  beam due t o  t h e  f l a g  has  been removed and t h i s  p o s i t i o n  

a l s o  enables  t h e  opera tor  t o  monitor any h o r i z o n t a l  movement of t h e  en te r ing  

beam during normal machine running.  

In t roduc t ion  t o  t h e  Ca lcu la t ions  

Switching t o  p o s i t i o n  #2, t h e  machine opera tor  can c e n t e r  t h e  

The 

A computer a n a l y s i s  w a s  made by D r ,  A.W, Maschke t o  determine t h e  i n i t i a l  

parameters t o  be  used. 

c e n t e r  of t h e  AGS machine, r e s u l t e d  i n  a n  o f f s e t  from t h e  computer coord ina te  

l i n e  t o  t h e  i n j e c t i o n  l i n e  of  2.904 inches (see Fig.  6 ) .  The high vo l t age  

e l e c t r o d e  w a s  t o  be  60-in. long and an  approach a n g l e  of  4 m i l l i r a d i a n s  

d i r e c t e d  away from t h e  c e n t e r  of  t h e  AGS, w a s  t o  be  used. The en t rance  and 

approach ang le s  were t o  b e  d i s t r i b u t e d  equaSly over t h e  e l e c t r o d e  length .  

Geometric P o s i t i o n  and A t t i t u d e  

A 22 m i l l i r a d i a n  en t rance  angle ,  d i r e c t e d  toward t h e  

Sign convention: 

P o s i t i v e  (+) denotes  inc reas ing  r ad ius  and, 

Negative (-) denotes  decreas ing  r ad ius  (toward t h e  c e n t e r  of t h e  

AGS r i n g ) .  
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Refer t o  F ig .  6. 

From t h e  beam program coord ina te  l i n e  t o  t h e  l i n e  

drawing D05-412-2. 
* j o i n i n g  t h e  magnet sockets  (So) as taken  from 

From t h e  beam program coord ina te  l i n e  t o  a n  ex tens ion  
of t h e  vacuum .chamber c e n t e r l i n e  i n  "L-20" (computer 
coord ina te  l i n e )  

= 12" ( t a n  0' 36 ' )  = 12 (0.01047) = y2 

Offse t  from t h e  computer coord ina te  l i n e  t o  t h e  
i n j e c t i o n  l i n e  a s  taken from t h e  computer shee t  

Offse t  6-in.  downstream a t  22 m i l l i r a d i a n s  

y3= -6.000 (0.022) = 

Cente r l ine  of a 1/2"in.  diameter beam w i l l  e n t e r  
t h e  i n f l e c t o r  3/8-in.  from t h e  i n s i d e  f a c e  of t h e  
septum p l a t e  

Distance from t h e  socket  l i n e  t o  t h e  i n s i d e  f ace  of 
t h e  septum a t  t h e  upstream end o f  t h e  i n f l e c t o r  
e l e c t r o d e  

The e l e c t r o d e  gap w i l l  go upstream f o r  30-in. a t  
22 m i l l i r a d i a n s  

-30" (0.022) = 

The e l e c t r o d e  gap w i l l  t hen  cont inue  upstream f o r  
30-in. a t  4 m i l l i r a d i a n s  

4-30" (0.004) = 

The c e n t e r l i n e  of  t h e  beam w i l l  leave t h e  gap 1/8- in .  
c l o s e r  t o  t h e  septum p l a t e ,  g raze  t h e  septum p l a t e  
and exit 

Distance from t h e  socket  l i n e  t o  t h e  i n s i d e  f ace  of 
t h e  septum a t  t h e  downstream end o f , t h e  i n f l e c t o r  
e l e c t r o d e  

Refer t o  F ig .  7. 

The septum shee t  angle :  

y i  = 0.035 

y2 = 0.126 

0.161 

2 -904 

y2 = 0.132 

2.933 

-0.660 
1.898 

. s0.120 

+O. 125 

I .--- 1 
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FIGURE E 

- THE CALCULATION E ANGLE E OF THE SEPTUM 

HOLDER PLATES (8 i n  figure 71, 

(1) 2,558 ( 2 )  Tan 8 = e415 6o = 0,006916 w 0,007 
-2 E43 

0.415 .", L e t  0 = 7 mil l i radians 

Socket l i n e  t o  the inside of the septum a t  
the upstream end of  the electrode 

The septum goes upstream for  3011 a t  1 3 m r  

-30 (0,013) = 

Distance (figure 7) 

Distance from the s o c k e t l i n e  t o  the working 
point i n  f i rgure 7 

The septum sheet angle 

The angle a t  the back of the septum holder p la tes  

2,558 

-0,390 

-0 207 

I 

1,961 

-1-1 3mr 

f 7mz 

+20mr 
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. -- GAGE BLOCK CALCULATIONS ( refer  t o  f igure 2) 

The upstream gage poFnt w i l l  be 2.875" a t  20mr 
upstream o f  the end of the electrode 

2.875 (0.'020) = 

From the socket l i n e  t o  the inside face 
of the septum ,at the.upstream end 

From the socket ' l ine  t o  the edge of the 
s.ub -base 

The gage dimension (upstream end) from the 
edge of the sub-base 

The septum sheet angle - 1 3 1 ~  

The angle a t  the back o f  the 
septum holder p la tes  4- 7mr 

- 6mr 

The downstream gage point w i l l  v,e 2,125" a t  
6mr downstream from the end of  the electrode 

2,125 (0.006)=0,01275 w 

From the socket l i n e  t o  the inside face 
of the septum at  the downstream end 

From the  socket l i n e  t o  the edge o f  the  sub-base 

The gage dimension' (downstream end) from the 
edge of the sub-base 

0.057 

2 e 558 

2 615 

-0 500 

0 -013 

2.143 

2 e 156 

-0 500 



- 13 - 

COPPER SEEEILD BLOCK LOCATION 

From gohe socket l i ae  t o  t h e  working po in t  

With a 4 . m  approach angle  a t  32.750" 

-32,750 (0.004>= 

The septum th ickness  

From t h e  socket  l i n e  t o  t h e  lead ing  edge of the  
copper block, Po in t  l'Afp 

From the  socket  l i n e  t o  t h e  edge of  t h e  
sub-base i 

From the  edge of  the sub-base t o  t h e  edge 
of t h e  copper s h i e l d  block 

1,961 

-0.131 

I. .830 

-0 015 

1 1,815 h 

-0 -500 
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BLOCK SLOT POSITlOiV -- 
The v e r t i c a 3  d i s t a n c e  A_B 

32.750 (0,004)= 

The v e r t i c a l  d i s t x a c e  Be 

32 750 (0 OZO)= 

The Eead,ing edge of  t h e  copper t o  t h e  i n s i d e  f ace  
o f  t he  septum p l a t e  

The septum th i ckness  

From the  edge of the  septum t o  t h e  beam 
c e n t e r l i n e  

From t h e  l ead ing  edge o f  t h e  copper s h i e l d  
block t o  the  slot c e n t e r l i n e  i n  the  block 

BLOCK LEADING EDGE TASER -- 
The v e r t i c a l  d i s t a n c e  E 

32.000 (0.024)= 

0,131 

4-0 e 655 

0.786 

+0.015 

0,375 

0 768 

0.786 
-0 e 768 
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0 e 359 

d (1) Sin 45O = 

0.359 

0 o 707 
d -  = 0.5077dl.508 

( 2 )  2,312 
-0.508 

1.804 

From-’che, socket l i n e  t o  the injected beam 
center l ine from figure 6 

From the *inside face of the vacuum box t o  
the beam center l ine on the quartz 1 A 0 4  

Prom the inside face of the vacuum box t o  -0.375 

1,429 the datum l i n e  i n  figure 6 

The injected beam goes upstream 1.429” a t  22mr 

1,429 (0.022) = 

2 904 
+0.161 

3 e 065 

-0,032 
3.033 
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ALTERNATE P O S I T I O N S  

There are two secondary, a l t e rna te ,  posi t ions tha t  the inf lec tor  

could occupy i n  addition t o  the primary posi t ion tha t  has been described. 

The f i r s t  aux i l l i a ry  posi t ion,  or  m i d d l e  posit ion,  represents a +0,220 

outward s h i f t  of the working point,  The second s h i f t ,  outer posit ion,  

i s  equal t o  a +0,440 displacement of the working point from the primary 

position. When the in f l ec to r  sub-assembly i s  moved outward the approach 

angle changes by 2 mil l i radians per inch of displacement, I n  addition 

then, t o  the outward s h i f t ,  a clockwise ro ta t ion  of the in f l ec to r  sub- 

assembly i s  also required, 

additional gage blocks are  required, 2) the copper shield block location 

r e l a t ive  t o  the socket l i n e  and sub-base changes, 3 )  the  f lag posit ion 

changes r e l a t ive  t o  the socket l i ne .  Assuming tha t  the 22 mil l i radian 

entrance angle remains the same, the o f f se t  t~ the  centerline of the 

injected beam (figure 6) must a l s o  change, 

one o r  the other of these a l t e rna te  posit ions were t o  be used 2nd eval- 

uated, an outward s h i f t  of the e n t i r e  beam transport  from the l i nac  t o  

the in f l ec to r  3 - be required, else the beam might scrape the side of the 

vacuum chamber 

To accomplish these changes of posit ion; 1) 

As a point of caution, i f  

ALTERNATE W9RKING P O I N T  P O S I T I O N S  

Distance from the socket l i n e  to  the 
working point,  see f igure 7 

Move inf lec tor  sub-assembly out 0.220'' 

1 961 

+o 0 220 

Distance from the socket l i n e  t o  the 
new working point (middle posit ion) ,,.,,,I 
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Distance from t h e  socket  l i n e  t o  t h e  
working po in t ,  see f i g u r e  7 

Move i n f l e c t o r  sub-as.sembly out  0.440" 

Distance from t h e  socket l i n e  t o  t h e  
new working po in t  (ou ter  p o s i t i o n )  

GAGE BLOCK CALCULATIONS -- 
. Middle pos i t i on :  

The gage dimension (upstream end) from t h e  
edge of  t h e  sub-base, see page 12 

Move i n f l e c t o r  out 0,220" 

Since the  angle  changes 2mr/inch 

2 - a 
1 .22 

; .a = 0.44 m r  - -- 

Upstream gage poiat i s  32,875" upstream 
o f  t h e  working p o i n t  

Rotate  t h e  i n f l e c t o r  0,44 m r  clockwise 
about t he  working p o i n t  

32.875 (0,000444) = 0.0145 

Gage dimension (upstream end) from the  
edge of t h e  sub-base 

The gage dimension (downstream end) from 
the  edge o f  the  sub-base, see page 12 

Hove i n f l e c t o r  o u t  0,220" 

Downstream gage p o i n t  i s  32,125" down- 
stream of  t h e  working p o i n t  

Rotate  t h e  i n f l e c t o r  0,44 mr clockwise 
about t he  working po in t  

32.125 (0,00044) = 0.0141 

Gage dimension (downstream end) from 
t h e  edge o f  t he  sub-base 

I .961 

0 440 

2,115 

-to e 220 

2.335 

-0 e 014 - 

1.656 

4-0.220 
r 

1 .&76 

c0.014 

I I 1,890 = D2 
I I 



GAGE BLOCK CALCULATIONS -- 
Outer position: 

The gage dimension (upstream end) from the 
edge of the sub-base, see page 12 

Move the inflector out 0,44011 

Since the angle changes 2mrlinch 

- =  2 _B. 
1 ,44 ' p = 0,88mr 

Upstream gage point is 32.875" upstream 
of the working point 

Rotate the inflector Q,88mr clockwise 
about the working point 

32.875 (0,00088)= 0,028 

Gage dimension (upstream end) from the 
edge of the sub-base 

The gage dimension (downstream end) from 
the edge of the sub-base, see page 12 

Move the inflector out O,44Of1 

Downstream gage point is 32.125" down- 
stream of the working point 

Rotate the inflector 0.88mr clockwise 
about the working point 

32,125 (0,00088) = 0.028 

Gage dimension (downstream end from 
the edge of  the sub-base 

2,115 

+O 440 

2 555 

-0,028 

18 2,527 = U 

1.656 

JrO ,, 4.40 

2.096 

4-0 028 

- 1  2.124 = DIA I 
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COPPER SHIEXD BLOCK LOCATION 

FIGURE _L1. 

PEDDLE POSITION 

From the socket l i n e  t o  the working poin t  

Move the in f l ec to r  ou t  0,220s' 

1 961 

+o ,220 

Distance f r o m  the socket l i n e  t o  the 
new working point 

The approach angle increases by 0,44mr 

With a 4,44mr approach angle a t  32a750'1 

32,750 (0.00444) = 0,145 

The septum thickness 4-0 e 015 

0.160 

Socket l i n e  t o  the edge of the copper 
block, point t'A1r i n  f igure 11 

Socket l i n e  t o  the edge of  the 
sub - bas e 

2 181 

-0,160 

12,0211 

-0.500 

Edge of the sub-base t o  the edge of  
the copper block 
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COPPER SEEELD BLOCK LOCATION 

OUTER PQS I T 1  ON 

From the socket l i n e  'co.the working point 

Nove the i n f l e c t o r  out 0.44'' 

1.961 

3.0 440 

Distance from'the socket l i n e  t o  the 
new working point  

The approaclz angle increases by 0,88mr 

With a 4-,88mr approach angle a t  32.750" 

32,750 (0.00488) = 0.160 

The septum thickness f O  .015 

0,175 

Socket l i n e  t o  the edge of the copper 
block, point '"Atr i n  f igure 12 

Socket l i n e  t o  the edge o f  the 
sub -b as e 

Edge of  the sub-base t o  t h e  edge of 
the copper block 

2 481 

-0.175 

-0 500 
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OFFSET TO THE INJECTION - LINE 

Middle position: 

Upstream gage block dimensions, seeL page 17 

-- 

Socket line to the edge of the sub-base 

Move downstream 2.875:' at 19,56mr 

Socket line to the inside face of the septum 
at the upstream end of the electrode 

'Centerline of the 1/2" dia, beam will enter the 
inflector 3/8" from the inside of the septum 

Offset 6" downstream at 22mr 

6.000 (0,022) = 

yl from page 9 = 0,035 

y 2 from page 9 = 4-0.126 
0,161 

Offset to the injection line (middle position) 

Outer position: 

Upstream gage block dimension, see page 18 

Socket line to the edge of the sub-base 

Move downstream 2,875" at 19, 12mr 

Socket line t~ the inside face of the septum 
at the upstream end of the electrode 

Centerline of the .1/211 dia, beam will enter the 
inflector 3/8p' from the inside of the septum 

Offset 6" downstream at 22mr 

y 1 -f- y2=0.161 

Offset to the injection line (outside position) 

2 0 321 

4-0 ., 500 

2 e 821 

-0.056 

2 765 

4-0 375 

3 A40 

+0,132 

3,272 

-0,161 

2,527 

4 0  500 
3.027 

-0.055 

2 372 

4-0 ., 375 
3 0 347 

~ 0 , 1 3 2  
3.479 
-0.161 
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ALTERNATE FLAG LOCATIONS 

Midd le  pos i t i on :  

Offset t o  t h e  i n j e c t i o n  l i n e ,  see page 21 

yl C y2 = 0,161 from page 9 

Move 1,429” upstream a t  22mr, see page 15 

1.429 (0,022) = 

From t h e  socket l i n e  t o  the f l a g  
cen te r  1 i n e  

Outer pos i t i on :  

Of f se t  t o  t h e  i n j e c t i o n  l i n e ,  see page 21 

yI f y2 = 0,161 from page 9 

Move 1,429’s upstream a t  22mr, see page 15 

1.429 (0,022) = 

From the  s o c k e t . l i n e  t o  t h e  f l a g  
cen te r  1 i n e  

3,111 

4-0 I 6 1  

3,272 

-0 032 

1‘3.240 1 

3,3IS 

+0,161 

3,479 

-0,032 a 



STJMMARY OF DATA -- 

Middle 

Outer 

Socket line to the Gage Block 
Working Point Dimensions 

1.961 

2,115 

1.656 

2.181 
1.890 

2 401 

2.527 

2.124 

Quartz Flag 

u3 I 1,815 ' ' 3.033 

'1A I 2,226 3.447 

"U" denotes upstream and I'D" denotes 'downstream 

Distr: Department Administration 
Mechanical Engineers 
Operations Coordinators 
J. Grisoli 
'J. Herrera 
E. Raka 
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