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A PROPOSED PROFILE DETECTOR FOR SLOW EXTERNAL BEAMS 

Accura te ,  h i g h  r e s o l u t i o n  p r o f i l e s  o f  t h e  s l o w  e x t e r n a l  be m are  

r e q u i r e d  f o r  proper  d e s i g n  of t h e  t r a n s p o r t  sys tem a s  w e l l  as t o  check 

on t h e  t h e o r y  of r e s o n a n t  e x t r a c t i o n .  

To d a t e ,  p r o f i l e s  i n  t h e  beam have  been measured w i t h  a n  a r r a y  of 

1 12 i n s u l a t e d  t a r g e t s ,  i n t e r r o g a t e d  s e q u e n t i a l l y  by a n  e l e c t r o n i c  s w i t c h .  

Reasonable  i n t e r r o g a t i o n  c y c l e  t i m e s  o f  1 msec have been a c h i e v e d .  

Problems a r i s e  w i t h  r e s o l u t i o n ,  however, which i s  a t  least  t h e  e f f e c t i v e  

w i d t h  o f  one f i n g e r .  T y p i c a l l y ,  t h e  FWHM o f  t h e  beam is  s p r e a d  a c r o s s  

o n l y  4 f i n g e r s  caus ing  a f u r t h e r  d e c r e a s e  i n  r e s o l u t i o n .  C a l i b r a t i o n  o r  

i n t e r c o m p a r i s o n  of  t h e  e l e c t r o n i c s  f o r  each of  t h e  12 s i g n a l  c h a n n e l s  i s  

a n o t h e r  s o u r c e  of e r r o r  w i t h  t h i s  t y p e  of moni tor .  

2 Johnson and Thorndahl a t  CERN have  developed a n  i n g e n i o u s  p r o f i l e  

monitor ,  t h e  IBS. E l e c t r o n s ,  from i o n i z a t i o n  o f  t h e  r e s i d u a l  g a s  by t h e  

c i r c u l a t i n g  beam, a re  c o l l e c t e d  a l o n g  swept e q u i p o t e n t i a l s  i n  a n  x 

f i e l d .  R e s o l u t i o n  of  1 mm i n  a s e n s i t i v e  w i d t h  o f  160 mm w a s  r e p o r t e d  

f o r  t h e  p r o t o t y p e  w i t h  a n  i n t e r r o g a t i o n  t i m e  o f  100 bsec (1 ,pet u s i n g  a n  

e l e c t r o n  m u l t i p l i e r ) .  

c h a n n e l  of e l e c t r o n i c s  and v o l t a g e - v a r i a b l e  r e s o l u t i o n .  

t h e  CERN d e v i c e  i s  comple te ly  u n s u i t a b l e  i n  t h e  SEE s i n c e  t h e  beam c u r r e n t  

The advantages  of t h i s  d e v i c e  i n c 1 u d e . a  s i n g l e  

U n f o r t u n a t e l y ,  

a v a i l a b l e  t o  i o n i z e  t h e  r e s i d u a l  g a s  i n  t h e  s low beam a t  t h e  AGS i s  weaker 
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5 than  t h e  CERN c i r c u l a t i n g  beam by about 10 . One s o l u t i o n  would be t o  

add t h i n  windows s o  t h a t  t h e  p re s su re  of t h e  conta ined  gas  could be 

increased  t o  t h e  r eg ion  of lom3 t o r r ;  h ighe r  p r e s s u r e  would probably 

cause d i f f i c u l t i e s  wi th  vo l t age  breakdown and reduced e l e c t r o n  mob i l i t y .  

A b e t t e r  s o l u t i o n  i s  t o  use e s s e n t i a l l y  a two dimensional expanse 

of  dense material, e .g . ,  an  i n s u l a t e d  m e t a l  t a r g e t ,  as a source of e l e c t r o n s ,  

which w i l l  b e  c o l l e c t e d  by t h e  crossed f i e l d  "commutator" of Johnson and 

Thorndahl. One s u i t a b l e  candida te  f o r  t h e  e l e c t r o n  source  i s  t h e  f i n e  

m e t a l  and p l a s t i c  sc reening  used f o r  w i r e  spark  chambers. 

h a s  a 2 m i l  d iameter  copper warp  and nylon woof, 250 wires t o  t h e  inch.  

With a s u i t a b l e  r e s i s t a n c e  e s t a b l i s h e d  between ad jacen t  wires t h e  r equ i r ed  

h o r i z o n t a l  e l e c t r i c  f i e l d  d i s t r i b u t i o n  can be genera ted  a t  least  as w e l l  a s  

i n  t h e  IBS. 

work on in su la t ed  t a r g e t s 3  shows t h a t  t h i s  t a r g e t ,  when inc l ined  a t  a n  

ang le  of 30 t o  t h e  beam a x i s ,  w i l l  e m i t  3 knock-on e l e c t r o n s  per  100 

i n c i d e n t  protons.  This  may be  con t r a s t ed  wi th  a y i e l d  of 1 e l e c t r o n  per  

10 protons f o r  t h e  CERN device,  (assuming t h e  r e s i d u a l  gas i s  a i r  a t  

lo-' t o r r ,  a n  a c t i v e  length  of  10 cm, 30 eV/ion p a i r  and dE/dX = 2.2 MeV/ 

g/cm ).  Thus t h e  m e t a l  " ta rge t"  produces 2 x l o4  more e l e c t r o n s  than  t h e  

IBS of  10  em a c t i v e  length ,  which p r a c t i c a l l y  compensates €or  t h e  reduced 

pro ton  c u r r e n t  i n  t h e  slow beam. 

.The screening  

This  material h a s  an e f f e c t i v e  th i ckness  of 20 p. Budal 's  

0 

6 

2 

The p r i n c i p a l  disadvantage o f  t h e  proposed monitor i s  t h e  m u l t i p l e  

coulomb s c a t t e r i n g  i n  t h e  t a r g e t .  A t  a n  a n g l e  of 30' t o  t h e  beam t h e  

e f f e c t i v e  th i ckness  becomes 40 Pm? causing a n  r m s  s c a t t e r i n g  angle  of 

roughly 30 brad.  

swing c lear  of t h e  beam when it  i s  necessary t o  reduce s c a t t e r i n g .  

I f  necessary, t h e  t a r g e t  could r e a d i l y  be designed t o  

The c h a r a c t e r i s t i c s  of t h e  t h r e e  devices  s u i t a b l e  f o r  use i n  t h e  slow 

beam are  compared i n  t h e  Table.  The proton beam i s  taken as a uniform 
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c u r r e n t  of lo1' p a r t i c l e s  i n  400 msec wi th  momentum of 30 GeV/c. 

IBS considered i n  t h i s  comparison has  two mylar windows o f  6 m i l  t h i ckness  

and con ta ins  a i r  a t  10 t o r r .  The a c t i v e  length  i s  taken  as 10 c m  and a 

simple p l a t e  e l e c t r o n  d e t e c t o r  i s  assumed f o r  both t h e  IBS and t h e  proposed 

device.  The peak s i g n a l  i s  c a l c u l a t e d  by assuming t h a t  10% of  t h e  beam i s  

w i t h i n  t h e  r e so lv ing  a p e r t u r e .  

l imi t ed  by t h e  a s s o c i a t e d  commutation and d i g i t i z i n g  e l e c t r o n i c s .  This  

w i l l  be  reduced t o . 1 0  psec i n  t h e  next model by using sample-and-hold 

c i r c u i t s  f o r  each f i n g e r .  For t h e  swept f i e l d  devices ,  t h e  sweep t i m e  w a s  

taken as t h a t  t i m e  r equ i r ed  t o  c o l l e c t  lo4  e l e c t r o n s  so  t h a t  r e s o l u t i o n  i s  

not l imi t ed  by s ta t i s t ics .  

The 

-3  

Sweep t i m e  f o r  t h e  "venet ian  b l ind"  i s  

D i s t r  : 

Department Adminis t ra t ion 
AGS Divis ion  P h y s i c i s t s  
Operations Coordinators  
M.Q. Barton 
J G. Cottingham 
J.J. G r i s o l i  
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TABLE I 

S e n s i t i v e  Volume 
L ( a x i a l )  x W (Hor) x H ( V e r t )  

Re s o.lu t i o n  

Peak S igna l  

Sweep T i m e  

Thickness i n  Beam 
Direc t ion  

“Venetian Blind” 
(Ref. 1) 

2.5cm x 1;9cm x 15cm 

, 1.6  mm 
. 5.5% of act ive width 

s 
i 

35 nA 

j 600 p e c  

j 2 5cm A 1  + 2.5cm Fe 
= 26.8 g/cm 2 

‘eff 

IBS ( R e f .  2 )  
Adapted f o r  SEB Proposed Device 

l O c m  x 15cm x 15cm ’ lOcm x 15cm x 15c1 i 

i 

v o l t a g e  v a r i a b l e  v o l t a g e  v a r i a b l e  
1 mm t y p i c a l  % 1 mm t y p i c a l  
0.7% of a c t i v e  width 0.7% of  a c t i v e  

width i 

.046 nA 

3.5 ysec 

-2  

= 4.2 x 10 
3 x 10 cm Mylarm2 

te f f  
ghm2 

1.2 nA 
i 

0.14 y,sec 

-3 4 x 10 c m  Cu , 
= 3.6 x lo-‘ ‘eff 

g h 2  

Jc 
RMS S c a t t e r i n g  Angle : 650 ~ 16 prad 

1 

27 prad 

+e 
Mul t ip l e  coulomb s c a t t e r i n g  i s  assumed al though i n  two cases  t h e  s c a t t e r e r  

i s  much t h i n n e r  than  1/10 t h e  r a d i a t i o n  length  of t h e  s c a t t e r i n g  material ,  
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