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I f  one wished t o  observe w i t h  maximum f i d e l i t y  l o n g i t u d i n a l  s t r u c t u r e  

of pro ton  bunches i n  t h e  AGS--the v a r i a t i o n  of charge d e n s i t y  w i t h  t i m e  a t  

a f i x e d  azimuth i n  t h e  ring--one would probably be  d i r e c t e d  t o  t h e  assembly 

of hardware which senses  t h e  beam's image c u r r e n t  a t  t h e  F-20 s t r a i g h t  

s ec t ion .  This  n o t e  desc r ibes  t h a t  hardware and argues t h a t  t h e  s i g n a l  

observed has  only modest d i s t o r a t i o n , f o r  f requencies  i n  t h e  bunch below 

1 GHz. 

Desc r ip t ion  

This  beam d e t e c t o r  i s  a w a l l  c u r r e n t  monitor.  A bunch of pro tons  

mvoing w i t h i n  t h e  vacuum chamber drags  wi th  i t  a n  image charge on the in-  

s i d e  w a l l  of the chamber. I f  t h e  chamber w a l l  i s  i n t e r r u p t e d  by a resistive 

r i n g ,  t h e  image c u r r e n t  w i l l  create a v o l t a g e  drop ac ross  t h e  r i n g  wh i l e  

t h e  bunch passes ,  p ropor t iona l  t o  t h e  l o c a l  c u r r e n t  i n  t h e  bunch. The 

frequency f i d e l i t y  of the dev ice  i s  expected t o  b e  h igh  simply because 

t h e  l eng ths  inhe ren t  t o  t h e  device  are small--the resist ive break  can be  

a few cent imeters  wide ( too  narrow and t h e  gap capac i tance  g e t s  too l a r g e ) ,  

wh i l e  even a very  t i g h t  bunch i s  10 ns (o r  300 cm)long. A f a i r e r  parameter 

f o r  e s t ima t ing  t h e  frequency response is t h e  vacuum chamber r ad ius .  

expect  resonant  phenomena w i t h  A 5 diameter = 15 cm, o r  frequency 2 c/15,cm 

- 'L 2 GHz. W e  s h a l l  see t h a t  e x t r a c t i n g ,  t r anspor t ing  and d i sp lay ing  t h e  

0ne.might 
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s i g n a l  i n  t h e  main c o n t r o l  room cause d i s t o r t i o n  be fo re  t h i s  frequency 

i s  reached. 
e 

It should be  s t a t e d  e a r l y  on t h a t  t h e  device  descr ibed  i s  a copy, i n  

thought i f  n o t  i n  execut ion,  of a s i m i l a r  type  monitor which exists i n  

each of t h e  boos te r  r i n g s  a t  CERN. 1 

e 

The resistive r i n g  i s  r e a l i z e d  by f i r s t  breaking t h e  vacuum chamber 

and i n s e r t i n g  a n  i n s u l a t i n g  r i n g ,  and then  br idging  t h e  break  wi th  f i f t y  

1 / 4  Watt 2509 r e s i s t o r s ,  mounted i n  p a r a l l e l ,  and equa l ly  spaced around 

t h e  break. 

c a b l e  by t e n  s h o r t  symmetrically loca t ed  509 c o a x i a l  cab le s .  

c a b l e  connects t o  f i v e  of t h e  2509 r e s i s t o r s  br idging  t h e  break us ing  

tapered copper f i n g e r s ,  The t e n  cab le s  f a n  toge the r  t o  a s i n g l e  c a b l e  

us ing  a pass ive  res is t ive matching u n i t .  Some diagrams of t h i s  construc-  

t i o n  are shown i n  F igure  1. 

and a t  the f a n  i n  are pure  res is t ive and i f  t h e  beam app l i ed  equal  pu l se s  

t o  each r e s i s t o r ,  t h i s  set up would be p e r f e c t l y  matched. 

g e t  poorer  as t h e  frequency inc reases  and some resonant  c o l o r a t i o n  of the 

output  is  expected. The l eng th  of f i r s t - i m p o r t a n c e  is  t h a t  of each of 

t h e  t e n  connecting cables -necessar i ly  of order  t h e  beam chamber diameter .  

From bench tests, t o  b e  descr ibed  later, the frequency response v a r i a t i o n  

due t o  t h i s  coupling f l u c t u a t e s  by a t  most 6 db over f r equenc ie s  below 1.2 GHz. 

The v o l t a g e  ac ross  t h e  r i n g  i s  coupled t o  a s i n g l e  509 c o a x i a l  

Each s h o r t  

I n  t h e  l i m i t  t h a t  t h e  impedances a t  t h e  gap 

These assumptions 

Once t h e  s i g n a l  i s  on t h e  s i n g l e  cab le  it i s  c a r r i e d  t o  t h e  main con- 

t r o l  room, a d i s t a n c e  of 320 f e e t  from the c l o s e s t  p r a c t i c a l  p o i n t  i n  the 

r i n g ,  t h e  s t r a i g h t  s e c t i o n  fol lowing the F-20 magnet. A i r - d i e l e c t r i c ,  7/8"  

diameter  c o a x i a l  cab le  i s  used, t h i s  being s m a l l  enough t o  run  i n  (with d i f -  

f i c u l t y ) ,  y e t  g iv ing  a n  accep tab le  a t t e n u a t i o n  a t  1 GHz of about  4 db. 

g ives  t h e  c a b l e  a t t e n u a t i o n  taken from t h e  c a b l e  spec.  shee t .  

F igure  2 

F i n a l l y ,  t h e  s i g n a l  is  d isp layed  on a n  os 

a Tektronix 7834 s t o r a g e  scope, whose frequenc 

a t  400 MHz, and a Tektronix 7104 osc i l l o scope ,  

va r ious  p i eces  i n  t h e  system are reasonably m a  

i l l o scope .  Two are avai lable--  

response has f a l l e n  by 3 db 

a i t h  a 1 GHz 3 db po in t .  

ched f r equency-wis e. 

The 
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Band Width Tests * 
Frequency response s tudy  f a l l s  i n t o  two ca t egor i e s :  (1) bench t e s t i n g  

of t h e  pick-up and its assoc ia t ed  cabl ing  and (2)  observa t ion ,  and comparison 

wi th  o the r  pick-ups, of the'AGS beam. The second type  is  more i n t e r e s t i n g  

and r e l e v a n t ,  bu t  t h e  f i r s t  i s  more con t ro l l ed .  

The fan-in network connect ing t h e  t e n  cab le s  from t h e  pick-up t o  t h e  

s i n g l e  h igh  frequency cab le  w a s  t e s t e d  f i r s t .  

s t r u c t e d  and a s i g n a l  w a s  fanned ou t  i n  one and then  recombined i n  t h e  

Two such u n i t s  w e r e  con- 

o t h e r .  

Typica l  r e s u l t s  are shown i n  F igure  3.  

quency change needed t o  change t h e  number of wavelengths on t h e  connecting 

cab le s  by h / 2 .  The e f f e c t  of t h e  c a b l e  resonances is  evident  as is a much 

higher  frequency resonance, perhaps t h e  m e t a l  cans conta in ing  t h e  resistive 

summing networks. Next, t h e  pick-up wi th  i t s  cab le s  w a s  i n s e r t e d  i n t o  a 

50Q c o a x i a l  system--a cable ;  a n  adaptor  t o  a 6" diameter c o a x i a l  tube,  s p l i t  

f o r  t h e  pick-up; and another  adaptor  back down t o  a cable .  

could b e  app l i ed  t o  t h e  system, observed a t  t h e  terminated output ,  and 

compared t o  t h e  pick-up s i g n a l  (see Figure  4 ) .  T h e r e s u l t s f r o m  t h i s  

test are shown i n  F igu re  5. 

s i m i l a r  t o  F igure  3 ,  presumably due a g a i n  p r imar i ly  t o  t h e  coupl ing system, 

and d i s p l a y  a 6 db v a r i a t i o n  w i t h i n  t h e  frequency range of test. 

fan-in r e s u l t  mentioned above, i t  would be  reasonable  t o  expect a n  even 

l a r g e r  d i s t o r t i o n  a t  'L 1.6  GHz. 

Input  w a s  compared wi th  output  as t h e  s i g n a l  frequency w a s  va r i ed .  

The"A€?in t h e  f i g u r e  i s  t h e  f r e -  

A s i g n a l  then  

The d i s t o r t i o n s  w i t h  frequency are q u i t e  

From t h e  

I n  t h e  r i n g ,  t h e  s i t u a t i o n  i s  somewhat d i f f e r e n t  from the c o a x i a l  

s t r u c t u r e  set-up, e s p e c i a l l y  w i t h  r e s p e c t  t o  t h e  low frequency end of t h e  

spectrum. 

t o  dc,  wh i l e  i n  t h e  r i n g ,  t h e  vacuum chamber is  e l e c t r i c a l l y  broken between 

magnets,and s o  t h e  image c u r r e n t  cannot have a dc component. The low 

frequency behavior  i s  determined by t h e  r e t u r n  p a t h  a v a i l a b l e  t o  t h e  bunch 

image charge.  This problem is handled i n  t h e  CERN design,  and indeed w i l l  

be  i n  our  device ,  by enc los ing  t h e  res is t ive r i n g  i n  a conducting s h i e l d  

which con tac t s  t h e  vacuum chamber e l e c t r i c a l l y  upstream and downstream, 

hence 

I n  a c o a x i a l  s t r u c t u r e  t h e  response from t h e  monitor extends 

providing a dc  r e t u r n  path,  and i n c i d e n t a l l y  s h i e l d i n g  t h e  pick-up 
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from e x t e r n a l  r f  f i e l d s .  

ponents below t h a t  a t  which t h e  e f f e c t i v e  ixpedance ( induc t ive )  of t h e  s h i e l d  
pa th  becomes of t h e  order  t h e  2.5Q r e s i s t a n c e  of t h e  gap. The low frequency 

c u t  o f f  i s  supressed by inc reas ing  t h e  induc t ive  coupl ing t o  t h e  s i g n a l  

s h i e l d  pa th ,  which is accomplished by p u t t i n g  f e r r i t e  r i n g s  around t h e  vacuum 

chamber under t h e  s h i e l d .  

being added t o  t h e  F-20 pick-up. 

conversion AGS r f  c a v i t y ,  sawed i n  ha l f  t o  ease assembly, have been 

t e s t e d  us ing  t h e  50Q c o a x i a l  set-up mentioned above t o  a s s u r e  t h a t  t h e i r  

permeabi l i ty  f a l l s  s u f f i c i e n t l y  s lowly wi th  frequency t o  keep t h e  impedance 

of t h e  s h i e l d  p a t h  l a r g e  over t h e  e n t i r e  range  above t h e  frequency cu t -of f .  

Ten of t h e s e  r i n g s ,  each w i t h  a n  I D  of 20 cm, an  OD of 35 cm, and a th ickness  of 

This  s h i e l d  a l s o  s h o r t s  t h e  s i g n a l  frequency com- 

The s h i e l d  is e s t h e t i c a l l y  p l eas ing  and is  

The f e r r i t e  r i n g s ,  taken from a pre- 

2 .1cm,wi l l  be placed around t h e  chamber, supress ing  t h e  low frequency 

cut-off (3 db) t o  50 Ki lohe r t z ,  hence causing a 15% base  l i n e  d i s t o r t i o n  i n  

a square  bunch 50 ns  long. 

I n  f a c t ,  t h e  unshielded pick-up appears  no t  t o  s u f f e r  a n  r f  n o i s e  

problem, nor ,  i f  care i s  taken t o  keep t h e  downstream break  i n  t h e  vacuum 

chamber several meters away from t h e  pick-up, i s  t h e  low frequency response 

unacceptable .  

Turning then  t o  r e s u l t s  from t h e  pick-up as i t  is  p r e s e n t l y  i n s t a l l e d  

i n  t h e  r i n g ,  i t  is  i n t e r e s t i n g  t o  f i r s t  look f o r  t h e  200 MHz s t r u c t u r e  i n  

t h e  i n j e c t e d  beam from t h e  l i n a c .  

s t r u c t u r e  c l e a r l y  p r e s e n t , r i d i n g  on t h e  s t o r e d  beam. 

t r i g g e r e d  a t  l p s  i n t e r v a l s  during t h e  AGS mult i - turn  i n j e c t i o n .  

The AGS has  a n  e l e c t r o s t a t i c  wide band pick-up loca ted  i n  t h e  E-20 

Figure  6 shows t h e  r e s u l t  w i t h  t h e  200 NHz 

The s t o r a g e  scope is  

2 s t r a i g h t  s e c t i o n .  Its frequency response has  been bench t e s t e d  t o  200 MHz. 

I n  o rde r  t o  g a i n  confidence i n  F-20, t h e  two should a g r e e  w i t h i n  t h e i r  

bandwidths. The new pick-up has  approximately 10 t i m e s  t h e  g a i n  of t h e  

E-20 pick-up t o  a g iven  beam pulse .  This  exp la ins  t h e  re la t ive c l a r i t y  

of t h e  200 MHz l i n a c  s t r u c t u r e s .  The bunches i n  F igure  6 would b e  of only 

1 mV ampli tude i n  E-20 and, hence, d i f f i c u l t  t o  see. The E-20 pick-up has  

been used f o r  measuring bunch l eng ths  i n  several r e c e n t  AGS s t u d i e s .  One of 

t h e  mokivations f o r  t h e  wider band pick-up w a s  t o  confirm t h e  measurements 

made w i t h  E-20. F igure  7 shows p i c t u r e s  of t h e  s a m e  bunch on success ive  

cyc le s  of t h e  machine, i n  t h e  F-20 and E-20 pick-ups. The two agree ,  

provided t h e  t a i l  on t h e  E-20 p i c t u r e  i s  ignored. 
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One of t h e  worrysome c h a r a c t e r i s t i c s  of t h e  E-20 pick-up is a h igh  
I 1  frequency (approximately 800 m z )  r ing ing  around t h e  t r ans ik ion"  energy 

a t  h igh  i n t e n s i t y  (approximately 1013 pro tons)  which cont inues  a f t e r  t h e  

bunch is  no longer  between t h e  e l ec t rodes .  

us ing  t h e  1 GHz scope. 

b u t  only when pro tons  are p resen t  (Figure 9 ) .  

and t h e b u n c h i n t e r a c t  a t  t h i s  frequency, and P-20 documents r e s u l t i n g  

bunching w i t h i n  t h e  bunch. 

w i l l  be  undertaken when t h e  AGS r e t u r n s  t o  h igh  i n t e n s i t y  running. 

F igure  8 shows t h e  phenomenon 

The F-20 pickup a l s o  sees t h e  800 MHz s t r u c t u r e ,  

Perhaps t h e  E-20 pick-up 

This  observa t ion  sugges ts  f u r t h e r  s tudy  which 

Many people  have helped w i t h  t h i s  p r o j e c t .  S a l  Giordano con t r ibu ted  

long and very  c o n s t r u c t i v e  d i scuss ions ,  as w e l l  as h i s  experienced hand 
dur ing  t h e  bench t e s t i n g .  A 1  Maschke and Gene Raka provided h e l p f u l  

o r i e n t a t i o n .  Erwin Rodger provided engineer ing know-how. Flemming 

Pedersen o u t l i n e d  t h e  e n t i r e  device.  
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