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SUMMARY 

An e l e c t r o s t a t i c  w i r e  septum model, made from p a r t s  furnished 

by FNAL, was operated i n  t h e  H20 s t r a i g h t  s ec t ion  as p a r t  of t h e  

slow e x t r a c t i o n  channel. 

were seen. The septum survived without breaking wires. Data 

on beam l o s s  vs .  septum skew showed s i g n i f i c a n t l y  l a r g e r  beam 

divergence than expected . 

No untoward e f f e c t s  on AGS i n t e n s i t y  

It i s  planned t o  improve t h e  AGS e x t r a c t i o n  e f f i c i e n c y  by means of an 

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

ways t o  deploy t h e  e x t r a c t i o n  equipment and simultaneously upgrade t h e  

switchyard, has  l ed  t o  the  dec i s ion  t o  i n s t a l l  a 230 c m  long w i r e  septum 

opera t ing  a t  80 kV/cm a t  t h e  H20 s t r a i g h t  s ec t ion ,  followed 24 wavelengths 

downstream by t h e  e x i s t i n g  copper septum magnets a t  F5 and F10. Calcula- 

t i o n s  and measurements have shown t h a t  a f o i l  septum w i l l  s u f f e r  from 

wrinkl ing induced by beam hea t ing  a t  t y p i c a l  AGS i n t e n s i t i e s ,  and the re fo re  

i t  i s  necessary  t o  use  a septum made from an a r r ay  of w i r e s .  

An analysis '  of t h e  c o s t s  and b e n e f i t s  of va r ious  

To g e t  experience as quick ly  as poss ib l e  with a w i r e  septum i n  t h e  

AGS, a 60 c m  long model w a s  made and i n s t a l l e d  a t  H20, and t e s t e d  during 

t h e  per iod June 16-21. The purposes of t h e  t es t  were: ,(l) To see i f  

t h e r e  w e r e  any unexpected e f f e c t s  on t h e  beam i n t e n s i t y  from leakage 

electric f i e l d s ,  x-rays produced a t  the  cathode, o r  o t h e r  phenomena; 
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(2) To study poss ib l e  w i r e  breaking; and (3) To s tudy beam loss  on the  

septum and beam divergence e f f e c t s .  

Septum Design 

The cons t ruc t ion  of t h e  proposed septum i s  based on experience with such 

devices  a t  FNLIL,.~ 

beam s i z e  a t  i n j e c t i o n .  A t  FNAL t h e  c i r c u l a t i n g  beam f i t s  i n s i d e  t h e  septum 

frame and t h e  cathode i s  ex te rna l  (Fig. l a ) ;  f o r  t h e  AGS design t h e  c i r c u l a -  

t i n g  beam i s  e x t e r n a l  t o  t h e  frame (Fig. lb ) .  It would have b e e n i n  advisable  

simply t o  scale-up t h e  v e r t i c a l  ape r tu re  of t h e  frame because unsupported 

w i r e  length i s  a c r i t i ca l  parameter i n  septum design f o r  a given g rad ien t ,  

w i r e  diameter and al lowable w i r e  bowing. 

One major d i f f e r e n c e  a t  t h e  AGS i s  t h e  l a r g e r  v e r t i c a l  

A c ros s  s e c t i o n  of t h e  model septum i s  given i n  Fig. 2a. The model 

uses  s h o r t  l engths  of s tandard FNAL cathode and faame, which were k indly  

given t o  us  by t h e  FNAL Switchyard Group. This septum i s  much s h o r t e r  

than t h e  proposed f i n a l  des ign  (Fig. 2b) and hence has  much less bending 

power. I n  add i t ion ,  t h e  cathode i s  supported by a p l a s t i c  i n s u l a t o r  and 

so t h e  design vo l t age  across  t h e  1 c m  gap i s  only 40 kV, compared t o  80 kV 

f o r  t h e  f i n a l  model. Also ,  t h e  test  septum f i e l d  uniformity i s  poor be- 

cause of i t s  geometry, bu t  t h i s  i s  of no consequence f o r  tests.  

E f f e c t  on Beam In te f i s i ty  

To keep t h e  leakage e l e c t r o s t a t i c  f i e l d  s m a l l ,  t h e  w i r e  septum extends 

2.5 gap spacings upstream and downstream of t h e  cathode. Also t h e  b a f f l e  

(H i n  Fig.  2b) s h i e l d s  t h e  beam from t h e  f i e l d  of t h e  high vo l t age  feedqthru.  

Then, provided t h a t  no w i r e s  are broken, i t  i s  easy t o  c a l c u l a t e  t h a t  t h e  

e l e c t r o s t a t i c  f i e l d  t h a t  l eaks  through t h e  w i r e s  o r  elsewhere i s  much too  

small t o  have a s i g n i f i c a n t  e f f e c t  on t h e  beam at  in j ec t ion .  However, s ince  

t h e  w i r e  septum i s  t ransparent  t o  plasma and xyrays,  one might imagine more 

s u b t l e  in f luences  of t h e  w i r e  septum on beam i n t e n s i t y .  

A test  w a s  run t o  search f o r  e f f e c t s  on t h e  low-energy beam. The t e s t  

w a s  made with a high f i e l d  o r b i t  bump a t  H20 and with t h e  septum i n  p o s i t i o n  

t o  shadow t h e  F5 copper septum, as f o r  "normal" H20 ex t r ac t ion .  When t h e  

septum w a s  energized t o  40 kV/cm, no e f f e c t  on t h e  h o r i z o n t a l  o r b i t  w a s  

seen on t h e  r a d i a l  pickup e l ec t rodes  ( s e n s i t i v i t y  N 1 mm). 

t e d  beam i n t e n s i t y  f e & l ,  however, by about 10%. No attempt w a s  made t o  

change i n j e c t i o n  tuning t o  compensate. The e f f e c t  on i n t e n s i t y  w a s  a 

The accelera- 
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non- l inear  func t ion  of g rad ien t ,  with most of t h e  change occurr ing a t  

only 5 kV/cm. 

between t h e  cathode and t h e  wires, which w a s  40 pA a t  i n j e c t i o n  t i m e  

wi th  low g rad ien t  and 10 pA with 2 5 kV/cm. 

w a s  undoubtedly ac t ing  as a c l e a r i n g  e l ec t rode  f o r  t h e  r e s i d u a l  gas 

i o n i z a t i o n  assoc ia ted  with t h e  beam. 

A c o r r e l a t e d  e f f e c t  w a s  seen i n  t h e  cu r ren t  flowing 0 
The e l e c t r o s t a t i c  septum 

It was found t h a t  t h e  i n t e n s i t y  e f f e c t  could be  el iminated by 

energizing an inward low f i e l d  o r b i t  bump. 

of 2 A, corresponding t o  a d e f l e c t i o n  of 6 mm inward a t  H20, w a s  used. 

A backleg winding cu r ren t  

Wire Breaking 

Like t h e  FNAL sep ta ,  t h e  AGS s e p t a  w i l l  be  provided with r e t r a c t o r  

spr ings  and b a f f l e s  s o  t h a t  t h e  occasional  breaking of a s i n g l e  w i r e  

( fo r  example from sparking)  w i l l  no t  be a problem. However, w i r e  breaking 

by beam could be se r ious .  

Calcu la t ion  shows t h a t  t h e  low energy beam cannot break w i r e s .  This 

theory was  t e s t e d  when t h e  c o n t r o l  system inadve r t en t ly  drove t h e  septum 

r a d i a l l y  inward t o  i t s  l i m i t  s tops .  A t  t h i s  pos i t i on ,  about 5 X 10 ppp 

were !'scraped'! by t h e  septum. 

way, no wires broke. 

12 

Despi te  severalmninutes of opera t ion  t h i s  

Calcu la t ion  a l s o  shows t h a t  t h e  30 GeV non-resonant beam, i f  s t ee red  

onto t h e  septum, would hea t  t h e  w i r e s  near  t h e i r  mel t ing poin t  i n  about 

1 msec. No t e s t  was made, however, t o  see i f  t h e  30 GeV beam would break 

w i r e s .  Abeam abor t ,  t r i gge red  by excess H20 l o s s  monitor s igna l ,  i s  

planned t o  p ro tec t  aga ins t  inadver ten t  w i r e  breaking. 

Beam Loss and Beam Divergenee E f f e c t s  

Using t h e  H20 r a d i a t i o n  loss  monitor, beam l o s s  on t h e  tes t  septum 

w a s  s tud ied .  Protons t h a t  s t r i k e  t h e  septum undergo mul t ip l e  coulumb 

s c a t t e r i n g  and emerge a f t e r  t r a v e r s i n g  N 8 c m  ( N 64  wire^).^ 
monitor responds t o  the  s m a l l  (- 6%) f r a c t i o n  of t h e  protons t h a t  i n t e r -  

act s t rong ly  before  s c a t t e r i n g  out .  Therefore,  t h e  loss  monitor response 

i s  t o  a very  good approt imat ion propor t iona l  t o  t h e  average path length  

t raversed  by t h e  beam p a r t i c l e s ,  neglec t ing  s t rong  i n t e r a c t i o n s .  Since 

mul t ip l e  coulurnb s c a t t e r i n g  i n  tungsten i s  w e l l  understood, t h i s  average 

path length  can be ca l cu la t ed  accurately.  

c u l a t i o n  i s  t h e  angular  d i s t r i b u t i o n  of t h e  beam. 

The loss  

The only unknown i n  t h e  cal- 

The o the r  parameters 
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i n  t h e  c a l c u l a t i o n  are t h e  r a d i a t i o n  length  i n  tungsten,  t h e  w i r e  diameter 

and spacing, and the  septum length  and skew angle ,  a11 of which are known. 

The measured r e s u l t s  are compared i n  Fig. 3 with c a l a u l a t i o n s  f o r  

va r ious  assumed beam divergences.  

t h e  d i s t r i b u t i o n  i s  e s s e n t i a l l y  independent of assumed beam divergence and 

agrees  with observat ion,  lending c r e d i b i l i t y  t o  t h e  ca l cu la t ion .  

Note t h a t  t h e  ca l cu la t ed  width of 

The angular  d i s t r i b u t i o n  of t h e  resonant ly  ex t r ac t ed  beam at  t h e  

H20 septum was assumed i n  t h e  c a l c u l a t i o n  t o  be t h a t  corresponding t o  

a non-resonant beam t h a t  hasunfiiform d e n s i t y  i n  phase space wi th in  an 

e l l i p s e  of area eH. !?F_orsav* nce -of 

npyeH = 75 TT mm-mrad w e  expect t h e  f a l l  width of t h e  divergence of t h e  

resonant ly  ex t r ac t ed  beam t o  be A = 0,35 m a d .  CIHowever, t o  f i t  t he -da ta -we  

need ,4+ 0 ~ 8  mrad, I F 

9 phaseLspace 

on I yes on an t  b e am11 e 

ourse , the lnen- resonant  beam may not  be uniformay d i s t r i -  

t then t h e  discrepancy i s  even g r e a t e r .  

After t h e  septum was removed from t h e  r i n g ,  i t s  s t r a i g h t n e s s  w a s  

measured mechanically. The d i a l  i n d i c a t o r  measurements showed a depar ture  

from s t r a i g h t n e s s  of 0,,0009ocmpEe@k 

n e g l i g i b l e  e f f e c t  on t h e  skew curves i n  Fig.  3.  

e $wi 1 lhhave a 

The e f f e c t i u e  th ickness  of t h e  septum, and t h e r e f o r e  t h e  e x t r a c t i o n  

e f f i c i ency ,  i s  a s e n s i t i v e  func t ion  of t h e  beam divergence A ( i t  varies as 

A2) .  

c o r r e c t ,  then  a considerable-  improvement w i l l  have t o  b e  made i f  t h e  

full b e n e f i t  of t h e  e l e c t r o s t a t i q  septum i s  t o  be obtained. 

a r e a s  t h a t  w i l l  be  inves t iga t ed  are -magnet r i p p l e  and rebunching e f f e c t s ,  

and the  poss ib l e  ex i s t ence  of a non-resonank component of t he  ex t r ac t ed  beam, 

I f  t h e  present  (admittedly r a t h e r  i n d i r e c t )  measurement of A i s  

P a r t i c u l a r  
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Fig. 2 (a) Section through 6CI c m  long test  septum. A: 0.050 mm tungstea 
rhenium w i r e s ,  1.25 mm spacing; B: 
cathode; C:  aluminum frame; D: aluminum support  s t r i p  with wires 

, --I .swaged on; E: s t a i n l e s s  s teel  cathode support ;  F :  p l a s t i c  i n su la to r ,  
(b) Sect ion through proposed 230 c m  long e x t r a a t i o n  septum. AJ'B,C,D: 
same as above; E: t i t an ium rod cathode support ;  F: 0.75 mm wdll  
t i t an ium tubing s t i f f e n e r  f o r  cathode; G: r e t r a c t o r  sp r ing  for 'b roken  

0.75 mm w a l l  t i t an ium tubin& 

2 
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Fig .  3 Loss monitor s i g n a l  vs. septum skew angle.  The p o i n t s  are 
measured va lues  (background sub t r ac t ed ) .  The curves are 
pr&di  c t ions  of I? a:rMozit  ei’abr k 6 8 ~ ~  aZka&at &and f o r  va r ious  as sumed 
beam divergences A i n  m i l l i r a d i a n s .  


