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SHORT COLUMN PROGRESS (9) 

Duoplasmatron Source 

I n  t h e  test  r i g  f a c i l i t y  an  e f f o r t  was  made t o  determine t h e  cause of 

t h e  high frequency (-5-10 Mc)  o s c i l l a t i o n s  i n  high cu r ren t  beams (>lo0 mA): 

a. 

b o  

C.  

d. 

a) 

I n  case of cyc lo t ron  o s c i l l a t i o n s ,  t h e r e  should be a l i n e a r  r e l a t ionsh ip  

between t h e  frequency and t h e  magnetic f i e l d ;  t h e r e  was no such e f f e c t .  

I n  case of r a d i a l  sound o s c i l l a t i o n s ,  t h e  diameter of t h e  plasma 

column should inf luence  t h e  frequency; t h e  diameter could be reduced 

by a smaller diameter of t h e  canal i n  t h e  in te rmedia te  e lec t rode ;  

w e  reduced it  t o  ha l f  t h e  s i z e ,  however, t he  frequency (f - F) did 

not  change. 

There was no frequency change when hydrogen gas  w a s  replaced f o r  He ,  

N2 or Argon, i nd ica t ing  t h a t  t h e  o r i g i n  is  not sound o s c i l l a t i o n s .  

The geometries i n s i d e  t h e  source and expansion cup geometries in f luence  

t h e  amplitude of t h e  o s c i l l a t i o n s ,  but  no t  i t s  frequency. 

1 

A modified experimental  duoplasmatron source i s  under cons t ruc t ion  

t o  compensate f o r  t h e  measured magnetic s t r a y  f i e l d  i n  t h e  expansion 

cup, (some t e n s  of gauss);  it i s  necessary t o  use high melt ing poin t  

materials as anode b)  t o  diminish beam los ses  on t h e  s i d e  w a l l s  of t h e  cup, 

so t o  inc rease  beam cur ren t s  f o r  f u t u r e  requirements (>ZOO mA) 

beam q u a l i t i e s ,  

c)  t o  compare 
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Figure  1 shows t h e  new source wi th  two magnetic c i r c u i t s ;  t h e  i n t e r -  

mediate e l e c t r o d e  i s  cooled by f r eon  i n  copper tubing;  c r i t i c a l  p a r t s  on 

t h e  anode s i d e  of t h e  source  is  made demountable t o  ease modi f ica t ions .  For 

comparison F ig .  2 shows t h e  o r i g i n a l  source. 

With t h e  h igher  beam c u r r e n t s ,  i t  becomes more and more important  t o  

study t h e  effect of d e n s i t y  d i s t r i b u t i o n  OR t h e  beam t r a n s p o r t  a long t h e  

p r e i n j e c t o r .  Recent c a l c u l a t i o n s  are made by B l e w e t t ,  Turner and Bennet t .  

F u r t h e r  s t u d i e s  are under way by Moore and Norman, 

experience has  been made up t o  now. 

Hardly any p r a c t i c a l  

I n  t h e  coming months t h e  d e n s i t y  d i s t r i b u t i o n  of beams w i l l  be  d e t e r -  

mined after t h e  source  e x t r a c t o r ,  Dick Lane has  assembled now a set of 

s m a l l  Faraday-cups, (5  lmm) similar t o  t h e  u n i t  prepared f o r  t h e  750 kV 

b e a m  

Short  Column 

A ,  Support of t h e  h igh  g rad ien t  t ube  by means of a nylon rope hanging 

from t h e  p i t - enc losu re  seems t o  b e  p o s s i b l e  only by adequate ly  pro- 

t e c t i n g  t h e  rope  wi th  a phenol ic  t u b e  and a "donut" connection. 

The pulsed so lenoid  as focuss ing  element has  been rep laced  f o r  t h e  

more p r a c t i c a l  t r i p l e t .  

l ength  of 7.96 cm) i s  loca ted  17  c m  after t h e  las t  e l ec t rode .  That 

po le  misalignments are c r i t i c a l  p a r t s  i n  t h e  apparent  emi t tance  i s  

demonstrated i n  F i g o  3, showing t h e  image of a h o r i z o n t a l  focussed 

beam on a quar t z  window after t r a v e r s i n g  a s l o t t e d  p l a t e ;  t h e  f i r s t  

quadrupole was  3 o r  4 

t h e  proton p a t t e r n  i s  t h e  "bu t t e r f ly"  i n  t h e  c e n t e r ;  t h e  s-shaped 

l i n e s  are caused by t h e  molecules and t h e  very  l i g h t  s t r a i g h t  l i n e s  

F igu re  4 shows t h e  s l i t - images  of t h e  same o r i g i n a t e  from t h e  H 

beam wi th  improved quadrupole alignment. 

B. 

The middle of t h e  f i r s t  quadrupole ( e f f e c t i v e  

0 skewed w i t h  r e s p e c t  t o  t h e  second quadrupole;  

4- 
3 -  



Figure  3 ,  S l i t  images 

of a 100 mA beam a f t e r  

some degrees skewed 

quadrupoles. The images 

should be s t r a i g h t  l i n e s .  

F igure  4 A 100 mA beam 

with improved quadrupole 

alignment. 

C. The e l e c t r o n i c s  f o r  t h e  f a s t  bouncer has 

t r i e d  out  during August. 

been b u i l t  and it w i l l  b e  

The slow bouncer system, based on t h e  discharge of a condenser by 

t r i gge red  spark gaps, works properly.  

t h e  beam pulse  and t h e  bottom i s  i t s  corresponding vol tage  drop 

measured with a l a r g e  capac i t i ve  pick-up p l a t e .  

vo l t age  drop wi th  and without compensation, reducing t h e  drop from 

about 30 kV t o  2 kV. 

The top  t r a c e  of Fig.  5 shows 

Figure  6 is another  

The r e s u l t s  show t h e  f e a s i b i l i t y  of t h e  spark 
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gap arrangement as a stand-by of the fast beam loading compensator. 

Figure 5. Top trace: 

beam current 100 d/cm 

Bottom trace: voltage drop: 

E6 kV/cm 

Sweep: 40 ps/cm 

Pigure 6. Top trace: 

beam current 100 mA/cm 

Bottom trace: voltage drop 

with and without beam load 

compensation. 

Sweep: 40 ps/cm. 

D. Beam Measurement at 700-750 kV 

It has been found that previous beam current measurements were too 

high in value due to inadequate electron trapping of 200 gauss 

permanent magnets behind the beam transformers. After installation 

of the triplet the beam current measurements on the beam transformers . 

were reliable. 
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The maximum curren t  focussed by t h e  t r i p l e t  130 cm a f t e r  t h e  

high gradient column i s  about 150 d. 

stand can produce an easy 200 mA ( ca lo r ime t r i c  measurement) 

with i d e n t i c a l  source and e x t r a c t o r  parameters. 

on t h e  beam t r anspor t  p ipe .  

could not be increased s i g n i f i c a n t  above a r e l a t i v e l y  low ex t r ac to r  

The source i n  the  t e s t  

Some beam i s  l o s t  

It w a s  a l s o  n o t i f i e d  t h a t  t h e  beam curren t  
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Lowering t h e  extractor-voltage tincreases t h e  grad ien t  between e x t r a c t o r  

and 1st acce le ra t ing  e l ec t rode ,  bu t  e .g ,  t h e  700 kV p o t e n t i a l  i s  only 

s l i g h t l y  moved downstream without s i g n i f i c a n t l y  changing the  paeern around the  

expansion chamber and, t he re fo re ,  t h e  t o t a l  beam output (see Fig .  7a 

and F ig .  7b). I n  t h e  source  t es t  r i g  t h e  s i t u a t i o n  of Fig.  7c i s  

E. 

v a l i d ,  changing t h e  beam performance completely. 

With a n  increased e x t r a c t o r  ape r tu re  (6 1") t h e  ine r tnes s  of t h e  

e x t r a c t o r  vo l t age  on t h e  beam i n t e n s i t y  w a s  even more pronounced 

(no output  cu r ren t  v a r i a t i o n s  above t h e  15 kV e x t r a c t o r  vo l tage) .  

One can  make t h e  e x t r a c t o r  reg ion  independent of t he  acce le ra t ing  

reg ion  by using a g r i d  i n  t h e  ex t r ac to r ;  w e  don ' t  l i k e  t h i s ,  because 

we have t o  bui ld  a low impedance pulsed 6O--kV power supply and 

secondly t h e  lifetime of t h e  g r i d  i s  s h o r t  by h igh  energy backstreaming 

e l ec t rons .  

plasma expansion cup geometry. 

measurements t o  determine t h e  effect of var ious  geometries on t h e  

p o t e n t i a  1 d i s t r i b u t i o n .  

The mechanical constructiLn-of t h e s o n d  column has made a steady 

progress .  

1. 

ceramic - m e t a l  (AL, T i ,  Kovar) j o i n t s  us ing  f o u r  types of epoxies: 

CIBA, CONAP, GRODAN and t h e  previous f a i l e d  epoxy Wl9 as reference;  

several techniques w e r e  t r i e d  out and s p e c i a l  care w a s  given to :  

a) Surface prepara t ion  of both ceramic and metal (sandblast ing 

e tch ing  e tc  . ) 

W e  w i l l .  t r y  t o  avoid t h i s  d i f f i c u l t y  by improving the  

W e  prepare now some e l e c t r o l y t i c  tank 

I____ 

Separa te  and combined t e n s i o n  and shear  tests were made on small 

b)  Surface f l a t n e s s  (<. 002") 

c )  

d) 

e) Timing 

Thickness of t h e  epoxy l aye r  (0.005 t o  .010"). 

Cleaning procedures (e.g. outgassing i n  vacuum etc.). 
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f )  Epoxy so lven t  

Prom t h e s e  f i r s t  tests GORAP and GRODAN were s u p e r i o r  i n  s t r e n g t h  

by a f a c t o r  of two. 

Temperature - s t r a i n  tests s imula t ing  t h e  l a r g e  ceramic - metal 

r i n g  j o i n t  and us ing  t h e  above mentioned epoxies  and procedures,  

made a c l ea r - cu t  i n  our f i r s t  choice  among t h e  epoxies:  t h e  W19 

f a i l e d  a f te r  t h e  f i rs t  temperature  cyc le  up t o  45 C; t h e  o the r  

j o i n t s  followed af ter  several cyc le s ,  except GRODAN. 

0 

On b a s i s  of t h e s e  r e s u l t s  GRODAN w a s  chosen as t h e  bond f o r  a second 

t h r e e  s e c t i o n  column assembling, 

More knowledge of t h i s  c r i t i c a l  p a r t  of t h e  l a r g e  diameter  column 

assembling i s  necessary f o r  f u t u r e  columns; t h e r e f o r e ,  p resent  r i g s  

have t o  be extended wi th  scaled-up tes t  f a c i l i t i e s  u s ing  l a r g e  ceramic 

r i n g s  (a f i r s t  u n i t  has  a l r e a d y  been made by A m a r i  f o r  t h e  th ree - sec t ion  

column). Also  long-term small and l a r g e  s c a l e  c reep  measurements (combined 

w i t h  t e n s i o n  and s h e a r ) ' w i l l  be s t u d i e d  by Senator ,  who prepares  a t e c h n i c a l  

n o t e  of t h e  above mentioned small ceramic-metal j o i n t  s tudy.  

cont inue  on small j o i n t s  as a guide f o r  t h e  scaled-up ve r s ions .  

H e  w i l l  

It i s  

s t i l l  fe l t  t h a t  t h e  bond can  be improved (e.g.  by us ing  wet ted f i b e r g l a s s  

c l o t h e s  as spacer . )  

2. A c l e a n  assembling area has  been b u i l t  a longs ide  t h e  h igh  vo l t age  

test  € a c i l i t y  i n  t h e  905A bui ld ing .  

assemble t h e  column i n  a more don t ro l l ed  way. 

now t o  start t h e  assembling and t e s t i n g  of a n  improved t h r e e  s e c t i o n  

test u n i t .  

Kovar end p l a t e s  r e p l a c i n g  t h e  A 1  end p l a t e s  are i n  t h e  machine 

shop and they w i l l  be f i n i s h e d  by t h e  end of August. 

This  f a c i l i t y  a l lows us t o  

Everything is  set 

3. 

A t  t h a t  t i m e  

assembling of t h e  second 15 s e c t i o n  colunh w i l l  start,  i f  t h e  t h r e e  

s e c t i o n  column passes t h e  requi red  s t r e n g t h  tests. 
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4 .  A s p e c i a l  source  s e r v i c i n g  r i g  f o r  handl ing i o n  sources  and holder  

i n s i d e  t h e  h igh  v o l t a g e  instrument  t e rmina l  has  been designed; a 
.-. 

r e - e n t r a n t  e lectr ical  i n s u l a t e d  quadrupole holder ,  which i s  a t  t h e  

same t i m e  t h e  support  of t h e  last e l e c t r o d e  i s  under cons t ruc t ion ;  

t h e  c e n t e r  of t h e  f i r s t :  quadrupole w i l l  be  8% c m  a f t e r  t h e  last  

a c c e l e r a t i n g  e l ec t rode .  

LooEEig down on t h e  Catskills wi th  Stewart  w a s  more i n t e r e s t i n g  than  

looking i n  t h e  CONAP epoxy o u t f i t  of Olean, N.P. 

cc: R. Abbott 
R. A m a r i  
C. B e l l e z z i  
R. C l ippe r ton  
E. E l l i o t t  
S. Giordano 
V .  Kovarik 
R. Lane 
I. Polk 
J. R i c h t e r .  
S. Senator  
A .  van Steenbergen 
G. Wheeler 
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