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LABORATORY DEVELOPMENT 

Acce l e r a to r  Improvements - J. Hicks,  J. Taylor  and 
D. L. F r i e s e l  

During t h e  l a s t  y e a r ,  much of t h e  e f f o r t  which i n  

t h e  p a s t  was a p p l i e d  t o  major improvements and 

r e t r o f i t t i n g  of t h e  a c c e l e r a t o r s  and beam l i n e s ,  was 

pu t  i n t o  c o n s t r u c t i o n  of t h e  Dual Spec t rometer .  As a  

consequence,  a t t e n t i o n  was l i m i t e d  t h i s  year  t o  t h e  

most u r g e n t l y  needed c y c l o t r o n  improvements. 

A cons ide r ab l e  p a r t  of t h e  new work took p l ace  i n  

Beam Line 1 and i n  t h e  I n j e c t o r .  The beam chopper low 

l e v e l  e l e c t r o n i c s  was upgraded by t he  a d d i t i o n  of 

s t a n d a r d  ALC and au to tune  modules s i m i l a r  t o  those  used 

i n  o t h e r  r f  systems.  Th i s  change minimizes time l o s s  

i n  t r o u b l e s h o o t i n g  and r e p a i r i n g .  For t h e  f  buncher,  a  

low-level  e l e c t r o n i c s  back-up c h a s s i s  was brought 

up-to-date and debugged t o  accomplish t h e  same purpose.  

Use of a  new modular sys tem h e r e  w i l l  awai t  a  major 

r e b u i l d i n g  of a l l  of t h e  buncher systems planned f o r  

t h e  f u t u r e .  

Major improvements were made i n  t h e  I n j e c t o r  r f  

system. These i n c l u d e  i n s t a l l a t i o n  of a  new inpu t  

s t a g e  which r e q u i r e s  l e s s  d r i v e  power and provides  a  

b e t t e r  VSWR; conve r s ion  of t h e  4CW800B d r i v e  s t a g e  t o  

modular form t o  p rov ide  f a s t  rep lacement ,  e a se  of 

r e p a i r ,  and c i r c u i t  op t im iza t i on  on t h e  bench; and 

i n s t a l l a t i o n  of new p l a t e ,  s c r e e n  and g r i d  b i a s  power 

s u p p l i e s  f o r  t h e  4CW800B. I n  a d d i t i o n ,  i n t e r s t a g e  

t un ing  was added between d r i v e r  and f i n a l  s t a g e s  

t o  improve t h e  ou tpu t  f requency c h a r a c t e r i s t i c  over  t h e  

complete system o p e r a t i n g  range.  As a  r e s u l t  of t h e s e  

improvements, which a r e  d i s cus sed  i n  more d e t a i l  i n  t h e  

fo l l owing  s e c t i o n ,  we hope t o  a ch i eve  h igh  enough dee 

v o l t a g e  t o  o p e r a t e  a t  a  s m a l l e r  i n f l e c t i o n  r a d i u s  and 

t hus  a c c e l e r a t e  200-MeV pro tons  w i th  an  i on  sou rce  

t e r m i n a l  v o l t a g e  i n  t h e  neighborhood of 550 kV. Th i s  

would l e a d  t o  a  major improvement i n  o p e r a t i n g  

r e l i a b i l i t y  because of beam induced 

v o l t a g e  ho ld ing  problems of t h e  a c c e l e r a t o r  column i n  

Terminal  B above 550 kV. 

Also,  t h e  r f  s i g n a l  d i s t r i b u t i o n  sys tem was 

improved l a s t  year .  The sys tem was expanded t o  provide  

more r f  s i g n a l s  f o r  a  v a r i e t y  of needs (both  f o r  

o p e r a t i o n s  and f o r  expe r imen t s ) ,  and a  s y t e m a t i c  way of 

d i s t r i b u t i n g  t h e  fo l l owing  f r equenc i e s :  f / 2 ,  f / 3 ,  

f / 3 ( n + l ) ,  2f and Harmonic Genera tor .  Some of t h e s e  a r e  

not  now i n  u se ,  but  w i l l  be needed i n  t h e  f u t u r e .  A 

s e p a r a t e  " s i g n a l  i n t e r f a c e "  has  been i n s t a l l e d  t o  make 

a l l  of t h e s e  s i g n a l s  r e a d i l y  a v a i l a b l e  t o  



experimenters. Further improvements are planned for 

the coming year to take advantage of new frequencies as 

they become available. 

Another Injector improvement involves the sector 

magnet system. The main magnet power supply (Alpha 20) 

has in the past obtained its feedback signal for 

current stabilization from a water cooled shunt which, 

in addition to having less than optimum stability, 

caused a 5 volt loss in output voltage. This shunt was 

recently replaced by a Hazemeyer current transductor 

(DCCT) which should not only provide improved stability 

but also, by removing the output voltage penalty, allow 

a 10% increase in output current. With this 

improvement, it may no longer be necessary to use 

booster coils wrapped around the sector magnet return 

yokes when operating at the highest magnetic fields. 

This will simplify cyclotron operation and also 

liberate a valuable power supply (Alpha 5) for other 

uses. 

Rebuilding the Injector rf System - J. Redding, M. Ball, 
K. Berglund, M. Cary, D. Jenner, and A. Pei 

After the summer shutdown for spectrometer 

construction, the cyclotron maintenance records showed 

that there had been an unusual amount of unscheduled 

maintenance attributable to component failures in the 

Injector rf systems. The failures were the result of 

a design problem that had been previously investigated, 

and partially solved. Material had been purchased 

for the required modifications but due to time 

limitations and personnel changes, the improvements had 

been postponed. 

In the original design, the driver tube, an Eimac 

4CW800 water cooled tetrode, was operated with the 

plate grounded and the cathode at a negative potential 

of -2700 volts. To provide the required grid bias of 

-50 volts, from the cathode to grid, a floating voltage 

regulator circuit was connected is series with the 

cathode and the -2700 volt source. 

During start-up of the rf systems or at times 

when high current was drawn through the tube, the 

floating cathode bias network would fail. If the 

failure mode was a "short", excessive current 

would destroy the tube, if the cyclotron operator did 

not intervene in time. If the failure was an "open", 

then the lack of Injector rf voltage would prevent 

normal injector operation, but not destroy the driver 

tube. 

The mechanical design was awkward and an 

unreasonable amount of time was necessary to replace 

the tube. The bias box operated at a potential that 

was hazardous to technicians engaged in maintenance. 

Injector modification was definitely required. 

During the summer, a method of reconfiguring the 

driver biasing had been installed and partially tested. 

The key features of the new design were the grounding 

of the driver cathode, a grid bias supply, and a screen 

supply. In addition to the elimination of the bias 

box, the incorporation of interstage tuning between the 

driver tube and the final amplifier was proposed to 

allow greater injector dee voltage. 

In October, the decision was made to convert the 

system during six weeks prior to the Christmas 

shutdown. The design was then reviewed and refined by 

the use of SPICE, a circuit analysis program on the VAX 

computer. A prototype was assembled and tested which 

allowed verification of the design calculations. 

The new design incorporates a feature of a 

removable driver tube assembly. The driver tube and 

its associated circuitry are mounted on a bolt-in 

plate. The plate is used as a test fixture for tube 

testing and prealignment of the input network for flat 

frequency response. The pretested assembly allows 



r a p i d  replacement du r ing  f a i l u r e  or  r o u t i n e  

replacement.  

The d r i v e r  i n p u t  network des ign  i s  a  Chebychev 

low-pass f i l t e r  op t imized  f o r  impedance t r an s fo rma t ion  

and provides  s a t u r a t e d  o p e r a t i o n  of t h e  4CW800 a t  l e s s  

t han  6  wa t t s  d r i v e .  The i npu t  s t a n d i n g  wave r a t i o  t o  

t h e  i npu t  of t he  d r i v e r  is l e s s  than  2 : l  over t h e  25MHz 

t o  35MHz o p e r a t i n g  range.  

This  i s  a  s i g n i f i c a n t  improvement from t h e  

o r i g i n a l  c o n f i g u r a t i o n  t h a t  r equ i r ed  30 wa t t s  d r i v e  and 

had a  5 : l  s.w.r. 

P r e l im ina ry  t e s t i n g  showed t h a t  t h e  des ign  va lue s  

of 25 kV a t  25.6 MHz and 50 kV a t  35 MHz were e a s i l y  

ob t a ined .  As t h e  i n j e c t o r  i n t e r n a l  r e s o n a t o r  

c o n s t r u c t i o n  was des igned  f o r  50 kV, i t  is probable  

t h a t  t h e s e  l i m i t s  should  be t e s t e d  be fo r e  cont inuous  

o p e r a t i o n  above i s  begun. During t e s t i n g ,  t h e  new 

d r i v e r  c o n f i g u r a t i o n  seems t o  have al lowed t h e  f r a c t u r e  

of a  cathode r e s i s t o r  on t h e  power a m p l i f i e r  s t a g e  due 

t o  ove rd r iv ing  t h e  f i n a l  a m p l i f i e r  tube .  At t h a t  t ime,  

t h e  r f  v o l t a g e  exceeded t h e  de s ign  va lue s .  It is now 

p o s s i b l e  t o  d r i v e  t h e  power ou tpu t  tubes  t o  t h e i r  

maximum r a t i n g  . 
S e v e r a l  des ign  o b j e c t i v e s  t h a t  were d e s i r e d  were 

not  obta ined .  The f u t u r e  improvements f o r  t h e  I n j e c t o r  

r f  system a r e  t h e  replacement of t h e  4CW800 wi th  a  

l e s s  expens ive ,  more r e l i a b l e ,  and more powerful  tube.  

The tube  replacement w i l l  a l s o  a l l ow  t h e  broadbanding 

of t h e  system. 

Broadbanding e l i m i n a t e s  t h e  n e c e s s i t y  of t h e  

ope ra to r  having  t o  tune  t h e  d r i v e r  s t a g e  a f t e r  a  

f requency change. At t h a t  t ime,  t h e  f i l amen t  supply  of 

t h e  power s t a g e  w i l l  be changed from a.c.  t o  d.c. 

removing t h e  remaining sou rce  of 60 hz n o i s e  i n  t h e  

i n j e c t o r  system. 

Main Stage  Cryo Pump Improvements - J. Se l f  and 
0. Dermois 

S i g n i f i c a n t  improvements were a l s o  made t o  t h e  

c y c l o t r o n  vacuum pumping sys tem t h i s  yea r .  Four CTI 

manufactured 20" d iameter  cryopumps were mounted on t h e  

main c y c l o t r o n  vacuum chambers i n  1979, but  were not  

r o u t i n e l y  used. The main reason  f o r  t h i s  was t h a t  t h e  

r e f r i g e r a t o r  motor would s t a l l  a f t e r  s e v e r a l  days of 

cont inuous  o p e r a t i o n ,  c aus ing  t h e  pump t o  warm up. 

Th i s  i s  o f t e n  r e f e r r e d  t o  a s  pump " r a t c h e t i n g " .  Th i s  

was o r i g i n a l l y  thought t o  be caused by contaminates  i n  

t h e  he l ium gas ,  which f r e e z e  out  i n  t h e  d i s p l a c e r s ,  

i n c r e a s i n g  f r i c t i o n  and e v e n t u a l l y  s t a l l i n g  t h e  motor. 

Ex t ens ive  t ime and e f f o r t  were expended i n  c l e a n i n g  t h e  

he l ium sys tem a t  CTI's recommendation, but  only a  

s l i g h t  improvement i n  t h e  performance of t h e s e  pumps 

was r e a l i z e d .  

Two o t h e r  problems were r e c e n t l y  recognized  a s  t h e  

cause  of t h e  pump r a t c h e t i n g  which prevented  t h e i r  use .  

The f i r s t  one was t h a t  t h e  f i t  of t h e  d i s p l a c e r  s e a l s  

t o  t h e  c y l i n d e r  w a l l  was c r i t i c a l .  I f  t h e  s e a l s  were 

t o o  t i g h t ,  t h e  r e s u l t i n g  exces s  f r i c t i o n  caused t h e  

pump motor t o  s t a l l  ( r a t c h e t ) .  I f  they  were t oo  l o o s e ,  

he l ium blow-by r e s u l t e d  i n  a r e d u c t i o n  of t h e  pump 

capac i t y .  Exper ience  has  now shown t h a t  t h e  d i s p l a c e r s  

r e q u i r e  c l e a n i n g  and r e t r o f i t t i n g  about  every  6000 

hours of ope ra t i on .  The second,  and dominant,  problem 

tu rned  out  t o  be t h e  d e t e r i o r a t i o n  of t h e  permanent 

magnet AC motors themselves.  The magnet 's  s t r e n g t h  

dec r ea se s  over  a  pe r i od  of t ime due t o  v i b r a t i o n ,  h e a t ,  

and i n t e r a c t i o n  wi th  t h e  c y c l o t r o n  magnetic f i e l d .  

This  was overcome by r e p l a c i n g  a l l  pump motors w i th  new 

ones.  The r e s u l t  of t h e s e  improvements was t h a t  t h e  

cryodynes remained co ld  and pumping on themselves  f o r  

weeks a t  a  t ime w i thou t  r a t c h e t i n g .  



Another problem was encountered  when t h e s e  pumps 

were opened t o  t he  main cyc lo t ron .  The pumps reduced 

t h e  vacuum i n  t h e  cyc lo t ron  r f  v a l l e y s  ( e a s t  and west  

v a l l e y s )  by about a  f a c t o r  of two, and s i g n i f i c a n t l y  

reduced t h e  amount of r f  spa rk ing  exper ienced  dur ing  

o p e r a t i o n s .  However, du r ing  o p e r a t i o n ,  t h e  pumps 

s lowly  warmed up (over  a  few hour p e r i o d )  t o  t h e  po in t  

t h a t  they  would no longer  improve t h e  cyc lo t ron  

vacuum. It became apparent  t h a t  t h e  c a p a c i t y  of t h e s e  

pumps was l e s s  than  r equ i r ed  f o r  our pumping needs.  

The manufac turer  of t h e s e  cryodynes sugges ted  r e p l a c i n g  

our  50 W r e f r i g e r a t o r s  wi th  l a r g e r  70 W pumps a t  a  c o s t  

of about $50K. However, a f t e r  c a r e f u l  s t udy ,  we 

conceived  and executed  an  a l t e r n a t e  means of making t h e  

e x i s t i n g  pumps meet our requi rements .  

These o l d e r  cryopumps have a  pumping speed of 

n e a r l y  10,000 l / s  f o r  n i t r o g e n ,  but  a r e  equipped wi th  a  

r e f r i g e r a t o r  having a  t o o  sma l l  80°K load  capac i t y .  

For t h e  20" d iameter  f r o n t a l  s u r f a c e  a r e a  of t h e  80" 

s h i e l d ,  an  a b s o r p t i o n  c o e f f i c i e n t  of 0.9, and a  b lack  

body r a d i a t i o n  sou rce ,  t h e  300°K r a d i a t i o n  hea t  

load  i s  78 W. The s i d e  and bottom w a l l  of t he  80°K 

s h i e l d  t y p i c a l l y  r e c e i v e s  ano the r  9 W ,  assuming t h e  

w a l l s  a r e  f r e s h  aluminum s u r f a c e s .  Over t h e  cou r se  of 

t ime,  an  oxide  l a y e r  grows over t h e  aluminum s u r f a c e  

and t h e  80°K s u r f a c e  c o l l e c t s  i m p u r i t i e s .  This  

approximate ly  doubles t h e  hea t  c o l l e c t e d  by t h e  s i d e  

w a l l ,  and causes  t he  pumps t o  f a i l  a f t e r  a  s h o r t  pe r i od  

of ope ra t i on .  The only  way t o  improve t h e  ope ra t i on  of 

t h e  pumps was t o  reduce t h e  hea t  load .  This  was done 

by s h i e l d i n g  t h e  en t r ance  of t h e  pump by a  gold-p la ted  

copper a p e r t u r e ,  which covered about  one ha l f  t h e  

s u r f a c e  a r ea .  The a p e r t u r e ,  which is i n  good thermal  

c o n t a c t  wi th  t h e  pumpwall, was des igned ,  however, t o  

reduce t h e  i n i t i a l  pumping speed by l e s s  t han  30%. 

Thus, t h e  pumps, wi th  t h e  o r i g i n a l  50 W r e f r i g e r a t o r s ,  

now work con t i nuous ly  f o r  pe r i ods  of one t o  two months. 

The r e s u l t i n g  r e l i a b i l i t y  of t h e s e  upper cryopumps has  

now allowed us  t o  o p e r a t e  comple te ly  wi th  t h e  two 36" 

d i f f u s i o n  pumps i n  t h e  no r th  and south  v a l l e y s ,  and t h e  

two sma l l  upper cryopumps i n  t h e  e a s t  and west  v a l l e y s .  

The o p e r a t i o n  of t h e  h igh  maintenance and u n r e l i a b l e  

lower cryodyne system is no longer  r equ i r ed .  Th i s  

sys tem i s  main ta ined  i n  a  ready cond i t i on ,  however, t o  

improve t h e  c y c l o t r o n  vacuum even f u r t h e r  f o r  p a r t i a l l y  

s t r i p p e d  i on  a c c e l e r a t i o n ,  and a s  a  backup system 

should  such ever  be r equ i r ed .  

New Cooling Tower - C. F o s t e r  

As p a r t  of t h e  Cooler  b u i l d i n g  a d d i t i o n ,  a  new 

evapora t ive-cool ing  tower wi th  s u f f i c i e n t  c a p a c i t y  t o  

coo l  t h e  p r e s e n t l y  o p e r a t i n g  cyc lo t rons  and 

expe r imen t a l  equipment; t h e  e lec t ron-cooled  s t o r a g e  

r i n g ,  now under c o n s t r u c t i o n ,  and a s s o c i a t e d  

expe r imen t a l  equipment; and t h e  proposed t r i p l e r  

c y c l o t r o n  was b u i l t .  This  removes dependence upon t h e  

o l d  coo l i ng  tower,  which is l oca t ed  on t h e  roof of t h e  

a c c e l e r a t o r  bu i l d ing .  This  o ld  tower w i l l  be used t o  

provide  coo l i ng  f o r  a i r  cond i t i on ing  equipment i n  t h e  

a c c e l e r a t o r  b u i l d i n g  only.  It may t hen  be t u rned  o f f  

and d r a ined  i n  t h e  w i n t e r  t o  prevent  p o t e n t i a l l y  

dangerous ice- loading  of t he  roof of t he  a c c e l e r a t o r  

bu i l d ing .  

I n  a d d i t i o n ,  t h e  new coo l i ng  tower was des igned  

w i th  t h e  g o a l  of ma in t a in ing  t h e  tempera ture  of t h e  

water  t o  t h e  c y c l o t r o n  hea t  exchangers s t a b l e  t o  w i t h i n  

+ 0.5 degrees  Fa r enhe i t .  This  goa l  has  been reached.  

Such tempera ture  s t a b i l i t y  c o n t r i b u t e s  t o  t h e  long  term 

s t a b i l i t y  of c y c l o t r o n  ope ra t  i on .  

There have been s e v e r a l  f a i l u r e s  of t h e  new 

coo l i ng  tower i n  t h e  l a s t  yea r  a s  t h i s  new system is  



debugged. A ch ip  i n  t h e  computer-control  system has 

f a i l e d  t h r e e  t imes  when t h e  b u i l d i n g  has had 

spontaneous power outages .  Th i s  r e s u l t s  i n  l o s s  of 

au tomat ic  c o n t r o l  and ,  t h e r e f o r e ,  no a c c u r a t e  

tempera ture  r e g u l a t i o n .  A  c o n t r o l  va lve  i n  t h e  

tempera ture  r e g u l a t i o n  sys tem jammed open on one 

occas ion  r e s u l t i n g  i n  a  low tempera ture  excu r s ion .  

F a i l u r e  of an e l e c t r i c a l  component p rov id ing  power t o  

one of t h e  tower pumps caused a  dangerous ly  h igh  

tempera ture  excu r s ion .  A d d i t i o n a l  moni tors  and a la rms 

of f low and p r e s s u r e  have been and a r e  being i n s t a l l e d  

t o  a l e r t  c y c l o t r o n  o p e r a t o r s  more qu i ck ly  t o  t h e  

p o t e n t i a l  f o r  such tempera ture  excu r s ions .  

There is c a v i t a t i o n  a t  t h e  s u c t i o n  s i d e  of t h e  

c i r c u l a t i n g  pumps f o r  t h i s  sys tem which is worse f o r  

t h e  no r th  pump than  f o r  t h e  sou th  pump. Such 

c a v i t a t i o n  causes  v i b r a t i o n  which is be l i eved  t o  have 

c o n t r i b u t e d  t o  t h e  f a i l u r e  of t h e  motor-to-pump 

coup l i ng  on t h e  no r th  pump and t h e  weakening of t he  

coup l i ng  on t h e  sou th  pump. An eng inee r i ng  s tudy  of 

t h e  cause  of t h i s  c a v i t a t i o n  is underway. 

I n  p r e p a r a t i o n  of t h e  new coo l i ng  tower f o r  u se ,  

i t  was nece s sa ry  f o r  IUCF pe r sonne l  t o  c a r e f u l l y  

i n s t a l l  l e a f  s c r eens  and cove r s  enc lo s ing  t h e  e n t i r e  

tower,  c l e a n  t h e  tower of mud and l e aves ,  b u i l d  a  

dev i ce  f o r  removal of l a r g e  wa t e r  f i l t r a t i o n  s c r eens ,  

c l e a n  t h e s e  s c r e e n s  and provide  i n s p e c t i o n  p o r t s  i n  t h e  

l i d  of t h e  pump b a s i n  a t  t h e  tower base. As a  r e s u l t  

of t h i s  work, t h e  tower and s c r eens  have remained c l e a n  

S t r i p p e r  Loop Development - Dennis F r i e s e l  

The o p e r a t i o n  of t h e  s t r i p p e r  loop,  which began 

l a s t  yea r  w i th  an  H ~ +  beam, con t i nued  t h i s  yea r  w i th  a  

newly developed H- i o n  beam. The s t r i p p e r  loop ,  shown 

i n  F ig .  7 ,  i s  a  sma l l  i sochronous  s t o r a g e  r i n g  f o r  

t h e  DC beam from t h e  0.62 MeV ion  sou rce  t e r m i n a l  and 

i s  used t o  vary t h e  p u l s e  s t r u c t u r e  of t h e  beams from 

t h e  c y c l o t r o n s  over a  wide range (1.5 t o  10 psec)  wh i l e  

s imu l t aneous ly  i n c r e a s i n g  t h e  beam b r i g h t n e s s .  The DC 

beam from t h e  t e r m i n a l  i s  accumulated and s t o r e d  i n  t h e  

r i n g  s o  t h a t  beam b u r s t s  of h igh  i n t e n s i t y  can be p u l s e  

e x t r a c t e d  from t h e  dev i ce  and i n j e c t e d  i n t o  t h e  

cyc lo t rons  f o r  a c c e l e r a t i o n .  I n  t h i s  way, beams w i th  

long  of f  pe r i ods  between bunches can have reasonably  

h igh  average  beam i n t e n s i t i e s .  Th i s  c a p a b i l i t y  i s  

p a r t i c u l a r l y  u s e f u l  f o r  t h e  i n t e r m e d i a t e  energy  neu t ron  

t ime-of - f l igh t  exper iments  a t  IUCF, and may a l s o  have 

a p p l i c a t i o n  f o r  t h e  i n j e c t i o n  of c y c l o t r o n  beams i n t o  

t h e  new c o o l e r  r i n g .  A  d e t a i l e d  d e s c r i p t i o n  of t h e  

r i n g ,  i t s  o p e r a t i n g  parameters ,  and t h e  r e s u l t s  of t h e  

i n i t i a l  t e s t s  w i th  t h e  H2+ i o n  beam were p r ev ious ly  

repor ted .1 ,2 ,3  The r e s u l t s  of t h e  H- beam s t u d i e s  w i th  

t h e  s t r i p p e r  loop,  which a r e  d i s cus sed  below, were a l s o  

r e c e n t l y  publ i shed .4  

When a n  H ~ +  beam i s  i n j e c t e d  i n t o  t h e  s t r i p p e r  

loop ,  a s  du r ing  t h e  i n i t i a l  development work l a s t  y e a r ,  

t h e  r e s u l t i n g  c i r c u l a t i n g  p ro ton  beam energy i s  ha l f  

t h e  i n j e c t i o n  energy.  This  l i m i t s  t h e  maximum energy  

t o  which t h e  c y c l o t r o n s  can f u r t h e r  a c c e l e r a t e  t h e  beam 

f o r  more t han  f o u r  months and a  va lve  bypass ing  f low t o  about  80 MeV. I n  t h e  r ecen t  development r uns ,  an  H' 

from t h e  tower t o  t h e  sump was p rope r ly  ad ju s t ed .  beam from i o n  sou rce  t e r m i n a l  B was i n j e c t e d  i n t o  t h e  

While t h e r e  have been and con t i nue  t o  be problems s t r i p p e r  loop u s ing  both i n f l e c t i o n  magnets #1 and i12, 

wi th  t h i s  tower,  it has  run  f o r  long pe r i ods  (months) and s t r i p p e d  t o  p ro tons  having t h e  same energy.  The 

w i th  b e t t e r  r e g u l a t i o n  t h a n  t h e  p r ev ious  tower. It is duoplasmatron sou rce  i n  t e r m i n a l  B was modif ied  t o  

s t i l l  under warranty  and work con t i nues  t o  improve i t s  d e l i v e r  a  modest 25 pA of H- wi th  an  emi t t ance  of about  

r e l i a b i l i t y  and e a s e  of ope ra t i on .  3mm-mr. Because of i ts sma l l  emi t t ance ,  however, over  
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Figu re  7. P l an  view of t h e  S t r i p p e r  Loop 

90% of t h i s  beam was t r a n s m i t t e d  from t h e  sou rce  i n t o  

t h e  s t r i p p e r  loop. Also ,  t h e  p o l a r i t y  of t h e  normally 

p o s i t i v e  0.6 MV high  v o l t a g e  power supply  f o r  t h e  

t e r m i n a l  was t empora r i l y  r eve r s ed  t o  a c c e l e r a t e  t h e  

beam f o r  i n j e c t i o n .  The r e s u l t i n g  maximum c i r c u l a t i n g  

pro ton  beam energy  i n  t h e  r i n g  was 0.62 MeV, which 

pe rmi t t ed  t h e  a c c e l e r a t i o n  of t h e  beam e x t r a c t e d  from 

t h e  r i n g  t o  200 MeV. 

An impor tan t  parameter de termining  t h e  b r i g h t n e s s  

g a i n  p o s s i b l e  w i th  t h e  s t r i p p e r  loop is t h e  H- t o  

s t r i p p i n g  c r o s s  s e c t i o n .  Hence, t h e  f r a c t i o n  of t h e  H' 

beam conver ted  t o  both Ho and was measured a s  a  

f u n c t i o n  of t h e  a r e a l  d e n s i t y  of t h e  vapor i n  t h e  

s t r i p p i n g  c a n a l  l o c a t e d  between magnet s e c t o r s  A and B. 

From t h e s e  d a t a ,  which were ob t a ined  a t  i n c i d e n t  H- 

beam e n e r g i e s  of 0.37, 0.56, and 0.62 MeV, t h e  c r o s s  

s e c t i o n  f o r  t h e  convers ion  t o  any o t h e r  charge s t a t e  

was determined t o  be about  1.3 t imes  t h e  measured 

convers ion  of t h e  H ~ +  i ons  r epo r t ed  l a s t  year .  Th i s  

r e s u l t  i s  i n  r e a sonab l e  agreement w i th  t h e  l i t e r a t u r e .  

The p ro ton  p roduc t i on  r a t e  from t h e  s t r i p p i n g  of t h e  H- 

beam, however, was observed t o  be l a r g e r  t han  expected  

and somewhat independent of energy. P l o t s  of t h e  H- 

beam a r e  shown i n  F igu re  8 and a r e  n e a r l y  i d e n t i c a l  t o  

s i m i l a r  p l o t s  ob t a ined  a t  t h e  two lower ene rg i e s .  A 

p o s s i b l e  exp l ana t  i o n  f o r  t h e  observed d i f f e r e n c e s  

between t h e s e  and o t h e r  pub l i shed  measurements of t h i s  

r e a c t i o n  i s  t h e  n a t u r e  of t h e  s t r i p p i n g  vapor used i n  

ou r  measurements. A c o m ~ e r c i a l l y  a v a i l a b l e  long  

molecular  f l uo roca rbon  cha in  (C7F14) was used i n  t h e  

s t r i p p e r  loop.  It may be t h a t  t h e  p r o b a b i l i t y  of a  

d i r e c t  convers ion  of an  H- i o n  t o  an  i o n  du r ing  a 

s i n g l e  i n t e r a c t i o n  w i th  a  l a r g e  molecule is  q u i t e  

l a r g e .  Neve r the l e s s ,  t h e  e f f e c t i v e  H' t o  H+ s t r i p p i n g  
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Figu re  8. S t r i p p i n g  r a t i o s  ve r su s  vapor dens i t y .  F igu re  9. P r e d i c t e d  and measured i n t e n s i t y  g a i n  v e r s u s  
vapor d e n s i t y  . 
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c r o s s  s e c t i o n  was determined t o  be 1.6 x  1016 cm2, 

which is t h e  same a s  t h a t  measured f o r  t h e  convers ion  

of an H2+ ion  t o  a  p ro ton  and a  n e u t r a l  hydrogen atom. 

The b r i gh tne s s  g a i n  of t h e  s t r i p p e r  loop f o r  an  

i n c i d e n t  0.62-MeV H- beam was c a l c u l a t e d  from t h e s e  

measurements and is  p l o t t e d  i n  F igu re  9 a s  a  f u n c t i o n  

of t he  d e n s i t y  of t h e  s t r i p p i n g  vapor.  S i m i l a r  

p r e d i c t i o n s  f o r  an  i n c i d e n t  H2+ beam of t h e  same energy 

a r e  a l s o  p l o t t e d  i n  t h i s  f i g u r e  f o r  comparison. 

Cons iderable  e f f o r t  was r equ i r ed  t o  f i n d  t h e  

c o r r e c t  i n f l e c t i o n  t r a j e c t o r y  nece s sa ry  t o  o b t a i n  a  

c i r c u l a t i n g  p ro ton  beam i n  t h e  r i n g  w i th  t h e  H'beam. 

The s t r e n g t h  of t h e  r i n g  magnet r a d i a l  harmonic c o i l s  

had t o  be i n c r e a s e d  and ad ju s tmen t s  t o  t h e  p o s i t i o n  of 

i n f l e c t i o n  magnet #2 were necessary  be fo r e  c i r c u l a t i n g  

0.37-, 0.57- and 0.62-MeV p ro ton  beams were achieved .  

Because of t h e  r e l a t i v e l y  low ou tpu t  of t h e  He sou rce ,  

t h e  maximum s t o r e d  i n t e n s i t y  i n  t h e  r i n g  was l i m i t e d  t o  

i i Current Gain 
(615 keV H-) 

Measured 
Current Gain Predicted 
(615 keV H:) Current Gain 

(615 keV H:) 

about  0.4 mA. Attempts t o  i n c r e a s e  t h e  c i r c u l a t i n g  

beam i n t e n s i t y  by i n c r e a s i n g  t h e  accumula t ion  t ime 

beyond 10 psec were unsucces s fu l  because t h e  t r a n s v e r s e  

beam i n s t a b i l i t y  observed p r ev ious ly  a t  lower e n e r g i e s  

du r ing  t h e  H ~ +  development work was encountered  h e r e  a s  

we l l .  From our p r ev ious  work, t h i s  i n s t a b i l i t y  is 

known not  t o  be caused by a  space  charge  dep re s s ion  of 

t h e  r i n g  tune .  The cause  of t h e  i n s t a b i l i t y ,  which is 

energy and i n t e n s i t y  dependent,  remains a  mystery.  

The beam p u l s e  e x t r a c t e d  from t h e  s t r i p p e r  loop 

was bunched w i th  a  £12 sub-harmonic buncher and 

i n j e c t e d  i n t o  t h e  c y c l o t r o n s  f o r  f u r t h e r  a c c e l e r a t i o n .  

A p l o t  of t h e  i n t e n s i t y  l o s s  p r o f i l e  f o r  a  180 MeV 

p ro ton  beam wi th  a  p u l s e  pe r i od  of 2.5 psec u s i n g  t h e  

s t r i p p e r  loop w i th  H- i n j e c t i o n  was shown i n  F ig .  5. 

The t r an smi s s ion  of an  80 MeV p ro ton  beam wi th  a  p u l s e  

pe r i od  of 2.4 psec u s ing  t h e  s t r i p p e r  loop i n j e c t e d  

w i th  an  H2+ beam is a l s o  shown f o r  comparison. When 



i n t e n s i t y  d i f f e r e n c e s  i n  t h e  i on  sou rce s  a r e  t aken  i n t o  

account ,  t h e  maximum b r i g h t n e s s  ga in  ob t a ined  w i th  t h e  

H- beam was n e a r l y  12 ,  which ag ree s  w e l l  w i th  t h e  

p r e d i c t i o n s  shown i n  F ig .  9. The measured v a r i a t i o n  

of t h e  b r i gh tne s s  ga in  wi th  t h e  s t r i p p i n g  vapor d e n s i t y  

was a l s o  found t o  be i n  r e a sonab l e  agreement wi th  t h e  

c a l c u l a t i o n s .  The t r an smi s s  i on  of t h e  beams e x t r a c t e d  

from t h e  s t r i p p e r  loop,  however, i s  poorer  t han  f o r  t h e  

beams which a r e  sub-harmonically pu l s e - s e l ec t ed  u s ing  

t h e  chopper i n  beam l i n e  1 t o  throw away t h e  unwanted 

beam b u r s t s .  A p r o f i l e  f o r  a  135-MeV pro ton  beam 

pu l s e - s e l ec t ed  1 :4  t h i s  way (0.13 psec p u l s e  p e r i o d )  

was a l s o  p l o t t e d  i n  F ig .  5  f o r  comparison. Independent 

of t h e  i n t e n s i t y  limit imposed on t h e  s t r i p p e r  loop f o r  

long  accumula t ion  t imes ,  a  more p r a c t i c a l  l i m i t  t o  t h e  

b r i g h t n e s s  ga in s  achieved  a t  pu l s e  pe r i ods  u s e f u l  f o r  

most exper imenters  ( 1  t o  5  psec)  is t h e  energy spread  

of t h e  beam e x t r a c t e d  from t h e  r i n g  caused by t h e  

r e p e t i t i v e  passage  of t h e  c i r c u l a t i n g  beam through t h e  

s t r i p p i n g  vapor. The t r an smi s s ion  of t h i s  beam through 

t h e  cyc lo t rons  is reduced t o  about  1% by t h e  sma l l  

v e l o c i t y  acceptance  of t h e  buncher sytem (0.1%) and t h e  

l i m i t e d  phase acceptance  of t h e  i n j e c t o r  cyc lo t ron .  

Neve r the l e s s ,  peak beam i n t e n s i t i e s  of over 12 pA were 

achieved  w i th  t h e  s t r i p p e r  loop,  which is about twice 

t h e  maximum beam i n t e n s i t y  t r a n s m i t t e d  through t h e  

c y c l o t r o n s  w i th  t h e  n a t u r a l  p u l s e  s t r u c t u r e .  Average 

beam i n t e n s i t i e s  of over 100 nA a r e  p o s s i b l e  w i th  p u l s e  

pe r i ods  of about 2  psec ,  which is a  u s e f u l  i n t e n s i t y  

f o r  many experiments.  The o p e r a t i o n  of t h e  s t r i p p e r  

loop  f o r  experiment has  been demonst ra ted ,  a s  r epo r t ed  

e a r l i e r . 5  While t h e  development of t h e  s t r i p p e r  loop 

w i l l  con t i nue  a t  a  reduced pace t o  l e a r n  t h e  cause  of 

t h e  t r a n s v e r s e  beam i n s t a b i l i t y  and i n c r e a s e  t h e  

c i r c u l a t i n g  beam i n t e n s i t y ,  it is cons idered  an  

o p e r a t i o n a l  sys tem a v a i l a b l e  f o r  g e n e r a l  use .  
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I o n  Sources - H. P e t r i  

The p o l a r i z e d  i on  source  ope ra t ed  approximate ly  

393 s h i f t s  i n  1985. P o l a r i z e d  p ro tons  were run  74% of 

t h i s  t ime,  p o l a r i z e d  deuterons  t h e  remaining 26%. Th i s  

i s  somewhat l e s s  running  t han  i n  1984 and i s  due t o  two 

six-week shutdowns which occurred  i n  t h e  l a t t e r  p a r t  of 

t h e  yea r .  Some problems w i th  t un ing  t h e  i o n i z e r  were 

overcome t h i s  yea r .  It was found t h a t  by lower ing  t h e  

E3 e l e c t r o d e  i n  t h e  e l e c t r o n  gun .060 i nches  one could  

aga in  t une  t h e  i o n i z e r  a s  we had i n  t h e  p a s t .  

I n t e r a c t i o n  between E2 and E3 no longer  occurs .  At 

t imes t h e  sou rce  has  been a b l e  t o  d e l i v e r  9  microamps 

of beam a l b e i t  t h e  average  i n t e n s i t y  is s t i l l  about 6  

microamps. New f i l amen t  l e ads  a' l a  Texas A & M were 

made which b r i ngs  t h e  f i l amen t  w i t h i n  .025 inches  of 

t h e  bottom of t h e  E l  e l e c t r o d e .  This  a l s o  seems t o  

have improved t h e  t un ing  of t h e  i o n i z e r .  

An improvement t o  t h e  f a r aday  cage was made w i th  

t h e  replacement of t h e  o ld  f l o o r .  The new f l o o r  has  

a l l  edges s o l d e r e d  over  t h e i r  e n t i r e  length .  Th i s  

p r even t s  l e a k i n g  o i l  from g e t t i n g  under t h e  f l o o r  which 

makes c leanup imposs ib le .  The new f l o o r  is  very easy  

t o  keep c l ean .  

Improvements which we w i l l  t r y  t o  implement i n  

1986 a r e  a s  f o l l ows .  A new i s o l a t i o n  va lve  i n  f r o n t  of 

t h e  i o n  pump w i l l  be i n s t a l l e d .  The o l d  va lve  is 



beginning t o  ma l func t i on  and has  a l r e a d y  caused some 

downtime. A s i m i l a r  va lve  i n  f r o n t  of t he  t i t a n i u m  

sub l ima t i on  pump w i l l  a l s o  be r ep l aced .  I n  a d d i t i o n  

t h e  T i -ba l l  pump i t s e l f  may be r ep l aced  wi th  an  8-inch 

cryopump. This  T i - b a l l  pump i s  not  very u s e f u l  and i s  

t roublesome. The cryopump w i l l  be pumping t h e  

e l e c t r o s t a t i c  m i r ro r  r eg ion  below the  i o n i z e r .  This  

should  enab l e  us  t o  e l i m i n a t e  a  l i q u i d  n i t r o g e n  cold  

t r a p  l o c a t e d  i n  t h e  beam l i n e  a f t e r  t h e  e l e c t r o s t a t i c  

m i r ro r .  C u r r e n t l y  we must s t o p  o p e r a t i o n  i n  o rde r  t o  

f i l l  t h i s  t r a p  every  12 hours .  I f  p o s s i b l e ,  we i n t end  

t o  r e p l a c e  t h e  now aging  and leaky  b e l t  d r i v e  

mechanica l  pump which backs t h e  d i f f u s i o n  pumps wi th  a  

new d i r e c t  d r i v e  pump. 

F u r t h e r  improvements, i f  t ime pe rmi t s ,  w i l l  

i n c lude  t h e  r edes ign  of t h e  E l  and E2 e l e c t r o d e s  and 

t h e  replacement of t h e  El  and E3 power supply  w i th  

commercial u n i t s .  The E2 supply  has a l r e a d y  been 

r ep l aced .  

D i s s o c i a t o r  b o t t l e  coo l i ng  was not  a t tempted  i n  

1985; perhaps i n  1986. 

The H- beam from t h e  duoplasmatron was used q u i t e  

f r e q u e n t l y  du r ing  t h e  e a r l y  p a r t  of 1985 f o r  s t r i p p e r  

loop development. The c o n s t r u c t i o n  of an o f f - l i n e  t e s t  

f a c i l i t y  was cons ide r ed  a  p o s s i b i l i t y  but was not  

necessary .  Without t oo  much d i f f i c u l t y  t h e  i n t e n s i t y  

was r a i s e d  from 15 t o  30 microamps. Th i s  was 

accomplished by i n c r e a s i n g  t h e  s i z e  of t h e  e x t r a c t i o n  

a p e r t u r e  from ,025 t o  .040 i nches .  

A dev i ce  was c o n s t r u c t e d  u s ing  a  sma l l  ho l e  

a p e r t u r e  p l a t e  and a  w i r e  s canne r  i n  o rde r  t o  measure 

t h e  phase space  emi t t ance  of beams from t h e  

duoplasmatron.  The H+ beam measured 571 mm mrad 

( ~ e v ) l / ~  wh i l e  t h e  H- beam measured 2.5n mm mrad 

( ~ e v ) l / ~ .  These numbers a r e  i n  accord  wi th  t h e  

manu fac tu r e r ' s  s p e c i f i c a t i o n s .  

During t h e  second h a l f  of 1985 an  un fo re seen  

demand f o r  beams from t h e  hot  f i l amen t  PIG sou rce  

developed.  R e l i a b i l i t y  problems appeared  and t h e s e  

problems were addressed .  I n  p a r t i c u l a r ,  a  s e t  of 

v e r t i c a l  s t e e r e r  p l e t e s  l o c a t e d  i n  t h e  e x t r a c t i o n  box 

were s h o r t i n g  out  because t h e i r  i n s u l a t o r s  were be ing  

p l a t e d  wi th  copper du r ing  o p e r a t i o n .  Sometimes t h e s e  

i n s u l a t o r s  l a s t e d  only  24 hours .  A c a r e f u l  a n a l y s i s  of 

t h e  e x t r a c t e d  beam t r a j e c t o r i e s  showed t h a t ,  whi le  

e x t r a c t i n g  doubly charged he l ium,  t h e  h igh  i n t e n s i t y  

s i n g l y  charged component of t h e  beam was not  being 

p rope r ly  dumped. The s i n g l y  charged beam was 

s p u t t e r i n g  copper from a  window frame through which t h e  

doubly charged beam was e x t r a c t e d .  To remedy t h i s  

problem a  new beam dump was des igned ,  t h e  window was 

removed, and f i n a l l y  t h e  v e r t i c a l  s t e e r e r  was removed 

from t h e  e x t r a c t i o n  box and i n s t a l l e d  about  4 i nches  

downstream. Ope ra t i on  w i th  t he  new system has been 

q u i t e  r e l i a b l e  and no f u r t h e r  p l a t i n g  problems have 

occurred .  

An a t t emp t  t o  produce h igh  charge  s t a t e s  of 1 4 ~  

w i th  t h e  PIG source  was made. The most i n t e n s e  beam we 

could  produce was 0.5-1.0 microamp of charge  +3. No 

h i g h e r  charge  s t a t e s  were observed .  Clearly i f  we want 

t h e s e  beams we w i l l  have t o  develop a  co ld  ca thode  PIG 

source .  

I f  p o s s i b l e ,  we would l i k e  t o  complete 

c o n s t r u c t i o n  of a  second s p a r e  ho t  f i l a m e n t  PIG sou rce  

i n  1986. 

Cyclo t ron  Beam Diagnos t i c s  Development - T. E l l i s o n  

A .  Beam Phase Probe:  

A nondes t ruc t i ve  beam-phase probe was i n s t a l l e d  

and t e s t e d  t h i s  year .  This  sys tem p rov ide s  an  i s o l a t e d  

r f  s i g n a l  phase-locked t o  t h e  beam and an  ana log  s i g n a l  



p r o p o r t i o n a l  t o  t h e  beam c u r r e n t  w i th  a 100 Hz 

bandwidth. This  system f u c n t i o n s  on t h e  second 

harmonic of t he  cyc lo t ron  r f  f requency,  about 60 MHz, 

and u se s  a vec to r  vo l tme t e r  a s  a phase d e t e c t o r .  There 

a r e  two impor tan t  sou rce s  of e r r o r  i n  t h i s  system: 

1 )  Up t o  30 nV of r f  n o i s e  from t h e  c y c l o t r o n  r f  

systems i s  p icked  up on t h e  w a l l  gap monitor i n  beam 

l i n e  3. This  s i g n a l  i s  equ ive l en t  i n  magnitude t o  t h e  

s i g n a l  ob t a ined  from a 0.8 nA beam. The maximum 

p o s s i b l e  e r r o r  due t o  t h i s  coherent  no i s e  is shown i n  

F igu re  10 ( s o l i d  curve) .  

2 )  The a m p l i f i e r  n o i s e  from t h e  w a l l  gap monitor 

causes  a l a r g e  amount of phase n o i s e  i n  t h e  ou tpu t  r f  

s i g n a l  f o r  very low beam c u r r e n t s  due t o  t he  r e l a t i v e l y  

h igh  IF  bandwidth of t h e  v e c t o r  vo l tme t e r .  The 

peak-to-peak phase no i s e  due t o  t h i s  i ncohe ren t  no i s e  

i s  a l s o  shown i n  F igu re  10 (open c i r c l e s ) .  

The e r r o r  produced by t h e s e  two n o i s e  sources  i s  

roughly  equ iva l en t  and v a r i e s  i n v e r s e l y  wi th  t h e  beam 

c u r r e n t .  I n  a d d i t i o n ,  t h e r e  is a sma l l  amount of 
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B. S t u d i e s  of t h e  Line Frequency-Related Beam 
I n t e n s i t y  Modulation:  

I n v e s t i g a t i o n s  i n t o  t h e  cause  of t h e  l i n e  

f requency-re la ted  beam i n t e n s i t y  modulation were not  

a b l e  t o  p inpo in t  a  s p e c i f i c  device  a s  t h e  cause.  

However, a l l  r f  devices  and many o t h e r  devices  i n  t h e  

cyc lo t rons  have an  in£  luence  on t h i s  i n t e n s i t y  

modulation.  It may be t h a t  t h e  modulation is a r e s u l t  

of a  sma l l  amount of no i s e  on many d i f f e r e n t  devices .  

F igu re  11 shows a p i c t u r e  of t h e  time-averaged beam 

c u r r e n t  from t h e  c y c l o t r o n  wi th  two s l i g h t l y  d i f f e r e n t  

s e t t i n g s  of t h e  buncher phase c o n t r o l l e r .  As can  be 

s een ,  a  sma l l  change i n  t h e  phase of t h i s  r f  dev i ce  

r e s u l t s  i n  a 180° phase  change i n  t h e  beam i n t e n s i t y  

TIME 5ms / DIVISION 

Figu re  10. Measurement e r r o r s  i n  t h e  w a l l  gap monitor 
v e r s u s  beam i n t e n s i t y .  The s o l i d  curve  r e p r e s e n t s  
t h e  e r r o r  due t o  30 nv of r f  no i s e ;  t h e  open F igu re  11. Time averaged  beam c u r r e n t .  The two curves  
c i r c l e s  r e p r e s e n t  t h e  e r r o r  due t o  n o i s e  from t h e  a r e  ob t a ined  w i th  s l i g h t l y  d i f f e r e n t  s e t t i n g s  of t h e  
w a l l  gap mon i to r ' s  a m p l i f i e r ;  and t h e  x ' s  r ep r e sen t  buncher ' s phase . 
e r r o r s  due t o  long  term d r i f t .  



modulation wi th  r e s p e c t  t o  t h e  l i n e  vo l t age .  An 

i n t e r m e d i a t e  s e t t i n g  of t h e  buncher phase c o n t r o l  

r e s u l t s  i n  a  modula t ion  of twice  t h e  frequency.  I n  t h e  

next  yea r ,  a  sys tem f o r  modulating t h e  buncher phase a t  

t h e  l i n e  f requency w i l l  be implemented t o  s e e  whether 

t h i s  system can cance l  ou t  t h e  modulation and i n c r e a s e  

t h e  average  beam c u r r e n t .  

Con t ro l  System Sof tware  - J.C. C o l l i n s  

A f t e r  t h r e e  yea r s  of p r e p a r a t i o n  and f o u r  months of 

i n t e n s i v e  t e s t i n g ,  a  PDP-11/44 has  r ep l aced  t h e  Xerox 

Data systems Sigma-2 a s  t h e  c y c l o t r o n  c o n t r o l  computer. 

Sof tware  development on t h e  11/44 began i n  J u l y ,  1981, 

when t h e  computer was f i r s t  i n s t a l l e d ;  summaries of 

development p rog re s s  may be found i n  p r ev ious  Annual 

Repor ts .  I n  December, 1984, development had advanced 

s u f f i c i e n t l y  t h a t  hardware cound be swi tched  from t h e  

Sigma-2 t o  t h e  11/44 a t  t h e  beginning  of every  

c y c l o t r o n  shutdown pe r iod  t o  t e s t  a c t u a l  c y c l o t r o n  

ope ra to r  s t a t i o n s  and t h e  D I O  c o n t r o l  bus. A swi tch  

back t o  t h e  Sigma-2 t h e n  had t o  be made be fo r e  

c y c l o t r o n  s t a r t u p .  By mid-February it was p o s s i b l e  t o  

sw i t ch  t he  DIO and t h r e e  ope ra to r  s t a t i o n s  between 

computers i n  l e s s  than  one hour,  an impor tan t  number 

s i n c e  i t  meant we could  cons ide r  t h e  Sigma-2 a  "hot 

backup" f o r  t h e  11/44. Also  by then ,  readout  and 

c o n t r o l  on a l l  c y c l o t r o n  dev i ce s  had been demonstrated.  

I n  e a r l y  March t he  11/44 was used a s  c o n t r o l  computer 

f o r  t h e  f i r s t  t ime i n  an  energy  change and a  one-shif t 

expe r imen t a l  run  i n  t h e  hot  c e l l .  I n  mid March, what 

proved t o  be t h e  l a s t  computer sw i t ch  occurred:  t h e  

11/44 has  been t h e  c o n t r o l  computer eve r  s i n c e .  

During t h e  fo l l owing  months, a  number of bugs and 

"undocumented f e a t u r e s "  i n  t h e  o p e r a t i o n a l  

c h a r a c t e r i s  t i c s  of t h e  new computer were found and 

c o r r e c t e d ,  changed o r  documented. Some bugs s t i l l  

remain; happ i l y  t h e i r  f requency of occurrence  i s  

i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  l eng th  of s e r v i c e  of t h e  

11/44. Of p a r t i c u l a r  t r o u b l e  were t h e  SEEK programs 

des igned  t o  d r i v e  dev i ce s  t o  p r ede f ined  p o s i t i o n s ,  

because f i n a l  t e s t s  r equ i r ed  connec t i on  t o  r e a l  dev i ce s  

and i n s u f f i c i e n t  t ime was scheduled  f o r  t h a t  purpose.  

With t h e  11/44 o n l i n e  and u rgen t  bugs f i x e d ,  i t  was 

p o s s i b l e  t o  f i n i s h  some subsystems d e f e r r e d  e a r l i e r  a s  

not  c r i t i c a l  f o r  o p e r a t i o n s ,  most no t ab ly ,  d a t a  

logging .  Some c o n t r o l  a l go r i t hms  were a l s o  reworked t o  

make them more s o p h i s t i c a t e d .  As of November, 1985, 

t h e  f u n c t i o n a l i t y  of t h e  o ld  Sigma-2 has  become a  t r u e  

subse t  of t h a t  of t h e  11/44.  IUCF I n t e r n a l  Repor t  

#85-8 p r e s e n t s  many of t h e  d e t a i l s  of t h e  new c o n t r o l  

sys tem and i t s  ope ra t i on .  

The cyc lo t ron  o p e r a t o r s  were a b l e  t o  u s e  t h e  new 

sys tem from t h e  beginning  w i th  no r e t r a i n i n g  nece s sa ry ,  

t he r eby  f u l f i l l i n g  one of t h e  de s ign  goa l s  of t h e  

system. It is s a f e  t o  say t h a t  t h e  new computer has  

y e t  t o  cause  a delay  t o  t h e  o p e r a t i o n s  s chedu l e  of more 

t h a n  an  hour o r  so.  A f t e r  r e t a i n i n g  t h e  Sigma-2 f o r  

some months a s  a  s a f e t y  p r e c a u t i o n ,  we s o l d  t h a t  

machine t o  a  computer d e a l e r .  While t h e  emptied space  

i n  t h e  c o n t r o l  room was r a p i d l y  f i l l e d  w i th  a  desk and 

t a p e  r acks ,  t h e  ambient c o n t r o l  room n o i s e  l e v e l  i s  

n o t i c e a b l y  lower ( a l s o  he lped  by d e p a r t u r e  of t h e  

H a r r i s  A computer). 

While t h e  b a s i c  c o n t r o l  system is complete and t h e  

o r i g i n a l  goa l s  f o r  t h e  computer replacement have been 

met, f u r t h e r  e f f o r t  w i l l  be r equ i r ed  t o  f u l l y  u t i l i z e  

t h e  11/44. Crude measurements show t h a t  t h e  computer 

is  about 85% i d l e  w i th  t h r e e  o p e r a t o r  d i s p l a y s  running;  

comparable measurements on t h e  Sigma-2 had shown only  

about  5% i d l e  t ime.  We a r e  developing  a  b e t t e r  

d a t a b a s e  from which t o  i n i t i a l i z e  t h e  c y c l o t r o n s  f o r  

p a r t i c l e  and energy changes. Tuning a lgo r i t hms  may now 



be developed i n  t hose  l o c a t i o n s  where computer p r i n c i p l e ,  g iv ing  d a t a  a c q u i s i t i o n  programs acces s  t o  

a c c e s s i b l e  beam senso r s  a r e  a v a i l a b l e .  Because h ighe r  a l l  c o n t r o l  f unc t ions .  I n  p r a c t i c e ,  of course ,  such 

l e v e l  languages a r e  now suppor ted ,  i n t e r e s t e d  ope ra to r s  acces s  w i l l  be l i m i t e d  t o  func t ions  s p e c i f i c a l l y  

a r e  beginning t o  w r i t e  u s e f u l  programs. DECNET reques ted  by u se r s .  Users a r e  welcome t o  submit any 

runnning over Ethernet  has been i n s t a l l e d  f o r  such r eques t s .  Remote s p i n  f l i p  c o n t r o l  from VAXs w i l l  

communications wi th  t he  l abo ra to ry  VAXs, i n  be a v a i l a b l e  e a r l y  i n  1986. 

EXPERIMENTAL FACILITIES DEVELOPMENT 

F a c i l i t i e s  i n  Opera t ion  - C. F o s t e r  

1. E x i s t i n g  Beamlines 

Considerable  e f f o r t  was expended i n  1985 on 

maintenance and improvement of e x i s t i n g  beamlines. 

Leaking g a t e  va lves ,  s l i t  assembl ies  and vacuum gauges 

were replaced  o r  r e p a i r e d  i n  order  t o  improve beamline 

vacuum. I n  a d d i t i o n ,  vacuum l e a k s  i n  f o r e l i n e s ,  

magnets and beamline hardware were found and f i xed .  

E l e c t r i c a l l y  opera ted  a i r  va lves  t o  a c t u a t o r s  used on 

beam s t o p s  and viewers were replaced  o r  r epa i r ed .  

Newly designed s ing l e - sha f t  a c t u a t o r s  were i n s t a l l e d  i n  

many l o c a t i o n s  on t h e  beamlines. These a c t u a t o r s  were 

des igned,  cons t ruc t ed  and assembled i n  house. 

Solenoids  were replaced  on many beamline a c t u a t o r s  t o  

accommodate a change from 110 VAC t o  24 VDC opera t ion .  

I n  beamline 7 t o  t h e  po l a r i zed  neut ron  

f a c i l i t y  , t he  beamline was reworked t o  accommodate t h e  

i n s t a l l a t i o n  of a superconduct ing  beam p reces s ion  

so l eno id  f o r  use  i n  t h e  charge symmetry breaking  

experiment.  Beamline mod i f i ca t i ons  were accomplished 

on beamline 4 and t h e  beamlines t o  the  64 inch  

s c a t t e r i n g  chamber and QDDM spect rometer  t o  i n s e r t  h igh  

energy beam po la r ime te r s .  One of t he se  po l a r ime te r s  

was moved s e v e r a l  t imes dur ing  t h e  yea r  t o  s e rve  

exper iments  i n  d i f f e r e n t  f a c i l i t i e s .  

Two of t h e  t h r e e  Lambertson magnets necessary  

f o r  beam s p l i t t i n g  were i n s t a l l e d  i n  beamline 4 and t h e  

t h i r d  was assembled f o r  f i e l d  s t u d i e s .  A hexapole 

magnet was moved ups t ream t o  a l o c a t i o n  j u s t  be fo re  t h e  

momentum ana lyz ing  magnet t o  provide  space  j u s t  

downstream of t h a t  magnet f o r  t h e  RF p o r t i o n  of t h e  

s p l i t t e r  and f o r  a superconduct ing  beam p reces s ion  

so lenoid .  These l a t t e r  devices  were not i n s t a l l e d  i n  

1985. An a d d i t i o n a l  beamline quadrupole magnet was 

i n s t a l l e d  i n  beamline 4 a s  r equ i r ed  f o r  proper  

t r a n s p o r t  of beam t o  t h e  swinger,  double spect rometer ,  

o r  Cooler a f t e r  t h e  mod i f i ca t i ons  de sc r ibed  above and 

t h e  i n s t a l l a t i o n  of t h e  30 degree  bending magnet, f o r  

t h e  double spec t rome te r ,  i n  t h e  beam swinger beamline. 

2 .  New Beamlines 

At t h e  end of t h e  yea r ,  i n s t a l l a t i o n  of 

beamline 8 ,  t o  t h e  double spec t rome te r ,  was about two 

t h i r d s  complete. The o ld  QDDM spect rometer  was 

modified and moved i n t o  p o s i t i o n  a s  a bending magnet on 

beamline 8 ,  t h e  upstream bending magnet a l i g n e d ,  a l l  

quadrupole magnets, s t e e r e r s  and vacuum hardware had 

been i n s t a l l e d  on t h e  beamline upstream of t h e  

p e n e t r a t i o n  block but awai ted  power and c o n t r o l s ,  and 

t h e  neutron s h u t t e r  had been i n s t a l l e d  i n  t h e  




