
be accelerated to about 290 MeV. This beam has been 

accelerated to 270 MeV, and development at the higher 

energy awaits a user request for the beam. The present 

operating limits of the cyclotrons are summarized in 

Table IV. Polarized protons and deuterons are 

designated p and x. 

1) 1983 Scientific and Technical report, p. 184. 

2) This report, p. 176. 

3) 1983 Scientific and Technical Report, p. 198. 

4) A Low Energy Storage Bing for Pulse Stacking at 
IUCF, D.L. Friesel, R.E. Pollock, T. Ellison, and 
W.P. Jones, Proc. 10th International Conf. on 
Cyclotrons and their Applications, (East Lansing, 
MI, April 1984) F. Marti, Editor, p. 207. 

5) Pulse Stacking with a Low Energy Storage Ring, D.L. 
Friesel, R.E. Pollock, T. Ellison, and W.P. Jones, 
Conf. on the Applications of Accelerators in 
Research and Industry, (Denton, TX, Nov. 1984) to 
be published in Nucl. Instr. and Methods. 

6) 1983 Scientific and Technical Report, p. 188. 

7) D.L.  Friesel, W.P. Jones, and J.C. Collins, IEEE 
Trans. Nucl. Sci. NS-26 (1979) 3389. 

LABORATORY DEVELOPMENT 

Accelerator Improvements 

Through the continued implementation of the 

facility manpower reorganization plan started last 

year, the majority of the laboratory efforts during 

1984 were directed toward the new construction and 

upgrade projects while simultaneously providing the 

minimum support required for maintaining an ongoing 

research program whose technical needs are becoming 

increasingly complex. The manpower reorganization 

required to accomodate this shifting workload while 

maintaining a nearly normal cyclotron operating 

schedule, which is described in the preceding 

sections, was put into full operation this year with 

satisfactory results. The necessary consequence of 

these changes was that the continued upgrade of the 

existing accelerator facilities have temporarily been 

given a lower priority than in previous years, and will 

only be accomplished in the near future as the workload 

of the operations and maintenance group permit. This 

situation is only possible because of the present 

smooth and reliable operation of the accelerators, 

which is due in large part to the success of the 

retrofit work to the existing facilities that was 

1 4 2  

carried out over the last three years. To meet the 

construction demands of the new projects, several of 

the laboratory supported accelerator upgrade projects 

started during the previous years were terminated prior 

to their completion (mainly the rf system upgrades). 

Several others, however, which were very near 

completion, were made operational this year. In 

addition, a few accelerator system improvements were 

also accomplished by the operations and maintenance 

group. The computerized maintenance program 

development begun last year by this group, for example, 

was completed and put into service. The success of 

this effort led to the development this year of a 

companion program to simplify the inventory and 

ordering of spare parts and other consumable materials 

required to keep the cyclotrons operating efficiently. 

One of the larger upgrade efforts currently 

underway which has an immediate impact on the operation 

of the cyclotrons is the installation of the hardware 

for the new cyclotron control computer. This work, 

which is described later in this report, has 

progressed so that several technicians can switch 
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control of the cyclotrons from the old Xerox Sigma I1 

computer to the new PDP 11/44 computer in about one 

hour. The switchover includes the replacemnt of the 

existing computer display apparatus at the control 

console. After several attempts to control the 

cyclotron systems with the new computer, it appears 

that the software and hardware debugging of this system 

is nearly complete, and that operations with the new 

computer will begin in 1985. The progress of this 

effort has been somewhat slowed recently by the need to 

schedule cyclotron beam tiqe to test fully the new 

controls system. 

Related improvements at the control console were 

made during the year which expanded the rack space by 

60 ft2 to provide additional room for new diagnostic 

systems for the stripper loop and wall-current monitor 

developments and for the anticipated future needs of 

the cooler diagnostic and controls equipment. A 

consolidation of the existing cyclotron control and 

diagnostic systems at the console was also implemented. 

The rather bulky capacitive phase control system for 

all the cyclotron rf systems were replaced with new 

electronic phase shifters, and new smaller rack mounted 

oscilloscopes were installed to replace the original 

large scopes. The new phase shifters not only required 

less than 25% of the rack space, but they have a 

frequency independent operating range of 400 degrees 

and a factor of 20 improvement in the phase adjustment 

resolution. Phase adjustments over the entire range 

are made manually with small 10 turn pots and over 20% 

of the range through the controls computer. In 

addition, a new distribution system for the various 

cyclotron rf reference signals (the fundamental 

frequency from the synthesizer, and the adjustable 

sub-harmonics needed for the stripper loop, bunchers 

and choppers) was installed in the control room to 

increase the amplitude and stability of the signal 

levels and to provide a much needed supply of 

accessible spare outputs for new equipment and also for 

the users. 

Several safety-related improvements were made this 

year in a continuing effort to protect equipment from 

fire losses. An automatic Halon system was installed 

in the CSB electronics huts, improvements were made to 

the Halon system for the main cyclotron magnet power 

supply (alpha 14), and a routine inspection schedule 

for all fire suppression and smoke detection systems 

was instituted. An Addemco automatic dialing system to 

report all fire alarms to the university physical plant 

24 hour control center was also installed in the 

control room. Tunnel entrance areas were made safer by 

replacing heavy steel doors with aluminum ones and 

improving access to them. An inspection of the 30 ton 

overhead bridge crane revealed serious faults with the 

rail support structure, which required some repair and 

reconstruction. This inspection and repair was 

particularly timely because of its heavy use in the 

assembly of the dual spectrometer magnets. 

Much of the accelerator improvement work this year 

was done in the ion source room. In efforts to improve 

the voltage holding ability and stability of the small 

ion source Terminal B, a new gradient resistor and 

guard ring assembly to replace the original water 

resistor on the accelerator column was fabricated and 

installed. Grounding for the Faraday cage, terminal 

base and high voltage power supply was improved by the 

addition of a wide copper shield to improve the spark 

protection for the surrounding equipment and the new 

controls computer. A new precision Haefely voltage 

divider, which is identical to the one previously 

installed on Terminal A, was also installed on Terminal 

B to replace the failure prone internal voltage 



r e f e r e n c e  f o r  t h e  600 kV power supply .  I n  a d d i t i o n  t o  

improving s i g n i f i c a n t l y  t h e  r e l i a b i l i t y  of  t h e  power 

supp ly ,  t h e  new v o l t a g e  r e f e r e n c e  has  improved t h e  

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

power supply.  Long s t a n d i n g  small but  irksome problems 

w i t h  t h e  Terminal  A h y d r a u l i c  system which d r i v e s  t h e  

a l t e r n a t o r  were unders tood and e l i m i n a t e d  t h i s  yea r  

a f t e r  s e v e r a l  f a i l u r e s .  A member of t h e  o p e r a t i o n s  and 

main tenance  group was s e n t  t o  an  i n t e n s i v e  t h r e e  week 

h y d r a u l i c s  t r a i n i n g  cou r se  g iven  by McVickers, t h e  

manu fac tu r e r  of  t h e  system. It was l e a r n e d  t h a t  bo th  

t h e  main and s e rvo  pumps of t h e  h y d r a u l i c  a l t e r n a t i n g  

d r i v e  u n i t  had worn t o  t h e  p o i n t  where i t  could  no 

l o n g e r  s p i n  t h e  a l t e r n a t o r  f a s t  enough t o  p rov ide  t h e  

power r e q u i r e d  t o  o p e r a t e  t h e  sou rce s .  Rebui ld ing  t h e  

pumps and improving t h e  f i l t e r i n g  of  t h e  o i l  used i n  

them has  v i r t u a l l y  e l i m i n a t e d  a l l  t h e  problems we have 

had w i t h  t h e  system. Furthermore,  we now have t h e  

e x p e r t i s e  i n  house t o  d i agnose  and r e p a i r  t h i s  system 

e f f e c t i v e l y .  

O the r  improvements t o  t h e  i o n  sou rce  room inc luded  

t h e  i n s t a l l a t i o n  of t h e  H i n f l e c t i o n  magnet and vacuum 

chamber on t h e  s t r i p p e r  l oop  mounted i n  beam l i n e  one 

and  t h e  comple t ion  and debugging of t h e  f/2 buncher 

d r i v e  and low l e v e l  e l e c t r o n i c  c o n t r o l s  systems.  The 

beam development of  t h e s e  two systems a r e  d i s cus sed  i n  

t h e  p r ev ious  s e c t i o n .  T h e i r  r e c e n t  a d d i t i o n  t o  t h i s  

beam l i n e  he lped  c r e a t e  a  s h o r t a g e  of de ion i zed  coo l i ng  

w a t e r  o u t l e t s ,  which was c o r r e c t e d  by r e b u i l d i n g  and 

r e l o c a t i n g  t h e  wa t e r  d i s t r i b u t i o n  mani fo lds  throughout  

t h e  i o n  sou rce  room. Th i s  long  needed improvement no t  

o n l y  i n c r e a s e d  t h e  c o o l i n g  wa t e r  c a p a c i t y  t o  meet t h e  

r equ i r emen t s  f o r  t h e  f o r e s e e a b l e  f u t u r e ,  bu t  a l s o  

provided  t h e  o p p o r t u n i t y  t o  improve t h e  e f f i c i e n c y ,  

a c c e s s i b i l i t y  and l a b e l i n g  of t h e  mani fo lds  and f low 

s w i t c h  i n t e r l o c k s ,  which has  s i m p l i f i e d  t h e  s e r v i c i n g  

of t h e  beam l i n e  one  sys tems d u r i n g  main tenance  

shutdowns o r  emergency r e p a i r s .  

R e l a t i v e l y  l i t t l e  work was done on t h e  i n j e c t o r  

c y c l o t r o n  t h i s  yea r .  The major improvement i n  t h i s  

a r e a  was t h e  d e s i g n  and i n s t a l l a t i o n  of  a  new r f  t un ing  

pane l  d r i v e  motor c o n t r o l  system which d e t e c t s  and 

c o r r e c t s  d i f f e r e n c e s  i n  t h e  p o s i t i o n s  of  t h e  upper  and 

lower t un ing  pane l s  r e l a t i v e  t o  bo th  t h e  n o r t h  and 

s o u t h  r f  r e s o n a t o r s .  P r i o r  t o  t h e  i n s t a l l a t i o n  of  t h i s  

new c o n t r o l  system, s l i p p a g e  of  t h e  s t e p p i n g  motors  

caused  t h e  t un ing  pane l s  t o  become a symmet r i c a l l y  

p o s i t i o n e d  above and below t h e  r e sona to r .  The 

asymmetry f r e q u e n t l y  had t o  be manually c o r r e c t e d  when 

o p e r a t i o n  a t  t h e  upper  and lower f requency r anges  was 

r equ i r ed .  A f i n e  c o n t r o l  f o r  t h e  i n j e c t o r  magnet power 

supply  ( a lpha  20), which is  25 t imes  more s e n s i t i v e  

t han  t h e  o r i g i n a l  c o n t r o l ,  was i n s t a l l e d  t o  a l l o w  t h e  

o p e r a t o r s  t o  ma in t a in  a  c o n s t a n t  f i e l d  w i thou t  

d i s r u p t i n g  t h e  c y c l o t r o n  tune.  Th i s  i s  p a r t i c u l a r l y  

u s e f u l  f o r  c e n t e r e d  beam o p e r a t i o n s  and w i l l  e v e n t u a l l y  

be c o n t r o l l e d  by a  feedback  s i g n a l  from t h e  beam phase 

o r  magnet ic  f i e l d  measurement system p r e s e n t l y  under 

development. An i d e n t i c a l  f i n e  DAC c o n t r o l  was 

i n s t a l l e d  on t h e  main c y c l o t r o n  magnet power supply  

( a l p h a  14) a s  we l l .  

Of t h e  s e v e r a l  improvements made t o  t h e  main s t a g e  

c y c l o t r o n ,  t h e  most s i g n i f i c a n t  was t h e  con t i nued  

r e d u c t i o n  of  t h e  r f  i n t e r f e r e n c e  problems ( r f i )  which 

a d v e r s e l y  a f f e c t e d  t h e  s t a b i l i t y  of  t h e  main c y c l o t r o n  

magnet and t r i m  c o i l  power s u p p l i e s .  Th i s  program 

began l a s t  y e a r  by e n c l o s i n g  a l l  t h e  main c y c l o t r o n  r f  

low l e v e l  and d r i v e  s i g n a l s  i n  s t e e l  condu i t .  The main 

d r i v e  c a b l e  f o r  t h e  e a s t  r e s o n a t o r  was found t o  be 

damaged du r ing  t h i s  work, and was r e p l a c e d  t h i s  yea r  

w i t h  a  new cab l e .  It was a l s o  d i s cove red  t h a t  t h e  DAC 

c o n t r o l  c a b l e s  f o r  t h e s e  magnet s u p p l i e s  were no t  on ly  



picking up noise from the rf system, but were also 

sensitive to the activation of the overhead bridge 

crane motors (480 V ac), the f/3 splitter magnet system 

under test on the rf balcony, and the high current 

power supplies for the dual spectrometer magnets which 

are now being field mapped in the middle high bay area. 

These interferences were eliminated by similarly 

rerouting and enclosing all DAC and ADC cables for the 

control of these power supplies in steel conduit. 

While the stability of the main cyclotron magnetic 

field has been further improved by this measure, small 

but observable field changes still occur when 

energizing the dual spectrometer magnets during field 

mapping operations and by the passage of the bridge 

crane over the main cyclotron vault. These were 

determined to be real magnetic field interferences, 

however. This was verified for the bridge crane, for 

example, by observing that the magnitude of the field 

disturbance is proportional to its velocity when 

passing over the main vault, and that if the motion is 

slow enough, no disturbance is seen at all. On the 

main rf system itself, a multi-position switch was 

installed to select the frequency dependent length of 

the rf drive cables from the 1 kW tuned amplifier. 

This used to be done by trial and error by hand at the 

back of the rf cabinets when rf frequency changes were 

required for machine energy changes. Other 

improvements in the main vault area include the 

installation of a new water manifold for all cyclotron 

auxiliary magnets, such as the axial harmonic coils, 

and the inflection and extraction compensators and 

magnets. As in the ion source area, the many additions 

and changes made over the years caused a shortage of 

cooling water outlets, and a rather haphazard placement 

of the water flow interlocks. This situation was 

rectified by the installation of the new manifolds. 

The reliability and longevity of the four upper 20" 

cryodynes have continued to improve during the year. 

Maintaining the main cyclotron vacuum with the two 36" 

diffusion pumps and the intermittent use of these 

valvable cyropumps has worked very well throughout the 

year. During emergency repairs which require breaking 

the main cyclotron vacuum, pumpdown times of as little 

as two hours were achieved with this system. This is 

significantly faster than the eight hour pumpdown times 

required by the lower cyo-pumping system which is no 

longer being used for routine operations. Inside the 

main stage cyclotron, the electrostatic deflector 

entrance and exit drive mechanisms were modified to 

reduce the torque required to move them to stop a 

troublesome tendency to stick occasionally, and the 

design of the rotating ground connection for the turn 

pattern wire scanner was improved to reduce noise and 

to improve its useful lifetime. 

There was considerable activity in the high energy 

beam line areas this year as well. The implementation 

of the beam splitting system in beam line 3 began with 

the installation of the vacuum chamber and first two of 

the four required Lambertson splitting magnets. This 

installation required the relocation of quad 1 in beam 

line five and the beam stop immediately following the 

momentum analysis slits in beam line 4. Several 

wall-current pickups were installed in beam lines 2, 3 

and 6 to monitor the beam phase and pulse structure. 

The monitors were installed to develop their use for 

the cooler, but were soon determined to be so useful 

for routine operations that these installations have 

become permanent. Details of these efforts are 

discussed later in this report.l Also, as the 

needs of the spin transfer experiments have dictated, 

several new high energy polarimeters were installed in 

beam lines 5 and 7 to measure the direction of the 



t r ansve r se ly  po la r i zed  proton beams from the  

cyc lo t rons .  

1) This  Report, p. 121. 

Ion  Sources 

The po la r i zed  i o n  source  ran  very r e l i a b l y  i n  1984 

opera t ing  f o r  a t o t a l  of 5142 hours o r  643 s h i f t s .  

Th i s  year  approximately 60% of t h e  running time was 

po la r i zed  protons  the  remaining 40% being po la r i zed  

deuterons .  Average beam i n t e n s i t y  from the  source is  

s t i l l  about 6 pamps. Again t h i s  heavy running schedule  

a f fo rded  l i t t l e  time f o r  source  upgrades. 

The e f f o r t  t o  g e t  t he  Stanford  Super ionizer  t e s t e d  

proceeded a s  follows. The source  was under 

r econs t ruc t ion  from September 1983 t o  May 1984. We saw 

our  f i r s t  beam i n  May 1984; t he  i n t e n s i t y  being only 

7 pamps of of  which 5 pamps were background. During 

t a l k s  wi th  P.-A. Chamouard and R. Vienet of Saclay they 

pointed out  t h a t  our 1 x 10'~ Torr  vacuum was not  good 

enough. They a l s o  pointed out  t h a t  t h e i r  supe r ion ize r  

d i d  not work we l l  u n t i l  they had real igned the  solenoid  

c o i l s  t o  remove r a d i a l  components from the  magnetic 

f i e l d .  The next few months were spent i n  try ing t o  

improve the  vacuum i n  the  Super ionizer  by adding Cryo- 

pumps and Ti-bal l  pumps. In  add i t ion ,  a realignment 

of t h e  Separator  Sextupole was necessary.  The bes t  

ope ra t ing  p res su re  we were a b l e  t o  a t t a i n  was 7 x 10'~ 

Torr.  A r e s i d u a l  gas  ana lyze r  on the  system showed 

t h a t  we had sodium contamination i n  the  ion ize r .  This ,  

of course,  was t o  be expected s i n c e  t h i s  source  was run 

a t  Stanford  with a sodium charge exchange cana l  i n  o r  

d e r  t o  produce IT beams. Even though the  system was 

thoroughly c leaned some sodium s t i l l  remained which 

kep t  our ope ra t ing  p res su re  h igher  than des i red .  

Eventual ly  t h e  h ighes t  beam i n t e n s i t y  a t t a i n e d  was 

12 pamps of H+ wi th  4 pamps of background. Due t o  a 

previous  commitment t o  d e l i v e r  the  Atomic Beam Sec t ion  

of t h i s  source  t o  the  Un ive r s i ty  of Wisconsin, enough 

t ime wasn't a v a i l a b l e  t o  r e a l i g n  the  solenoid  magnetic 

f i e l d  and make f u r t h e r  t e s t s .  

It i s  probably p o s s i b l e  t o  cont inue t e s t i n g  the  

Super ionizer  us ing molecular hydrogen but f o r  t he  

moment we have suspended work i n  t h i s  a r e a  i n  o rde r  t o  

devote our a t t e n t i o n  t o  o the r  more p res s ing  ma t t e r s .  

The s t r i p p e r  loop development would l i k e  t o  have 

an H beam from the  Duoplasmatron. To t h i s  end a l l  our 

e l e c t r o s t a t i c  s u p p l i e s  i n  Terminal B have been replaced 

wi th  b ipo la r  supp l i e s .  A f i r s t  a t tempt  t o  g e t  IT w i t h  

an  off  a x i s  e x t r a c t i o n  Duoplasmatron produced "15 pamps 

of beam. Of course  h igher  i n t e n s i t i e s  a r e  needed and 

a r e  hoped f o r  from such a source.  Using equipment l e f t  

over from the  Super ionizer  development we in t end  t o  set 

up an  B t e s t  s t a t i o n  i n  o rde r  t o  improve the  B beam 

i n t e n s i t y .  

I n  the  Polar ized Source another  a t tempt  a t  cool ing 

t h e  d i s s o c i a t o r  b o t t l e  nozzle  w i l l  occur next  year.  

This  time we in t end  t o  use  not  only t h e  20°K 2 w a t t  

s h i e l d  o f  the  Cryodyne but a l s o  the  7 0 ' ~  7 watt s h i e l d  

It Is hoped t h i s  added cool ing power w i l l  keep t h e  

nozzle  from warming up a f t e r  i t  has  been running f o r  

awhile.  The d i s s o c i a t o r  nozzle  was redesigned and a 

f i r s t  t e s t  has been made with a room temperature  beam. 

The new nozzle  produced a normal i n t e n s i t y  beam un l ike  

our  previous cooled nozzle  geometry. 

A new s e t  of corona r i n g s  were designed and 

i n s t a l l e d  on the  Terminal B a c c e l e r a t i o n  column. It is  

s t i l l  necessary  f o r  us t o  g e t  some ope ra t ing  exper ience  

wi th  them before  we can decide  whether o r  not  t he  

vo l t age  holding c a p a b i l i t i e s  of t h e  column have been 



improved. We have a l s o  i n s t a l l e d  a new Haefely f o r  t he  80 MeV deuteron beam. This  c a l i b r a t i o n  was 

p r e c i s i o n  feedback r e s i s t o r  on Terminal B f o r  improved t r a n s f e r r e d  t o  the  vec to r  analyzing power by assuming 

high vo l t age  regula t ion.  

High Energy Polar imeters  

Because of t he  increased demand f o r  po la r i zed  

deuteron beams a t  ene rg ie s  o t h e r  than 80 MeV, we have 

improved the  performance of the  beam l i n e  2 polar imeter  

and extended the  energy range of i t s  c a l i b r a t i o n .  

The polar imeter  w i l l  cont inue t o  use the  3 ~ e ( d , p ) 4 ~ e  

r e a c t i o n  a s  the  r e fe rence  s tandard.  The d e t e c t o r s  have 

been moved from a l a b  angle  of 67" t o  30". While the  

t e n s o r  analyzing power a t  t h i s  new angle  is s l i g h t l y  

sma l l e r ,  t h e  vec to r  analyzing power is l a r g e r ,  and both 

t h a t  t he  r a t i o  of t enso r  t o  vec to r  p o l a r i z a t i o n  f o r  t he  

s t r o n g  f i e l d  t r a n s i t i o n  u n i t s  i n  the  i o n  source  is 

e x a c t l y  3. 

The c a l i b r a t i o n  was extended t o  o the r  ene rg ie s  by 

tuning the  cyc lo t ron  f o r  t he  95 MeV deuteron beam, and 

r epea t ing  the  p o l a r i z a t i o n  measurements wi th  va r ious  

th i cknesses  of energy degrader f o i l  i n  f r o n t  of t he  

polar imeter .  Using the  80 MeV c a l i b r a t i o n  a s  a 

r e fe rence ,  i t  was then poss ib l e  t o  determine the  energy 

dependence of the  t enso r  and vec to r  analyzing powers. 

The r e s u l t s  a r e  shown i n  the  Fig. 6. 

0'9 9 
remain l a r g e  over the  extended range of the  new 

c a l i b r a t i o n .  The count r a t e  has increased a f a c t o r  of 

0 . 8  2.5, making p o l a r i z a t i o n  measurements f a s t e r  and more 
)r 

% 

s t a t i s t i c a l l y  precise .  a 

The abso lu te  c a l i b r a t i o n  was repeated a t  80 MeV, 

and reproduced previous values  t o  about 1%. This  

c a l i b r a t i o n  is based on observing the  60(d, a )  4~ 

r e a c t i o n  t o  the  f i r s t  exc i t ed  O+ s t a t e  i n  1 4 ~ .  Because 

t h e  s c a t t e r i n g  matr ix  f o r  t h i s  r e a c t i o n  has only one 

f r e e  amplitude, t he  analyzing powers a r e  f ixed ,  

independent of s c a t t e r i n g  angle  and bombarding energy. 

With Ay=O and Ayy= -2, only  the  t enso r  analyzing power 

i s  use fu l .  The c a l i b r a t i o n  r e a c t i o n  was observed wi th  

a gas  c e l l  conta ining t h i n  e x i t  windows and s i l i c o n  

s u r f a c e  b a r r i e r  d e t e c t o r s  opera ted wi th  only a few 

v o l t s  of b ias .  The r e a c t i o n  i s  i s o s p i n  forbidden and 

proceeds only when the re  is s u f f i c i e n t  mixing of the  

compound nuclear  s t a t e s .  This y i e l d s  a sma l l  c r o s s  

s e c t i o n  t h a t  f l u c t u a t e s  wi th  bombarding energy. The 

c r o s s  s e c t i o n  was l a r g e  enough t o  make a p r e c i s e  

c a l i b r a t i o n  only when the  i n j e c t o r  cyc lo t ron  was tuned 

I ' APPROX BEAM ENERGY (MeV) I 

Figure  6. The c a l i b r a t e d  tensor  analyzing power of t he  
beam l i n e  2 polar imeter ,  shown a s  a func t ion  of t h e  
r a t i o  of t he  vec to r  and tensor  analyzing powers. The 
u s e  of t h i s  c a l i b r a t i o n  is  descr ibed i n  the  t ex t .  

S ince  the  i n j e c t o r  cyc lo t ron  energy cannot be 

p rec i se ly  measured, i t  i s  necessary t o  e s t a b l i s h  

another  s c a l e  f o r  determining the  c o r r e c t  c a l i b r a t i o n .  

We chose the  r a t i o  of t he  vec to r  t o  the  t enso r  

analyzing power. This  r a t i o  is obtained from the  usua l  

p o l a r i z a t i o n  measurement by assuming t h a t  t he  tensor  t o  

vec to r  p o l a r i z a t i o n  r a t i o  f o r  t he  s t rong  f i e l d  

t r a n s i t i o n s  i s  3. Reference t o  the  Figure  then g ives  

the  s c a l e  of t he  t enso r  analyzing power, and from the  



r a t i o  one can ob ta in  the  s c a l e  of t he  vec to r  analyzing 

power. The approximate beam energy (wi th  an  e r r o r  of 

200 keV) is  noted on the  Figure. 

Beam S p l i t t i n g  Development 

The beam s p l i t t e r  w i l l  be of b e n e f i t  both t o  the  

cyc lo t ron  r e sea rch  and t o  the  Cooler and i s  p a r t i a l l y  

suppor ted by both budgets. 

S u b s t a n t i a l  progress  was made t h i s  year  on the  

hardware developments required t o  implement a beam 

s p l i t t i n g  system which w i l l  a l low the  simultaneous 

o p e r a t i o n  of the  coo le r  wi th  convent ional  cyc lo t ron  

experiments.  This  is  an important development which 

w i l l  not  only minimize the  impact of t he  forthcoming 

Cooler beam development work on the  ongoing r e sea rch  

program here ,  but w i l l  a l s o  immediately b e n e f i t  t he  

convent ional  u se r  by providing beam t o  j u s t  about any 

two of the  e x i s t i n g  exper imenta l  a r e a s  simultaneously.  

I n  t h i s  mode, a f r a c t i o n  of the  cyc lo t ron  beam can be 

d i v e r t e d  away from a primary use r  t o  perform d e t e c t o r  

t e s t s  o r  t o  f a c i l i t a t e  the  e l e c t r o n i c s  se tup  f o r  

complex experiments. When circumstances warrant ,  t he  

s p l i t t e r  can a l s o  be used t o  d e l i v e r  beam t o  two 

exper imenters  simultaneously.  The beam s p l i t t i n g  plans  

c a l l  f o r  an r f  magnetic beam d e f l e c t o r  ope ra t ing  a t  113 

t h e  cyc lo t ron  r f  frequency t o  provide a 6mm h o r i z o n t a l  

s e p a r a t i o n  between one of every t h r e e  cyc lo t ron  beam 

b u r s t s  a t  t he  en t r ance  t o  a s e r i e s  of four  Lambertson 

septum magnets loca ted  3m downstream. A p lan view of 

t h e  beam s p l i t t i n g  apparatus  i n  beam l i n e  th ree  is 

shown i n  Fig. 7, a long wi th  a view of the  en t r ance  po r t  

f o r  each of t h e  fou r  Lambertson magnets showing the  

p o s s i b l e  beam t r a j e c t o r i e s .  The septum magnets f u r t h e r  

s e p a r a t e  the  t r a j e c t o r i e s  of t he  s p l i t  beams by a 

combination of v e r t i c a l  and hor i zon ta l  d e f l e c t i o n s  

which cause them t o  be de l ive red  simultaneously t o  one 

of the  experimental  a r e a s  i n  any two of t h e  t h r e e  beam 

l i n e  branches shown (BL 4, BL 5-6-7 o r  -8, and BL 9). 

For the  continuous ope ra t ion  of the  f / 3  s p l i t t e r  

magnet, t he  r a t i o  of t h e  beam i n t e n s i t i e s  de l ive red  

s imul taneously  a r e  cons t r a ined  t o  be 2 t o  1. 

A prototype Lambertson septum magnet, which is 

s i m i l a r  i n  des ign t o  the  type needed i n  the  i n f l e c t i o n  

and e x t r a c t i o n  regions  of t h e  Cooler r ing ,  was 

f a b r i c a t e d  i n  house t h i s  summer and developed i n t o  a 

des ign s u i t a b l e  f o r  use  a s  t h e  f i r s t  (Ll)  of t he  fou r  

s p l i t t i n g  magnets i n  beam l i n e  three .  In  t h e  end view 

of t h i s  magnet shown i n  Fig. 7, t h e  low f i e l d  region is 

i n  t h e  notch i n  the  r e t u r n  yoke on t h e  r i g h t ,  and the  

high f i e l d  region l i e s  on the  o t h e r  s i d e  of t he  k n i f e  

edge. Seve ra l  mod i f i ca t ions  t o  the  o r i g i n a l  des ign 

were required t o  reduce the  f r i n g i n g  f i e l d s  a t  t he  

magnet ends and t o  inc rease  the  magnetic f i e l d  r a t i o  

between the  high and low f i e l d  paths  from an i n i t i a l  

value  of 10 t o  over 300. Because these  magnets a r e  

r e l a t i v e l y  s h o r t  (20 t o  30 a), t h e  e f f e c t s  of t h e  

f r i n g e  f i e l d s  a t  t he  magnet ends cannot be ignored i n  

our  app l i ca t ion .  While the  f i e l d  r a t i o  of t he  

prototype magnet is accep tab le  f o r  ope ra t ion  i n  the  

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

improvement is  needed f o r  use i n  t h e  Cooler. The 

r e s u l t s  of t h i s  des ign s tudy were r ecen t ly  presented a t  

t he  10 th  I n t e r n a t i o n a l  Cyclotron Conference.1 

The second and t h i r d  Lambertson magnets (L2 and 

L3) i n  t h e  s e r i e s  were a l s o  f a b r i c a t e d  and t e s t ed .  

Because of t he  d i f f i c u l t i e s  involved i n  cons t ruc t ing  a 

p r a c t i c a l  vacuum chamber f o r  each magnet, i t  was 

decided t o  mount a l l  fou r  magnets i n s i d e  a common 

vacuum chamber which a l s o  con ta ins  the  s t o p s  and 

viewers needed t o  thread t h e  beam through the  maze. 

This  chamber was f a b r i c a t e d  and i n s t a l l e d  i n  beam l i n e  

t h r e e  along with the  f i r s t  two Lambertson magnets (L1 
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Figu re  7. P l an  view of t h e  beam s p l i t t i n g  system. 

and  L2) du r ing  t h e  t e n  day shutdown i n  J u l y ,  1984. 

B r i e f  beam development s t u d i e s 2  demonst ra ted  t h a t  t h e  

f i e l d  r a t i o s  ob t a ined  were adequate  and t h a t  100% 

t r a n s m i s s i o n  of beam through t h e  v a r i o u s  t r a j e c t o r i e s  

was pos s ib l e .  The t h i r d  Lambertson magnet i s  p r e s e n t l y  

be ing  f i e l d  mapped. The f o u r t h  magnet (L4), which has  

y e t  t o  be f a b r i c a t e d ,  i s  no t  r e q u i r e d  f o r  t h e  i n i t i a l  

beam s p l i t t i n g  c a p a b i l i t i e s  de sc r i bed  above. The 

purpose  of t h i s  magnet is t o  p rov ide  f o r  t h e  

s imu l t aneous  d e l i v e r y  of  beam t o  any of t h e  t h r e e  

expe r imen t a l  a r e a s  i n  beam l i n e  f o u r  (64" S c a t t e r i n g  

chamber, Gamma cave,  o r  QQSP) and t o  t h e  Cooler  o r  t o  

any  two of t h e  a r e a s  on BL4. Th i s  o p t i o n  has  a  low 

p r i o r i t y  a t  p r e sen t .  

Perhaps  t h e  most c r i t i c a l  element i n  t h e  beam 

s p l i t t i n g  hardware,  however, is  t h e  f / 3  f e r r i t e  k i c k e r  

magnet which must provide  t h e  6mm beam pa th  

d i sp l acemen t s  a t  t h e  e n t r a n c e  t o  t h e  f i r s t  septum 

magnet. During t h e  summer, t h e  f e r r i t e  m a t e r i a l  

(Fer roxcube  Type 4M2) f o r  t h e  k i c k e r  was assembled and 

t e s t e d .  For t h e  e f f e c t i v e  magnet ic  f i e l d  l e n g t h  

149 

pe rmi t t ed  by p h y s i c a l  c o n s t r a i n t s  i n  t h e  beam l i n e ,  a  

magnet ic  f i e l d  ampl i tude  of 41 gauss  is  needed t o  

p rov ide  t h e  nece s sa ry  h o r i z o n t a l  beam s e p a r a t i o n .  The 

k i c k e r  magnet i s  b a s i c a l l y  an  H frame magnet w i t h  

one-turn 114 wave ba lanced  t r an smi s s ion  l i n e s  on e i t h e r  

s i d e  of t h e  beam path ,  which a r e  jo ined  t o g e t h e r  t o  

s h a r e  one p a i r  of  t un ing  c a p a c i t o r s  connected  

push-pull .  A p l a n  view of t h e  arrangement i s  shown i n  

Fig.  8. The magnet is  b u i l t  up of 1 i n c h  squa re  

f e r r i t e  b a r s  s t a cked  a s  a  box w i th  water  cooled  copper 

p l a t e s  s e p a r a t i n g  t h e  boxes. To i n s u r e  adequate  

c o o l i n g  of t h e  f e r r i t e ,  thermal  conduct ing  g r e a s e  i s  

used  between t h e  copper  p l a t e s  and t h e  f e r r i t e  boxes, 

and t h e  whole s t r u c t u r e  i s  put  under compression.  

Because of t h e  narrow gap  and t h e  l e n g t h  of t h e  

s p l i t t e r  magnet, a t t e m p t s  t o  f i n d  a  s u i t a b l e  ceramic  

vacuum chamber f o r  t h e  beam were abandoned, and t h e  

whole magnet was p laced  i n  a  vacuum chamber. 

The d r i v e  power a m p l i f i e r  f o r  t h e  k i c k e r ,  which 

o p e r a t e s  a t  113 t h e  c y c l o t r o n  r f  f requency,  ha s  a  

f requency range  of  8.5 t o  11.833 MHz and was a l s o  



fabricated in house. The magnet was designed to designed to saturate at about 4 kW of rf output. 

operate at a maximum magnetic field of 42 gauss at If the plate current becomes greater than required for 

11.833 MHz, which requires a minimum of 3.5 kW of rf normal 4 kW operation, the rf drive power is shut off. 

power if the ferrite remains cool. A single If this interlock should fail, then the plate and 

4CW10,OOOA power tube was chosen to drive the screen power supplies will shut down. Also, a circuit 

transmission line on one side with an equivalent is provided to sense and prevent a voltage imbalance at 

capacitance on the other side. The half-wavelength of the capacitor terminals. The detectiou of a voltage 

the transmission line is approximately 0.84m over the imbalance will similarly shut off the rf drive power. 

entire operating frequency range because of the tuning Full power tests of the kicker magnet off line 

capacitors and partial ferrite loading of the tank demonstrated that the Q of the structure dropped slowly 

circuit. The desired frequency range is covered by at a fixed field amplitude, which led to an increasing 

adjusting the variable tuning capacitors, which have a rf power consumption and a tendency toward thermal 

maximum capacitance of 1000 pf each, from 350 to 760 runaway. The permability of the ferrite material 

pf. Ferrite biasing is not used for tuning. The changes only slightly with temperature, but the Q of 

driver for the 4CW10,OOOA tube is a commercial EN1 the material exhibits a non-linear reduction as the 

Model A150 broadband amplifier operating at an temperature increases. The Q of the ferrite was also 

estimated 100 watts. A block diagram of the system is found to decrease slightly with magnetic field. 

shown in Fig. 9. An ALC servo regulates the flux Attempts to chill the cooling water and improve the 

density in the magnet gap, but if the ferrite gets hot, thermal conductivity between the copper plates and the 

thermal runaway which could damage the expensive ferrite were only partially successful. The present 

material will occur. In addition to the usual water status of the magnet, which has not yet been installed 

flow and temperature interlocks on the magnet, in beam line three, is that it will operate stably at 

protective interlocking is also provided by monitoring about 25 gauss with about 1.5 kW of rf power using a 

the plate current of the main power tube, which is chilled water source. While this is not sufficient to 

-1- Structure 

d C W  10,OOOA 
Tube 

Auto Tune 

Block Diagram of F /3  Electronics 

Figure 8. Cross section of the ferrite kicker magnet. Figure 9. Block diagram of the beam splittiw 
electronics. 



provide  the  required beam sepa ra t ion  cont inuously  f o r  primary winding and the  vacuum chamber a s  the  secondary 

200 MeV protons ,  i t  is  enough t o  begin beam development winding, o r  perhaps more e a s i l y ,  a s  a device  which 

s t u d i e s  of t he  beam s p l i t t i n g  system a t  ene rg ie s  up t o  

80 MeV. The present  performance is  adequate,  however, 

f o r  t h e  t a s k  of f i l l i n g  the  Cooler r i n g  wi th  200 MeV 

protons ,  f o r  which i t  is only required t o  ope ra t e  a t  

low duty  f a c t o r .  It may a l s o  be u s e f u l  t o  the  IUCF 

u s e r s  t o  begin s p l i t  beam ope ra t ions  a t  t he  lower 

e n e r g i e s  o r  a t  reduced duty f a c t o r s  u n t i l  a permanent 

s o l u t i o n  t o  t h e  problem can be made. Hence, p lans  a r e  

underway t o  i n s t a l l  t he  f e r r i t e  s p l i t t e r  magnet i n  the  

f o r c e s  the  wa l l  cu r ren t  (approximately t h e  negat ive  

image of the  beam cuurent) t o  flow through an e x t e r n a l  

monitoring r e s i s t o r 1  ( s e e  Fig. 10). The gap capaci- 

tance  and the  EM1 s h i e l d  inductance which p a r a l l e l  t he  

a m p l i f i e r  input  impedance must a l s o  be considered. 

WALL GAP 
MON lTOR 

EQUIVALENT 
CIRCUIT 

beam l i n e  t o  begin these  beam s tud ie s .  b 

'WALL 
1)  End E f f e c t  Correct ions  i n  a Shor t  Lambertson Septum 

Ern + 
Magnet, R.E. Pollock, Proc. 10 th  I n t ' l .  Conf. on 
Cyclot rons  and t h e i r  Appl ica t ions ,  (East  Lansing, C 

R = 5 0  a 
M I ,  Apr i l ,  1984) F. Marti ,  Edi tor ,  p. 111. L = 0 .2  uH 

2 )  This  r epor t ,  p. 198. 

Beam Diagnost ics  Develo~ment 

Most of t he  beam d iagnos t i c s  p resen t ly  employed a t  Figure  10. Schematic of t h e  IUCF wa l l  gap monitors,  
and a simple equivalent  c i r c u i t  which neg lec t s  t he  

IUCF a r e  "des t ruc t ive"  monitors which i n t e r c e p t  some, f e r r i t e  co re  lo s ses .  a: f e r r i t e  toroid;  b: ceramic 
i n s u l a t o r ;  c: copper EM1 sh ie ld ;  d: low no i se  

i f  no t  a l l  of t he  beam while maki4g a measurement. wideband preamp. 

Although d e s t r u c t i v e  monitors work we l l  i n  s i n g l e  pass 

machines and beam l i n e s ,  t hese  monitors would quickly  In  the  summer of 1983 we received a w a l l  gap 

des t roy  a c i r c u l a t i n g  beam i n  a synchrotron o r  s to rage  monitor a s  p a r t  of an  equipment loan from the  Fermilab 

r ing .  For t h i s  reason, new nondest ruct ive  beam Experimental E lec t ron  Cooling Ring. This  beam monitor 

d i a g n o s t i c  systems (which a r e  i n  common use  a t  was b u i l t  a s  a prototype l o n g i t u d i n a l  s t o c h a s t i c  

l a b o r a t o r i e s  wi th  synchrotrons) a r e  being developed f o r  cool ing pickup by the  Argonne National Laboratory 

t h e  IUCF Cooler s to rage  ring. In  the  pas t  year,  t h r e e  

new monitors have been developed and t e s t e d  i n  the  

cyc lo t ron  beam l i n e s .  Although developed p r imar i ly  f o r  

t h e  Cooler, they can a l s o  be very u s e f u l  i n  the  

development and ope ra t ion  of the  cyclot rons .  These new 

d i a g n o s t i c s  and t h e i r  a p p l i c a t i o n s  t o  the  cyc lo t ron  and 

Cooler a r e  d iscussed below. 

I. Wall Gap Monitors: 

A w a l l  gap monitor can be simply viewed a s  a 

s i n g l e  t u r n  1:l transformer with the  beam a c t i n g  a s  the  

Accelera tor  Group. Its usefulness  i n  cyc lo t ron  

ope ra t ions  and development became immediately apparent  

a f t e r  i n s t a l l i n g  i t  i n  beam l i n e  2, t h e  beam l i n e  

connecting the  i n j e c t o r  and main s t age  cyclot rons .  

Two important p r o p e r t i e s  of these  pickups a r e  

bandwidth, and s u s c e p t i b i l t y  t o  r f  pickup from sources  

o the r  than the  beam, such a s  the  cyc lo t ron  r f  systems. 

The Argonne moni tor ' s  bandwidth was measured t o  be 150 

MHz, and the  r f  no i se  pickup i s  equ iva len t  t o  the  

s i g n a l  produced by a 10 t o  30 nA beam on the  f i r s t  



harmonic of the cyclotron's rf syktem, and a 0.3 to 3 

a) Monitoring the beam's microscopic time structure: 

The most straightfoward use of the wall gap monitors is 

merely to view the amplified signal on an oscilloscope. 

This gives the operator essentially instantaneous 

feedback on the beam's time structure, which is very 

useful in certain situations, such as setting up the 

pulse selection, tuning up the stripper loop, or doing 

development work on the fo and fo/2 buncher systems. 

Figure 11 shows an oscilloscope trace of the signal 

from the 1200 MHz monitor in beam line 3 for a 24 nA, 

120 MeV beam which is pulse selected 1 in 4 (pulse 

repetition frequency of 7.5 MHz). 

b) Monitoring the beam's macroscopic time structure: 

The normal cyclotron beam current monitors must 

intercept all of the beam in order to measure the 

current. In addition, they generally have very low 

bandwidths to avoid noise from 60 Hz ground loops, etc. 

Using a double-balanced mixer as a synchronous detector 

for the signal from the wall gap monitor, we have built 

a very sensitive, high-bandwidth, nondestructive 

current monitor. Figure 12 shows an oscilloscope trace 

of the output of this "Beam Amplitude Modulation 

Monitor" for a 15 nA proton beam. The 60 Hz amplitude 

modulation of the beam is very evident, and is being 

Figure 11. Output of the 1200 MHz wall gap monitor in 
beam line 3, viewed on a 350 MHz scope, due to the 
pissage of a 1 nsec proton beam pulse of 20,000 
particles. (lnsec/div horizontal scale). 

investigated using this monitor, as well as other 

monitors we have built. 

c) Beam phase measurement: The construction of a 

system which uses the wall gap monitor signals to 

produce a high level rf signal which is phase-locked to 

the beam is almost complete. The phase-locked rf 

signals will be sent through isolation transformers and 

made available to experimentalists to use as triggers 

for their experiments, and the output of an error 

amplifier in the circuit which drives the phase shifter 

can be used as a beam phase monitor. 

d) Cooler applications: In the IUCF Cooler, these 

monitors will be used to monitor many beam properties, 

such as the bunched beam intensity, lifetime and time 

structure, and to monitor many other interesting 

signals, such as longitudinal Schottky signals, and 

synchrotron oscillation sidebands. 



Figure  12. Output of t he  "Beam Amplitude Monitor" 
us ing  the  beam l i n e  3 w a l l  gap monitor s i g n a l  f o r  an 
average beam c u r r e n t  of 15nA. (10 nA/div v e r t i c a l  
s c a l e ;  5 msecldiv ho r i zon ta l  s ca l e ) .  

11. Nondestructive Beam P o s i t i o n  Monitors: 

Two very d i f f e r e n t  types of nondest ruct ive  beam 

p o s i t i o n  monitors have beam b u i l t  and tes ted:  one 

us ing  a microchannel p l a t e  de tec to r ,  and another  us ing 

s p l i t  c a p a c i t i v e  r f  pick up e l ec t rodes .  

a )  Microchannel P l a t e  Detectors :  Ions  r e s u l t i n g  

from c o l l i s i o n s  between the  beam and r e s i d u a l  gas  

molecules i n  the  vacuum chamber a r e  acce le ra t ed  t o  a 

microchannel p l a t e  which m u l t i p l i e s  t h e  charge. This  

charge  is then deposi ted  on a r e s i s t i v e  anode encoder. 

S e n s i t i v e  current- to-vol tage  conver t e r s  measure the  

c u r r e n t  from opposi te  s i d e s  of t h e  anode, and analog 

e l e c t r o n i c s  c a l c u l a t e  the  pos i t ion ,  and provide 

feedback f o r  the  high vo l t age  power supp l i e s  which 

determine the  charge ga in  of t he  channel p l a t e s .  This  

system was t e s t e d  i n  the  QDDM l i n e  and was a b l e  t o  read 

t h e  beam p o s i t i o n  with a p r e c i s i o n  of a few t e n t h s  of a 

mm wi th  beam c u r r e n t s  from 1 t o  1000 nA. 

b) S p l i t  r f  Elect rodes:  Beam p o s i t i o n  measurements 

were a l s o  made with s i m i l a r  o r  b e t t e r  p r e c i s i o n  than 

achieved wi th  the  microchannel p l a t e  monitors by us ing 

s p l i t  r f  e l ec t rodes .  The prototype system, t e s t e d  i n  

t h e  QDDM beam l i n e ,  used commercial low no i se  

a m p l i f i e r s  and the  spectrum analyzer .  

c )  Appl ica t ions:  There w i l l  be about 40 p a i r s  of 

r f  p o s i t i o n  e l e c t r o d e s  i n  the  Cooler t o  measure the  

s t o r e d  beam's c losed o r b i t  and t o  provide  feedback t o  

t h e  r f  system dur ing acce le ra t ion .  Nondestructive 

p o s i t i o n  monitors w i l l ,  i n  add i t ion ,  be very  u s e f u l  i n  

t h e  cyclot rons:  t h e r e  a r e  a number of s i t u a t i o n s  

where t h e  beam's p o s i t i o n  must be kept  very cons tan t ,  

such a s  i n  f r o n t  of t h e  polar imeters  o r  a t  t a r g e t  

l o c a t i o n s ,  but where a d e s t r u c t i v e  beam p o s i t i o n  

monitor cannot be used because i t  would cause such a 

high background. 

We a r e  des igning our 'own FET inpu t  sum and 

d i f f e r e n c e  e l e c t r o d e  ampl i f i e r s .  The heterodyne 

d e t e c t o r  system which uses  amplitude t o  phase 

convers ion e l e c t r o n i c s  t o  determine beam p o s i t i o n  is 

2 
based upon the  Fermilab TeV 1 system . Once these  

e l e c t r o n i c s  have been designed, t h i s  system w i l l  be 

much s impler  and c o s t  e f f e c t i v e  than the  microchannel 

p l a t e  d e t e c t o r  system discussed above. A prototype 

system of t h i s  type  w i l l  be i n s t a l l e d  i n  t h e  cyc lo t ron  

beam l i n e s  next  year,  a long wi th  the  appropr i a t e  

so f tware  and s t e e r i n g  d ipo les  t o  t e s t  t he  c losed o r b i t  

measurement and c o r r e c t i o n  systems f o r  the  Cooler. 

1)  R. L i t t a u e r ,  AIP Conf. Proc. No. 105, (1983). 

2) T. Bagwell e t  a l . ,  Fermilab TM-1254 (May 1984) 
(unpublished) . 

Control  Computer 

In  t h e  second q u a r t e r  of 1984 t h e  PDP 11/44 

replacement f o r  t he  Sigma-2 c o n t r o l  computer was 

brought t o  i t s  f i n a l  conf igu ra t ion  of hardware and 

ope ra t ing  system with  the  a d d i t i o n  of a 70 MB 

Winchester/floppy d i s k  combination, 0.5 MB of memory 

( t o  t o t a l  0.75 MB) and i n s t a l l a t i o n  of RSX-11M-PLUS. 



( I n  f a c t ,  i n  the  f o u r t h  qua r t e r ,  a  new 11/44 system was o s c i l l a t i o n  under vacuum condi t ions .  The two arm 

received and i n s t a l l e d  a s  the  new c o n t r o l  computer i n  

p a r t i a l  s e t t l emen t  f o r  damages incu r red  i n  the  1982 

t e rmina l  f i r e .  The only  a f f e c t  of t h i s  change was t o  

i n c r e a s e  t o t a l  memory t o  1 MB. D i spos i t ion  of the  

o r i g i n a l  11/44 system has y e t  t o  be determined).  

I n  the  t h i r d  q u a r t e r  of t h e  year ,  on-line t e s t i n g  

of the  11/44 was begun dur ing normal cyc lo t ron  shutdown 

per iods .  Since  then a l l  bas i c  readout and c o n t r o l  

f u n c t i o n s  have been success fu l ly  demonstrated, 

i nc lud ing  s t a t u s  readouts  and readout and c o n t r o l  of 

dev ices  i n  both high vo l t age  i o n  source  t e rmina l s  and 

t h e  RF system. The bas i c  s e t  of ope ra to r  d i s p l a y  

f u n c t i o n s  has been expanded t o  a l low seeking of any 

dev ice  t o  an  a r b i t r a r y  ADC value ,  invoking a  predef ined 

h y s t e r e s i s  cyc le ,  i f  necessary .  Data logging has been 

implemented, a l though only a  rudimentary f a c i l i t y  f o r  

d i sp lay ing  logged d a t a  has been wr i t t en .  A l l  s p e c i a l  

readout  and c o n t r o l  func t ions  (e.g., frequency 

c a l i b r a t e d  dee vo l t age  readout ,  s l i t  wid th /pos i t ion  

c o n t r o l )  have been debugged. Remaining t o  be t e s t e d  a r e  

some f e a t u r e s  of t he  DAC c a l c u l a t i o n  and loading 

program, a  few sma l l  programs such a s  one t 6  r epor t  on 

flowswitch s t a t u s  and c o n t r o l  of i o n  p o l a r i z a t i o n  s t a t e s  

from d a t a  a c q u i s i t i o n  computers v i a  LINK o r  DECNET. At 

p resen t  a l l  on-line t e s t s  a r e  performed wi th  the  e n t i r e  

f i n a l  hardware conf igu ra t ion  of t h r e e  ope ra to r  s t a t i o n s ;  

swi tching between c o n t r o l  computers t akes  a  l i t t l e  more 

than  one hour. Progress  toward replacement now depends 

more on cyc lo t ron  schedul ing d i f f i c u l t i e s  than any 

o t h e r  f a c t o r .  

Controls :  Ex i s t ing  F a c i l i t i e s  

The 64" S c a t t e r i n g  Chamber c o n t r o l s  su f fe red  

e r r a t i c  p o s i t i o n  readout breakdown during a  number of 

runs  i n  1984 before  the  problem was t racked t o  encoder 

p o s i t i o n  encoders were re turned t o  L i t t o n  f o r  new, 

improved e l e c t r o n i c s  packages. They a r e  now back, and 

t h e  t a r g e t  encoder has been removed from vacuum. 

Hopefully t h i s  system should soon be back t o  normal. 

A second 16-bit  u l t r a - s t a b l e ,  temperature- 

r egu la t ed  DAC has  been added t o  the  main magnet power 

supply. It was r e s i s t o r w e i g h t e d  a t  7% of t h e  main 

DAC, t o  y i e l d  a  f i n e r  c u r r e n t  s t e p  s i z e  than the  20 ma 

s t e p  previously  ava i l ab le .  Its c i r c u i t r y  i s  a b l e  t o  

accomodate closed-loop c o n t r o l  from a  f u t u r e  NMR probe. 

Controls:  Dual Spectrometer 

The c o n t r o l s  system must be expanded t o  accomodate 

t h e  needs of t h e  Spectrometer and i t s  beam l i n e .  A 

c o n t r o l s  mul t ip lexing s t a t i o n  must be i n s t a l l e d  i n  t h e  

North balcony region and l inked  t o  t h e  c o n t r o l s  

computer. (Planning and cons t ruc t ion  a r e  now 

beginning.) A number of c o n t r o l s  c h a s s i s  have a l r eady  

been cons t ruc ted  which w i l l  l i n k  t o  t h i s  mul t ip lexer :  

64 channels of s t epp ing  motor d r ive ,  128 ADC channels  

(50 i s o l a t e d ) ,  35 DAC channels  ( i s o l a t e d ) ,  16 

follow-pot channels,  6  water/temp i n t e r l o c k  c h a s s i s  (28 

i n p u t s  each) .  Our ongoing e f f o r t  t o  inco rpora t e  the  

l a t e s t  s o l i d  s t a t e  devices  i n t o  the  c o n t r o l  system 

r e s u l t e d  i n  a  number of new des igns  among t h e  previous 

l i s t .  

I n d u s t r i a l  C o n t r o l l e r s  ( i n  p a r t i c u l a r  t he  Gould 

884) a r e  under eva lua t ion  f o r  s u i t a b i l i t y  and p r i ce ,  

wi th  vacuum c o n t r o l s  i n  mind. 

Two resolver-based p o s i t i o n  encoding packages have 

been ordered f o r  t he  two spect rometer  magnet 

assemblies.  Resolvers a r e  mechanically rugged and 

v i r t u a l l y  i m n e  t o  r ad ia t ion .  P o s i t i o n  readout w i l l  

be a v a i l a b l e  both l o c a l l y  and i n  t h e  c o n t r o l  room, wi th  

r e s o l u t i o n  t o  0.01 degrees.  




