
LABORATORY DEVELOPMENT 

Accelera tor  Improvements 

During 1982 we have continued the  work of 

redes igning and upgrading a c c e l e r a t o r  systems. As 

before ,  t he  h ighest  p r i o r i t y  was given t o  those  

improvements which have the  l a r g e s t  impact of 

a c c e l e r a t o r  r e l i a b i l i t y  and ease  of use. I n  the  case 

of Ion Source Terminal A, where f i r e  damage 

necess i t a t ed  a major r ebu i ld ing  of the  i n t e r i o r ,  i t  was 

poss ib l e  t o  make some systems b e t t e r  than they were 

before  the  f i r e .  D e t a i l s  of t he  work on Terminal A a r e  

documented elsewhere i n  t h i s  repor t .  

I n  r e v i s i n g  the  job p r i o r i t y  l i s t  f o r  1982 we 

i d e n t i f i e d  338 poss ib l e  jobs of which 270 were s e l e c t e d  

f o r  a t t e n t i o n  t h i s  year.  This  t o t a l  i nc ludes  work on 

t h e  Polar ized Neutron F a c i l i t y  but excluded work being 

done on the  Dual Spectrometer and Cooler p ro jec t s .  Of 

t h e  jobs se l ec t ed ,  106 have been completed and 

s i g n i f i c a n t  progress  has been made on 20 more. This  

r ep resen t s  about one ha l f  t he  work we would normally 

accomplish because of t he  in t ense  e f f o r t  expended 

dur ing the  5 112 months required f o r  r ebu i ld ing  

Terminal A. 

I n  the  ion source a r e a  s e v e r a l  systems have been 

improved o r  repai red.  During the  time t h a t  Terminal A 

was down f o r  r e p a i r ,  an o p t i c a l  realignment was 

completed f o r  beam l i n e  lA, a c c e l e r a t i o n  column A and 

t h e  l enses ,  s t e e r e r s ,  and P.I.G. source magnet i n  the  

terminal .  This has r e su l t ed  i n  improved s t e e r i n g  and 

t ransmiss ion f o r  a l l  beams. Major work i n  Terminal A 

no t  d i r e c t l y  r e l a t e d  t o  f i r e  damage includes  

replacement of t he  60 kvA a l t e r n a t o r  which supp l i e s  

3-phase power t o  the  ion  sources ,  completion of 

t h e  helium-3 p u r i f i c a t i o n  system and i n s t a l l a t i o n  of a 

manual ope ra t ing  op t ion  f o r  t he  hydrau l i c  system t o  

he lp  i n  d iagnosis  of servo c o n t r o l  problems. For 
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Terminal B t he  hydraul ic  system was completely 

overhauled and the  main heat  exchanger replaced. 

I n  beam l i n e  1 s e v e r a l  e l e c t r o s t a t i c  quads have 

been redesigned and r e b u i l t  and the  RF d r i v e  system f o r  

the  f / 2  bunchers has been i n s t a l l e d .  A wide range 

e l e c t r o n i c  phase s h i f t e r  f o r  t he  beam chopper is now 

under development. 

In  the  i n j e c t o r  cyclot ron the  RF systems have been 

ex tens ive ly  improved. I n  Apr i l  t he  RF tuning range was 

extended t o  35.5 MHz. This change, together  with an 

i d e n t i c a l  improvement i n  the  main s t age  RF tuning 

range, allows the  use  of 4 th  harmonic a c c e l e r a t i o n  

r a t h e r  than 3rd harmonic a c c e l e r a t i o n  f o r  200 MeV 

protons.  This improves beam i n t e n s i t y  and s t a b i l i t y .  

High-energy ope ra t ion  has a l s o  been improved by 

r e tun ing  the  i n j e c t o r  RF power ampl i f i e r  output  s t a g e s  

t o  g ive  increased ga in  (and hence increased dee 

vo l t age )  a t  high f requencies .  F i n a l l y ,  the  r e l i a b i l i t y  

and ease  of ope ra t ion  of the  i n j e c t o r  RF system have 

been improved by r ep lac ing  autotuning and ALC low l e v e l  

c i r c u i t s  with improved c i r c u i t s  b u i l t  i n  N I M  modules. 

Several  RF improvements t h a t  a f f e c t  both 

cyclot rons  have been completed t h i s  year. Switching 

has been provided a t  t he  c o n t r o l  console t o  a d j u s t  

r e l a t i v e  dee phase ( e i t h e r  0" o r  180') f o r  both 

cyclot rons  simultaneously.  A new e l e c t r o n i c  phase 

s h i f t e r  has been designed f o r  use  i n  a l l  FU? systems. 

The f i r s t  u n i t  has been i n s t a l l e d  on the  main stage.  

The new 10 kW RF d r i v e  system f o r  the  main s t age  

cyclot ron,  previously  bench t e s t e d ,  was connected t o  

the  west resonator  dur ing the  t h i r d  quar ter .  This 

system is designed t o  provide increased dynamic range 

f o r  t he  f i n a l  ampl i f i e r  and higher  p l a t e  e f f i c i ency .  

Maximum dee vol tage  w i l l  exceed 200 kV. The system has 



passed a l l  t e s t s  s u c c e s s f u l l y  and rou t ine  ope ra t ion  

awai ts  redes ign of the  RF feedthrough bushing where 

sparking a t  high vo l t ages  can occur. Two more u n i t s ,  

combining f i n a l  a m p l i f i e r  and d r i v e r  s t a g e  on a s i n g l e  

platform, a r e  under const ruct ion.  

E a r l i e r  i n  the  year  a puzzl ing sparking problem 

l i m i t e d  the  e a s t  dee vol tage  t o  less than 100 kV. 

Af te r  s e v e r a l  poss ib l e  resonator  problems were 

e l iminated,  t he  d i f f i c u l t y  was t raced t o  a d e f e c t i v e  

spark  g a t e  c i r c u i t  which c o n t r o l s  t he  RF dr ive .  

I n  a d d i t i o n  t o  RF improvements, s e v e r a l  o t h e r  main 

s t a g e  jobs were completed t h i s  year. An i n t e r m i t t e n t  

ground f a u l t  i n  the  lower main c o i l  of Sector  C has 

been a source of worry f o r  some time because a second 

f a u l t  could l ead  t o  l o s s  of a c o i l ,  which i n  t u r n  would 

r e q u i r e  ex tens ive  disassembly of the  s e c t o r  magnet. 

The offending ob jec t  which causes the  f a u l t  is 

i n a c c e s s i b l e  and cannot be s a f e l y  removed, but t he  

f a u l t  has been e l imina ted  by d r i v i n g  i n s u l a t i n g  space r s  

between the  c o i l  and the  nearby wa l l  of t he  v a l l e y  

vacuum chamber which t i g h t l y  encloses  it. The removal 

of t he  e a s t  v a l l e y  vacuum chamber required f o r  t h i s  f i x  

a l s o  af forded the  oppor tun i ty  of adding r a d i a t i o n  

s h i e l d i n g  blocks t o  t h e  upstream edge of s e c t o r  D. 

This  p r o t e c t s  main c o i l s  and t r i m  c o i l  l eads  from beam 

sp ray  o r i g i n a t i n g  a t  t he  k i cke r  magnets i n  the  e a s t  

dee . 
I n  the  no r th  v a l l e y  a 36" d i f f u s i o n  pump, complete 

wi th  r e f r i g e r a t e d  b a f f l e ,  has been i n s t a l l e d .  Fore l ine  

plumbing and b a f f l e  r e f r i g e r a t i o n  a r e  complete. 

Routine ope ra t ion  awai ts  e l e c t r i c  power and t e s t s .  

I n  o rde r  t o  t r ansmi t  maximum energy proton beams 

through the  vZ=l resonance wi th  high e f f i c i e n c y ,  new 

a x i a l  harmonic c o i l s  a r e  required.  These have been 

designed and cons t ruc ted  and await  t he  a v a i l a b l i t y  of 

manpower and access  f o r  i n s t a l l a t i o n .  

Several  power supply improvements a r e  worth 

noting. The 300 kVA supply (Alpha 14) which provides  

cu r ren t  f o r  t he  main s t a g e  s e c t o r  c o i l s  now has a 

c i r c u i t  added t o  p r o t e c t  a g a i n s t  ope ra t ion  wi th  

unbalanced phases. The 250 kVA supply f o r  t h e  QDDM 

spect rometer  (TR3) has received a s i m i l a r  p r o t e c t i o n  

c i r c u i t  f o r  phase inbalance  plus  added p r o t e c t i o n  

a g a i n s t  over temperature f a u l t s .  New p r o t e c t i v e  

c i r c u i t s  a r e  under development f o r  both main s t a g e  

anode power supp l i e s  (350 kVA each). Redundant 

p r o t e c t i o n  has a l s o  been provided f o r  a l l  magnets i n  

the  Beam Swinger System, Pion Spectrometer,  and 

Polar ized Neutron F a c i l i t y .  This  was done by adding 

one-shot temperature swi tches  t o  a l l  magnet c o i l s  t o  

t u r n  off  t he  appropr i a t e  power supply i n  case  of 

overheating. 

Main s t age  a u x i l i a r y  loads  inc lude  magnetic 

compensators, k i cke r  magnets, a x i a l  harmonic c o i l s  and 

f i g u r e  e i g h t  c o i l s .  I n  the  pas t  c u r r e n t  s u p p l i e s  f o r  

t hese  loads  were ass igned i n  a random and uncoordinated 

way. These supp l i e s  have been replaced wi th  a new 

system involving a new power supply c o n t r o l  c e n t e r  

i n s t a l l e d  above the  beam c o r r i d o r  and a s e t  of modular 

commercial power supp l i e s  r a t e d  a t  50 and 100 amperes. 

This  system w i l l  be expanded l a t e r  t o  inc lude  some beam 

t r a n s p o r t  loads.  

Polar ized Ion Source 

On January 18, 1982 the  po la r i zed  i o n  source  

s u f f e r e d  s e r i o u s  damage due t o  a f i r e  i n  Terminal A, 

appa ren t ly  caused by a h igh c u r r e n t  power supply which 

overheated and caught on f i r e .  Damaged i n  the  f i r e  was 

the  power d i s t r i b u t i o n  system, vacuum c o n t r o l s ,  

approximately one-half of t he  po la r i zed  source  power 

supp l i e s ,  t he  RF t r a n s i t i o n  o s c i l l a t o r s ,  computer 

c o n t r o l s  and readouts  and most of t h e  wi r ing  from t h e  



source t o  the  r e l a y  racks.  The polar ized source 

i t s e l f ,  the  i o n i z e r ,  t he  terminal  s t r u c t u r e  and the  

a c c e l e r a t i o n  column su f fe red  no damage. 

A concerted e f f o r t  t o  r ebu i ld  the  source a s  

quickly  a s  poss ib l e  was begun very soon a f t e r  t he  f i r e .  

This e f f o r t  culminated i n  success fu l  ope ra t ion  of the  

source  f i v e  months l a t e r  on Ju ly  2, 1982. 

During the  r econs t ruc t ion  a number of improvements 

were made: 

1. An automatic halon f i r e  ex t ingu i sh ing  system was 

i n s t a l l e d  i n  the  Faraday cage. 

2. Smoke sensors  were i n s t a l l e d  i n  the  terminal  t o  

k i l l  t he  power and fans. 

3. The a l t e r n a t o r  was moved out  of the  terminal  

g r e a t l y  reducing both the  heat  and no i se  i n s i d e  the  

terminal .  

4. New very r e l i a b l e  high power RF t r a n s i t i o n  

o s c i l l a t o r s  were purchased and i n s t a l l e d .  

5. A new l a r g e r  20 KV i s o l a t e d  rack f o r  t he  i o n i z e r  

power supp l i e s  was f ab r i ca t ed .  

6. An independent E2 power supply was i n s t a l l e d .  

Operation of the  polar ized source s ince  Ju ly  has 

shown increased r e l i a b i l i t y  and ease  of s t a r t -up .  The 

se t -up  of the  RF t r a n s i t i o n s  is extremely r e l i a b l e  and 

reproducible.  One need only d i a l  i n  the  proper 

magnetic f i e l d s  and RF f requencies  t o  g e t  a highly  

polar ized beam. Continued searches  and opt imizat ion 

have not  been necessary.  The condi t ions  have now been 

reproducible  from run t o  run f o r  s i x  months. From Ju ly  

through December the  source de l ive red  approximately 250 

s h i f t s  of beam, o r  two thousand hours. Of t h i s  one 

t h i r d  of t he  running has been with polar ized deuterons  

and two t h i r d s  wi th  polar ized protons. The average 

output  of t he  source has been 7.1 + 1.3 microamperes. 

Heavy running has made development and f u t h e r  

improvement d i f f i c u l t .  Some work has been done on 

d i s s o c i a t o r  b o t t l e  geometry. The gas i n l e t  system was 

redesigned t o  use  commercial u l t r a - t o r r  f i t t i n g s  f o r  

ease  of b o t t l e  removal and change. A method was 

developed f o r  d r i l l i n g  the  e x i t  hole through which the  

atomic beam leaves  the  b o t t l e  with accura t e  cen te r ing  

and of accura t e  diameter. 

Fur ther  improvements t o  inc rease  i n t e n s i t y  a r e  

being considered. These take  the  form of a f u r t h e r  

attempt a t  cool ing the  e x i t  nozzle of t he  d i s s o c i a t o r  

b o t t l e  and/or the  poss ib l e  add i t ion  of a "super 

i o n i z e r  " . 

Development of a Universal  Spin Precess ion System 

Tests  have r e c e n t l y  been completed t h a t  demonstrate 

the  f e a s i b i l i t y  of a c c e l e r a t i n g  h o r i z o n t a l l y  polar ized 

protons with good t ransmiss ion of the  po la r i za t ion .  

These a r e  the  f i r s t  i n  a s e r i e s  of developmental runs 

t h a t  w i l l  extend through the  next few months. 

The primary element i n  the  Universal  Spin Precesion 

System is a sp in  precess ion solenoid  with i ts  f i e l d  

along the  beam d i rec t ion .  This  solenoid  is p resen t ly  

located i n  beam l i n e  1 between the  two s e t s  of 

e l e c t r o s t a t i c  quadrupoles a t  t he  e x i t  of t he  polar ized 

i o n  source  t e rmina l  Faraday cage. With the  appropr i a t e  

choice of f i e l d ,  t h i s  solenoid  r o t a t e s  the  s p i n  

d i r e c t i o n  from v e r t i c a l  t o  ho r i zon ta l .  The proton s p i n  

i s  then perpendicular  t o  the  main f i e l d  of t he  two 

cyc lo t rons ,  and it  precesses  many times dur ing 

acce le ra t ion .  So long a s  t h e r e  is a unique o r b i t  

through the  cyc lo t ron  ( t h i s  depends mainly on t h e  

q u a l i t y  of t he  s i n g l e  t u r n  e x t r a c t i o n ) ,  t he  s p i n  

d i r e c t i o n  of the  beam is  s t i l l  we l l  determined a f t e r  

acce le ra t ion .  

I n  p r a c t i c e ,  t h e  number of t u r n s  may not be known, 

so  a high-energy polar imeter  is needed t o  measure the  

s p i n  d i r e c t i o n  and degree of p o l a r i z a t i o n  a f t e r  



acce le ra t ion .  I f  t he  f i n a l  sp in  o r i e n t a t i o n  happens 

not  t o  be use fu l ,  i n  many cases  i t  should be poss ib le  

t o  change the  tu rn  number (by a l t e r i n g  the  main s t age  

dee vol tage)  and choose another  sp in  d i r e c t i o n ;  a 

number of d i s c r e t e  choices should be a v a i l a b l e  without 

major re tuning of the  main s tage.  Fine tuning of the  

s p i n  d i r e c t i o n  is  not p resen t ly  poss ib le ,  but would 

requ i re  only a Wien v e l o c i t y  f i l t e r  a f t e r  the 

precess ion solenoid i n  beam l i n e  1. 

This scheme has s e v e r a l  advantages over a s i n g l e  

solenoid placed on a high energy beam l ine .  F i r s t ,  a 

h igh energy solenoid would requ i re  a s u b s t a n t i a l l y  

l a r g e r  f i e l d  which could only be obtained i n  the  

a v a i l a b l e  space through the  use of expensive 

superconducting technology. Second, the  present  des ign 

o f f e r s  complete f l e x i b i l i t y  i n  the  choice of sp in  

d i r e c t i o n ,  making poss ib le  both long i tud ina l  and 

t r ansve r se  p o l a r i z a t i o n  a t  the  t a rge t .  Third ,  t h i s  

f l e x i b i l i t y  a l s o  means t h a t  ho r i zon ta l ly  polar ized beam 

w i l l  be a v a i l a b l e  f o r  any experimental area.  

A prototype high-energy polar imeter  has been 

constructed,  and w i l l  be t e s t e d  shor t ly .  It uses  a 

t h i n  carbon t a r g e t ,  and is  designed t o  work upstream 

from the  main experiment. The t a r g e t  should be t h i n  

enough t h a t  i t  w i l l  not i n t e r f e r e  with any experiment, 

and thus it  can provide a continuous monitor of the  

beam po la r i za t ion .  Various d e t e c t o r  geometries have 

been t e s t e d ,  and it seems adequate t o  use only a s i n g l e  

NaI c r y s t a l  on each arm with  only a f r o n t ,  con ica l  

col l imator .  This scheme provides a r e so lu t ion  of about 

1 MeV, adequate t o  r e so lve  carbon e l a s t i c  s c a t t e r i n g ,  

a s  shown i n  Fig. 5. To reduce the  f a l s e  asymmetries, 

t h e  secondary e l e c t r o n  cu r ren t  from the  t a r g e t  (about 

6-10% of the  beam c u r r e n t )  w i l l  be read a t  four  

e l ec t rodes  along each s i d e  of the  t a r g e t  and s e n t  t o  an 

automatic beam s t e e r i n g  c i r c u i t .  There w i l l  be four  

CHANNEL 

Figure 5. The charged p a r t i c l e  spectrum recorded i n  a 
NaI c r y s t a l  exposed t o  a t e s t  carbon t a rge t .  The 
e l a s t i c  s c a t t e r e d  protons from carbon a r e  located i n  an 
e a s i l y  separated group. 

d e t e c t o r s ,  two each i n  the  hor i zon ta l  and v e r t i c a l  

planes. When opera t iona l ,  t h i s  w i l l  g ive  experimenters 

a continuous monitor of the  beam po la r i za t ion .  A 

f u r t h u r  poss ib le  refinement f o r  experiments i n  the  QDDM 

is t o  have two polar imeters ,  one i n  t h e  QDDM beam l i n e  

and another  i n  the  switchyard, t h a t  toge the r  w i l l  y i e l d  

both components of the  hor i zon ta l  po la r i za t ion .  

The sp in  precession solenoid i n s t a l l e d  i n  December 

is s u i t a b l e  f o r  protons only. During a r ecen t  

experiment involving the  c a l i b r a t i o n  of a carbon-target 

polar imeter  f o r  use with 200 MeV protons  a t  Brookhaven, 

we ran t e s t s  with t h i s  solenoid. The r e s u l t s  a r e  shown 

i n  Fig. 6 a s  the  l e f t - r i g h t  o r  up-down asymmetry E, 

which is the  product of the  beam p o l a r i z a t i o n  and the  

analyzing power of the  polar imeter  (about 0.6 i n  t h i s  

case).  As the  f i e l d  of the  precess ion solenoid 

inc reases ,  t he  v e r t i c a l  component of the  s p i n  should 

p+ I2c 
160 MeV 



disappear  a s  the  cos ine  of t he  f i e l d  s t r eng th ,  a s  shown 

i n  Fig. 6a. The f i e l d  f o r  the  complete removal of the  

v e r t i c a l  component was about 205 Amps. During 

acce le ra t ion ,  t he  s p i n  precess ion angle  is  r e l a t e d  t o  

t h e  angle  through which the  proton bends according t o  

where m and p a r e  t h e  proton 's  mass and magnetic 

moment, and T is the  proton beam energy. I n  the  t e s t  

a t  200 MeV, epreC = 3.1744 Obend a t  ex t r ac t ion .  Thus a 

change of one t u r n  should move the  s p i n  d i r e c t i o n  by 

about 63". I n  Fig. 6b, the  up-down asymmetry i s  shown 

a s  a func t ion  of tu rn  number. It has a l a r g e  magnitude 

and o s c i l l a t i o n s  of about t h e  r i g h t  period. The 

extremes of t h i s  curve show the  maximum h o r i z o n t a l  

p o l a r i z a t i o n  f o r  t h i s  tune, and the  depo la r i za t ion  
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Figure 6. ( a )  The e x t i n c t i o n  of the  v e r t i c a l  component 
of t he  beam p o l a r i z a t i o n  a s  the  cu r ren t  i n  the  s p i n  
precess ion solenoid  is increased.  The v e r t i c a l  a x i s  
shows the  l e f t - r i g h t  asymmetry f o r  a polar imeter  whose 
analyzing power is about 0.6. (b)  The change i n  the  
up-down asymmetry (us ing the  same polarime t e r  ) a s  the  
t u r n  number (on an a r b i t r a r y  s c a l e )  is changed i n  the  
main s t age  cyclot ron.  The per iod of the  o s c i l l a t i o n  is 
discussed i n  the  t ex t .  The maximum s i z e  of t he  
o s c i l l a t i o n  r ep resen t s  the  maximum h o r i z o n t a l  
po la r i za t ion .  

appeared t o  be about 25%. Diagnostics were missing a t  

t h a t  time on the  i n j e c t o r  cyclot ron,  and the re  is no 

way of knowing how wel l  separa ted the  tu rns  were then. 

Nevertheless,  t he  observed p o l a r i z a t i o n  is  c e r t a i n l y  

l a r g e  enough f o r  experiments. 

During the  next year  we w i l l  s tudy the  long term 

s t a b i l i t y  of the  machine tune, and seek ways t o  in su re  

t h a t  a s i n g l e  t u r n  is always a v a i l a b l e  f o r  use. This 

should make poss ib l e  a v a r i e t y  of new experiments,  

i nc lud ing  the  measurement of the  s p i n  r o t a t i o n  

parameter i n  e l a s t i c  s c a t t e r i n g  and p o l a r i z a t i o n  

t r a n s f e r  c o e f f i c i e n t s  i n  (p,p ') r eac t ions .  With a 

s t ronge r  precess ion solenoid ,  we should a l s o  be ab le  t o  

r o t a t e  the  polar ized deuteron sp in ,  thus  making i t  

poss ib l e  t o  s tudy a d i f f e r e n t  tensor  analyzing power, 

hZ, a s  we l l  a s  measuring p o l a r i z a t i o n  t r a n s f e r  

c o e f f i c i e n t s  i n  deuteron-induced react ions .  

Beam Transport  System Development 

During the  r e p a i r  of t he  polar ized ion  source 

a f t e r  t he  e l e c t r i c a l  f i r e ,  t he  a c c e l e r a t i o n  column was 

r ea l igned  a s  were a number of magnets and e l e c t r o s t a t i c  

elements i n  the  terminal.  Three e l e c t r o s t a t i c  

quadrupole double ts  of an improved and shortened des ign 

were assembled, t e s t e d ,  and i n s t a l l e d  on beam l i n e  1. 

A sp in  precess ion solenoid  was i n s t a l l e d  i n  beam l i n e  

1A t o  provide in-plane polar ized protons f o r  

a c c e l e r a t i o n  through the  i n j e c t o r  and main s t age  

cyc lo t rons  and f o r  f e a s i b i l i t y  t e s t s  performed. 

An a d d i t i o n a l  magnetic quadrupole s i n g l e t  was 

added a t  t he  en t r ance  of beam l i n e  3 ( c lose  t o  the  e x i t  

of t he  main s t age  cyclot ron)  t o  improve t ransmiss ion of 

heavy i o n  beams. Local s h i e l d i n g  has been added around 

sl i ts  7, t he  downstream momentum a n a l y s i s  slits, t o  

reduce neutron l e v e l s  i n  the  high bay assembly area.  



Computer Controls 

A s  the Sigma-2 control  computer s l i p s  i n t o  i t s  

dotage, almost the e n t i r e  software e f f o r t  on i t  has 

been devoted t o  maintenance ra ther  than development. 

Fortunately the computer seems t o  have been l i t t l e  

affected by the January f i r e  and only minor changes had 

t o  be made t o  conform t o  the revamped ion source 

controls.  

Three new developments a r e  worth noting. The 

program se lec t ion  a r ray  a t  each operator s t a t i o n  was 

changed from an 8 x 2 pushbutton t o  a 10 x 2 membrane 

switch configuration, expanding by about 50% the number 

of programs po ten t ia l ly  ava i lab le  t o  the operator.  The 

remote load switching f a c i l i t i e s  were expanded i n  

an t ic ipa t ion  of expanded sensor outputs f o r  switched 

c i r c u i t s .  Final ly ,  beam s t e e r i n g  programs were added 

f o r  the gamma cave and the polarized neutron f a c i l i t y .  

On the  new PDP-11/44 con t ro l  computer a 9-track 

80011600 bpi tape un i t  was i n s t a l l e d  and system 

software modified t o  u t i l i z e  i t s  dual  densi ty  

capab i l i t i e s .  A DZ-11 with 8 s e r i a l  por t s  was a l s o  

i n s t a l l e d .  A CAMAC dr iver  was completed and used t o  

include the PDP i n  the IUCF intercomputer LINK. The 

LINK was then used t o  debug a data  acqu is i t ion  rout ine 

l i b r a r y  using the cyclotron database on the  PDP and ADC 

and s t a t u s  r e g i s t e r  values read using the Sigma-2. A 

system was developed t o  use s e r i a l  l i n e s  t o  download 

memory i n  both mapped and unmapped DEC LSI-11 systems. 

I n i t i a l  work was done on generat ing the standard 

cyclotron operator display,  but f u r t h e r  development 

awaits completion of a prototype LSI-driven operator 

s t a t ion .  


