
EXPERIMENTAL FACILITIES DEVELOPMENT 

F a c i l i t i e s  i n  Operat ion 

Isotope Production Area, Radiochemical and 

Decay Spectroscopy Laboratory 

The i so tope  production a r e a  is  p r e sen t l y  used 

f o r  a  v a r i e t y  of h igh - in t ens i t y  experiments such a s  

production of sources  f o r  Mossbauer s t u d i e s  us ing  

60-100 MeV pro tons ,  s t u d i e s  of ( 3 ~ e  ,n-) production 

a t  energ ies  of 150-225 MeV, and 7 ~ i - i n d u c e d  r e a c t i o n s  

on 9 3 ~ b .  The t a r g e t  s t a t i o n s  l oca t ed  along t h e  beam 

l i n e  i n  t h i s  a r e a  inc lude :  (a )  an i n - a i r ,  s o l i d -  

t a r g e t ,  charged-par t ic le  i r r a d i a t i o n  f a c i l i t y ,  (b) an 

automatic  beam degrader  followed by a general-purpose 

s t a t i o n  used f o r  (c )  r a d i o  i od ine  product ion ,  o r  (d) a  

quick-change, in-vacuum, s o l i d - t a r g e t  i r r a d i a t i o n  s t a -  

t i o n .  The i n - a i r  i r r a d i a t e d  t a r g e t s  can be t r an s -  

por ted  from t h e  i so tope  production room t o  t h e  

chemistry t r a i l e r  i n  about 5 s e c  us ing  a pneumatic 

rap id- t ranspor t  system. 

The radiochemistry t r a i l e r  has been used exten- 

s i v e l y  i n  t h e  p a s t  year  f o r  a  number of radiochemical  

experiments and s t u d i e s .  The f a c i l i t i e s  have a l s o  

been used f o r  r a d i o a c t i v e  source  p r epa ra t i on  and re-  

c o i l  t r a c k  e tch ing .  The decay spectroscopy t r a i l e r  

is  equipped f o r  a-, B- o r  y-ray counting us ing  va r i ous  

Ge(Li) d e t e c t o r s ,  a  KEVEX x-ray d e t e c t o r ,  and s u r f a c e  

b a r r i e r  d e t e c t o r s .  Data a c q u i s i t i o n  is wi th  e i t h e r  

t h e  Canberra 8180 o r  Nuclear Data 50/50 4096 channel  

ana lyzers .  A new a c q u i s i t i o n  f o r  t h e  o f f - l i n e  fa-  

c i l i t y  is  a vacuum d e t e c t o r  s t a t i o n  f i t t e d  wi th  i t s  

own d i f f u s i o n  pump and Freon r e f r i g e r a t o r .  

Beam Swinger Faci l i ty  

I n s t a l l a t i o n  of t h e  beam swinger f a c i l i t y  f o r  

neutron t ime-of-f l ight  experiments was completed i n  

mid-February 1979, and t h e  f i r s t  experiments were 

performed on schedule i n  l a t e  February. These 

experiments used a smal l  h u t  housing t h e  neut ron  

d e t e c t o r  and e l e c t r o n i c s  l oca t ed  a t  about  70 meters  

from t h e  t a r g e t  on t h e  0'-26' neu t ron  f l i g h t  l i n e .  

A second hu t  and t he  24'-50' neu t ron  f l i g h t  l i n e  were 

completed and used f o r  experiments  i n  l a t e  October. 

This  hu t  i s  l a r g e  enough t o  accommodate 1 meter by 

1 meter neut ron  d e t e c t o r s  and a s soc i a t ed  e l e c t r o n i c s .  

An a d d i t i o n a l  l a r g e  hu t  and t he  48'-74' f l i g h t  l i n e  

a r e  planned f o r  completion by summer of 1980. 

160 cm Scattering Chamber 

A commercial o i l - f r e e  vacuum roughing system ( a  

Varian 2-stage "Megasorb" s o r p t i o n  u n i t )  was i n s t a l l e d  

i n  l a t e  s p r i n g  of 1979. This  system, which i nco rpo ra t e s  

au tomat ic  va lv ing  and bakeout c o n t r o l s ,  a l lows  r e l a -  

t i v e l y  r ap id  and convenient  vacuum cyc l i ng  of t h e  2m3 

chamber volume r epea t ed ly  (up t o  6 t imes)  between bake- 

o u t  of t h e  molecular  s i eve .  

A coax i a l  i n - l i n e  c ryo t r ap  cooled by a 1 W  He re -  

f r i g e r a t o r  was r e c e n t l y  i n s t a l l e d  i n  t h e  en t r ance  beam 

l i n e  t o  provide  some degree  of i s o l a t i o n  between t h e  

supposedly c l ean  (o i l - f r e e )  chamber and t h e  d i f fu s ion -  

pumped beam l i n e .  Eva lua t ion  of  t h e  e f f e c t i v e n e s s  of 

t h i s  c ryo t r ap  must awai t  a  thorough c l ean ing  of t h e  

chamberlbeam dump system which ha s  i t s e l f  become 

contaminated through pe r i od i c  use  a t  t imes when t h e  

o i l - f r e e  roughing and/or  high-vacuum cryopumping sys-  

tem was out-of-order . 
The microprocessor-based e l e c t r o n i c  remote-control 

module f o r  t h e  new stepping-motor d r i v e s  and a b s o l u t e  

shaf t -angle  encoder readouts  of a l l  chamber motions 

( d e t e c t o r  arms, t a r g e t  p o s i t i o n ,  t a r g e t  angle)  was as -  



sembled and t e s t e d  o f f - l i n e  i n  1979. The mechanical b a r r i e r  AE d e t e c t o r s  i n t e r n a l l y ,  were t e s t e d  and used 

i n t e r f a c i n g  of t h e  new motors and encoders  was de- i n  s e v e r a l  experiments .  F u r t h e r  improvements were 

s igned  and f a b r i c a t i o n  is underway. I n s t a l l a t i o n  of made t o  t h e  i n d i v i d u a l  d e t e c t o r  h o l d e r s  by t h e  rep lace-  

t h e  new chamber c o n t r o l  system, however, is expected ment of t h e  u s u a l  indium e l e c t r i c a l  c o n t a c t s  w i t h  

t o  be p o s s i b l e  on ly  a f t e r  complet ion of t h e  p ion  copper f o i l s ,  h e l d  i n  p l a c e  by a  gold p l a t e d ,  s p r i n g  

spec t rograph  mechanical  i n s t a l l a t i o n ,  sometime dur ing  loaded compression assembly. This  new d e t e c t o r  h o l d e r ,  

t h e  summer of 1980. 

Target Laboratory 

During 1979 t h e  t a r g e t  l a b  s u p p l i e d  an es t imated  

90% of t h e  t a r g e t s  used a t  IUCF. A new d r y - s e t t l i n g  

and p r e s s i n g  technique was developed f o r  very  t h i n  

binder-supported t a r g e t s  and 2-25 mg/cm2 t h i c k  unsup- 

por ted  t a r g e t s .  The method is  m a t e r i a l  c o n s e r v a t i v e  

Nat Nat and has been used t o  produce t a r g e t s  of S, C ,  

12&13c, 151&153EU 0 1 4 8 6 1 5 4 ~ ~  0 1836186W03, CaHP04, 
2 3' 2 3' 

and Melamine. Other t a r g e t s  f a b r i c a t e d  dur ing  t h e  p a s t  

y e a r  were: CD2, 6h7~ i ,  7 ~ i ~ ,  7 ~ i ~ 1 ,  I ~ B ,  A l N ,  A1203 

2 4 & 2 5 ~ ~ ,  2 8 ~ i ,  4 0 c a ,  54 56&57~, ,  5 8 ~ 5 ,  59co, 9 2 ~ ~ ,  

1 0 7 ~ g ,  l12sn ,  La, 141pr,  1 5 9 ~ b ,  1 6 5 ~ 0 ,  1 8 5 ~ e ,  1 6 9 ~ m ,  

171yb, 195 196pt, 207&208pb, 2 0 9 ~ i .  

The most n o t a b l e  improvement t o  t h e  l a b  was t h e  

modi f ica t ion  and hook-up of a  10 kV, 500 mA DC/6V, 33A 

AC power supply f o r  high-vacuum evapora t ions  us ing  

e l e c t r o n  beam guns. 

Del ivery on a  two work s t a t i o n ,  double- length 

glovebox wi th  a  closed-loop argon p u r i f i c a t i o n  system 

i s  expected i n  e a r l y  March of 1980. 

Hyper-Pure Germanium Detector Telescope System 

Development of t h e  hyper-pure germanium d e t e c t o r s  

h a s  cont inued w i t h  t h e  o b j e c t i v e  of measuring t h e i r  

p r o p e r t i e s  and improving t h e i r  r e l i a b i l i t y  and reso-  

l u t i o n  i n  our  environment. The mechanical modifica- 

t i o n s  t o  t h e  c r y o s t a t s  descr ibed  i n  l a s t  y e a r ' s  annual  

r e p o r t ,  i n c l u d i n g  t h e  a b i l i t y  t o  mount s i l i c o n  sur face-  

designed by t h e  d e t e c t o r  group headed by D r .  R. Peh l  

a t  t h e  Lawrence Berkeley Laboratory a t  our  r e q u e s t ,  

h a s  allowed us  t o  annea l  t h e  d e t e c t o r s  a t  temperatures  

g r e a t e r  than 1 2 0 ' ~  wi thout  f e a r  of s o f t e n i n g  o r  melt- 

i n g  t h e  e l e c t r i c a l  c o n t a c t s .  I n  a d d i t i o n ,  a  ded ica ted  

p o r t a b l e  vacuum system, c o n s i s t i n g  of a  s o r p t i o n  pump 

f o r  roughing and a  6" cryopump and i o n  pump f o r  h igh  

vacuum, was c o n s t r u c t e d  and used t o  p rov ide  a  c r y o s t a t  

vacuum i n  t h e  low m i c r o t o r r  range d u r i n g  experiments .  

I n  a l l ,  8  i n t r i n s i c  germanium d e t e c t o r s  ranging i n  

t h i c k n e s s  from 1 t o  15  mm (each of 450 mm2 a r e a )  were 

used i n  10 experiments  d u r i n g  t h e  l a s t  y e a r .  The re -  

s u l t s  of some of t h e s e  experiments  a r e  d i scussed  i n  

t h e  s c i e n t i f i c  s e c t i o n  of t h i s  r e p o r t .  

De tec tor  r e l i a b i l i t y  and l i f e t i m e  were consider-  

a b l y  improved by s t o r i n g  and handl ing  them i n  an argon 

gas atmosphere. As r e p o r t e d  l a s t  y e a r ,  t h e  most 

common f a i l u r e  mode f o r  t h e  d e t e c t o r s  is t h e  develop- 

ment of h igh  leakage  c u r r e n t s  (> 5 nA) a s  b i a s  i s  

a p p l i e d ,  r e s u l t i n g  i n  poor d e t e c t o r  r e s o l u t i o n .  When 

t h i s  happens, t h e  normal procedure has  been t o  warm 

t h e  d e t e c t o r  t o  1 0 0 ' ~  f o r  about  an hour ,  a f t e r  which 

t h e  leakage c u r r e n t  r e t u r n s  t o  normal (< 0.2 nA). I f  

t h i s  procedure f a i l s ,  t h e  d e t e c t o r  i s  r e t u r n e d  t o  D r .  

Pehl  f o r  r e p a i r .  T e s t s  were conducted i n  t h i s  l abora-  

t o r y  t o  determine t h e  e f f e c t  of s t o r i n g  t h e  d e t e c t o r s  

i n  v a r i o u s  gases .  A d e t e c t o r  was i n i t i a l l y  hea ted  

u n t i l  i t s  V - I  c h a r a c t e r i s t i c s  were a c c e p t a b l e ,  a s  

shown i n  curve 1 of Fig.  2 .  The d e t e c t o r  was then 

warmed t o  room tempera ture ,  t h e  c r y o s t a t  b a c k f i l l e d  
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DETECTOR BIAS (- VOLTS ) 

Figure 2. Germanium detector leakage current as func- 
t i o n  of bias vo Ztage ( V - I  character is t ic)  a f t e r  baking 
a t  2 0 0 ~ ~  for clean-up (curve I ) ,  and a f t e r  backfiZZing 
of cryostat with room a i r  (curve Z ) ,  nitrogen (curve 31, 
he Zium ( c u ~ v e  4 )  and argon (curve 5). 

w i th  t h e  t e s t  gas ,  and then repumped (without  hea t i ng )  

and cooled t o  LN temperatures.  The r e s u l t i n g  V - I  

curves a f t e r  b a c k f i l l i n g  t he  c r y o s t a t s  wi th  room a i r  

o r  n i t r ogen ,  helium and argon gases  ( a l l  r e s ea r ch  

grade p u r i t y )  a r e  g iven  a s  curves 2,  3 ,  4 and 5 ,  

r e spec t i ve ly ,  i n  Fig. 2. I n  each case ,  t h e  V-I curve 

p r i o r  t o  b a c k f i l l i n g  w i th  t h e  t e s t  gas was made t o  

look s i m i l a r  t o  curve 1 by r ehea t i ng  t h e  d e t e c t o r s .  

The r e s u l t s ,  dup l i c a t ed  f o r  two d i f f e r e n t  d e t e c t o r s ,  

show t h a t  t h e  on ly  environment which l e f t  t h e  V - I  

c h a r a c t e r i s t i c  unchanged was t h e  argon gas.  Since 

we have been handl ing  t he se  d e t e c t o r s  i n  argon ga s ,  

they have gone through t h e  year  (and 10 experiments)  

wi th  no d e t e c t o r  f a i l u r e s  o t h e r  than those  caused by 

c r y o s t a t  vacuum f a i l u r e s .  

The d e t e c t o r s  on hand a t  IUCF a r e  a l l  t ransmiss ion  

mounted, al though n o t  a l l  d e t e c t o r s  a r e  t r u l y  t r an s -  

mission-type d e t e c t o r s  wi th  ion-implanted con t ac t  

su r f ace s .  Severa l  d e t e c t o r s  w i th  t h e  u sua l  l i t h i u m  

con t ac t  a r e  on hand and used a s  s topping  d e t e c t o r s .  

There was some concern over  t h e  r a t e  of l i t h i u m  d r i f t  

and t h e  r e s u l t a n t  i nc r ea se  i n  depth  of t h e  l i t h i u m  

l a y e r  i n  t he se  d e t e c t o r s ,  p a r t i c u l a r l y  i n  view of  t h e  

h a b i t  of s t o r i n g  them a t  room temperature and annea l ing  

them a t  temperatures of  1 4 0 ' ~  f o r  recovery from rad ia -  

t i o n  damage o r  f o r  s u r f a c e  clean-up. One such 10  mm 

d e t e c t o r  had been used f o r  t h r e e  yea r s  and had been 

annealed many t imes.  More r e c e n t l y ,  two 15  mm deep 

lithium-backed d e t e c t o r s  were de l i ve r ed  t o  IUCF. The 

depth of t h e  l i t h i u m  con t ac t  s u r f a c e  of t h e s e  t h r e e  

d e t e c t o r s  was measured by an X-ray a t t e n u a t i o n  tech- 

n ique  us ing  a 1 5 3 ~ d  source ,  i n i t i a l l y  when t h e  new 

d e t e c t o r s  a r r i v e d  and aga in  a f t e r  t h e  new d e t e c t o r  

had accumulated 250 hours of  annea l ing  t ime a t  about  

1 2 0 ' ~ .  The three-year  o ld  d e t e c t o r  had a l i t h i u m  

s u r f a c e  depth of 1.1 mm. The new d e t e c t o r s  a r r i v e d  

wi th  a l i t h i u m  s u r f a c e  depth of about  0.6 mm, which 

increased  t o  about  1 .0  mm a f  t e r  t h e  250 hours  of 

anneal ing.  Hence, i t  appears  t h a t  t h e  l i t h i u m  con- 

t a c t  s u r f a c e  d r i f t s  r a p i d l y  t o  a depth  of about  1 mm, 

and then  slows down cons iderab ly  s o  t h a t  a f t e r  s e v e r a l  

yea r s  of use ,  t he  depth is  s t i l l  about  1 mm. These 

r e s u l t s  a r e  pre l iminary ,  and t h e  continued d r i f t i n g  

of t he se  con t ac t  s u r f a c e s  w i l l  be monitored a s  a 

f unc t i on  of accumulated annea l ing  time. The ion- 

implanted boron and phosphorous con t ac t  s u r f a c e s  of 

t h e  t ransmiss ion  d e t e c t o r s  were,  a s  expec ted ,  found 

t o  be unaf fec ted  by t h e  annea l ing  process .  

In-beam t e s t s  were conducted us ing  both  s i n g l e  

(15 mm) germanium d e t e c t o r s  and two-element d e t e c t o r  



t e lescopes  (2 mm s i l i c o n  AE d e t e c t o r  and a 15  mm 

germanium E d e t e c t o r )  t o  determine t h e  f a c t o r s  l i m i t -  

i n g  t h e  charged-par t ic le  energy r e so lu t i on .  60 MeV 

protons i nc iden t  on t h i n  carbon and gold ( 2 . 3  mg/cm2) 

t a r g e t s  were used t o  measure t h e  d e t e c t o r  c a l i b r a t i o n s  

and energy r e s o l u t i o n ,  r e spec t i ve ly .  The observed 

spectrum r e s o l u t i o n  of 58 keV FWHM f o r  e l a s t i c a l l y  

s c a t t e r i n g  pro tons  from gold de t ec t ed  i n  a  s i n g l e  

germanium d e t e c t o r  corresponds t o  a  d e t e c t o r  r e s o l u t i o n  

of l e s s  than 10  keV. However, t he  b e s t  spectrum 

r e s o l u t i o n  f o r  t h e  same t a r g e t  and beam f o r  t h e  two- 

element te lescope  was about 81  keV FWHM, which cor res -  

ponds t o  a  d e t e c t o r  t e lescope  r e s o l u t i o n  of about 40 

keV. The reason f o r  t h i s  unexpectedly worse r e s o l u t i o n  

f o r  t h e  te lescopes  is  no t  known. With t h i s  t e lescope  

arrangement we a l s o  found t h a t  t h e  energy c a l i b r a t i o n  

was d i f f e r e n t  f o r  d i f f e r e n t  r e a c t i o n  products  f  ram 

t h e  source t a r g e t  and i n  a  d i r e c t i o n  oppos i t e  t o  t h a t  

which would be caused by a dead l a y e r  i n  e i t h e r  de- 

t e c t o r .  Specula t ion  f o r  t h e  cause of t h i s  e f f e c t  is 

a pos s ib l e  energy o r  penetrat ion-depth dependent charge 

c o l l e c t i o n  e f f i c i e n c y  of t h e  s i l i c o n  o r  germanium de- 

t e c t o r s  r e s u l t i n g  from c r y s t a l  impur i t i e s .  This  e f f e c t  

was observed and reported1 f o r  s i l i c o n  d e t e c t o r  t e l e -  

scopes a t  lower ene rg i e s ,  and w i l l  be t h e  s u b j e c t  of 

cont inu ing  s tudy  here .  I n  gene ra l ,  t h e  energy reso lu-  

t i o n  of germanium te lescopes  a t  IUCF is  about  0.1% of 

t h e  beam energy. 

The cu r r en t  inventory  of i n t r i n s i c  Ge d e t e c t o r s  

a t  IUCF now c o n s i s t s  of one 1 mm, two 10 mm and two 

15 mm deep t ransmiss ion  d e t e c t o r s ,  and one 10 mm and 

two 15 mrn deep lithium-backed d e t e c t o r s .  These de- 

t e c t o r s  a r e  a v a i l a b l e  f o r  use  by any IUCF use r  group. 

However, advance n o t i f i c a t i o n  of t h e i r  in tended  use 

must be given be fo r e  they w i l l  be r e l e a sed  t o  t h e  

u s e r ( s )  . 

1 )  Comparative Pulse-height  Anomaly f o r  Protons and 
Alpha-par t ic les  i n  S i l i c o n  Surface B a r r i e r  Detec tors ,  
K.W. Kemper and J . D .  Fox, N I M  105, 333 (1972). 

Fu ture  F a c i l i t i e s  

Pion Spectrograph System 

Engineering des ign  work on t h e  QQSP pion spec- 

t rographl  and i t s  suppor t  system was completed dur ing  

1979, and s i g n i f i c a n t  p rogress  was made on t h e  f a b r i -  

c a t i o n  of t he se  components. The suppor t  system w i l l  

be de l i ve r ed  t o  IUCF i n  e a r l y  February 1980 and 

f ac to ry  acceptance t e s t s  of t h e  spectrograph magnet 

system a r e  scheduled f o r  mid-March 1980. 

It was necessary t o  rework t he  o r i g i n a l  mechani- 

c a l  des ign  of t h e  en t rance  quadrupole magnet exten- 

s i v e l y  t o  permit  t h e  use  of an e x t e r n a l  beam dump 

a t  r e l a t i v e l y  forward angles .  I n  t he  l a t e s t  design 

t h e  beam can be t r an spo r t ed  t o  an e x t e r n a l  dump f o r  

s c a t t e r i n g  angles  g r e a t e r  than 22'. The system has 

been designed t o  permit  e x t r a c t i o n  of t h e  beam through 

an a p e r t u r e  i n  t h e  yoke of t h e  d ipo l e  wi th  t h e  system 

pos i t i oned  t o  a l low measurements between 0' and l o 0 .  

It is  a l s o  p o s s i b l e  t o  make measurements a t  s c a t t e r -  

i n g  angles  between 170' and 180'. 

S u b s t a n t i a l  p rogress  has  been made i n  cons t ruc t -  

i ng  t h e  beam l i n e  branch and beam dump f o r  t h e  spec- 

t rograph.  It is  a n t i c i p a t e d  t h a t  t h e  e n t i r e  system 

w i l l  be ready f o r  i n i t i a l  use i n  experiments i n  e a r l y  

summer, 1980. 

1) IUCF Techn. and Sc ien t .  Report 1977, p. 23 and 
1978, p. 158. 

Drift  and Mu Ztiwire ProportionaZ Chamber 

Deve Zopment 

A s  descr ibed  i n  the  1978 IUCF Techn. and Sc i en t .  

Report ,  the  development of v e r t i c a l  wi re  d r i f t  cham- 

b e r s  (VWDC) began i n  l a t e  1977. Design and construc-  

t i o n  of t h e  VWDC were completed i n  1978. I n i t i a l  


