
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  



high-voltage breakdown problems wi th  t he  chamber 

were overcome and in-beam t e s t s  have begun. 

The f i r s t  beam t e s t s  were ca r r i ed  out  i n  t he  

f o c a l  plane of t he  QDDM spectrograph and confirmed the  

i n t r i n s i c  r e so lu t ion  of t he  chamber t o  be adequate f o r  

our app l i ca t ion .  However, no d e f i n i t e  f i g u r e  f o r  the  

opera t ing  r e so lu t ion  is  ava i l ab l e  a t  t h i s  time s i n c e  

software and hardware conf igura t ions  have not  been 

f i n a l i z e d .  

Tes ts  a r e  cu r r en t ly  be ing  conducted i n  a p a r a s i t i c  

mode i n  t he  spectrograph v a u l t ,  looking a t  protons 

s c a t t e r i n g  out  of t h e  beam l i n e  a t  a  momentum-analysis 

s l i t .  The t e s t s  a r e  being conducted with prototype 

e l ec t ron ic s  which reads out  only 116 of the  de t ec to r  

a rea .  The chamber e l e c t r o n i c s  is  in t e r f aced  t o  a 

da t a  acqu i s i t i on  computer v i a  CAMAC. The goals  of 

the  p a r a s i t i c  t e s t s  a r e :  

1 )  t o  observe opera t ing  c h a r a c t e r i s t i c s  of t he  

chamber and associa ted  e l e c t r o n i c s ,  

2) t o  determine optimum chamber opera t ing  vol tage  

and e l e c t r o n i c  threshold  s e t t i n g s ,  

3) t o  evalua te  t he  counting e f f i c i ency  of the  chamber 

a t  various da t a  r a t e s ,  and 

4)  t o  accumulate real- t ime,  unprocessed da t a  on mag- 

n e t i c  tape  f o r  l a t e r  software development. 

The software now i n  use ca l cu l a t e s  a p a r t i c l e ' s  

pos i t i on  and angle of incidence with a processing time 

of Q, 1 mill isecond/event .  Even though s t reaml in ing  of 

the  software can decrease processing time by up t o  a 

f a c t o r  of two, a  number of program enhancements t o  be 

added t o  t he  f i n a l  ve r s ion  w i l l  very l i k e l y  o f f s e t  t h i s  

gain. 

A 

(MWPC) 

on t h e  

1979. 

prototype of t h e  mult iwire propor t ional  chamber 

t o  replace  t he  present  h e l i c a l  wire chamber used 

QDDM spectrograph was designed and t e s t ed  i n  

The f i r s t  MWPC constructed d id  not  opera te  

properly because of var ious  

the  chamber design is being 

these  problems. Bench t e s t  

begin i n  May of 1980. 

f a b r i c a t i o n  f a u l t s  and 

modified t o  e l iminate  

on a new MWPC should 

Po Zarized Neutron Beam Faci Zity 

Planning, design and component procurement f o r  

1 t h e  polar ized  neutron production f a c i l i t y  progressed 

during 1979. The ion  o p t i c s  of t h e  beam t r anspor t  

system f o r  t h e  incoming and outgoing polar ized  proton 

beams ( t o  t h e  LD2 t a r g e t  and t o  t h e  beam dump) was 

ca lcula ted .  A l l  s p e c i a l  d ipo le  and quadrupole magnets 

f o r  t h e  system were designed and placed on order  i n  

August. The He r e f r i g e r a t o r  wi th  hydrogen conden- 

s e r  f o r  t he  LD2 t a r g e t  was rece ived  l a t e  i n  1979. 

The t a r g e t  c e l l  system and a s soc i a t ed  vacuum enclos-  

ure ,  mechanical supports  (with t a r g e t  motion capa- 

b i l i t y ) ,  D2 gas handling system and t a r g e t  s a f e t y  and 

f a i l u r e  recovery systems a r e  being designed. Cm- 

s t r u c t i o n  of t h e  proton beam l i n e  up t o  t h e  LD2 t a r -  

ge t  is planned t o  commence i n  e a r l y  f a l l  of 1980, 

fol lowing i n s t a l l a t i o n  of t he  QQSP pion spectrograph.  

1 )  IUCF Techn. and Sc i en t .  Report 1978, p. 159 

ProposaZ for a N e w  Spectrograph for IUCF 

Research began a t  IUCF i n  1976 with a spectrograph 

( t h e  QDDM) assembled a t  modest cos t  by convert ing an 

o lde r  magnet from the  Univers i ty  of Chicago cyclo t ron  

t o  h igher  resolv ing  power over a l imi t ed  momentum b i t e .  

Although t h i s  instrument has  been r a t h e r  succes s fu l  

i n  explor ing  numerous s c a t t e r i n g  and r e a c t i o n  pheno- 

mena i n  t he  IUCF energy range, and has  achieved 

r e so lu t ion  c lo se  t o  t he  des ign  l i m i t  (e .g. ,  35 keV 

a t  100 MeV, 50 keV a t  135 MeV, 70 keV a t  160 MeV have 

been r epo r t ed ) ,  i t  can be recognized a s  t h e  l i m i t i n g  



Table 111. IUCF Spectrograph Spec i f i ca t ions  

Maximum Rigid i ty  (Tesla-meters) 

Energy Factor (K = A E / Q ~  MeV) 

Pmax/Pmin 

Resolving Power p/ Ap 

Sol id  Angle (mi l l i s t e r ad . )  

Dipole Mass ( tons)  

C i r c l e  Radius (meters) 

Dispersion Match? 

Angular Range; External  Beam Stop 

I n t e r n a l  Cup 

Detector: Length (cm) 

# of Pos i t i on  Parameters 
Required Spec t r a l  
Resolution (mm) 

f a c t o r  i n  many experiments. A p a r t  of 

QDDM 
(1975) 

2.25 

240 

1.03 

Yes 

t h e  planning 

f o r  IUCF has  included t h e  i n s t a l l a t i o n  of a s t a t e -  

of-the-art spectrograph b e t t e r  matched t o  t h e  accele-  

r a t o r  performance c h a r a c t e r i s t i c s  and t h e  research 

c h a r a c t e r i s t i c s  and t h e  research  needs of t he  IUCF 

user community. A p o l l  of our users  conducted two 

years  ago i d e n t i f i e d  a high-performance spec t ro-  

graph a s  t he  h ighes t -p r io r i t y  need f o r  f u t u r e  I U C F  

research instrumentat ion.  Our a t t e n t i o n  i n  t he  pas t  

18 months has been d iver ted  by t h e  procurement and 

s t a r t u p  of a much smal ler  magnet ( t he  QQSP) f o r  

threshold pion s t u d i e s ;  however, we have now assembled 

a l o c a l  working par ty  which has produced a t e n t a t i v e  

design s p e c i f i c a t i o n  shown i n  Table 111 below. A design 

which comes c lo se  t o  meeting these  s p e c i f i c a t i o n s  is 

under a c t i v e  cons idera t ion .  

The working par ty  w i l l  be seeking advice on 

QQSP Proposal 
(1979) (1983) 

1.6 1.15 @ 80 MeV 
1.06 @ 200 MeV 

1,000 35,000 @ 200 MeV 
14,000 @ 80 MeV 

30 5 (10 a t  lower r e so lu t ion )  

2 0 ( e s t .  150) 

2.4 7(5 f o r  second magnet, on oppos i te  
s ide )  

No Yes 

design parameters and would a l s o  welcome ind ica t ions  

of i n t e r e s t  i n  a c t i v e  p a r t i c i p a t i o n  i n  t he  spec t ro-  

graph p ro j ec t .  A number of elements of t he  i n s t ru -  

ment might wel l  be s t  be proposed by and funded t o  

user  groups a s  a home-based instrumentat ion p ro j ec t  

t o  be brought t o  IUCF and incorporated i n t o  t he  f i n a l  

device. We in tend t o  prepare a funding request  f o r  

submission by about Apr i l  1980. 

Note t h a t  t h e  proposed spectrograph aims f o r  

10 keV resolv ing  power over a 20 MeV energy b i t e  

f o r  energies  from 80 t o  200 MeV and can bend a l l  reac-  

t i o n  products i n  t he  IUCF range except t r i t o n s  from t h e  

( 3 ~ e ,  t )  r eac t ion  a t  f u l l  energy. A 200 cm rad ius ,  16 

ki logauss f i e l d  magnet can j u s t  meet both t hese  re-  

quirements. Anything smaller  compromises both resolu- 

t i o n  and r i g i d i t y ;  anything l a r g e r  cannot be accom- 

modated wi th in  t he  e x i s t i n g  experimental a rea .  An i m -  



portant element in the design is to allow space opposite 

to the high resolution magnet for a future second 

magnet of larger solid angle and momentum bite, but 

smaller resolution and rigidity for particle-particle 

correlation studies. 


