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' PROJECT ABSTRACT 

During t h e  c o n t r a c t  year  progress  was mad.e i n  da t a  a n a l y s i s  

of a number of ANL-ZGS experiments: E-418, P o l a r i z a t i o n  i n  

Large Angle n-p E l a s t i c  Sca t t e r i ng  a t  2, 3 ,  and 6 GeV/c ;  E-407, 

Depolarizat ion i n  pp+pN* a t  6 GeV/c; E-425, Ann i n  n-p E l a s t i c  

Sca t t e r i ng  a t  6 GeV/c; E-434, Am, A, and doT i n  p-p Sca t t e r i ng  

from 1-12 GeV/c;E-460, AoT i n  p-n Sca t t e r i ng  from 1-2.5 GeV/c: 

+ and E-462, Spin.Asymmetries i n  pp+p.rr n  from.1-2 GeV/c. Three 

pub l ica t ions  w e r e  made dur ing t h e  year .  

I n  add i t i on ,  three new experiments w e r e  undertaken and com- 

p l e t ed  a t  t h e  ZGS:. E-445, A s y m m e t r i e s  i n  I nc lu s ive  Pion Production , 

with a  Polar ized  Beam and Target: E-460, Measurement of AoT i n  

p-d and p-p Sca t t e r i ng  from 1-2.5 GeV/c; E-462,  Po l a r i za t i on  

+ A s y m m e t r i e s  i n .pp+pr  n .  from 1 .2-2 .0  GeV/c. 

During t h e  year  d e u t e r a t e d  samples here po la r ized  i n  PPT V I  

and t h e  improvements necessary i n  t h e  NMR system t o  d e t e c t  t h e  

f r e e  deuteron p o l a r i z a t i o n  were made. PPT V I  was disassembled 

a t  Argonne and t ranspor ted  t o  t h e  Bonner Labs a t  R i c e  t o  be re -  

assembled and improved f o r  use i n  f u t u r e  experiments. 

Our group has entered  i n t o  a  j o i n t  e f f o r t  wi th  t h e  Univers i ty  

of Michigan, Yale Univers i ty ,  Argonne National  Laboratory (ARF 

D iv i s ion ) ,  and Brookhaven National  Laboratory t o  implement an 

acce l e r a t ed  po la r ized  beam a t  t h e  AGS. I n  add i t i on ,  our  col labora-  

t i v e  proposal  t o  bu i l d  a  po la r ized  beam f a c i l i t y ,  E-581, was 

approved a t  ' ~ e r m k l a b .  
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EXPERIMENTS IN HIGH ENERGY PHYSICS 

During the. 'past year data analysis from five past experi- 

ments was continued and several efforts were completed, result- 

ing in three publications. 

Intensive efforts by all the Rice Group at ZGS occupied 

most of the past year. Three new experiments (E-445, E-460, 

and E-462) were started and completed during the year and new 

data was taken on several experiments started earlier. All but 

one of the experiments employed both .the polarized ZGS beam and the 

PPT VI system. ,One experiment employed polarized deuterium in 

the 'PPT. Another experiment (E-.462) was carried' out in colla- 

boration with an ANL group using only the polarized beam. We believe . 

that the principal scientific highlights of this effort will be 

contributions. to.understanding the possibility of nucleon-nucleon 

resonances. 

After the shutdown of ZGS (October 1, 1979), efforts 'to move 

the PPT to Rice were commenced and preparations for further 

polarization research at Brookhaven National Laboratory and 

Fermilab were intensified. 

The following discussion summarizes the work during the 

past year on the topics 

A. Spin Dependence of the Nucleon-Nucleon Interaction 
, 

B. Instrumentation 

C. Theory 

For each topic, the title and [ZGS experiment number] is listed. 

A. wn ------ Dependence. of the ~ucleon-~~cle&n Interaction - 

1. Depolarization in pppN* at 6 GeV/c [E-4071 

Preliminary data have been presented ' which dramatically 
+ illustrate the dominance of pion exchange in small-t A pro- 

duction, and we.expect the final results to be submitted for 

publication before the end of this contract year. 

' J. B. Roberts, "The ZGS Polarized Beam Program, " History 
of the ZGS Symposium, APP Conference proceedings to be 

published. 



2. Asymmetries in Inclusive p-nucleon Scattering at 11.75 

GeV/c [E-4081 

The final data on asymmetries in p+p+n', K', p+anything 

have been published. 

'w. H. Dragoset elt aR. ,  Phys. Rev. P I  8 ,  3939 (1.978) . 
3. PolariZation in Large Angle! -- - p-rl E:lastic Scattering [.E-4181 

The analysis of the data of the Minnesota-Rice-Argonne 

collaboration on the polarization in large angle neutron-proton 

scattering has been completed, and a letter will be submitted 

shortly for publication. The data, which cover.the full angu- 

lar distribution at 2, 3, and 6 GeV/c are shown in'J?igs. lr2t3. 

The agreement is good with the earlier small-t data of Diebold 

elt a&. ' at '2 and 3 GeV/c, but there is some disagreement at 

6 GeV/c. Although our data at small-t are subject to greater. 

systematic error than the large-t data, we can find nothing 

obviously wrong at 6 GeV/c and will stand by the result. The 

most striking result is that the large angle polarization para- 

meter is large and increases with energy up to 6 GeV/c, contrary 

to its behavior'at small-t. 

R. E. Diebold ex  a&., Phys.Rev.Lett. 3 5 ,  632 (1975). 

4.. Measurement of A and Ann in n-p and p-p Elastic Scattering 

at 6. GeVm [E-4251 - 
E-425 which ran in November-December 1978, measured the 

spin parameters A and Ann in n-p and p-p elastic scattering. 

The experiment utilized a 12 GeV/c transversely polarized deuteron 

- beam, which provided 6 GeV/c polarized neutrons and protons in- 

cident on a polarized proton target, PPT VI. Coincident n-p and 

p-p events,were detected with a double arm spectrometer.to ensure 

clean (quasi-) elastic n-p events. The experiment covered a t 
2 range of 0.2 to 1.0 (GeV/c) . 
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A schematic of t h e  experimental  s e tup  i s  shown i n  Fig .  4 .  

The r e c o i l  pro tons  w e r e  measured wi th  a  convent ional  magnetic 

spectrometer  con ta in ing  s c i n t i l l a t i o n  coun te r s  and mul t iwire  

propor t ional .  chambers. (.MWPCs) . The. s c a t t e r i n g  ang les  of t h e  

neutron (o r  proton)  were measured wi th  a  neut ron  d e t e c t o r , s y s -  

t e m .  The d e t e c t o r  cons i s t ed  of (1) a 2Lrad l e ad  p l a t e ,  ( 2 )  a  

ve to  s c i n t i l l a t o r ,  ( 3 )  two 1 "  b r a s s  p l a t e s ,  ( 4 )  t r i g g e r  sc in-  

t i l l a t o r s ,  and (5)  MWPCs. A neutron i n c i d e n t  on t h e  b r a s s  

produces charged p a r t i c l e ( s ) ,  which a r e  observed by t h e  sc in-  

t i l l a t o r s  and MWPCs. These a r e  used t o  determine t h e  neutron's 

conversion ve r t ex  i n  t h e  b r a s s ,  which i s  t r a c e d  back t o  t h e  

t a r g e t  t o  g e t  t h e  neut ron ' s .  s c a t t e r i n g  angles .  . . 

The l e ad  p l a t e  converted photons. which w e r e  tagged 

by t h e ' v e t o  s c i n t i l l a t o r  along wi th  charged p a r t i c l e s .  A 

f r a c t i o n  of t h e  s p e c t a t o r  protons from t h e  deuteron w e r e  a l s o  

de tec ted  by a  downstream te lescope  t o  f u r t h e r  t a g  t h e  event .  

The running of  t h e  experiment was marred by poor RF s t r u c t u r e  

i n  t h e  beam due t o  t h e  nece s s i t y  of us ing  fi=l resonant  e x t r a c t -  

i on  t o  avoid an  unexpected depo la r i z ing  resonance. This  re-  

s u l t e d  i n  unacceptable a cc iden t a l  r a t e s  f o r  most of t h e  exper i -  

ment. These problems were even tua l l y  co r r ec t ed  and w e  w e r e  a b l e  

t o  c o l l e c t  15-20,000 n-p e l a s t i d  even t s  dur ing  t h e  l a s t  t e n  days 

of t he  run.  A c l e a r  neutron s i g n a l  was seen  i n  t h e  on- l ine  

ana ly s i s .  F ig -  5 , .whish  r ep re sen t s  10% of t h e  d a t a ,  i s  t h e  

opening angle  d i s t r i b u t i o n  (02-02calculated)  f o r  pro tons  and 

neutrons.  The neutrons and protons have d i f f e r e n t  peaks because 

t h e  protons a r e  ben t  t o  l a r g e r  ang les  i n  t h e  .PPT1s magnetic f i e l d .  

This  makes e2 ca lcu la , t ed  too  smal l ,  which i n  t u r n  o f f s e t s  t h e  

A Q 2  d i s t r i b u t i o n  t o  l a r g e r  va lues .  

.Design work on t h i s  experiment inc luded a  Monte Car lo  s tudy 

of t h e  neutron d e t e c t i o n  e f f i c i e n c y .  This  s tudy  wf;ich i s  p a r t  

of M. M. Ca lk in1s  M.A. t h e s i s ,  a l s o  i nd i ca t ed  a  3 . 7 %  neutron 

d e t e c t i o n  e f f i c i e n c y  and a  95% s i n g l e  t r a c k  topology wi th  t h e  

remainder being double t r a c t . e v e n t s .  

The a n a l y s i s ,  which i s  p a r t  of M. M. Ca lk in ' s  M.A. t h e s i s ,  

i s  now i n  progress  and should be completed e a r l y  nex t  year .  
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5. Measurement of Ann in p-p Elastic Scattering in the 1-3 GeV/c 

Region [E-4341 

In August and September 1978 we measured the spin para- 

meters A and Ann in p-p elastic scattering at nine different 

energies in the range plab=1.14-2.75 MeV/c. The measurements 

were made using the ZGS polarized proton beam and the Argonne 

PPT VI, and elastic 'events were detected with the E-434 double 

arm spectrometer. Full angular distributions of A and Ann were 

obtained at each energy. 

The analysis of these data is now in progress, and five out. 

of the nine energies have been analyzed as this report is being 

written, As examples, our results on the O-dependences of A 

and Ann atplab=2.25 GeV/c and on the energy dependence of< Ann 

(Ocm =90°) are shown in Fig. 6 and 7. The full analysis of . 

these data is expected to be carried out by early 1980. 

Our detailed measurements on Ann in this energy range will - 

provide valuable new input data for N-N phase shift analyses, 

and should help clarify the controversy regarding the existence 

of dibaryon resonances. We anticipate carrying out a phenomeno- 

logical analysis of these data in 1980. 

4 D. Besset elt aL., AIP Conf.Proc. 51, 424 (1979); H. B. 

Willard elt aL., AIP Conf .Proc. 51, 420 (.1979) ; D. .Miller 

elt at., Phys,Rev. P l 6 ,  2016 (1977); and A. Lin ex aR., 
Phys.Lett. 7 4 8 ,  273 (1978). 

- 

6. Measurement of AoT in p-p Scattering [E-434, E-4601. 

We have measured AoT in p-p scattering using PPT VI during 

August-September 1978 [E-4341 and August-September 1979 [E-4601. 

Our initial measurements at 1.2, 1.5, 1.75, 2.9, and 2.5 GeV 

made in E-395' indicated interesting sltr.ucture at about 2 GeV/c 

and possible.structure near 1.2 GeV/c. Our more recent measure- 

ments at the same and additional momenta (which are just now 

being analyzed) indicate more structure at the lower momenta 



Figure  6:  . A and Ann i n  p-p e l a s t i c  s c a t t e r i n g  
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Figure 7: Ann i n  p-p e l a s t i c  s c a t t e r i n g  a t  Ocm=900 



than w e  had previous ly  observed. Some of t he se  on- l ine  r e s u l t s  

a r e  shown i n  Fig.  8.. I n  p a r t i c u l a r ,  it appears  t h a t  t h e  E-395 

po in t  a t  1 . 2  GeV/c was low by 2-3 mb, and t h e  1.5 GeV/c po in t  

was a l s o  low. The h igher  momentum po in t s  seem t o  reproduce t o  

wi th in  e r r o r s .  We a r e  engaged i n  a  d e t a i l e d  s tudy of pos s ib l e  

systematic  e r r o r s ,  bu t  a l l  t h e  d a t a  taken with PPT V I  a r e  i n  

agreement t o  wi th in  on-l ine e r r o r s .  E-434 d a t a  po in t s  repeated  

i n  1979 during Et460 reproduce t o  wi th in  e r r o r s ,  a s  do E-460 

po in t s  repeated  wi th in  t h e  run, W e  expect  t h e  d a t a  t o  be analyzed 

and sys temat ic  e f f e c t s  t o  be s tud ied  by e a r l y  1980. 

There i s  a l s o  a co r r ec t i on  t o  doT due t o  Coulomb s c a t t e r i n g  

which i s  dependent on t h e  geometry of t h e  t ransmiss ion d e t e c t o r s ,  

because Ann and ASS a r e  unknown bu t  probably non-zero i n  t h e  

Coulomb-nuclear i n t e r f e r e n c e  region.  Ca lcu la t ion  of these  e f f e c t s  

depends on a knowledge of only p a r t i a l l y  known s t rong  amplitudes 

i n  t h i s  energy region,  and t he r e fo re  an  i t e r a t i v e  procedure must 

be used t o  es t imate  t h e  co r r ec t i ons .  Est imates have been made 

by watanabe6 f o r  both AoT and noL, and c o r r e c t i o n s  a s  l a r g e  

a s  2 rnb a t  t h e  lowest ZGS energ ies .  W e  a l s o  w i l l  a t tempt  t o  

analyze these  e f f e c t s  f o r . o u r  geometry w i t h  some t h e o r e t i c a l  

a s s i s t ance .  

W e  w i l l  perform a "second genera t ion"  experiment measuring 

AoT i n  f i v e  energy s t e p s  up t o  1 .5  GeV/c a t  LAMPF [E-5051 i n  

t h e  summer-fall of 1980. W e  b e l i eve  t h a t  t h e  very  high beam 

q u a l i t y  and very accurate .beam p o l a r i z a t i o n  measurement a t  LAMPF 

w i l l  considerably reduce t h e  sys temat ic  e r r o r s  i n  t h e  da ta .  We 

hope t he se  r e s u l t s  w i l l  he lp  reso lve  t h e  ques t ion  of t h e  ex i s tence  

of dibaryon resonances. 

%d. K. B ieger t  e.t a,&. ,  P h y s . I , e t t .  738,. 235 (1978).  

. ' %. Watanabe, Phys.Rev. D 7 9 ,  1022 (1979).  
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7. Measurement of Ann in p-p Elastic Scattering at 11.75 

GeV/c [E-4341 

In May of 1978 a Rice University-University of Houston 

collaboration measured the spin parameters A and Ann in p-p 

elastic scattering a t  small angles at plab=11.75 GeV/c, using 

the ZGS polarized proton beam, the Argonne PPT VI, and the 

E-434 double arm spectromete'r. The main motivation for this 

experiment was to provide input data for a model-independent 

amplitude analysis in p-p elastic scattering at 12 GeV/c. 

The analysis of these'data has now been completed and our 

final results are shown in Fig. 9. Our results are in good 

agreement with previous data7 and indicate that Ann is small 

and positive at small t. We expect to publish these results 

'together with our forthcoming 6 GeV/c data on Ann at small t 

[E-4251 . 

's. L. Kramer ex a[., Phys.Rev. 077, 1709 (1978); K. Abe 

ex a[., Phys.Lett. 638, 239 -(1976) . 

8. Asymmetries in Inclusive Pion Production'with a Polarized 

Beam and polarized Target [E-4451 

E-445, the measurement of spin-spin asymmetries in pion 

production at 11.8 GeV/c, was run March-April 1979. We studied 

only the rea.ction Q~+T-X at 90° C.M. as a function of pLt which 

simplified particle detection and the experimental procedure 

considerably. Large spin-spin asymmetries have been observed 

in p-p elastic scattering near 90° C.M. at 11.8 G~V/C' and 

large single-spin asymmetries are seen in pp+~Ox at pLd-2 GeV/c 

at 24 G~V/C.~ A study of spin-spin asymmetries in inclusive 

pion production in this same pl range thus seems quite compelling. 

although the large background 'intrinsic to such a measurement 

may place severe restrictions on the accuracy of the results. 
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The appara tus  c o n s i s t e d  bf a  $ ing le  arm magnetic spect ro-  

meter viewing t h e  PPT. The d e t e c t o r s  were. s c i n t i l l a t i o n  coun te r  

hodoscopes enabl ing  t h e  t ak ing  of t h e  necessary high s t a t i s t i c s  

without  w r i t i n g  excess ive  amounts.of magnetic tape.  The. IT- w e r e  

i d e n t i f i e d  by t h e  momentum and t i m e  of f l i g h t  .measurements, and 

t h e  backgrounds f rom.eF,  , and K- w e r e  n eg l i g ib l e .  Data were 

taken with t h e  t a r g e t  f l a s k  .empty and f i l l e d  wi th  dummy t a r g e t s  

a t  each magnet . - se t t ing  t o  he lp  determine t h e  C-CH sub t r ac t i on .  

Some s i g n i f i c a n t  asymmetries w e r e  observed o n - l i n e ,  and p rogress  

w i l l  be made on t h e  a n a l y s i s  of t h i s  d a t a  w i th in  t h e  coming year .  

: 'D. G .  Crabb ex ax., Phys.Rev.Lett. 

. 9 A I P  Conf.Proc. No. 51, p. 527 [ o r i g i n a l l y  presented  by 

J. Anti l le . ] . .  

9 .  Measurement of AoT i n  p-d S c a t t e r i n g  [E-4601 

W e  have measured AoT i n  p-d s c a t t e r i n g  us ing  t h e  ZGS 

po la r i zed  proton beam and a sample of f u l l y  deu te ra ted  ( 9 8 % )  

e thy lene  g lyco l  po la r i zed  i n  PPT V I ,  Some of t h e  on- l ine  re- 

s u l t s  a r e  shown i n  Fig .  1 0 .  

Measurements w e r e  made a t  seven momenta between 1.2 and 

2 . 5  GeV/c, wi th  both deuteron and proton samples po l a r i z ed  i n  

t h e  PPT, s o  t h a t  an  ident ical-geometry s u b t r a c t i o n  can be made 

t o  e x t r a c t  AoT f o r  p-n s c a t t e r i n g ,  and thus  by an  a d d i t i o n a l  

s u b t r a c t i o n  AoT ( I = O )  . The e x t r a c t i o n  of AoT ( I = O )  from AoT (pd) 

involves  c o r r e c t i o n s  due t o  shadowing and r e s c a t t e r i n g  which 

inc lude  t h e  r e a l  and imaginary p a r t s  of s e v e r a l  of t h e  pp and 

pn s c a t t e r i n g  amplitudes which a r e  unknown. The s u b t r a c t i o n  

of t h e  p-p p a r t i a l  c r o s s  s e c t i o n s  wi th  i d e n t i c a l  geometry a t  

l e a s t  e l im ina t e s  t h e  need f o r  Coulomb c o r r e c t i o n s  t o  f i r s t  o rde r ,  

This  e n t i r e  a n a l y s i s  i s  r a t h e r  d i f f i c u l t  and complex and w i l l  

c o n s t i t u t e  a doc to r a l  t h e s i s  f o r  James Les ikar .  

There have been i n d i c a t i o n s  from t h e  Aoi(pd) measurements 

of Auer ex ax. ' '  of i n t e r e s t i n g  s t r u c t u r e  i n  t h e  1=0 sp in-  

dependent c r o s s  s e c t i o n s  near  1 .5  GeV/c,  so  t h e  AoT(I=O) r e s u l t s ,  
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although difficult to obtain may prove to be of considerable 

interest. 

1°1. P. Auer, Nucleon-Nucleon Resonances, ANL-HEP-CP-79-64. 

10. Energy Dependent Study of pp+pnr+ Using Polarized Proton 

Beams [E-4621 

+ The inelastic reaction pp-+pn n was studied'at 1.2, 1.5, 

1.75, and 2.0 GeV/c using the ZGS polarized proton beam and 

the Effective Mass Spectrometer. The EMS contains a large 

solid angle spectrometer magnet and a vertex detector surround- 

ing the liquid hydrogen target. This system will allow the 

measurement of the density matrix elements and polarization 

correlations (including longitudinal and transverse spin cor- 
-+ 

relations) for p+p-+~c+n over the full range of A++ production 
angle (i.e., O0 to 180° in the center of mass) . 

The system was set to trigger rather loosely on final states 

with two charged particles. Off line analysis will identify 
+ pp+pr n events. Elastic scattering events will be used for solid 

angle and efficiency calibrations. Approximately 600,000 events 

per energy were accumulated during the experiment. Between 
+ 150,000 and 200,000 of these are expected to be pp-+pr n events. 

The running time was divided into approximately 75% transversely 

polarized beam and 25% longitudinally polarized beam. Summary 

data tapes have been prepared at Argonne, and the analysis of 

these tapes has begun at Rice. 

B. Instrumentation 

1. Computer Systems 
I 

There has been continuing work on the upgrading of both the 

data acquisition and analysis computer systems. Additional memory 

(65K.words) has been installed in the PDP 11/34 system and re- 

placement. memory (96K words) has been installed in the PDP 11/45 



system. An 8-input s e r i a l  mul t ip lexor  has  been ordered  t o  in -  

c r e a s e  u s e r  u t i l i z a t i o n  of t h e  a n a l y s i s  computer by a l lowing more 

t e r m i n a l s  t o  be i n s t a l l e d .  The f a s t e r  PDP 11/45 system i s  being 

moved from t h e  t r a i l e r  t o  t h e  Bonner Labst computer l o c a t i o n ,  

whi le  t h e  PDP 11/34 system i s  being i n s t a l l e d  i n  t h e  renovated 

t r a i l e r .  This  w i l l  a l low more r a p i d  d a t a  a n a l y s i s ,  w i th  s t i l l  

adequate d a t a - a c q u i s i t i o n  speed. A new c o n t r o l  panel  arrange-  

ment wi th  new f e a t u r e s  t o  b e t t e r  monitor d a t a  a c q u i s i t i o n  have 

been designed and i s  being i n s t a l l e d .  

2. P o r t a b l e  Laboratory Renovations 

The t r a i l e r  t h a t  has  been used ,by Bonner Labs f o r  s i x  y e a r s  

now has become r a t h e r  worn and requ i red  r e n o v a t i o n . .  This  nec- ' 

e s s a r y  work w a s  s t a r t e d  dur ing  t h e  c o n t r a c t  year .  I t  c o n s i s t s  

of  r e p a i r s  t o  t h e  c e i l i n g s ,  w a l l s ,  f l o o r s ,  and l i g h t i n g  f i x t u r e s .  

Af te r  t h e  renovat ions  t h e  computer changeout (see above) w i l l  

be c a r r i e d  o u t .  The new f l o o r  l ayou t  of  equipment i s  expected 

t o  improve t h e  e f f i c i e n c y  of  opera t ions .  

Control  f o r  NMR System of PPT VI.: Deuteron P o l a r i z a t i o n  

A paper,  "Microprocessor-Controlled Target  P o l a r i z a t i o n  Monitor" 

w a s  presented  a t  t h e  Topical  Conference on Computerized Data- 

Acqu i s i t ion  Systems i n  P a r t i c l e  and Nuclear Phys ics  which was 

he ld  i n  Sante  Fe, New Mexico on May 14-17, 1979. 

Modif ica t ions  t o  t h e  NMR system t o  enab le  de te rmina t ion  of 

t h e  deuteron  p o l a r i z a t i o n  w e r e  accomplished f o r  experiment E-460 

a t  t h e  Argonne ZGS. 

4 .  PPT Engineering 

The p o l a r i z e d  pro ton  t a r g e t  PPT V I  t h a t  w a s  b u i l t  j o i n t l y  

wi th  ANLand used s u c c e s s f u l l y  t h e r e  by t h e  Rice Group was moved 

t o  t h e  Bonner Labs dur ing  t h e  c o n t r a c t  yea r .  The committee 

(R.  Woods, Chairman) i n  charge of d i s p o s i t i o n  of  ZGS equipment 

t r a n s f e r r e d  custody of t h i s  equipment t o  Rice Unive r s i ty .  During 

November 1979 t h e  system w a s  moved t o  Rice f o r  re-eng.ineering 

t o  . e f f e c t  a  p l a n  of making t h e  t a r g e t  p o r t a b l e  f o r  use  a t  Los 



Alamos, AGS, and possibly other laboratories. Mr.. James Bywater 

and his staff from ANL agreed to aid in this rerengineering as 

consultants. A "sea-container" was purchased for installation 

of most of the auxiliary equipment. 

5. Progress on Multiwire Proportional Chamber.Development 

Work has been completed on a new'design for an improved 

model multiwire proportional chamber for use in experimental 

medium and high energy physics at Rice University. 

A variety of different plastic materials was obtained and 

tested f.or strength and chemical resistance, and a suitable 

replacement for the present construction material, G-10 fiber- 

glass, was found that was less expensive, more easily machined, 

and of lighter weight. 

The new design eliminated many. of the old design difficulties 

and incorporated several desirable features excluded in the old 

design. It is expected to increase the detection efficiency 

and nearly eliminate experimental "down" time for plane repair. 

The development of this new design and the construction and 
testing of a working model 'scheduled for early 1980 are expected 

to partially fulfill the requirements of a Master of Arts degree 

in physics at dice University for D. A. Bell, the graduate stu- 

dent assigned to the project. 

In addition, plans are being made to study the feasibility 

of adapting this new design to the building of a multistep ava- 

lanche chamber, as developed by G. Charpak at CERN.' .An 
undergraduate student assistant has been assigned to this project 

for his senior thesis. 

Should this new design fulfil1,its expectations, plans will 

be formulated to gradually replace all the old chambers with 

entirely new models. Attempts will be made to improve the old 

chambers until they are phased out of usage in the future. 



C. Theo'ry 

A l a r g e  amount'o.f t he  theory  work c a r r i e d  o u t  by 

Professor  I. ,M. Duck and D r .  Miroslav Fu r i e ,  and t h e i r  s t uden t s  

on t h e  Rice-Medium Energy phys ics  c o n t r a c t  i s  very p e r t i n e n t  

t o  t h e  work r epo r t ed  here ,  For t h a t  reason t h a t  Progress  Report 

i s  appended. 

CHANGES I N  PERSONNEL 

During t h i s  c o n t r a c t  yea r ,  va luab le  personnel  have been 

added t o  our  High Energy program, and s e v e r a l  f a c u l t y  have re -  

ce ived recogn i t ion  from Rice Univers i ty .  P ro fessor  S. D.  Baker 

joined i n  t h e  summer's r e sea rch  work a t  Argonne [he sha r e s  r e -  

search  with t h e  High Energy c o n t r a c t  20% and t h e  Medium Energy 

work 30%] . J. B.  Roberts ,  Jr. was promoted t o  Associa te  Pro- 

f e s s o r  of Physics  wi th  t enure  by Rice Univers i ty .  H .  E .  Mie t t inen ,  

who joined t h e  resea rch  work a s  a two-year V i s i t i n g  A s s i s t a n t  

Professor  of Physics ,  was appointed t o  a . . t enure - t rack  A s s i s t a n t  

P ro fessorsh ip  by Rice. 

T .  A. Mulera, t he  Senior  Research Associa te ,  res igned i n  

September t o ' r e t u r n  t o  C a l i f o r n i a  and a p o s i t i o n  a t  Berkeley. 

Mar jor ie  D.  Corcoran ,joined t h e  group a s  t h e  Senior  Research 

Associate  i n  October; she comes t o  t h e  group from r e sea r ch  work 

wi th  t h e  Univers i ty  of Wiscpnsin. H e r  curr iculum v i t a e  i s  

a t t ached .  D r .  Corcoran has assumed r e s p o n s i b i l i t y  f o r  d a t a  a n a l y s i s  

of some of our  p r i o r  experiments.  

One graduate  s t uden t  was added dur ing  t h e  p a s t  yea r ,  Kenneth 

Johns,  who has worked wi th  D r .  Roberts t h e  p a s t  two summers a s  

an undergraduate l abo ra to ry  a s s i s t a n t ,  M r .  Johns was accepted 
i a s  a graduate  s t uden t  by t h e  Physics  Department a f t e r  t h r e e  yea r s  

of undergraduate work i n  which he comple ted ' four  yea r s  of r equ i r ed  

Physics courses .  
I 

OTHER FINANCIAL ASSISTANCE: No suppor t  e x t e r n a l  t o  Rice Univers i ty  

and t h i s  c o n t r a c t  f o r  t h e  work repor ted  he re  occurred dur ing  t h e  

year .  
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