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We r e p o r t  on research c a r r i e d : o u t  . d u r i n g  . the c o n t r a c t  

Abs t rac t  

pe r iod  by R. A. Bryan, p r i n c i p a l  i n v e s t i g a t o r ;  and a s s o c i a t e s .  . 

R. B. C l a r k .  and B. J. VerWest. ~ h e l  research has centered on 

the  nuc l  eon-nucl eon i n t e r a c t i o n  a t  medi urn energies , w i t h  

especia l  emphasis on t h e  r e a c t i o n  NN -t NNn up t o  800 MeV. 

E l a s t i c  NN s c a t t e r i n g  near t h e  p i o n  p roduc t ion  t.hreshold has 

a l s o  been inves t iga ted ,  bo th  through phase-shi ft ana lys is  o f  

data and t h e o r e t i c a l  i n t e r p r e t a t i o n  o f  t h e  intermediate-range ' 

, 

2. force. The quasi - e l  a s t i  c amp1 i tude NX -+ nn f o r  4mn s t. 5 50mr 2 .. 

has been s tud ied  because o f  i t s  bear ing  on t h e  NN problem; a 

simple b u t  use fu l  model has been developed. F i n a l l y ,  work on ' ' 

the  pion-photoproduct ion r e a c t i o n  y N .- n A  has been completed, 

and the  c lose correspondence w i t h  t h e  ampli tude NN -+ NNIT 

expl  o i  ted. 



In the 'past .  year much e f f o r t  has gone in to  theoret ical  investiga- 

t ion of the nucleon-nucleon interaction a t  intermediate enqrgies. - We . 

have launched a major program . to  calculate pion production in N N  ' sca t -  

tering from 300 t o  800 MeV. T h i s  has necessitate'd se t t ing  up a Di.rac 

matrix-algebra reduction code (REDUCE) on a computer t o  handle the 

formidable mathematics. We have also continued t o  study e l a s t i c  NN 

scat ter ing near the production, thresh01 d ,  f i  r s  t by reducing the experi - 
mental data themselves t o  phase sh i f t s , '  " and second by using t h i s  

knowledge of the physical S-matrix to  determine the N N  force a t  i n t e r -  

mediate range. The phaseishi f t  analysis research has required se t t ing  

up and modifying a major computer code (EDPS) . Since the NH + ITIT 

amplitude i n  the range 4mn2 r t 5 50 m plays a major ro le  i n  our 
71 

- understanding of the N N  interact ion,  we have continued expending e f f o r t  

t o  be t te r  understand t h i s  amp1 i tude and search f o r  reasonable analyt ical  

representations. Fi  nal'ly, work was completed on a model fo r  pion- 

photoproduction i n  the reaction yN + TA (Ref. 4) ; the experjence galned 

i n  t reat ing th i s  process via a vector-dominance model has, been i.nunedi - 
ate'ly appli cable toward .cal cul a t i  on of vector-meson-exchange contri bu- 

t ions t o  N N  -t NNn, .,an important correction t o  simple pion-exchange pion- 

production. We now give in more de ta i l  the resu l t s  t h a t  have been 

achieved during the past year. 



NN a Production ( B .  J .  VerWest, R. ' B .  Clark and R. A. Bryan) 

We have begun a. long-term project t o  study the dynamics of the 

reaction N N  + NNa. A1 1 of the kinematics fo r  the three-body f ina l  ' 

s t a t e  and the related cross sections have now been done along w i t h  the 

rechecking and recomputing of the e a r l i e r  peripheral model calculations 

of Ferrari and Sql ler i  , and Drechsel and Weber. These calculations a re  

now being used as a s t a r t ing  polnt fo r  new and more detai led calcula- 

tlons . 
In the past year we have also been i n  contact w i t h  the experimental 

groups a t  LAMPF measuring pion production. There is  a great  deal of new 

data on t h i s  reaction and more t o  be measured in ' the near future.  It- 

i s  these new angular-distri bution data th'at have revealed the f a i  1 ures 

o f  t he -ea r l i e r  theoretical models. The groundwork f o r  t h i s  project  i s  

now in place, and we are now beginning t o  study the contributions of 

previously omitted reaction mechanisms such as p-exchange in  hopes of 

explaining these new data. 

REDUCE : A Symbol i c ,Language fo r  A1 gebrai c Mani pul a t i  ons in Par t ic le -  
. . 

Physics Calculations ( R .  B .  Clark and B .  J .  VerWest) 

During the past year a version of the symbolic .REDUCE language 

developed by A. C .  Hearn has been implemented on the Amdahl 470. This 

language provides the faci  1 i  ty  to  perform algebraic calculation by com- 

puter for  the complex r e l a t i v i s t i c  calculations involving the manipula- 

ti'on of Dirac matrices and spinors. The language . . has been used success- 

fu l ly  f o r  the calculations of the spi.nor traces f o r  the general one- 



pion-exchange cont r ibut ions in '  the NN + NNn problem. Present ly  the  ,' 

ma t r i x  manipulat ion f a c i  1  i ty o f  REDUCE i s  being u t i  Tized i n  t he  pro- 

j e c t i o n  o f  the i n v a r i a n t  product ion amplitudes f o r  NN + NNIT onto the  . . 

associated he1 i c i  ty amp1 i tudes f o r  t h i s  process.. 

Phase-Shi ft Ana l ys i  5 o f  ~ u e l e b n - k i c l e b n  S e a t t e r i n q  Data (R.  A. Bryan) 

We have ca r r i ed  ou t  phase-shi f t  analysis i n  one o f  the troublesome 

areas o f  nucleon-nucleon experiment, I = 0 sta tes near 325 MeV (Ref. 1,2). 

Our previous analysis has been confirmed by new np Dt d a t a  taken a t  ' 

325 ~ e ~ . a t  TRIUMPF by the BASQUE group. These newly determined phase 

s h i f t s  are important f o r  the understanding o f  the NN f o r ce  a t  i n t e r -  

medi ate distances. 

EDPS: A Computer Code f o r  NN Phaie S h i f t  Analysis (B. J. Verbjest -and 

R. B. Clark)  

A version o f  the computer code EDPS from P. S igne l l  a t  Michigan 

State Un ive rs i t y  was obtained and modi f ied t o  s u i t  our computer and our 

spec i f ic  needs.  his invo lved changi ng t he  machi ne-1 anguage rou t ines  , 

machine-dependent features, some options and adding automatic data- 

p l o t t i n g  rout ines.  The code was debugged and checked and i s  now be ing 

used product ive ly  f o r  NN phase s h i f t  -ana lys is .  

The ~ ~ e l e ~ n - ~ u e l e o r i  I n t e i a e t i b n  a t  Intermediate Distenees (R. A. Bryan) 

Recent phase-shi f t  analysis a t  325 MeV (Ref. 1,2) has confirmed 



. . 

e a r l i e r  specul a t ion3 t h a t  current  d ispers ion- theoret i  cal nucleon- 

nucleon potenti  a1 models overestimate'  t he  s t reng th  of t he  t ensor  poten- 

t i a l  near 1..2 - 2 F i n  isospin-ze'ro s t a t e s . .  We have shown t h a t  no . 

allowable var ia t ion i n  two-pion-exchange processes i s  l i k e l y  t o  r e s to r e  
. . 

a f i t  t o  t he  phase-shift  da ta ,  but t h a t  heretofore-neglected three-  

pion-exchange, i n  the  form of a pion-nucleon form f a c t o r ,  can bring 
3 about much-improved .agreement. 

2 Models f o r  NV -+ r* J = 0 and 1 Hel ic i ty  Amplitudes f o r  4m s t 5 50mT 2 
n .  

( J .  W .  Durso (Mt. Holyoke), A. D. Jackson (Stony Brook) 'and B.  J .  VerWest) 

,- 
Due t o  t he  importance of t he  process NV + TIT i n  the  study of t h e  

- . .  

N N  i n t e r ac t i on ,  i,t i s  mandatory t h a t  we understand the  dynamics of t h i s  

reaction.  We have constructed model s which reproduce t he  empi ri cal 

information avai lable  f o r  t h i s  process and bring out  t he  important 

dynan~i cal fea tu res .  In pa r t i cu l a r  , t he  re1 a t i  ve contr ibut ions  of i sobar  

intermediate s t a t e s  and TIT r esca t te r ing  i n  t he  N N  i n t e r ac t i on  have been 

determined using t h i s  model. The f u l l  r e s u l t s  of t h i s  ca lcu la t ion  a r e  

now being typed f o r  submission t o  Nuclear Physics A. 

Amplitudes f o r  the Reaction y N + T'A ( R .  B. Clark) 

Non-diffractivc pion-production pr-ocebses contlnue t o  be of i n -  

t e r e s t  not only in t h c i r  own r i g h t ,  but a l so  f o r  the  ro l e  they play a s  

intermediate s t a t e s  i n  pion-production processes and i n  multiple-meson- 

exchange contributions.  During the  pas t  year  we have extended our 

e a r l i e r  work on the f N  -+ n'~ react ion (010-5223 -04) t o  include model 



p r e d i c t i o n s  f o r  t h e  dens i t y  m a t r i x  elements associated w i t h  t h e  produc- 

t i o n  o f  t he  A i n  var ious  h e l i c i t y  s ta tes .  b y  pola+ized photons.4, corn- 
. . 

o f  t h e  p red ic ted  densi t j  m a t r i x  e lements  w i t h  experimental:  da ta  . . 
. . 

could prov ide  a  s e n s i t i v e  t e s t  o f  t h e  r e l a t i v e  phases o f  t h e  background ' ' .. 
' ' ,  

. . 

ampli tude and var ious  exchange-contr ibut ions. Un fo r tuna te l y  t h e  
. . 

s t a t i s t i c s  o f  t h e  present  experimental data are  very poor so t h a t  low- 

2 x comparisons o f  t he  simple gauge- invar iant  model w i t h  data a r e  ob- 

ta ined,  b u t  .do n o t  p resen t l y  p rov lde  a  d e f i n i t i v e  t e s t  o f ,  t h e  phase 

r e l a t i o n s h i p s  p red ic ted  by t h e  model. More accurate data a re  requ i red .  

The p r i n c i p a l  i n v e s t i g a t o r ,  R. A. Bryan, Professor,  and t h e  o t h e r  

i nves t i ga to rs ,  R. B. Clark, Associate Pro fessor , .  and B. J. VerWest, 

Ass i s tan t  Professor, a1 1 o f  t he  Physics Department o f  Texas 'A&M Un2iversi ty , 

have each spent about 50% o f  t h e i r  t ime d u r i n g  t h e  nine-month academic 

yea r  on t h i s  con t rac t .  F u l l  t ime i s  spent du r ing  the  summer months as 

i n d i c a t e d  i n  t h e  budget. 
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(i Papers prepared f o r  publi eatibii;dirintj contiact period: 

. . . ! 

I .  "Unique isospin-zero phase-shift solution f o r  nucleon-nucleon 

scattering ," R. A. Bryan, R. B.  Clark, and B. J .  VerWest (ORO-5223-08), 

Physics Letters B ( i n  press).  

2. "Effect of recent neutron-proton D-transfer measurements on phase- 

s h i f t  analysis near 325 MeV," R. A. Bryan, R. B. Clark, and B .  J .  

VerWest (ORO-5223-09) , submitted fo r  publ i cation t o  Physical Review C. 

3. "observations on t h e  intermediate-range nuclear force predi cted by 

recent dispersion-theoretical potent ials ,"  R. A. Bryan (ORO-5223-lo), 
. . 

submitted fo r  publ i ca t i  on ,to Physical Review C. 

. 4. "A simple dynami cal model fo r  Y N  -t T'A ," R .  B. Clark (ORO-5223-04, 

revised) ,  submitted f o r .  publication t o  Physical Review D. 

Papers publ i shed in journal s during contract period : 

*5. "The ITNN vertex function," J .  W.  Durso, A ,  D. Jackson, and B. J .  

VerWest ' (ORO-5223-07) , 'Nuclear Physics A 282, 404-424 (1977). 

*6. " Charmed-meson production i n  e l  ectron-po'si tron anni hi 1 a t i  on ," 

B ,  Humpert. .and R .  B . '  Clark (ORO-5223-06) , a . ~ h ~ s i  cal Review U -3 I6  

*reported i n  progress report f o r  previous year 
. 
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