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Abs t rac t  

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  pe r iod  by :. 

R. A. Bryan, B. J. VerWest and C. A. Dominguez, co -p r inc ipa l  i nves t i ga to rs ,  

associates R. B. C lark  and D. Eyre. The research has been concentrated on 

improving t h e  phase s h i f t  analyses o f  NN s c a t t e r i n g  and s tudy ing s t rong  

i n t e r a c t i o n  dynamics r e l a t e d  t o  t h e  NN i n t e r a c t i o n :  We have worked on 

improving t h e  techniques f o r  hand l ing  h i g h  p a r t i a l  waves and. i n e l a s t i c i t e s  
, . 

i n  NN analyses a long w i t h  a  b e t t e r  rep resen ta t i on  o f  t h e  ' reac t ion  cross 

s e c t i o n  data. We cont inued work on the  p a r t i a l  wave p r o j e c t i o n  o f .  theore t -  

.. . . . . i c a l .  .pion ..production amp1 i tudes f o r  use i n  NN analyses. We have begun the  

task  o f  rev iewing t h e . e n t i r e  NN s c a t t e r i n g  data base w i t h  a  c a r e f u l  rev iew 

o f  t h e  np data f rom 600 t o  700 MeV and i n i t i a l  analyses o f  t h a t  data. The 

work i n  s t rong  i n t e r a , c t i o n  dynamics has invo lved  a  determinat ion  o f  quark 

mass r a t i o s  and two independent determination; o f  t he  range o f  t h e  nNN . . 

vertex func t i on .  We have a l s o  completed work on a  model f o r  t h e  Pseudo- 

phys i ca l  Np- ?n ampl i tudes and done t h e  i n i t i a l  f o rmu la t i on  o f  a  dynamical 

i theory  f o r  i sosp in .  



I 

Since our l a s t  progress report  our e f fo r t s  have been devoted primarily 

t o  the careful rechecking of the phase s h i f t  analysis-procedures in prepara- 

t ion fo r  our collaboration in  the Center fo r  Analysis of Par t ic le  Scattering 

(CAPS) a t  Virginia Polytechnic Ins t i tu t e  and Sta te  University (VPI&SU) and 

the investigation of de ta i l s  of strong interact ion dynamics. 

We have been running extensive cross checks of our phase s h i f t  analysis 

procedures with the procedures a t  VPI&SU and found and resolved problems 

with each. The problems relat ing to .  sparci ty  of reaction cross section data 

and the e f fec ts  of unitarizing high partical  wave one-pion exchange a r e  

de ta i l ed . in  l a t e r  sections of t h i s  report .  We have also worked on a more 

physically motivated parameterization of the ine la s t i c  N N  scat ter ing matrix. 

We now feel  we are  approaching a c l e a r  accurate procedure f o r a n a l y s i s  to  be 

used f o r  CAPS. In-addi t ion we have worked a t  recompjling and rechecking the 

NN.data base s t a r t i n g  w i t h  np scat ter ing between 600 and 700 MeV. . This work 

will  continue unt i l  the en t i r e  data baie has been reviewed. The work w i t h  

, . projecting out the par t ia l  wave content of the N N + N N r  and.NN+~d ~ o r n  ampli- . . 

tudes i s  a l so  continuing and . i s  detailed in a l a t e r  section. 
. . 

Our work with strong interaction dynamics has been diverse and addressed.,~ 

a number of important questions related t o   the'^^ interaction. Detailed i n  

following sections a re  a determination; o f  quark mass ra t ios  from Kag decay 

and determinations of the r N N  vertex function from np and pp charge exchange 

and charged pion photoproduction. . Also detailed i s  a microscopic model of 

pseudophys'ical NIT+ .rra amp1 i tudes w i t h  appl ications . in the two-pion-exchange 

part o f  the NN int.~rar.t.ion.- imb' the i n i  t i31 work on the formulation of a ': 

dynami cal theory fo r  . i  sospi n .  
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NN React ion Cross Sect ions (R. Arndt  and B.J. VerWest) 

There i s  a t  present  an i n s u f f i c i e n t  amount o f  NN r e a c t i o n  cross sec- 

t i o n  data t o  t r u s t  t h e  data i n  narrow energy bands f o r  energy independent 

phase s h i f t  analyses. Th is  i s  e s p e c i a l l y  ' t r u e  o f  np r e a c t i o n  cross sec- 

t i o n s  where i n  t h e  i n t e r v a l  600-700 MeV the re  a re  o n l y  two t o t a l  r e a c t i o n  

cross sec t i on  data and one i s  suspect. One can h a r d . 1 ~  t r u s t  an i s o s p i n  
. . 

zero phase s h i f t  ana lys i s  i n  t h i s  reg ion  i f  t h e  i n e l a s t i c i e s  are  constra ined 

o n l y  by these two po in ts .  To overcome t h i s  problem we h,ave f i t t e d  .a1 1  a v a i l -  

ab le  r e a c t i o n  cross s e c t i o n  data w i t h  f u n c t i o n a l  forms i n c o r p o r a t i n g  .iso- 

s p i n  conservat ion, charge symmetry and phase space. The r e s u l t i n g  f i t  

and u n c e r t a i n t y  of t h e  t o t a l  i n e l a s t i c  cross s e c t i o n  f o r . p p  and np s c a t t e r -  

i n g  i s  being used as pseudodata i n  phase s h i f t  analyses i n  p lace o f  t h e  

ac tua l  data. . The i s o s p i n  one i n e l a s t i c  cross s e c t i o n  i s  very w e l l  de ter -  

mined b u t  t h e  i s o s p i n  zero i n e l a s t i c  cross sec t i on  i s  o n l y  moderately 

we1 1  determined f rom th resho ld  t o  600 MeV and has more than 50% u n c e r t a i n t y  

above 700 MeV. 

Importance o f  High P a r t i a l  Wave One P i  on Exchange i n  Phase S h i f t  'Analyses. I 

(B.J. VerWest and R. A r n d t j  

The usual p r a c t i c e  i n  phase s h i f t  analyses has,  been t o  parameterize 

a  number o f  t h e  low p a r t i a l  waves (JsJmax) and then  add t o  the  ampli tudes 

t h e  c losed- form f o r  one-pion-exchange (OPE) f o r  a1 1, h ighe r  p a r t i a l  waves. 

The OPE ampli tudes 5ave'been taken from Born Approximation which are  r e a l  .3 

and hence do n o t  obey. u n i t a r i t y .  Below p i o n  product ion  t h r e s h o l d . t h i s  

v i o l a t i o n  o f  u n i t a r i t y  'has n o t  been ser ious  b u t  a t  650 MeV i n  present  

ana lys i s  where the  parameterized ampli tudes ex tend ,on ly  t o  J-5 the re  i s  a  



1 mb discrepancy out  o f  36 mb when one compares the o p t i c a l  theorem t o t a l  

cross sec t ion  w i t h  the  in teg ra ted  d i f f e r e n t i a l  cross sect ion.  To co r rec t  

t h i s  one must u n i t a r i z e  OPE p a r t i a l  wave by p a r t i a l  wave up t o  very h igh  

J. It i s  unimportant whether geometric o r  K-matrix u n i t a r i z a t i o n  i s  used. 

One approach would be t o  sum the OPE p a r t  o f  the p a r t i a l '  wave se r ies  b u t  

. . t h i s  would r equ i r e  going t o  5230 f o r  convergence. Stopping lower than 

t h i s  w i l l  n o t  a f f e c t  the amplitudes a t  most angles b u t  there are  s i g n i f i -  

cant con t r ibu t ions  t o  the forward and backward amplitudes from p a r t i a l  

waves J=10 t o  30. This i s  important  i n  view o f  the recent  very accurate 

backward d i f f e r e n t i a l  cross sect ions from LAMPF. Another approach which 

combines t he .bes t  o f  both approaches i s  t o  sum the p a r t i a l  wave ser ies  

us ing the empi r ica l  phases and then u n i t a r i z e d  OPE up t o  J=10 and then 

the c l o s e d f o r m f o r  OPE f o r  J>10. The r e s u l t i n g  u n i t a r i t y  e r r o r s  are  now 

i n s i g n i f i c a n t  and the r ea l  OPE h igh p a r t i a l  wave con t r ibu t ions  g ive  the 

co r rec t  forward and backward d i f f e r e n t i a l  cross sect ions. These techniques 

are  now incorporated i n  the  phase s h i f t  ana lys is  codes a t  TAMU and VPI&SU 

i n  the CAPS co l labora t ion .  

Parameterizat ion o f  the I w l a s t i c  Nucleon - Nucleon Sca t te r ing  Mat r ix .  

(R.A. Bryan) 

I n  order t o  work w i t h  man i fes t l y  u n i t a r y  S-matrices and Hermit ian 

in te rac t ions ,  we have represented i n e l a s t i c i t y  i n  nucleon - nucleon 

sca t t e r i ng  by dumy channels, then parameterized the coupled equations. 

3  3 
For example, i n  the coupled j = 1  s ta tes ,  we consider NN( S1), NN( Dl), 

1 3  3  NN ( S1) and NN( Dl) [N (N' ) represents the nucleon (e.g. the Roper 



resonance). ] We have chosen the  form 

where 

A , E , Y  ,a , and al a re  symmetr ic.  4 x  4 mat r ices .  S i s  m a n i f e s t l y  t ime- 5 3 

reve rsa l  i n v a r i a n t .  . The advantage o f  t h i s  fo rmu la t i on  i s  t h a t  t h e  phase 

parameters i n  each j s t a t e  6 B ,  E ,  a ,  B 3 ,  B l )  a re  l i n e a r l y  p ropor t i ona l  

t o  t h e  i n t e r a c t i o n  m a t r i x e l e m e n t s  i n  t h e  weak l i m i t ,  and thus smoothly 

approach zero i n  h i g h  angular-momentum s ta tes .  Th is  makes them appropr ia te  

. . . . .for...phase-.shift analyses. Also t h i s  parameter iza t ion  leads t o  a  s imple 

. . .  - formula f o r  t h e  r e a c t i o n  cross sec t ion .  

R.A. Bryan, i n  p repara t i on  

P a r t i a l  Wave Ana lys is  o f  NN -+ NNn and NN -+ nd Reactions. (J. Gruben and 

B.J. VerWest) 

An e f f o r t  i s  . c u r r e n t l y  under way t o  extract: . the p a r t i a l  wave ampli tudes 

f o r  t h e  r e a c t i o n  NM -t NNn and NN + ~d  from recent  pe r iphe ra l  model ca l cu la -  

t i o n s  o f  these processes. .The amp1 i tudes and r e s u l t i n g  p a r t i a l  wave r e a c t i o n  

CPUSS sec t ions  w i l l  a i d  our  understanding o f  t h i s  r e a c t i o n  and be extremely 

use fu l  i n  e s t i m a t i n g  t h e  h i g h  p a r t i a l  wave i n e l a s t i c i t y  i n  NN s c a t t e r i n g .  

The generai formal.ism f o r  t h i s  p a r t i a l  - wave expansion o f  t h e  two-body t o  

three-body r e a c t i o n  has been developed a long w i t h  t h e  computer programs t o  

generate t h e  ampli tudes. These programs are  c u r r e n t l y  being checked and 

debugged and we a n t i c i p a t e  r e s u l t s  w i  11 be for thcomi ng s h o r t l y .  Besides 
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us ing these r e s u l t s  i n  NN analyses we w i l l  be us ing  these p a r t i a l  wave 

ampli tudes as d r i v i n g  terms f o r  t h e  e f f e c t i v e  NN and NNn i n t e r a c t i o n s  we 

propose t o  develop. 

Determinat ion o f  Quark Mass Rat ios From K,, Decay. (C.A. ~ominguez)  
A, rJ 

Rigorous bounds on Kg3 spec t ra l  f unc t i ons  w i t h  up t o  two sub t rac t i ons  

are  used i n  o rde r  t o  t e s t  t h e  hypothesis mu = 0. Resul ts  s t r o n g l y  support 

an e a r l i e r  p roof ,  based on a  no-subt rac t ion  assumption, which shows t h a t  

t he  non-renormal izat ion theorem i s  badly'  v i o l a t e d  i f  mu = 0. Also, a  

r e l a t i o n  between the  K : ~  s c a l a r  form f a c t o r  and the  quark mass r a t i o  mu/ms 

i s  ob ta ined i n  t h e  s o f t  p i o n  l i m i t .  P red ic t i ons  from t h i s  r e l a t i o n  a re  

discussed i n  DOE/ER/05223-18 and compared wi th . -o ther .  est imates based on t h e  

baryon .and 'meson ,spectra and .the q-+ 3? decay. . 

- 
Determinat ion o f  t h e  nNN Vertex..Funct ion from np and pp Charge Exchange 

Sca t te r i ng .  ' ( .C.A. Dominguez, and B. J. VerWest) 

The nNN ve r tex  func t i on  . i s  s t u d i e d  us ing  data f o r  t h e  reac t i ons  np+pn 

2 and pp+nn i n  t h e  i n t e r v a l  o < - ~ ~ o . ~ ( G ~ v / c )  a t  PL=5, 8  and 25 GeV/c. I n  

t h i s  ana lys i s  t h e  impact o f  t h e  Reggei zed form f o r  one-pi on exchange wi t h  

the res idue f u n c t i o n  associated w i t h  t h e  nNN verte,x f u n c t i o n  i s  shown. For 

a  rnono.pole form f o r  t h e  v e r t e x . f u n c t i o n  t h e  r e s u l t i n g  mass parameter i s  

A-890 MeV and f o r  a  Veneziano-type ve r tex  f u n c t i o n  . the asymptot ic  rate-param- 

e t e r  i s ' @ - 3 .  These r e s u l t s  a re  cons is ten t  w i t h  information about the  ve r tex  : 

f u n c t i o n  obta ined f rom o t h e r  reac t i ons  and t h e o r e t i c a l  s tud ies .  D e t a i l s  o f  

t h i s  c a l c u l a t i o n  appear i n  p r e p r i n t  No. DOE/ER/05223-19. 



E x t r a c t i o n  o f  t he  ITNN Form Factor  From Charged Pion Photoproduction. 

(C.A. Dominguez and R.B. C la rk )  

The nNN form f a c t o r ,  FnNN ( t ) ,  a t  smal l  values o f  t he  momentum t r a n s f e r ,  
q,. . ' 

0 It( < 0.3 ( ~ e ~ / c ) ~ ,  has been determined f r o m a n  ana lys i s  o f  t h e  experimental 
. . . . 

.. + 
data on yp -t n n  f o r  i n c i d e n t  photon energies i n  the  range 3.4-18 GeV. A 

t o t a l , .  of 104 unpo lar ized d i  f f e r e n t i  a1 cross sect ions.  and 22. asymmetries have 

been f i t t e d  w i t h  a  Reggeized one p i o n  exchange (OPE) model. The best  f i t s  

g i v e  f o r  a monopole ve r tex  f u n c t i o n  a  'range A 1000 MeV and f o r  a  dual model, 

type o f  form fac tor ;  an 'asympto t ic  r a t e  parameter 0 2 2.3 - 2.5. ~ h e s e  r e s u l t s  

a re  cons is ten t  w i t h  those o f  a  recen t  ana lys i s  o f  NN charge exchange s c a t t e r -  

i n g  data a t  h igh  energy and t h e  same range o f  momentum t r a n s f e r s .  The c o n t r i -  

b u t i o n  o f  non-OPE exchanges t o  t h e  photoproduct ion ampli tudes has been found 

2 t o  b e ' n e g l i g i b l e  and does n o t  a f f e c t  t he  x thus l ead ing  t o  an e s s e n t i a l l y  

model independent e x t r a c t i o n  o f  FnNN ( t ) .  The i m p l i c a t i o n s  o f  these r e s u l t s  

f o r  t h e  c o n s t r u c t i o n  o f  OPE p o t e n t i a l s  i n  nuc lear  physics i s  b r i e f l y  discussed. 

D e t a i l s  o f  t h i s  c a l c u l a t i o n  appear i n  p r e p r i n t  No. DOE/ER/05223-20. 

Microscopic Models o f  Pseudophysi c a l  NX + TT Amp1 i tudes. (J . W .  Durso, 

A.D. Jackson and B.J. VerWest) 

Models o f  S- and P-wave NK -+ nn ampl i tudes i n  the  pseudophysi c a l  reg ion  

have been const ruc ted f rom nucleon- and .isobar-exchange Born terms and 

models o f  TT r e s c a t t e r i n g .  The TT s c a t t e r i n g  ampl i tudes used are  cqnsi  s t e n t  

w'i t h  e m p i r i c a l  n.rr phase s h i f t s  and c h i  ra.1 symmetry. Resul ts  f o r  t h e  NE -+ TT 

ampl i tudes are  i n  s a t i s f a c t o r y  agreement w i t h  emp i r i ca l  est imates o f  these 

ampli tudes and the  requirements o f  c h i r a l  symmetry and s o f t  p ion  theorems. 

P-waves are  dominated by the  p meson and the  S-wave ampli tude d i sp lays  l a r g e  



r e s c a t t e r i n g  e f f e c t s  which can be expressed as a broad a meson. The ca lcu-  

l a t e d  amp1 i tudes are s u i t a b l e  f o r  c o n s t r u c t i o n  o f  the  two-pion-exchange 

c o n t r i b u t i o n  t o  t h e  nucleon-nucleon i n t e r a c t i o n  and show the  r e l a t i v e  

importance o f  i sobars  and ITIT r e s c a t t e r i n g  i n  two-pion-exchange. D e t a i l s  o f  

t h i s  c a l c u l a t i o n  are  found i n  0R0-5223-15, rev ised.  

\. 
. . 

Dynamical Basis f o r  Jsospin.  (R.A. Bryan) 

We have c a r r i e d  o u t  i n i t i a l  s teps i n  fo rmu la t i ng  a theory f o r  i s o s p i n  

analogous t o  t h e  D i rac  theo ry  f o r  "mechanical". sp in.  We.introduce a hyper- 

space o f  f o u r  dimensions t o  augment convent ional  four-space, and imbed a 
.. . . , . - . .- . . .. .- 

D i rac  equat ion i n  t h i s  hyperspace t o  generate i sosp in .  To keep the  f r e e  

p a r t i . c l e  on mass-shell i n  o r d i n a r y  space-time, we pos tu la te  t h a t  t h e  i n t e r -  

a c t i o n - f r e e  wave equat ion i s  s imply  the  product  o f  two Di rac  equations, 

a v a ( - i v p  - +'m) ( - j y  .- + m')4, 
. . axp ax' 

where unpri'med (primed) q u a n t i t i e s  r e f e r  t o  o rd ina ry  (hyper) space. (Th is  
&, 

equat ion i s  i d e n t i c a l  t o  t h e  Bethe-Salpeter equat ion f o r  two r e l a t i v i s t i c  

p a r t i c l e s  i n  4-space. ) 

AS a f i r s t  s tep  toward determining t h e  i n t e r a c t i o n  i n  hyperspace, we 

assume a simple V - A theory,  analogous t o  the  V - A theory  f o r  lep tons i n  

ord inary  space-time. I n  the  1 i m i  t afi'small 'hypermomen~ta. t h i s  leads t o  m a t r i x  . . 

elements of . t he  form 



where 

corresponds t o  a proton o r  neutron, respectively. These matrix elements 

a re  precisely what a re  desired, as  they yield isospin conservation., Other 

choices f o r  the hyper-space interact ion,  such as tensor or  pseudoscalar, 
+ -k do not lead to  t h i s  form (written more conventionally as n + T - n ) .  I t  

may be s igni f icant  t h a t  the appropriate form f o r  i sospi n space (v-A)' 

mirrors the successful V-A interact ion f o r  leptons in ordinary 4-space. 

. . .  . . . . . . . , . . .. . . . . . - . . 
The co-principal invest igators ,  R.A. Bryan, ,Professor, B. J .  VerWest, 

. - 

Assistant Professor, and C.A. Dominguez, Visiting Associate Professor, and 

the facul ty associate ,  R . B .  Clark, Associate Professor, a l l  of the Physics 

Department of Texas A&M University, have each spent about 50% of t h e i r  

time during the nine-month academic year on t h i s  contract.  Full time i s  

spent during the summer months on t h i s  contract by the above personnel. 

David Eyre, pos t -~octora l  Research Associate and one graduate s.tudent a1 so .. 

have worked f u l l  time on the contract.  



Pub l i ca t i ons  Since Las t  Progress Report 

(Ap r i  1 1 , 1979 - November 30, 1979) 

Papers i n  conferences proceedings : 

"1. ",Angular Dependence of NN + NNn Cross Sect ions and t h e  Pion Form Factor";  

B. VerWest (0~0-5223-14),  Meson-Nuclear Physics - 1979, ed. E.V. Hungerford 111, 

. American I n s t i t u t e  o f  Physics, 1979, pp. 76-77. 

Papers publ i shed  i n  j ou rna ls :  

"2. "Fie1 d Theore t ica l  C a l c u l a t i o n  o f  NN Pion Product ion"; B. ~ e r ~ e s t  (.OR0-5223-13), 

Physics L e t t e r s  - 83B; 161 (1979). 

3.  'Determinat ion o f  Quark Mass Rat ios From Kt3 Decay"; C.A. Dominguez 

(DOE/ER/05223-18), Physics L e t t e r s  - 86B, 171 (1979). 

Papers prepared f o r  publ i c a t i o n  : 

4. "Determinat ion o f  t he  nNN Vertex Funct ion From np and pp Charge Exchange 

Sca t te r i ng "  ; C.A. Dominguez and B. J. VerWest ( D O E / E R / O ~ ~ ~ ~ - 1 9 ) ,  t o  be . p i b l  

i n  Physics L e t t e r s  B. 

5. " E x t r a c t i o n  o f  t h e  TNN Form Factor  From Charged Pion Photoproduct ion"; 

C.A. Dorninguez and' R. B. Clark ( ~ 0 ~ / ~ ~ / 0 5 2 2 3 - 2 0 ) ,  submitted t o  Physical  

Review. 

6. " M i  croscopi  c Model s o f  Pseudophysi c a l  NN+ lrn Amp1 i tudes" ; J . W. Durso, 

A.D. Jackson and B.J. VerWest (ORO-5223-15, rev ised) ,  resubrrli t t e d  t o  

Nuclear Physics A.  

7.  "Parameter izat ion o f  I n e l a s t i c  Fermion-Fermion Sca t te r i ng  Ma t r i x " ;  R.A. Bryan 

(DOEjER/05223-21), submitted t o  Physical  Review C.  

* Reported as submit ted i n  progress r e p o r t  f o r  previous year.  




