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Abstract 

We report on research carried o u t  during'the contract period by 

R. A. Bryan, .principal . investigator,  and associates R. B.  Clark and 

- B .  J .  -VerWest: The research has centered on the nucleon.-nucleon 

interaction from threshold u p  through intermediate energies (TL r 1 GeV). 

A major protion of our time has been devoted . to the ine las t i c  channel 

: N N  -t NNIT and has resulted in a peripheral model f o r  t h i s  reaction 
. 

which gives good f i t s  t o  the world data around 800 MeV. The present 

s tatus  of e l a s t i c  N N  scattering . . above. the IT-pr.oduction. threshold'has 

been reviewed extensively, new parameteri zat  ions have been devel oped .and 

data bases assembled f o r  analyses of t h i s  process. The three point.~NN 

vertex has been studied in the context of the Dual Veneziano Model where 

a l l  three par t ic les  can be taken off she l l .  I t  has been shown tha t  t h i s  

form of off-shel1,dependence in N N  interaction models, hereto ignored, 

can have important consequences. .Finally,  i n i t i a l  work has been com- 

pleted in .an attempt to  use ' the Constituent Interchange Quark Model t o  

constrain the short range behavi or  of the meson-exchange model s of the 

N N  interaction. 



In the past year much e f f o r t  has gone into the investigation of the 

N N  interaction a t  intermediate energies. We have continued our two-fold 

.attack on t h i s  problem comprised of phase-shift analysis of the data t o  

obtain the on-.shell amplitudes and theoretical investigation of the  

dynamics of the L N N  interaction. 

We have worked on analyses of both e l a s t i c  N N  scat ter ing and the  

in.el a s t i c  reaction N N  -. NNn. .We have developed a new parameterization 

f o r  the inel astdc channel . .effects  in N N  e l a s t i c  scat ter ing which has 

a simple connection t o  the par t ia l  wave ine la s t i c  cross sections.  We 

have ' a l so  reviewed extensively the existing N N  analyses and begun 

assembling the data base fo r  new single-energy analyses of n p  sca t te r ing  

above the pion production threshold. We have used our f ie ld- theore t ica l  

peripheral model for  the reaction N N  + N N T '  t o  correlate  the world data 

fo r  t h i s  reaction near 800 IileV, and' have. pointed out' inconsistancies in 

the experiments and he1 ped to  plan new experiments. 

Our theoretica1,work has involved the development of the peripheral 

model for  N N  + NNn and several projects aimed a t  de ta i l s  of the N N  i n t e r -  

action. O u r  f ie ld- theoret ical  peripheral, model f o r  N N  + NNIT has been 

very successful in describing the data and i s  helping t o  separate the 

known parts of th i s  interaction froii, the unknown f o r  fur ther  study. We 

have investigated the form of the NNn vertex f o r  a l l  three par t ic les  of f -  

sllell 'and used the resu l t s  in an N N  phase-shift calculation. The e f f e c t  

of t h i s  fonn u.f uff-shell dependence turns out t o  be 'important in lower 

par t ia l  .waves and will be included in future models. We have begun work 

to  extract  the short-range form of the N N  in.teraction from the constituent- 

interchange quark model. . 



.In~.Apr.i:1.,."1~9~78 we hosted an informal two-day conference on. ,Nucl.eon- 

nucleon theory. About t h i r t y  people attended from a1 1 over the ,United 

States .an'd Canada to  discuss the  present theoretical s tatus  of the  N . N ,  

N Q ,  and ,nN interactions. All who attended f e l t  t h i s  was a very f ru i t fu l '  

megting .with .a .great .deal of interaction between the participants'.  A 

jcdpy of 'ttie progr';ih i s  included a t  the end .of t h i s  report. 



NN Phase7ShiftL Analysis (R.A. Bryan, R.B.  Clark, J .  Gruben and B.  J .  ~e rWes t )  

We have continued our program of analyzing NN data a t  troublesome 

energies. In particuslar, we have studied t h i s  e f f ec t  on the 325 MeV 

phase s h i f t s  of new mp d a / d ~  data taken a t  LAMPF by Bonner e t  a l .  These 

dat-a are 'consistent with the best solution, and disagree w i t h  the De Pangher 

d ~ / d ~  data. 

We have begun analysis of 'NN data above the pion-production threshold, 

and have derived a new parameterization of the sca t te r ing  matrix by 

model1 ing i t  a f t e r  a f ie ld- theoret ical  coupled-channel problem, NN -t NN 

o'r NN' , where NN' i s  a (dummy) ine la s t i c  channel. The parameterization 

leads t o  simple expressions .for the to ta l  e l a s t i c  and i n e l a s t i c  cross 

sections. i .e. . . -  

where p and p "  (aj, e j  
.j j j 

, - and. u. ) are a measure of i nel as.ti c i  t y  in the  
J 

uncoupled (coupled) NN *channels. (This work will short ly  be submitted 

f o r  pub1 ication. ) 

We have also carried out an extensive survey of NN phase s h i f t  

analysis over the en t i r e  0 - 800 MeV range.' This includes analyses by 

Arndt & Roper, Hoshizaki, Bugg and our own group. Sdgnificantly, there  i s  

no agreement on the resonance i n  the 3 ~ 3  s t a t e  near 700 MeV reported by 

Hoshi.zaki. Addi:tional data .and analysis .are indicated. An intr iguing 

1 poss ib i l i ty  of a resonance in the (np) P1 s t a t e .  i s  suggested by Bugg's 



analyses. The one c lear  conclusion i s  t ha t  a major influx of new np 

data above 550 MeV i s  required f o r  a determination of the sca t te r ing  

mat ri'x.. 

NN T-Product ion (B. J'. VerWest) 

Work has 'continued on a long-'term project t o  study the dynamics 

of the reaction NN t N N T .  A f ie ld- theoret ical  peripheral model. involving 

a- and p-meson exchanges and N - .  and A-intermediate s t a t e s  has been 

developed which gives a very good f i t  t o  the exis t ing data around 800 

M ~ v . ~  A survey of a l i  exis t ing NN -+ NNa data has been made and has re- 

sulted in the detection of several evrors and possible problems i n  the 

experimental analyses of the \raw data. The model was also used t o  study 

the feasi  bi 1 i t y  of and the information available in polarizatqon t r ans fe r  

experiments for  Fp-+ ZX. The indications are tha t  from these experiments 

plus exis t ing .cross section measurements, one can learn about the d e t a i l s  

.of the .pion form fac tor  and the amount of p.-exchange i n  t h i s  reaction.. 2 

Such an experiment (#402 a t  LAM,PF) has now been approved f o r  beam time. 

The preliminary work f o r  partial-wave projecting t h i s  peripheral model 
. . 

has been completed so t h a t  the programming can now begin f o r  the extraction 

of the higher par t ia l  wave amp1 i tudes Tor use in NN e l a s t i c  phase shif t :  

analyses,. and in studies in to  the consequences of unitar. i ty in th is .  

process. 

General "Three-Point Vertex Functions fo r  the 'NNir 'Vertex ' i n  ' t he  .NN ' sca t te r ing  

Probleln (C. Dbmlnquez, R .  Bryan and B. ~ e r ~ e s t )  . ' 

In ,analogy with the Dual Veneziano Model , one can write down the  



form' f o r  a three point vertex when a l l  three pa r t i c l e s  are  off-shel l .  

In N N  calculations using s ingle-part ic le  exchange diagrams i n  the  

Blarikeribecler-Sugar Equation no one had ever previously considered the 

' e f f e c t  of the nucleons' being off-shell  a t  the ver t ices  besides the  pion. 

We have done such a calculation using these. general three-point functions 

and have shown,that t h i s  e f fec t  i s  important, and i n  f ac t  may be the 

answer t o  some long 'standing 'problems with the particle-exchangemodels. 8. 

The importance of the off-shell  e f fec ts  i n  t h i s  context a lso cas ts  some 

doubts on the off-.shell treatment of the ZIT-exchange potentials.obta.f.ned 

from dispersion theory. For a complete n + 2n + U-exchange model of the 

N N  interaction one must now use some off-shell  form f o r  the vertex 

function and. carefully redo .the ,2~-exchange calculation w i t h  special  

attention t o  the  vert ices  in the off-.shell forms of the box and crossed 

box diagrams. . , 

Constituent Interchange Mode1 Calcul atjons for  ' t he  'Sticirt 'Range 'F0rce:i.n 

the N N  1nt.eraction ( R . B .  Clark and R.A. Bryan) 

The consti tuen'c Interchange Quark Model (CIM) is.;:.expected. . t o  . .:give the 

form of the N N  interaction a t  large momentum t ransfer  which corresponds 

t o  very short  range. The dominant contribul5on in t h i s  model has been 

calculated in the infinite-momentum frame using forms f o r  the vertex 

couplings taken from successful calculations of form fac tors  using thi-s 

model. The asymptotic power behavior f o r  the N N  in teract ion can e a s i l y  

be obtained from the quark model, but more spec i f ic  CIM pred4ctions for  

the lowest NN-partial waves now await the projection of these amplitudes 



onto the .  standard, kinematic , s ingu la r i  ty-f ree  invar iant  amp1 i tudes f o r  

the; N N  , i n t & ~ a c t ~ o n .  

The principal  inves t iga tor ,  R .  A. Bryan, Professor,  and t he  o the r  

. investigators ,. R., B .  El  a ~ k  ,L-hssoci a t e  Professor,  and B. 3 .  VerWest , 
Assistant  Professor,  a l l  of t h e  Physics Department of Texas A&M un ive r s i t y , '  

have each spent about 50% of t h e i r  time during t he  nine-month academic 

year.on t h i s  contract .  Full time i s  spent during the  summer months a s  . 

'in-di cated ' i n  the- budget. , 



Publications During Contract Period 

(Jply  J b Y  1978 t h r u  June 30, 1979) 

Papers submitted t o  conferences during contract  period: 

1. "Nucleon-nucleon s ca t t e r i ng  phase s h i f t s "  ; Ronald Bryan (ORO-5223-12), 

invi ted + t a lk  presented a t  the  Eighth Internat ional  Conference on k .  
Few Body Systems and Nuclear Forces ,pub1 ished i n  Lecture Notes i n  2 

Physics,  Vol 87, Few Body Systems and Nuclear Forces 11, ed. H. 

Zingl,  M. Haftel and H. Zankel, Springer-Verlag, 1978, pp. 2-20. 

2. ' "Angul.ar Dependence of NN.  -+ NNIT Cross Sections and t h e  Pion Form 

Factor" ; B. VerWest (ORO-5223-14), contributed paper a t  ' Second 

International  Conference on Meson-Nuclear Physi cs ,  Houston, Texas 

(March, 1979), proceedings in  .press.  

Papers .pub1 i shed i n  journals during contract  'period:  
. ,, , , . .  

*3. "uniqu,e Isospin-Zero Phase-Shi f t  Solution f o r  Nucleon-Nucleon 

Scat ter ing"  ; ,R. Bryan, R.. B .  Clark and B. VerWest (ORO-5223-08)., 

Physics Le t te r s  74B, 321 (1978). - 

"4.'. " E f f e c t  of Recent Neutron-Proton D-transfer  Measurements on Phase- 

-Sh i f t  Analysis Near 325 MeV"; R. Bryan, R. B .  Clark and 6. VerWest 

(ORO-5223-09), Physi cal Revi ew - C18, 371 (1978). - 

Papers prepared f o r  publication ... - during contract - ;per iod:  

5. ".Field Theoretical Calculation of N N  Pion Production" ; B. VerWest 

(ORO-5223-1,)) , . Physi.cs Le t te r s  B ( i n .  Press) .  

* Reported i n  progress repor t  f o r  previous year.  



"Microscopic Models of Pseudophysical NN' + nn Amp1 itudes"; J. W. 

Durso, A. D. Jackson and B. J. VerWest (ORO-5223-15), submitted 

for publication to Nuclear Physics A. 
"Time-Reversal Noninvariance in Nucleon-Nucleon Scattering I.. 
General Formalism and Zero-Range Parameterization"; J. Binstock, 
R. A. Bryan and A. Gersten (ORO-5223-03, revised) submitted for 
pub1,ication to Anna1 s of Physics. 

"A Model For Off-She1 1 Form Factors and Application to NN Scattering"; 
R. A. Bryan, C. A. Dominquez  and^. J. YerWest (ORO-5223-16), 

:submit.ted .for pub1 ication to Physical Review C. . 



, ' b  

'FOURTH TRIENNIAL CONFERENCE ON NUCLEON-NUCLEON THEORY . 
b . , 

@ Organized by t he  P a r t i c l e  and Nuclear iheo,ry Group 
Department. of. Physics., Texas A&M University. 

All meetings take place on t h e  Texas A&M Universi ty campus i n  Room 501, 
RUDDER TOWER ( see  map f o r  l oca t i on ) .  TRANSPORTATION FROM AGGIELAND INN 
WILL BE P R O V Z D E D  FRIDAY AND SATURDAY MORNINGS. B E  OUT FRONT AT 8:30 a.m. . . 

Friday, April 21, 19'78 

9:OO-10 a.m. Jackson (Stgny Brook) 
The Nucl eon-Nucl eon Program a t  Stony Brook 

10:OO-10:15 COFFEE , 

10: 15-10:'45' 'Bryan (Texas A&M) 
Nucl eon-Nucl eon Phase Shi f t  Analysis 

Durso (Mt. Holyoke) 
Ef fec t  of  p a  Exchange i n  the  N N  In te rac t ion  

LUNCH - Rudder Tower 12:oo-. 1 :oo 
1:OO- 1:30 -VerWest (Texas A&M) 

Sing1 e-Meson-Exchange in N N  Pion-Production 

1:30- 2:30 Ernst  (Texas A&M) 
Extended Chew-Low Model f o r  nN Sca t te r ing  

2:45- 3:45 q ~ l o e t  (Rutgers) 
.Dynamics of N N  Sca t te r ing  a t  Medium ~ n e r g i e s  

, .. COFFEE 3:45- 4:OO. 

4:00-. 5:00 Lornon ( M .  I . T'. ) 
Coup1 ed Channels and N N  Resonances . . 

5:30- 8:30 . DINNER - Beef barbeque and swim a t  Bee Creek Park, College Stati 'on 
9:OO-11:OO ENTERTAINMENT - Country music a t  Sons zf  Hermann Hal l ,  

1104 W .  25th S t r e e t ,  Bryan 

Saturday, April 22 

9:OO-!0 a.m. Dover (Brookhaven) 
The Nucl eon-Antinucleon In te rac t ion  and t h e  Nuclear 
Force Problem 

10:OO-1.0:15 COFFEE . . 

. 10:15-1i :15' B'rods ky (SLAC) 
Quark Dynamics and the N N  Sys l i i n  . . 

11 :I$-11:39 COFFEE 

11:30-12:30 DeTar (M.I.T.) 
The Two-liucl eon . Interact ion a t  Short  Range 

. .  . .  . .  . . 

LUNCH 




