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Abstract

A rNN model inspired by Quantum Chromodynamics :

is presented. The model gives an accurate fit to the most

recent Arndt NN phase shifts up to 1 GeV and can be

applied to study intermediate- and high-energy nuclear

reactions.

1. Introduction

For investigating nuclear reactions induced by intermediate and high energy

probes, it is necessary to extend the conventional nuclear theory to include pion

production mechanisms. This has been pursued by either constructing a nuclear

Hamiltonian including r and A degrees of freedom [1-6] or deriving TNN

scattering equations from the perturbation expansion of a Largrangian field

theory [7-12]. In either one of the approaches an acceptable model should meet

three theoretical requirements: i) the long-range pionic interactions should be

related to the well-studied Chiral dynamics, ii) the resulting NN and rd

scattering equations should be unitary in the subspace N N + T N N , and iii) it

should give an accurate description of all of the following JTNN processes:
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In the first part of this talk I will introduce a *NN model Hamiltonian

which is qualitatively related to various models of hadrons inspired by Quantum

Chromodynamics (QCD). I will then introduce simplifications for a

straightforward derivation of the irNN scattering equations which can be related

to most of the the existing irNN models. In the second part I will present a

model constructed recently by C. Fasano and myself, for a quantitative

description of the most recent Arndt phase shifts [11] and various NN cross

sections involving the polarization of both the projectile and the target. I will

then discuss the applications of the model in nuclear studies and future

developments.

2. The JTNN Model Hamiltonian

Although many QCD-inspired models of hadron structure and hadronic

interactions are not accurate enough for a quantitative calculation of the JTNN

dynamics, some general properties emerging from these studies seem in agreement

with the data and can be used in formulating the JTNN model. The most

significant advance in the past few years is to establish the notion that the

hadron structure has two phases. In the asymptotically free region inside a

confinement radius Ac, the QCD dynamics is effectively described in terms of

valance quarks. In the region outside a radius R , the Chiral symmetry is

spontaneously broken and the dynamics becomes effectively described in terms of
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mesons interacting with a "core". The values of Ac and Rc and the mechanism

determining the transition between these two phases are not known and can only

be treated phenomenologically at the present time. The well-studied

Chiral/Cloudy Bag model [12] assumes that Ac=Rc, while the Skyrmion model

[13] essentially assumes that Ac=Rc=O. Other models [14,15] are somewhat in

between.

In this two-phase picture, the absorption/emission of a single pion is

naturally defined by a ITB0«"»-BQ vertex interaction, where BQ is the "core" (Bag)

and is not a physical particle. Works needed to describe the baryon properties

and rN scattering in terms of these bare vertices necessarily involve field-

theoretical many-body problem and hence the obtained solutions are often too

complicated for a direct application to the *"NN study. A simplification

employed here in formulating a JTNN theory is to assume that the TN dynamics

can be effectively described by a vertex rN«-»NQ(A) in the Pn(P33) channel and

a two-body interaction for each TN partial wave. The intrinsic many-body

problem is then isolated in deriving these effective interactions from the bare

vertices.

The baryon-baryon interactions within a two-phase hadron model obviously

has two components. At large distances r>2XRc the interaction is due to the

exchange of mesons. In the short-range region r^2*Ac, two quark cores overlap

and the interaction must be of a very Complicated nonlocal form. With the

above considerations, it is reasonable to postulate that the irNN Hamiltonian

takes the following form

[ ^ ^ C ) ^ C ) TN()] \ II V0(i,j) (2.1)

where HQ is the sum of free energy operators of the "bare" baryons NQ and A,

the nucleon and the pion. h«-N«.+N0
 a n ( ^ ^TN+^A

 a r e respectively the vertex
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interactions in the P}1 and P33 channel, v ^ is a two-body TN potential. VQ

is a two-baryon interaction consisting of a meson-exchange part and a nonlocal

term due to the overlapping of two quark cores,

V ^ ) ^ ( i . i ) + Vc c(i , j) (2.2)

Qualitatively, the meson-exchange term Vm x should be regularized at each

meson-baryon-baryon vertex by a form factor (A -fi )/(A +q ) where A-J~6/Rc and

q is the momentum transfer. The nonlocal term Vcc should be of a range of

~Ac.

By using the standard projection operator technique it is straightforward to

extend the method of ref. [4] to derive TNN scattering equations which are

unitary within the subspace NNQTNN. TO illustrate the structure of the theory,

I write down explicitly the resulting baryon-baryon scattering equation

T fv\ — v re\ i \ ' v fv\ p fv\ T fv\ fn i\
o{ti) = V alti) + / . V aVh) vi^l-C'J -»-_.V"J > I ^ 2 . 0 )OLD OLD — QD ' » y v ' o f * ' ' » 'H H 7 H I I

where a,y0,7=NN,NA,AA. The effective two-baryon potential contains three parts

The second term of eq. (2.4) is the interaction due to the exchange of a

on-mass-shell pion calculated from the dressed TN*-»N and TN*-*A vertices. The

third term contains the effects due to all "connected" interactions in the rNN

subspace. It is calculated from the dressed vertices and a TNN-*TNN Faddeev

amplitude. The procedure of carrying out this calculation has been well

discussed in literatures.

The two-baryon Green's function G- in eq. (2.3) contains a self-energy

term. For the NN channel it takes the form
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GM(E) = [E - E ^ ) - J(mo+ E(o/))2
+ p2 j (2.5)

where EN(p1)=Jm +p^, mQ is the bare mass of NQ and the self-energy is

1 W = hNXNGTN(W)hTNN+ hU^G^(U)t^(U)G^U)h^ii (2.6)

+ 2 -*2
with u = *(E-Eu(P])) - p2 '

Note that in fitting the JTN data we have the constraint mo+E(m)=m. A

similar form is also for the channel involving the A particle and its

nonrelativistic form has been explicitly given in ref. [l].

The NN+NN part of the solution of the eq. (2.3) is the NN elastic

scattering amplitude. The NN scattering equation deduced from the unitary

TNN model of the Flinders group [7] and the Lyon group [8] has a similar

structure. The model of the Argonne-Shizuoka group [3,4] can be obtained by

setting the PJJ interaction to zero and including explicitly a static one-pion-

exchange baryon-baryon potential. The model of the Hannover group [5] is

formerly identical to that of the Argonne-Shizuoka group but with a slightly

different treatment of the *N small amplitudes and the coupling with the rd

channel. The Bonn [6] model does not include the three-body term V3 of eq.

(2.4).

The TNN scattering equations considered by each group have been solved

only by making various approximations. The *N potential and the NN

interaction in the presence of a spectator pion are taken as a separable form so

that the irNN Faddeev equation can be cast into a numerically much simpler

AGS form. In addition, the small JTN amplitudes are treated in perturbation

and only the low partial waves are included in solving the Faddeev-AGS

equation. The validity of these simplifications has recently been questioned by
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Afnan and his co-workers [18]. It remains to be a challenge for theorists to

develop a numerical method for an "exact" solution of the xNN equations; such

as eqs. (2)-(lO) for NN elastic scattering.

Qualitatively speaking, most Kd calculations can describe the main features

of jrd scattering data which are dominated by the pion multiple scattering

mechanism. The main difficult is in describing the pp«-*xd data. The group

which achieves an impressive success in describing this reaction is the Hannover

group. The NN calculations of refs. [2-6] and [9] can describe the main features

of NN data. But they are far from a complete success. The problem has been

identified [4] to be the use of the conventional short-range parameterization

which cannot account for the nonlocal interaction due to the quark core

overlapping mechanism. In the next section, I will describe our recent effort in

resolving this problem.

3. TNN Model With a Nonlocal Short-Range Interaction

Our task is to find a parameterization of the core overlapping interaction

Vcc starting from a reasonable multi-quark model of the B=2 hadronic systems.

The most straightforward way is to adopt the cloudy-Bag model formulation and

assume that at distances less than the 2xRc (Chiral symmetry breaking radius)

the two incoming baryons are converted into a six-quark system with its mass

and radius determined from the Bag parameters. It was shown in ref. [19] that

the NN s-wave data can be fitted with this approach. The model of ref. [19]

can be cast into a form that it deviates from the conventional NN potential

model only in using a nonlocal separable form to parameterize the short range

interaction. For the s-wave scattering these short range parameters can be

qualitatively related to the Bag parameters, as discussed by Simonov [20].
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The extension of the work of ref. [19] to the full *NN problem is of course

a much more difficult task since we need to deal with the pionic three-body

channel. Also, the Bag parameters in £20 partial waves are not available or not

well-justified theoretically. The Chiral soliton models [16,17] and the Skyrmion

models [15] are not much useful either. We therefore are forced at the present

time to take a very phenomenological approach.

We are constructing two models which are aimed at giving an accurate

description of the NN data. In the first one we assume that the Chiral

symmetry breaking radius Rc is very large, 2xRc=1.4 fm for example. The only

mesonic interaction in this "big Bag" model is the one-pion-exchange term V

of eq. (2.4). We therefore set Vm x=0 and parameterize the short-range

interaction Vcc in each partial wave as a low-rank separable potential as

motivated by the work of ref. [19]. In fig. 1, I show some results of our the fit

to the most recent Arndt phase-shifts [11]. As shown in fig. 2 the model so

constructed can resolve the long-standing problem in describing the famous NN

polarization data.

In the second model we consider a very small (or no) quark core; i.e.

setting Ac<0.5 fm for example. The model then requires the existence of a

dense meson cloudy around the core to describe the hadron properties. The

resulting baryon-baryon interaction then must involve the exchange of correlated

pions or heavy mesons. In this model we calculate the term Vmx from the

exchange of p and u mesons, with the parameters taken from the usual Chiral

Largrangian model. This work is still in progress and will be finished soon.
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4. Applications and Future Developments

As stated in the introduction the main purpose of developing a JTNN model

is to facilitate the study of nuclear reactions induced by intermediate and high

energy probes. The basic input to these nuclear calculations is the off-shell

NN+NN, NN«-+NA and NA«-+NA t-matrix which can be easily generated from our

computer program. In the near future we expect to make progresses in: i)

calculating the A-nucleus and nucleon-nucleus optical potentials at high energies,

ii) examining the nuclear structure effects in the exclusive (*,pp) reaction on the

lp-shell nuclei, iii) studying the effect of quark core overlapping NA+NA

interaction on the wd and pion-nucleus scattering, and iv) calculating the d(7,p)

reaction up to 1 Gev.

Since our model does contain the well-established one-pion-exchange

mechanism and gives an accurate fit to the NN data, it should be a reasonable

model for all of the nuclear studies mentioned above. On the other hand we

should remember that it is basically a phenomenological model similar to the

Reid potential constructed in 1968 for low energy nuclear studies. In the future

we need to develop more quantitative multi-quark model so that the two-baryon

interactions V and V can hopefully be related to the basic QCD parameters.

This work is supported by the U. S. Department of Energy, Nuclear

Physics Division, under contract W-31-109-ENG-38.
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Figure Captions

Fig. 1 Fit of the presented irNN model to the most recent Arndt phase shifts.

Fig. 2. The predicted NN polarization cross sections are compared with the

data.
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