TRIUMF /U. Washington
TRI-PP-79-16 / RLO-1388-785
May 1979

Pion-Nucleon Scattering in the Cloudy Bag Model

G.A. Miller

Department of Physics, University of Washington
Seattle, Washington 98195

and

A.W. Thomas and S. Théberge

TRIUMF, University of British Columbia
Vancouver, B.C. Canada V6T IW5

Abstract

Pion-nucleon scattering in the (3,3) resonance region is described
using an expanded version of the Brown-Rho bag model. Terms involving
iterations of the crossed Born graphs, as well as excitation of the bare
(three quark) delta, both give significant contributions to the scat-
tering amplitude. Two vm..mr.ono..m. corresponding to the bag size and
the bare delta excitation energy, are found by fitting the scattering

data.
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Recently Brown and Rho! introduced a new bag model of hadronic
structure in which the radius is much smaller (~1.5 my~1) than the MIT
bag.2 In this model the nucleon consists of a small bag of three quarks
surrounded by a cloud of pions, which exist only outside the bag. The
pions couple to the bag surface with the familiar Yukawa coupling.

Thus hadrons can interact with each other through conventional pion
exchange mechanisms.

In this note we extend the Brown-Rho (BR) mode! to describe pion-
nucleon scattering in the (3,3) resonance region. The new feature of
our model is that two distinct mechanisms combine to produce the ob-
served resonance. First there is a series of terms involving the cloud
of plons about the nucleon [see Fig. 1(a)]. With the Yukawa coupling
[Eq. (2) below], and asuitable choice of cutoff-function,3 this series
of crossed graphs alone can reproduce the P33 resonance. However, in the
bag model there is an additional pion nucleon coupling in which the
pion field changes the three-quark nucleon bag into a three-quark delta
state. This coupling gives rise to the series of graphs shown in
Figs. 1(b) and (c). In what follows we sum the graphs of Fig. 1 in the
static limit and obtain a good representation of the experimental in the
P33 phase shifts.

In the BR model,! the coupling of the pion field to the surface of
the nucleon bag is obtained by assuming u=>= = 0, where Ay Is the axial
vector current. Inside the bag this is carried entirely by the quarks,
and outside by the pions. By considering the integral .‘m..x 3Ay =0

over a pill-box through the bag surface, one finds that at the surface
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The mass sg is taken as an adjustable parameter in this model.
The potential vy is proportional to f2 and vy, is proportional to g2.
In addition vy and vy involve phenomenological vertex functions un(p)
and up(p) which in the spirit of the little bag mode! have equal ranges.
We assume that they are both ©-functions witha cutoff at momentum PM-
This is the second parameter in our model, but based on the uncertainty
principle we expect py to be of the order R™1 (R is the bag radius).

The pion-nucleon transition amplitude t(E) corresponding to the
sum of all the graphs of Fig. 1 can be shown to have the form

t(E) = t1(E) + t,(E) (6)

where t) and t; satisfy the coupled equations

aE =P P e o 6@ + ), (7a)
1 E
ta(E) = m,n\wo + MMWQ Ehy Aﬂﬂ t1(E) + nNAmvv. (7b)

and hg is the pion total energy operator. In the limit where g2 is zero,
Eqs. (6) and (7 ...om:na to the Chew-Low’ theory without crossing. When
f2 s zero we ge a pure A-model.

There are a number of additional approximations (standard in earlier
treatments of wN scattering) implicit in these equations. Terms asso-
ciated with pion crossing are neglected, and we approximate the crossed
Born graph so that there is no pion production cut. These neglected
terms provide some attraction in the (3,3) channel,® and their inclusion
could modify the values of Py and so that we extract.

Using Eqs. (6) and (7) we find that values of PM = 900 MeV/c and
sg = 1400 MeV (dotted line in Fig. 2) give a very good fit to the total

cross section (solid curve)d in the (3,3) channel. The value of pM is

-6 -

consistent with the assumption of a small bag, but sy seems very large.
The difficulty stems from the large mass of the bare little bag
(~5.4 my) . In the BR paper it was argued that strong self-energy correc-
tions from virtual pion emission and absorption [especially Figs. 3(a)
and 3(b)] would bring the bare nucleon-mass down to the physical mass.
Indeed we have assumed that this renormalization procedure is valid and
have used the physical values of my and f2 in evaluating the terms of
Fig. 1. On the other hand, while self-energy graphs like Fig. 3(c) can
be assumed to have been included in sgy (i.e., sg = 5.4 my + 3(c) +...),
important self-energy terms for the A, such as Fig. 3(d), are included
in the solution of Eqs. (6) and (7). Since Brown and Rho found a
contribution of -2.9 my from Figs. 3(a) and 3(b) in the nucleon case,
our valuve of sg Is not unreasonable. .

However, there I's a question of consistency, because f2 is a fully
renormalized coupling constant, while some parts of the diagrams in
Fig. 1(b) may be regarded as _dao..aw:Nmn..o:m of the ANw coupling. In
particular, we expect n...m.n (g/f)2 should be given by the quark model
only if both f and g are fully renormalized. This has led us to apply
standard non-relativistic renormalization techniques!? to the A-Green's
function. We make two subtractions on the quantity [E*-sy-Z(E)] = 631(E)
[see Fig. 3(d)], to guarantee that Re[G51(E = s)] is zero. Furthermore
a renormalization (redefinition of the 7NA coupling constant) is
performed so that the value of __NWM_ Re[631(E)/(E-s)] is unity. The only

change in Eqs. (7) is that Eq. (7b) is replaced by

(€)= 25+ 15 (e fy 01(8)
- Am'mvu nl. P '
(E*-hg) A& -:ovv c:cv ’ (m*)
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2. Total cross section for aN scattering in the P33 channel (see text).
3. Self-energy corrections considered by Brown and Rhol! for the nucleon
[(a) and (b)], and by us [(c) and (d)]. Diagram (d) represents the

term Z(E) in the text [above Eq. (7b')].
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