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In a recent paper [/] by the author, subsequently referred to as I, a model
Hamiltonian was derived from pseudo-scalar y5 coupling for low energy
pion-nucleon scattering. The Hamiltonian was derived by neglecting
virtual nucleon-antinucleon pair creation terms. The correct relativistic
expression for the nucleon was used, enabling one to obtain an approxi-
mate expression for the pion-nucleon scattering amplitude which after
coupling constant renormalization converged in the infinite cut-off limit
(In the infinite nucleon mass limit one recovers the results of the static
model [2]). The approximate unitary S-matrix was obtained in I by
summing to infinite order those terms in the perturbation expansion

which do not contain higher intermediate states than one nucleon and
2

two mesons. By fitting the value of the coupling constant %— to reproduce
T

the experimental value of the 3/2 3/2 scattering length one obtained
2
i— = 23,25 and for the mass of N¥,, (1238) 1368 MeV.
T
The purpose of this short note is to compare these results with some
recent calculations [3] by Katz and Wagner. In this work a broken SU3,
relativistic Schrodinger equation is solved to obtain the masses of the
baryon resonances. The potential is obtained by making an off energy
recent calculations [3] by Katz and Wagner. In this work a broken SU,,
relativistic Schrodinger equation is solved to obtain the masses of the
baryon resonances. The potential is obtained by making an off energy

shell extrapolation of the baryon exchange Born term derived from an SU,



100 L. B. REDEI

symmetric Lagrangian. The breaking of SU; symmetry is introduced
by using the physical masses for the baryons and the mesons. The value
of the pion-nucleon coupling constant is determined by requiring the
model to reproduce the mass of the N%,(1238) resonance. This gives
2

i—n = 38. The dependence of the mass was found approximately

linear in the inverse power of the coupling constant. For the 3/2 3/2
channel this agrees very well with the results of I. In fact the linear depen-

dence of the mass of N¥%;, on the inverse coupling constant follows directly
2

from equation (37) in reference [/]. Also, if one instead of fitting %— to
T

the scattering length determines its value by fitting it to the experimental
2

mass of the B, one obtains in I %— = 36 in good agreement with the figure
T

quoted in reference [3]. If thus seems that these two models are in good
agreement at least in the 3/2 3/2 pion-nucleon channel. Encouraged by
this we shall briefly discuss the SU; extension of the Hamiltonian in I
(The model discussed in I has the advantage over the baryon exchange
model [3] that it does not involve an arbitrary off energy shell extrapola-
tion).

We start with the SU; symmetric pseudo-scalar Hamiltonian for the
baryon pseudo-scalar meson system

Hi, = igo: stx«l = 2f)B(x)jysBO)P()f + B(x)jysBOIP(x)): (1)

where B(x); is the 3 x 3 SU; matrix made out of the eight baryon field
operators and P(x)¥ the meson matrix constructed from pseudo-scalar
meson fields [4]. Neglecting virtual baryon-antibaryon pair creation
terms one has

H=H,+V, +V_=H,+V ()

where H, is the free Hamiltonian and V , raises (lowers) the meson number
by one while leaving the number of baryons unchanged. Explicity

Vi =(V.)" = ig: jd3x((1 — 2f)B ()i sB V(e P ()
+ BO)jpsB P T (3)

where B'™) describes baryon annihilation, B~ baryon creation and P~
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meson annihilation. One can now proceed as in I to obtain an effective
potential for baryon-meson scattering. Using the expression

(b|Sla) =< bla) - 2MMid(W, — W,) lim (b|T(Z)|a), (4)

Imz>0

where |a ), |b) are one baryon, one meson states and T(z) given by

=V R

Ry(z) = (Ho — 2)7,

one gets an approximate expression for T(z) by using

1

1 + Ry(z)PVP’ (©)

T(z) = PVP
where P is the projection operator which is one for states not containing
morc than two mesons and is zero otherwise. This approximation is
clearly equivalent to keeping those terms in the perturbation expansion
of the right hand side of equation [4] which do not contain more than two
mesons in their intermediate states. By expanding in terms V and resum-
ming the series one obtains that

(b1 T@)ad = (b|RE) (7)

1
1T R@RG)
where

— K(z) = V,Ry(2)V_ + V_Ry(2)V,. (8)

The operator K(z) does not change the meson number. In general it
will have a diagonal part which describes a self-energy effect due to per-
menant meson cloud formation. The diagonal part can be eli-
minated by renormalization and it is to be dropped from the S-matrix [5].
Writing

(bIK@)a) =<b|R(2)|a) — Ky (2)<{bla) )

one has, in view of the proceeding discussion, the following approximate
baryon-meson S-matrix

<bIS|a>=<bla>—2ﬂi5(Wa—Wb)zljr‘go(blK(Z)mIa) (10)
0

Comparing this with the original expressions (4) and (5) it follows that
K(z) can be looked upon as a generalized energy dependent meson-baryon
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potential. The operator K(z) becomes non-hermitian for Re z above
production threshold corresponding to meson production.

To summarize, the potential K(z) is defined by equation (8) and (9),
where the SU, symmetric interaction Hamiltonian V =V, + (V,)* is
given by equation (3). The breaking of SU; invariance can be introduced
in the customary manner by using the physical masses for the particles.

The potential K(z) could in principle be used to calculate the masses
of the baryon resonances.

Note added after receiving proofs. — The model described above has
been used to calculate the mass of the Q™ particle as a KE bound state.
Using the same value g2/4n = 23,25 as in I 1796 MeV was obtained for
the Q™ mass (L. B. Rédei, Nuclear Physics, B 17,1970, 38). The exoticK*p
scattering has also been treated (L. B. Rédei, Field theoretic model for low
energy J = 3/27K*p scattering, to be published in Phys. Rev.).
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