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In papers (1-3) a model of a meson-nucleon system with three possible states
of a fixed nucleon was considered. In the present note this model is used to
describe the scattering of mesons by a fixed source.

We write the Hamiltonian of the meson-nucleon system in the form
H=myATA4+mpyB"B+m-CTC + /dkgwa+(k)a(k)+
oy / B u(w)[A* Ba(k) + h. ¢+ Agy / dB[BCa(k) + h. ], (1)

where w = w;, = \/k? + p?; u(w) is a real cutoff function (for a point source
u(w) = 1/v/2w); AT(A), BY(B), C*(C), and a* (k)(a(k)) are the creation (anni-
hilation) operators of fermions A, B, C and of the boson . All quantities with
the subscript 0 are unrenormalized.

In paper (3) the Schrodinger equation was solved exactly for one-nucleon states
belonging to the discrete energy spectrum. Now the Schrodinger equation

H|X) = E|X) (2)

is solved for states of the continuous spectrum |X), containing one A-particle—
the states of meson scattering on nucleons.

We seek the state |X) in the form:
X) = (B + [ Ao, (Bw)Brat 0+

1 3 + o+ +
o [ B, (B oy w)C e Rat ) o), (3)
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where |0) is the vacuum state. Equation (2) is equivalent to the following rela-
tions between the wave functions:

(B — mpo)b(E) = Aoy / Ak, (B, wu(wy), (4)

(B —mpy —w )y (B, wy) =

= Aot (E) + V2 / A0 u(w, )y (B, g ), (5)

(E— Mg — Wi — wl)%(Ea wkawl) =

- %AOQ[“WWE’ wp) + ulw) ¥y (B, wy)] (6)

Among the states | X) we choose the states corresponding to an incident plane
wave Bta'(ky)|0) and an outgoing scattered wave. These states |Bfkg) . de-
scribe the scattering of mesons by B-particles. For them

V1 (B, wy,) = ¥y (wp, wy,) = 53(% — k) + o1 (W wp),s (7)

where wy = E—mp is the energy of the scattered meson; mp is the renormalized
mass of the B-particle. Equations (5) and (6) reduce to an integral

equation
h(wy + b —w)pr (W, ag) = A1 Zpy (W)Y (wy)—
. - P14 (w)u(w,) di®
yululg) g — [ S (®)
in which

h(z) =(z—0) ll +4n(z — b)v/ (

m

v = A2 Z = A2 is the square of the renormalized coupling constant of the BC6-
interaction; Zp is the renormalization constant of the B-particle, coinciding with
the renormalization constant of the V-particle in the Lee model (*). We shall
restrict ourselves to the case 0 < Zz < 1 and regard the B-particle as stable:
b =mp —mgy < pu. By the substitution

u(w)u(wy)p(w, wp)
h(wo—ﬁb—w)o (10)

901+(W»W0) =7
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equation (9) is transformed into the form

(11)

Pl wq) = — 1 LK 1/ o Im h(w ) (W', wy) dw

w—b T A b+ wy—w)(w +w—wy—b—ie)’

K — Mo1ZB 1/’(‘”0).
7 ulw)

An integral equation with such a kernel for the inhomogeneous term —1/(w —b)
in the case b = 0 was solved in works (°,%), and for a constant inhomogeneous
term in work (®). Generalizing the solution (°) to the case b # 0 by the method

used in (%), we find

plwrg) = MOV (1 ) 4 Kz )], (12)
0

where

 fu—b 1 24(w)
flero) == [h(w) o—b 1= h(w)A(wp) ]’ "
1 (w —b)dw’ - 1
Alw) = 7r/u (w’er—wo*b—ié?)h(Wo*b*w/)I h(w’)’ 1

Returning to ¢, (w,wy), we obtain

1) = T2 ) o) + Aoyl (16)

Substituting ¢, (w,w,) into equation (4), we determine )(wy)

Y(wy) = Ao 9(wo) ) (17)
where
1 * dw Im h(w) f(w, wy)
L(wy) = - / e—wtic (18)

12
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2
)\01

g(wy) = mp +wy +ic —my — TM(WO), (19)
1 [ dw Imh(w)j(w,w
M(wy) = f/ _( ) (, 0). (20)
TJ, Wy —w+1e

The zeros of the function g(w,) determine the values of the renormalized mass
of the A-particle ).

Thus, the state | Bk is completely determined (¢, (wy, wy,, w;) is immediately
found from equation (6)). Taking into account the normalization, the | Bkjin)-
state has the form

|BOkyin) = Z}{*| Bbk,), . (21)

The last independent solution of the Schrodinger equation (2), corresponding
to the scattering of two mesons by a C-particle |C20kyl,) ., contains the plane
wave
1
V2

and the outgoing scattered wave @, (wy, ,w; ,wg,w;) (the notation £ = m¢ +
Wy, +wy, 1s adopted). The main technical difficulty in determining this state
consists in solving the integral equation

CTa'(ko)a™(1y)|0)

1 1 [~ Im h(w)n(w’) dw’
/H : (22)

=- += .
n(w) T W w—wy —wy —ig) h(wy, +w, — W)’

in which the pole of the inhomogeneous term does not coincide with the zero
of the function h(z). Such an equation for b = 0 was solved in Refs. (37,
Using the method of Ref. (3 it is easy to generalize the solution to the case
b # 0. Because of the cumbersome formulas, the explicit expression for the state
|C20kyly) . is not given. The state |C20kyl,), is normalized to a plane wave

and will be denoted by |C20kylyin).

The scattering states make it possible to determine the amplitudes for scattering
of a f-particle by a B-particle, T(w), and for production of two f-particles in
B — 0 collisions, T'(w,,w,), from the formulas

(out BOK'|BOk in) = 63(k — k') — 27id(w — )T (w), (23)

(out C20pg|BOk in) = —2mid(w, + w, — wy, — b)T'(w,,w,)- (24)
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Calculating the scalar products, we obtain

T(w) = v?(w) {7f(w,w) + Ajpi(w,w)g™H(w)[1 + Lw)]}, (25)

f(wq’wl) n f(Wle)}

wp—b wq—b

T<wp7wq) = \}EAQU(wp)u(wq)u(wl){’y |:
(26)

+)\2 [1+L(°‘)1)] j<wq7w1) +j(wp7w1)
w, —b w,—b ’
Wy = w, +w, —b.

With the aid of equalities (13), (14), the B — 6 scattering amplitude is trans-
formed to the form

1 s L4 L) 1+ h() ()
) = v ) Ay @) {A“ 0@ T hw) }

1 [~ dw’ 1
Aolw) = = [ M+ b—w) R (27)

The amplitude T'(w), as expected, for Ay = 0 becomes the N6-scattering am-
plitude of Lee’ s model Y, and for \j; = 0 the V#-scattering amplitude of the
same model 8.

It should be noted that at incident-meson energies w < 2u — b, scattering of
f-particles by a B-particle is purely elastic, whereas at energies w > 2y — b the
competing process of production of two mesons with probability amplitude (26)
is switched on, and the scattering becomes inelastic.

The cross section for elastic scattering of §-particles is proportional to |T(w)|?.
It may have two maxima associated with resonance denomina-

by 1 — h(w)Ay(w) and g(w). The first denominator leads to a maximum of
the cross section when the interaction constant - is such that, with the AB6-
interaction switched off, no bound Bf-states are formed (V6-bound states in the
Lee model), i.e., for Zg > 1/2 (. The second denominator gives a resonance
when the constant v is so small that no second one-particle state of the A-
particle is formed ®). As shown in ), the resonance energy corresponding to
the minimum of |g(w)|, for fixed coupling constants Ay, Ay, is greater than the
resonance energy of the first denominator. Therefore, as v decreases from
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to 0, first the second resonance appears, then the first; the resonance energies
increase, while the distance between the maxima of the cross section decreases—
they merge into a single asymmetric maximum. The amplitude for the produc-
tion of two mesons, T'(w,,,w,), has the same features.

The authors express their deep gratitude to Academician N. N. Bogolyubov and
V. 1. Grigor’ ev for their attention and useful discussions.
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