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The condition of unitarity and the dispersion relations are used to obtain the asymptotic be-
havior of the meson-meson scattering amplitude in the region of large momentum transfer.

1. INTRODUCTION Zi

RECENTLY a new method has been introduced in O
quantum field theory which enables one to investi-

gate bound states and resonances (143 This method @
is based on the study of the asymptotic behavior of S

scattering amplitudes in the region of large momen- e FIG. 1
tum transfer.

From the point of view of the new method the where s is the square of the total energy, — t is
basic objects of investigation in quantum field the square of the transferred momentum, m is the
theory must be the Regge pole trajectories. The meson mass. Integration in (1) is carried out over

explicit calculation of Regge trajectories presents the region
considerable difficulties and requires the use of

approximation methods. At present there exist two 2> 212, + V @—1 @& —1).
approaches: 1) solution of the Bethe-Salpeter equa-
tions [%:6J and 2) summation of diagrams by the

On substituting (1) into the dispersion relation

method of the renormalization group [, In this Ay (s2) = g dg A13 (57)
paper an approximation method is presented based 7—z
on unitarity and dispersion relations. and integrating over z’ we obtain
459 = — i V 2z, (d !

2, THE CONDITION OF UNITARITY IN THE STEP- “1 2w V grm)%4 )iz VEGan

WISE APPROXIMATION

— k

We restrict ourselves to a discussion of the X In i_zz:i 1];1: ((ZIZ;A (s22) As (521)- (2)
theory of neutral scalar mesons with contact inter-
action A¢@®. By applying Cutkosky’s rules [3J to Noting that

the diagrams shown in Fig. 1 we write the condition
of unitarity

1 2
A1 (52) = 5 VW S 4z

A (s2) =— 5 i [A (s2) — AV (s2)], '

we rewrite (2) in the form

1 1
A (s2) = AM (s2) — ﬁ ]/qz + m? % 2 R a2 V k (z2122)

1 11 .
Q s e A (5%) Ao (52);
s In Zzant VEGEED 11,0 o
A(sz) = A(s + ie,2), A (s2) = A (s — ie,z2), ¢ —azn—Vk@az)
k(22125) =22 +25 + 25 — 1 — 22212, s =4 (¢ + m?), We make an approximation analogous to that

t=2(—1), t, =26 (2, — 1), t, =2¢% (2, — 1), (1) which is mad?:;]n ot.)tammg equations of the Bethe-
Salpeter type -*-, viz., we set

A2

All(s2) = — 23 (z— 1) — m??

DIn this paper we use an approximation which does not
take into account the contribution to the scattering amplitude ‘“
of the singularities of the invariant u. Ay (szp) = A [2¢° (2, — 1) —m?].
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We then obtain

xz
A= —gpe—n—m
. ir' 1
AV T ) Ve
2 — 212, + Vk (z2122) .
X In 2 — 212 — V k (22122) As (s21);
2, = | 4 m?/2¢2. (3)

Equation (3) is the unitarity condition in the step-
wise approximation.

3. ASYMPTOTIC BEHAVIOR FOR LARGE MO-
MENTUM TRANSFER

As t— © (z — «) Eq. (3) assumes the follow-
ing form
A? iA?
At)=—7~ 82 V's (s — 4m?)
4)

We multiply (4) by t and differentiate with respect
to t. Then, taking into account the dispersion re-
lation

As (st)
th—1t°

Alst) = & dt,
we obtain the simple differential equation
t2A(st) = (s) Alst);
o (5)
a(s) =—1 + ir/8nV s (s— 4m?).
Equation (5) has the solution
A(st) = B(s) 2.
The dependence of Rea(s) on s (the Regge

trajectory) for m = 1 and A* = 25 is shown ? in

IIn the construction of the Regge trajectory a(s) is con-
tinued into the region ‘s < 4m*.

IN QUANTUM

Sdtl T In (t— 1) Ag (sty)-
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FIG. 2

Fig. 2. It can be seen from Fig. 2 that there exists
a family of bound states [dRe a(s)/ds > 0 for 2m?
< s < 4m?]; there are no resonances and no
‘‘ghosts.”
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