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The large degeneracy of the resonant spectrum in dual models (DRM) leads
naturally to a statistical description of their physical characteristics [1].
However, the presently available papers deal in essence with only one such quan-
tity, the average spin.

In the present paper we make the next step in this direction, and study
within the framework of the statistical approach the total and partial widths
of the resonances, and also the multiplicity of production of stable mesons (ar-
bitrarily, pions) in the DRM. '

Assuming, in accord with experiment, a cascade decay of the resonances [2]
and the DRM unitarization scheme proposed in [3], we obtained the following ex-
pression for the total width of the resonance |{%}>
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where y 1s the interaction constant, o(x) = a(0) + a'x is the Regge trajectory,
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-1, -1); M' is the mass of the secondary resonance and is determined from the
kinematics of the process

M72 = M2 +m?2- aMym?+ p? (2)
M is the mass of the decaying resonance, and m is the pion mass.

With increasing M, the number of possible decay channels increases ex-
ponentially and the calculation of (1) is an extremely complicated process. To
solve this problem, we use the methods of statistical mechanics.

Our first step is to replace the § function in (1) by the operator of the

canonical distribution
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where C is a certain constant.
Such a substitution was already used for other purposes in [4], where it
was shown that to retain the Regge properties in the DRM the temperature intro-

duced in (3) must be proportional to the square of the mass of the resonance:
T'(p) = ka(M'?).

We now rewrite (1) in the form
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The quantity T of interest to us is obtained by averaging over the microcanoni-
cal gnsemble the external states ]{2}> with energy equal to the eigenvalue
Ha(M?) = N, in the form [5]
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An analysis of (5) shows that in the region T'(p) < T, where T is the tem-
perature determined from the condition that the average energy of the canonical
ensembles of the external states coincide with the epergy N = a(Mz) of the micro-
canonical ensemble (at large N we have T = (3N/272)!/2 [17]), the integrand in
(5) decreases exponentially with increasing T. On the other hand, in the region
T'(p) > T we can use the saddle-point method (which is equivalent to going over
to the canonical ensemble) and obtain in the 1limit of large M:
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The sum in the argument of the exponential in (6) is calculated by going over to
integration.

Thus, for negative a(0) (it is precisely for such a(0) = -o'm® that the
dual models have been presently constructed) the total average width decreases

like (M2)2a(0) with increasing M.

Since there is no universally accepted interpretation of ghost states, it
is impossible to draw final conclusions eoncerning the true physical meaning of
the decrease of the width T (6) (the "ghosts" should have a negative width in
the DRM). It is only clear that such a behavior is evidence in favor of the
self-consistency of the DRM unitarization scheme [3, 6], which is based on the
assumption that the resonance widths are small.
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The integrand in (6) makes 1t possible to draw conclusions concerning the
behavior of the partial widths in the DRM. In particular, its maximum (the
most)probable value of T') is located at the point T' = (1/2)a(M?) (if a(0)
<< 1),

We consider now the question of the average multlplicity If the mean-
squared mass of the secondary resonance is M'2 = rM?, then the average number
(n) of the pions in the cascade decay of the resonance with M? = s is deter-
mined by the condition

s = r"s (7

where s¢ 1s a certain small value of the square of the energy, below which the
statisticdl analysis ceases to be valid. From (7) we obtain
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Using (6), we can obtain
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where f(%') 1s the integrand in (6).

In the limit as M » «, assuming the deflnltlon of T' given in [4], which
yields k = 1 when o(0) << 1, we obtain M'? = M?*/2, i.e., (-1/1n r) = (1/1n 2)
= 1.4, which is close to the experimental data.
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If we observe any one of the particles produced in an inelastic reaction,

then we can obtain information concerning the quantity do = Z do(A + B =+ C+ X),
which is called the total 1nclu 1ve cross section for the productlon of the
particle C with momentum PC CH ) By X we denote the system of particles

produced together with the given partlcles, and summation over all the possible
states of this system is carried out in the experiment.
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