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In [1] we introduced the concept of mutual admissibility of the mass distributions of
associatively created unstable particles, and obtained the necessary conditions for the ad-
missibility of mass distributions specified by their analytic structure. We present below
the necessary and sufficient conditions for admissibility of mass distributions of unstable
particles in the most general formilation.

1. We consider a quasi-two-particle reaction:

m +m+Mom ta.tm 4t 4Am, 4+ m + .ot
l+...+m,+...+le i Ny +1 k Ny N,

(1)

tmy+ .. +.m~s,

vwhere Ny > 2, N, - Ny > 2, and Ny - Ny > 2, i.e., an arbitrary Ny + N, + Ny = N > 6-point
diagram. In (1), all the numbered particles are stable (absolutely), and m and M are

unstable particles (resonances) or simply groups of particles

Ny N5
ms= X m,_ and M= I mp
k=NgH1 =Ny

in the direct reaction corresponding to (1). If the energy-momentum conservation law "from
stable to stable" [2,3] holds in reaction (1), then the masses m and M are related as
follows [1]:

MZ= ml+(E2 p2) - 2Egvm? + PL, +2(Pg.Pm). (2)
where
Ny _ Ny N.2 _ N,
EOE p \/m,2+p%,pos ip,.En= p3 \/mzk“'sz:mez P
i=1 i=1 k=Np+1 k=Nrt+1

N3 - N3
E =% Vmp+rpf.pu=2 pe, m = EL-p%, M2=E - pj,.
&N+l &Nl

If we assume for simplicity at first that (BO.Sm) = PPy then (2) leads [1,4] to rigorous
relations between the densities of the conditional mass distributions a)(mlpm) and W(Mlpm) at
fixed momenta P &and p,, and between the momentum distribution densities &)(pm) and W(pM):

m(mle )dm ’W(M‘PM )dM’ (3)

3(Pp)dp,, = W(py)dpy .

Accordingly, for the unconditional distribution of the masses w(m) and W(M), which are direct-
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1y connected with the probabilities of the corresponding physical processes, we obtain

@(m) = [&(p, ) a(m|p, )dp,,, 4
i (#)
W(M) = SW(p, )W (Mlpy)dp,.

In the most general case we have for the reaction (1)

om) = fuo f1S(m M,y q )2 dMTIdq,,
a

(5)
W(M) = f...f|S(m, M, q )] 2dmIldq,,
a

where S{m, M, qm) is the S-matrix of the reaction (1) and includes the corresponding &-
functions ensuring the energy-momentum conservation law "from stable to stable" [2,3], and
Q. are the relativistic invariants, other than m and M, on which the S-matrix of the re-
action (1) can depend. It is precisely these distributions, w{m) and W(M), which are being
investigated in the study of resonances. It is perfectly obvious that when EO’ Ipol < o
the function y(m, M), defined in accordance with

o(m, M)*fa...,ﬂS(m, M, qa)l2 Edqa 6)

differs from zero by virtue of the energy-momentum conservation law, only in a closed set G
of the plane Re(m, M), and
ff(m, M) dm dM = 1
G

(7

As noted by the author and by V. N. Sudakov, it is possible to derive from Sudakov's
recent mathematical results concerning measurable decompositions [4] the following fundemental
theorem:

Theorem on admissible mass distributions: Let G be a closed set of the plane Re(m, M)
(see the figure) with unity measure [Eq. (7)]. The necessary and sufficient condition for
the admissibility of the mass distributions w(m) and W(M) is the satisfaction, for an arbi-
trary breakdown of the axes m and M into measurable subsets A and B such that
AXB N G= g (empty) (see the figure), of the following condition:

Jo(m)dm+ fW(M)dM <1 (8)
A B

2. As a consequence of the fundamental theorem we obtain a result similar to that [1]:
Theorem: The mass distributions

w(m =A [(m_m ) +I2 )1 y
(mo M,I(MOo Mo)‘G, (9)

W(M) -AM[(M..MO)2 +1"'}‘ 1! ,

268



where Am and AM are normalization constants, mutually
indmissible for 2:bitrary ™My Pm, Nb, and FM (and all
the more for I 53 FM). A , A-B06=4#

3. Let us consider the main physical consequences.

For ordinary unstable particles, owing to the existence
of a reaction of the type y + p+ n + x+, we arrive by G
virtue of the theorems of the present paper at the

following alternatives: a) the mass distributions do M

not admit of continuation to the complex plane and as 8

a consequence the decays of unstable particles, partic-

ularly of the neutron and the positive pion, should be essentially non-exponential; b) on the
other hand, if a careful experiment (see [5] in this connection) shows the decay to be ex-
ponential, this means violation of the energy-momentum conservation in reactions in which
unstable particles are produced, accurate to within the decay widths. In pair production of
resonances, inasmuch as their widths are of the same order, the pole distributions (the Breit-
Wigner formulas) are mutvally admissible. Exceptions are resonance peir-production reactions
in which one resonance is the 7m meson. Resonances with the same discrete quantum numbers,
produced simultaneously with ordinary unstable particles, can no longer be described by sim-
ple pole distributions, thus indicating clearly that the resonance mass distribution is de-
pendent on the preparation [2,3]. 1In this connection, interest attaches to data on the de-
pendence of the distribution of the p-meson masses on the preparation [2,5-7]. When account
is taken of crossing symmetry, the inadmissibility of pole distributions of the masses for
the resonances obviously leaves no hope for the validity of the Regge-pole method.

I am grateful to V. N. Sudakov for interesting discussions of the mathematical problems
and for communicating the result of [4] prior to publication, and to the members of the
seminars of the divisions of theoretical physics of the Leningrad State University, the
Physics Institute of the Academy of Sciences, and of JINR for interesting discussions.
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This article describes several effects that exhibit a number of singularities compared
with the well-known "photon-echo" effect, which was recently predicted (1] and investigated
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