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It is pointed out that from the mass difference between the isotopic components of a reso-
nance level it can be determined whether a given resonance is a bound state of a pair of
particles or a resonance level of the Breit-Wigner type in a system of other particles.

A. large number of narrow meson and baryon
resonances have been recently observed in many
experiments. It was found that the mass of many
resonances is somewhat less than the sum of the
masses of any two particles. Two alternate hy-
potheses can be advanced with regards tothe nature
of such a resonance Z, which breaks up into par-
ticles A and B, and which has a mass somewhat
smaller than the sum of the masses of particles

C and D, namely 1) Z is a bound state of the par-
ticles C and D, and the final width of the resonance
is due to the transitions C + D — A + B, which
lead to the decay of the Z state; 2) Z is a resonant
level (of the Breit-Wigner type) in the A+B sys-
tem.

The first hypothesis is more attractive, since
it explains in a natural fashion the narrowness of the
arising resonance. At low binding energy in the Z
state the particles C and D are at large distances
from each other and collisions between them are
rare. Upon collision the particles C+D go over
into A +B and the Z state decays. Inasmuch as
collisions are rare, the width of the resonance
should be small (proportional to Ve, where ¢
= MC + MD - MZ ).

The purpose of the present article is to call
attention to the fact that an experimental check
on the first of these hypothesis is feasible.

Let us consider a resonance Z with isotopic
spin different from zero, and let us determine the
mass differences between the different components
of the isotopic multiplet. These mass differences
comprise the mass differences AMCj and AMDj

of the initial particles C and D, which form the
resonant state, and electromagnetic corrections
to the interaction between them. But at low bind-
ing energy the electromagnetic corrections to the

interaction are also small 1), of order eZe (if we
disregard the little-likely case when the small
binding energy is the result of cancellation of sev-
eral terms in the interaction energy and there is
no such cancellation in the electromagnetic cor-
rections). Therefore, if the resonant Z is a bound
state of the particles C and D with low binding en-
ergy (e2e < AMCJ-, AMDj ), then the mass differ-

ence AMy j of the different isotopic resonance

components should be equal to the mass difference
of the initial particles constituting these compo-
nents. In the case when Z is a resonant level of
the Breit-Wigner type in the A +B system, there
should be generally speaking no such relationship
between the mass differences of the isotopic com-
ponents of the Z resonance, since these mass dif-
ferences are determined essentially by the elec-
tromagnetic corrections to the interaction of the
particles A and B.

Let us consider some specific examples.

1. Y, resonance REP isotopic'spin 1, strangeness
s = —1, mass 1385 MeV. According to the first
hypothesis, the Y; resonance is a bound state of
the nucleon and a K meson, with Y{ the bound
state of p and K° Y7 the bound state of n and
K-, and Y} the bound state of p and K~ and n
and K° with equal weights. In accordance with
the foregoing, the differences in the masses of
Y{, Yi, and Y} should be

My+ — MY— == (Mp -+ M}(‘o) - (Mn + MK‘)
1 1
= 2.6 MeV,
DThe electromagnetic corrections to the interaction be-

tween particles C, D and A, B are also small, because of the
small width of the resonance.
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My;' - Myi' = (MP+ Ml_(o)

— L (M, + Mg- + My + My) = 1.3 MeV.

In the mass difference My* — My{ no account
is taken of the Coulomb interaction of the proton
with the K~ meson, which should be of order 1
MeV. Taking this interaction into account we get
My;- My} =1.8 Me[\;.sj . . "

2. KA resonance“°-: isotopic spin 7,, mass
1650 MeV. This resonance can be regarded as a
bound state of a  hyperon and K meson, the com-
ponent with isotopic spin projection 1/2 being the
bound state of Z*K? and 2°K* with relative weights

2

1/2,1/2 2 1/2,1/2 1 .
(011;1/2,-1/2) = ¥; and (010;1/2,1/2> = 7/, while the
component with isotopic spin projection — 1/2 is
the bound state of Z"K* and Z°K? with relative

2 2
. 1/2,-1/2 1/2,-1/2 -
If the first hypothesis is true, we should have
My, — M_y, = %3 Mg+ + Mgo) + s (Ms + Mx+)
—_ [2/3 (Mz— + MK+) + 1/3 (M}'_;o + MKO)] = — 3.1 MeV.
Taking into account the Coulomb interaction
between Z~ and K* we have Myp — M_ypp = —2.5

MeV.
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In both examples, the accuracy of the obtained
mass differences is apparently of the order of
0.5—1 MeV.

We note that the application of similar argu-
ments to the Z hyperon shows that the Z can ap-
parently not be regarded as a bound state of A
and w. Although the binding energy of Z relative
to A and 7 is not very small, 65 MeV, it is still
difficult to expect to obtain the experimentally ob-
served My~ — My* = 6.6 + 0.25 MeV in place of
the zero mass difference between Z* and 7, as
called for by the hypothesis that Z is a bound state
of A+m, or that the experiment will yield My*

- Mx0 = —2.1 + 0.5 MeV in place of the expected
Mg* — My0 = 4.6 MeV.

We are grateful to I. Yu. Kobzarev for useful

discussions.
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