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This model of the K+ decay may clarify the long-

standing problem of why the ratio for K+~2@ ver-
sus K,'~2m is equal to 1/500 rather than o.'
-1/20000. The point is that our sequence gives
a decay rate proportional to (mK -m&) '. Let us
compare this situation with the K, decay. Since
this decay is allowed by AT = &, the sequence K,'
~ P ~27t is unlikely to play an important role."
There is no known intermediate state compatible
with hT = 2 which can give rise to as small an en-
ergy denominator. Therefore this mass effect
may produce the necessary enhancement of the
K+ rate even in the absence of strong n -n forces
at the K+-rest energy. However, such arguments
would be invalid if close-lying T =0, 0 particles
were to exist.

We further note that if the sequence Eq. (6) in-
deed dominates the K+ decay, it follows that the
2~y/2m branching ratio of K+ would equal that of
f+. Also the 2ny spectrum would be the same in

the two cases. Measurements of this could pro-
vide a test of our model of the K+ decays.

In conclusion we reiterate that the relatively
straightforward measurement of the various 2m

rates of the ('s is sufficient to determine the iso-
topic spin character of g decay and the charge
conjugation quantum number of &'.

%e would like to thank Dr. J. Sanford, Dr. E.
Pickup, and Dr. B. Sechi Zorn for discussing

with us the experimental material, and N. P.
Chang and T. Yao for pointing out an error in an

earlier version of this note.

*Alfred P. Sloan Foundation Fellow.
~R. Barloutaud, J. Heughebaert, A. Leveque, J. Mey-

er, and R. Omnes, Phys. Rev. Letters 8, 32 (1962).
2A. Erwin, B. March, W. Walker, and E. West,

Phys. Bev. Letters 6, 628 (1961).
3C. Peck, L. Jones, and M. Perl, University of

Michigan Technical Report No. 4, 1962 (unpublished).
4B. Sechi Zorn, Phys. Bev. Letters 8, 282 (1962).
I always denotes the rate.

SM. Nauenberg and A. Pais, Phys. Rev. Letters 8,
82 (1962}.

TG. Feinberg, Phys. Rev. Letters 8, 151 (1962).
R. Peierls and S. Treiman, this issue tPhys. Rev.

Letters 8, 339 (1962}).
See a similar calculation by R. Good, Phys. Rev.

113, 352 (1959), for K 2m'. In the present case we
omit the inner bremsstrahlung as this can be important
only if 2~ is the dominant mode.

~P. Bastien et al. , Phys. Bev. Letters 8, 114, 302(E)
(1962} .
' A possible explanation of this effect in terms of a

light 2~ resonant state with T =0 was pointed out to us
by Dr. M. Nauenberg.

2A similar argument shows that if the q decay is T-
forbidden, the one-g intermediate state will not play an
important role in the E2 mesonic decay. However, it is
possible that the decays K~ —2p, K~ -2p could go through
intermediate states of a single &, p, respectively.
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Recently a connection has been found between
the analytical properties of the amplitudes as
functions of the angular momenta, and their as-
ymptotic behavior at high energies. ' lt is as-
sumed that the asymptotic behavior of the scat-
tering amplitudes of any particles in the diffrac-
tion region is determined by the moving pole j(t)
of a partial wave in the annihilation channel. ~ ~

Several important properties of strong interac-
tions at high energies (s) follow from this as-
sumption. In particular, the amplitude of the

elastic scattering of strongly interacting particles
must have the form f(t)s~( ) (s and t are the usual
Mandelstam variables). The total cross section
is constant if j(0) assumes the maximum possible
value, equal to 1.' The elastic scattering cross
section must tend slowly to zero (as 1/lns). The
diffraction cone must narrow with increasing en-
ergy; this behavior corresponds to the scatter-
ing on a system whose transparency and radius
increase with the energy. s Such behavior seems
to be in agreement with the experimental data
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recently obtained. Up to now2 only the proper-
ties of j(t) were discussed. It was emphasized,
in particular, that j(t) is the same for the various
reactions. We show that the unitarity conditions
on complex j, obtained by one of us (V.G.), lead
to a great number of relations for the functions
f(t), corresponding to the various reactions.

Particular cases of these relations are simple
connections between total interaction cross sec-
tions for various particles at high energies (s).
For example,

'AB j'AC = 'DBj'DC '

where OAB is the total interaction cross section
for the particles A and B at the energy s~~.
Hence, for instance, we have

If we express f&, g, h. through f «, g.«, hj«:

j 1-2i(k/(u) f.«

j 1-2i(k j&)f.,* '

k (g ««)2

h. =h. g +2i-j j (u 1-2i(k/(u)f. *'
j+

then it can be seen that all the amplitudes have a
pole at a j(t) for which (k/&u) f **=(1/2i) F.or j
close to j(t) we have

2= 2

mN mm NN' KN KK NN'

AN NN AA' KA KK AA'

(2)

Substituting (5) into (4), we obtain

P((u/2ik) Pg.«(t)
'

(g.«(t)*)'

,=, , (t) g =
(t)

" ="("j )~
(t)

Thus, using the values crNN = 40 mb, o~N = 25 mb,

AN = 22 mb, we obtain o» =16 mb, crKK=12 mb.
To derive these relations, let us write the uni-

tarity conditions for the amplitudes of the partial
waves in the annihilation (t) channel 4p2« t«16'/2,
where p, is the mass of the n meson. The choice
of this interval and the exclusive choice of the m-

meson states are due to the fact that we can write
the exact unitarity condition only in that region.

For simplicity let us consider the spinless par-
ticles, w and K mesons. Let f&, gj, and h& be the
amplitudes of the partial waves of the reactions
n. +~ n+n, K+K~7t+m, and K+K K+K, in a
given isotopic spin state [to each value of the iso-
topic spin corresponds a particular j(t)]. Then
the unitarity condition has the form2

Hence it follows that the residues of these ampli-
tudes, rz~, r~K, and rKK, satisfy the simple re-
lation

This relation corresponds precisely to the con-
nection between the probabilities of the various
processes in the case where they pass through
one Breit-Wigner level.

Since r~z, rhtf, and ref are analytic functions
of t, this relation is valid at any t. The total
cross section at high energies is determined by
the pole in the isotopic spin zero state and is
connected with r(0) by the relations

/r = 12m'(I/p')r (0),

(1/2i)(g. -g.,*)= (k/ )gf.j*

(1/2t)(h. -h. ,*)= (k/~)g. g.„',

o = 127/ (1/m t/. )r (0),

cr = 12v2(1/m2)r (0),

where m is the K-meson mass. Hence

2=
K KK

(8)

where k and (d are the momentum and energy of
the ~ meson:

If we considered the spinless particles m, A, B,
and C, we should obtain in just the same way a
relation of the form

k 1 (t 4~2)I/2 A B BA C CA' (10)
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and others. Thus relations of the type (2) follow.
The nucleon spin, as detailed analysis shows,

does not change the relation between the total
cross sections obtained for spinless particles.
Unfortunately, one cannot now compare the re-
lation given above with experiment due to the in-
stability of all the strongly interacting particles
other than the nucleon.

If we include, however, the photon, ' we obtain,
in the same manner, the relation between the
total cross sections of the photon-nucleon, the
nucleon-nucleon, and the photon-photon inter-
actions:

o may be found from the experimental study ofry.
the interaction of the photon with the Coulomb field
of nuclei. The latter, for small nuclear recoil, is
separable from the purely nuclear interaction. '

Let us list a number of other consequences fol-
lowing from the same unitarity relations:

(1) We have considered up to now the processes
whose asymptotic form is determined by the pole
having (according to the terminology of Chew and

Frautschi) the vacuum quantum numbers. If we
consider the processes whose asymptotic form
is determined by the other poles, we can obtain
a large number of relations between their ampli-
tudes using the unitarity condition: for example,
the relations between the values of the amplitudes
of the processes v +P ~ m'+n, y+N ~ ~+X, and
y+~ 2w (the latter is observed from the process
v ~ m+m on the Coulomb field of nuclei).

(2) The spin structures of the amplitudes for
various processes are closely connected with
each other. For example, the spin correlation
experiments for nucleon-nucleon, m-nucleon,
and K-nucleon scattering are determined by a
single parameter.

(3) Interesting questions arise if we extend the
relations mentioned above to the nuclei. " A
number of observable relations arise here, whose
regions of validity are not, however, absolutely
clear, since the nuclear processes have anoma-
lous thresholds.

In conclusion we should like to point out that
according to (8) the residue in the pole of the
partial wave for 7t-m scattering is

since

(x —1/ p.'.

The authors feel that the smallness of the terms
appearing here is connected with a slow change
of the position of the va, cuum pole j(t), since the
imaginary part of j(t) [j"(t)] in the region t&4p'
is proportional to r»(t) if j"(f) is small. " [j(t)
changes essentially when t changes to a value of
the order m'= 40', '.'~']
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