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The radial density distribution of electrons at
t =4, 5.6, and V.1 c.u. was measured between
r =10@, (8.5 x 10 4 c.u. ) and the value R tooted in
Table I. For each value of t the „density distribu-
tion can be fitted by a power law:

D(r)~r y,
where y is slowly increasing with y. The average
exponent y in the indicated interval is given in
Table L The measured values of y are in agree-
ment with the distribution functions close to the
shower axis as calculated' by ¹shimura and
Kamata,

ll(Z„r, t)

with s defined by

1.,~(s)f+ in(Z, r/Z) = 0,

in the notation of Rossi and Greisen. Our meas-
urements do not show any significant deviations
from electromagnetic cascade theory at a pri-
mary energy of 2.5x 10' ev. Pomeranchuk
and Migdalv also obtained Eq. (2) from their
theory. Their value of s is defined by

g, '(s) t+ lng, /@) = 0. (4)

Our observations, however, are not in agreement
with these results.

One of the three innermost tracks in the for-
ward cone undergoes a secondary interaction of
type 4+29 after 7.5 cm. Its energy can be esti-
mated9 from the angular distribution of the 29
shower particles to be 5x10" ev using

5
lny =-—P ln tane. +in C, (5)

C n i 1 i

with Q =O.V as determined experimentally and
discussed elsewhere. ' Within a cone of half
opening angle 1.7 x 10 * rad from the axis, we
found four high-energy electron pairs originating
at distances less than 1 c.u. from the primary
event. They are attributed to two g mesons.
Their energies can be estimated both from
Pinkau's' method and from the angular separation
of the pairs. One obtains for the m mesons en-
ergies between 100 and 500 Bev. The energy of
these z 's and the secondary interaction are
smaller by a factor of 50 to 100 compared with
the go starting the main cascade.

Assuming a primary energy of 5 x 10'~ ev
(y~=500), we would obtain for the high-energy
g meson in the center-of-mass system an en-
ergy of at least 25 Bev which is unusually high.
Lowering the primary energy would even increase
this value. An alternative explanation of the event

would be a reaction of the kind.

p + + lt + + + % + 7l + W + ~ .~,

Z y+A,
where the primary proton emerges after the
collision as a Z of very high energy. A lower
limit for the primary energy under this assump-
tion is 2 x 10'» ev. This explanation would avoid
the very high energy of the go meson in the center-
of-mass system. Due to the very short lifetime
of the Zo, it also offers a somewhat better ex-
planation for the short distance between the pri-
mary event and the origin of the cascade.

This event seems to be the highest energy pro-
ton collision in nuclear emulsion which has been
described so far, since all the other events
known to us with energies greater than 10'~ ev
Iper nucleon were produced by e-particles. " '3

It shows that the primary yroton spectr~~~ cer-
tainly extends to these very high energies.
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In a recent note of Pais, ' the question has been
raised as to the conservation of parity, P, in
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certain of the strong interactions. The frame-
work for the discussion was the doublet approxi-
mation, (DA), 2 a rather high group of symme-
tries invoked for two classes of Yukawa-type
meson-baryon interactions, the pion (non-
strange meson) -baryon interactions and the K
meson (strange meson) -baryon interactions.
These symmetries provide selection rules in-
hibiting, among other things, the following reac-
tions:

K +P-Z++w

w++p-z +~+,+

K+@ K+P.
Now these processes are observed to occur and
we shall comment further on this in a moment.
In order to overcome the selection rules, Pais'~ ~

has first discussed at length the possibility of a
perturbation to the DA, called the DP, which
conserves J' but violates charge independence
and charge symmetry, as well as the invariances
leading to the selection rules mentioned above.
Pais has given reasonable arguments that the
specific interaction introduced for the DP (which
involves the assumption that the charged and
neutral K mesons have opposite intrinsic parity)
may exhibit itself in K-meson physics as a de-
velopment in powers of f'(mK/m„)', and in w-

meson physics as a development in powers of
f', where f' is of the order of the fine structure
constant, and (mKjm ) is the ratio of the K-
meson mass to the pion mass. One might then
expect deviations from charge independence in,
for example, the absorption of K on deuterium. '
In the most recent note, ' however, an alternative
viewpoint is discussed, to the effect that the DP
conserves isotopic spin but not parity. Strong
four-fermion interactions are mentioned in this
connection, although, if the charged and neutral
K mesons are indeed a doublet, one may have to
worry about the possible existence of the old,
charge -independent KKw interaction suggested
some time ago by Goldhaber, s the present author, ~

and Schwinger~ (this interaction implies parity-
doublets only if the strong interactions are rig-
orously invariant under DP). The point that
Pais' makes is that the effects of parity-noncon-
servation in the DP would be more markedly
evident in the "inhibited" processes, (1), than
in the following "allowed" processes which pro-
ceed through the DA (as well as the DP):

m +p Z +K orA+K,

K+p Z +m+ orZ+w.
In this note we would like to raise and discuss

the following question: Is it really a reasonable
approximation to discuss possible parity-non-
conserving effects in connection with reactions
(1), induced by the DP, when experiment tells
us that these "inhibited" reactions occur with as
great, if not greater, cross sections' than the
"allowed" reactions (2), induced by the com-
bined DA and DPT Indeed, it may quite reason-
ably be asked whether it is a reasonable approx-
imation to talk about a perturbation to a system
of very high symmetries when the so-called
perturbation so completely erases the simplest
experimental manifestations of the hypothesized
symmetries. The analogy usually made here
with the distortion of charge independence in the
pion-nucleon system by electromagnetism would
seem to be open to the remark that, contrary to
this situation, the rudiments of charge independ-
ence are amply evident in the experiments. ~

Suppose we consider a somewhat different di-
vision of the eight Yukawa-type interactions
from that usually considered, ' that is, the di-
vision into pion and K-meson interactions, re-
spectively, with all suitable combinations of
strange and nonstrange baryons. Consider a di-
vision into the interactions of the nonstrange
baryons with both pions and K mesons, and the
interactions of the strange baryons among them-
selves, with both pions and K mesons. Symboli-
cally, we have for the two groups of interactions,
designated hereafter by (I) and (II), the follow-
ing":

~

Ny~Nw

(I) Nr, ZK

We assume the conventional isotopic spin multi-
plet assignments and the conservation of isotopic
spin. The I'., with j=1...5, are either the unit
matrix or y„depending upon the intrinsic pari-
ties of the strange particles involved in the
coupling.

It would appear that at present our most direct
experimental contact is with the couplings in
(I). Analyses of pion-nucleon and K-meson-nu-
cleon elastic scattering experiments with the
tool of the forward-angle dispersion relations
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come fairly directly to the three renormalized
coupling strengths and the two (unknown) relative
parities involved in (I), '~ although the determina-
tion of all of these quantities by this method may
not be unambiguous and recourse to specific ex-
periments may be necessary. Similarly, photo-
production of pions and of A and Z particles
with K mesons may be analyzed to yield infor-
mation concerning the primary Yukawa-type
processes in (I)." The renormalized coupling
strengths associated with the interactions in (II)
are presently somewhat more difficult to relate
to experimental results. '4 We do not know
whether they are all necessarily primary (since
several are either induced by others together
with the interactions in (I) or are induced by the
latter interactions alone) or whether they are
very strong or even moderately strong, as the
interactions in (I) appear to be. Some of these
interactions may indeed be weaker. " Models in
which the primary pion-hyperon couplings are
taken to be quite strong have been widely dis-
cussed, especially with reference to calculations
of the forces giving rise to hyperfragments. "~'7
It is difficult to see how any firm conclusions can
be reached from these calculations as to the pri-
mary nature or strength of the pion-hyperon in-
teractions, since an infinitely repulsive core is
usually placed at about the range of the force
mediated by the exchange of a single K meson
and since, in the case of A binding, the exchange
of at least two pions is involved (this process is
not only related to primary and effective pion-
hyperon couplings, but also to pion-nucleon
scattering through the K-meson cloud of the
hyperon). The experimental data on the asso-
ciated production of A and Z particles in pion-
nucleon collisions and on K absorption by pro-
tons~ xs as well as that on K-meson-nucleon
scattering, is not inconsistent with the possibility
that these processes are induced largely by the
interactions in (I) in two possible situations: (1)
The relative Z-A parity is even, but the coup-
ling strengths of A and Z particles to K mesons
and nucleons differ (in order to avoid the selec-
tion rules of the DA). (2) The relative Z -A par-
ity is odd (in this case the above coupling
strengths are also likely to differ). "~'o The
presently indicated degree of parity conserva-
tion in associated production and K absorp-
tion~'~'~ would seem to preclude the existence of
comparably strong interactions in (II) which,
taken together with the interactions in (I), did
not conserve parity. However, terms in (II)

with coupling constants an order of magnitude
or more smaller than the pion-nucleon coupling
are not necessarily precluded. For example, in
the case of even relative Z-A parity, a scalar
coupling of A to Z and g would give rise to par-
ity-nonconserving effects in interference with
the interactions in (I). Since in certain pro-
cesses such relatively weak couplings might in-
terfere more effectively with the effects induced
by the interactions in (I), it would seem useful
to consider experimentally a variety of further
processes involving strange particles in dis-
cussing the possibility of parity-nonconserving
effects. Such processes as the following might
further probe the interactions in (II):

Z +p A+n,

Z+p Z+p,
+p~~ +p.

+P-A+A,

E +p~Z +E

A. Pais, Phys. Rev. Lett. 1, 418 (1958).
~A. Pais, Phys. Rev. 110, 574 (1958).

3iV

The elastic and inelastic hyperon-nucleon inter-
actions with small momentum transfer may be
particularly sensitive to the single pion exchange
and thus to the nature of the pion-hyperon coup-
lings. '~ Without the introduction of quadrilinear
interactions of various sorts, whose purpose is
to distort the hypothesized very high symmetry
of the Yukawa-type meson-baryon interactions
(for which there is, at present, no experimental
support), there is yet much room within the
limits of our very scant knowledge of the Yukawa-
type interactions, in group (II) in particular, for
possible small effects of parity nonconservation.
If the conservation of parity in the strong inter-
actions is indeed a rigorous invariance, it may
not be necessary to "explain" it in terms of
other specially constructed symmetries of the
Hamiltonian, unless experiments give indication
of the presence of these latter symmetries in at
least as convincing a manner as they indicate
the charge independence of the pion-nucleon sys-
tem in the absence of electromagnetic effects.
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It has always apyeared to be an attractive idea
to eliminate some of the hyyerons by consider-
ing them to be bound states. ' %e have tried a
variant of this idea: suyyose that the strange-
ness-producing interaction (perhaps that of the
K mesons with nucleons) were to produce differ-
ent core particles and that the pion interactions
produced whatever additional multiplicity were
present within the different strangeness sub-
spaces.

Thus, restricting ourselves to linear charge-
independent pion interactions, for the 8= -1 case,
we consider the interaction of yseudoscalar
pions with an isotopic spin-one baryon core in
the static apyroximation (a T =0 core would re-
guire R tluadratic intel'Rctioll with piolls)' we
shall treat this system in the strong-coupling ap-
proximation which has been recently extended to
treat cases of this type. z Further, we assume
that the parameters to be used are the same as
those used in the nucleon case: this may be
viewed as an extension of global symmetry.

The interaction Hamiltonian is taken to be

where x is the g mass, T& the 3 xs spin one ma-
trices (the factor of two is necessary to achieve
correspondence with the nucleon case since ~~
is used rather than ~~j2, the nucleon isotopic
spin). We then find a band structure as in the
nucleon case: for the y=~ band with Y= T+J
(the vector sum of the isotopic spin and total
angular momentum), the levels above the ground
state are given by

27 &j(j+1)+t(t+1)-.I~

64 g jtca j
Rnd I (j-t) I

~-', ~ j+t, j is half-odd integral, t is in-
tegral. Thus the ground state is j= ~, t=o, the
next state t =1, j= ~, and the next above that 1=1,


