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The other correspondences given in column 4 are not
postulated; they will follow Lwith respect to interac-
tions, charges Q, and relation Q(Is)$ from the rnath-
ematical formulation.

Along with Lorentz invariance, the invariance with
respect to rotations and remi!ectiorts in isotopic space
will be postulated for strong interactions. The most
general Lagrangian that follows from these assumptions
is easily constructed. For the interaction part, terms like

t ELL-MANN and Pais' have recently proposed~ several schemes for describing the existence and
interactions of hyperons and heavy mesons. One of
these is essentially a refined version of a hypothesis
originally proposed by Gell-Mann' and by Nakano
and Nishijima. ' As has been pointed out by the authors, '
this particular model does not appear at first sight to
be the most attractive for theorists, mainly because
it involves an apparent arbitrariness in the choice of
the relation Q verses Is for the various particles. On the
other hand, it is perhaps the model best fitted for the
interpretation of present experimental evidence.

In view of these facts, we wish to point out in this
note that an equivalent but more axiomatic formulation
of the Gell-Mann rules is possible. The theory will be
developed in a three-dimensional isotopic spin space.
As is mell known, ' in such a space it is possible to
define two kinds of spinors which differ by their
symmetry properties with respect to an oriented plane.
H $, $' denote spinors of the first kind and rt, st' spinors
of the second kind, the true scalars that can be formed
with these quantities are $'* P, rt'* rt, rt' rsvp, P' r2rt,

where the superscripts * and ~ mean "imaginary
conjugate" and "transposed", respectively. Families of
particles are now defined by their transformation
properties in Lorentz and isotopic spin space. In Table
I different fields are so defined, the list being obviously
not limitative. We postulate only that family
contains the nucleons and family 6 the m mesons.

TABLE l. Several types of 6elds.

Lorentz space Isotopic space

spinor
spinor
spinor
spinor
no spin
no spin

spinor of 6rst kind
spinor of second kind
no spin (scalar}
spin 1 (pseudo-vector)
spinor of 6rst kind
spin 1 (pseudo-vector)
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appear, together with others of the same general form
which for the sake of brevity will not be written.

Let us define the operator

~= )' d'oL4'~ "4'~ 4'ts W'—ts

i (sr—ar pa ma—*r
q
.a*)j (1.)

It can be verified that U commutes with the total
Hamiltonian containing the fields of Table I.' U is
therefore a constant of the motion. On the other hand
the conservation of fermions is respected and, of
course, 12 and I3 are constants. The latter can be
written

2Is ——n (A) —tt(A) —st(A')+re(A')+n(B)
—n (B)—rt (B')+n (B')+2Lrt (ft) —n (5)—st (b')
y~(5')]+~(a) —e(Z) —~(L ')y~(Z')

+2L~(b) —~(b')g, (2)

where A and A' refer to diGerent charge states of the
nucleon, etc. , and the bars refer to the antiparticles;
while

U= re(A) —rt(A)+n (A') —rt(A') —n(B)+n(B)
—rt (B')+.st (B')y st (Li)—rt g)+ tt (Li') —tt (LY).

One sees that the constant Is+~iU is, for known
particles (nucleons and ir mesons), equal to the charge

Q and can thus be considered as a general definition of
this quantity. ' The eigenvalues of U give therefore the
desired relation between charge and I~. In particular,
Q=I,+—,

' for one quantum of the g~ or qq fields, while

Q=Is for P„fe, and ioe, and 6nally Q=Is —2i for Pts
field quanta. The correspondence given in Table I,
column 4 between the field families f~, its, etc , and.
the observed particles X, , etc. , is therefore justified
as far as charge is concerned. On the other hand, it can
be verified that the postulate of complete invariance
leads to an interaction Lagrangian which allows only
the virtual processes given by the Gell-Mann rules.
The equivalence is therefore complete.

'A fact which is perhaps of some significance is that, in
such a straightforward generalization of the ordinary
formalism, the ™6eld appears as a spinor of the second
kind in isotopic space when the nucleon field is taken
as a spinor of the first kind. As a practical rule, one
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may point out that instead of, the conservation of Q
and Is one may of course use the conservation of Q
and U. Possible reactions (including electromagnetic)
will therefore be obtained by requiring (a) the usual
conservation of fermions, (b) the conservation of
charge, (c) the use of the following rule: denote by
"isofermions" the nucleons, the 0, and the anti-™,and
by "anti-isofermions" the antinucleons, the anti-0
(charge conjugated), and the; then the number of
isofermions minus the number of anti isofer-lions must
be corIserved.

' M. Gell-Mann and A. Pais. Proceedings of the Glasgow
Conference on Nuclear and Meson Physics, 1954 (to be published),
p. 342. See also A. Pais, Phys. Rev. 86, 663 (1952); Physica 19,
869 (1953); Progr. Theoret. Phys. (Japan) 10, 457 (1953);
Proc. Natl. Acad. Sci. U. S. 40, 484, 835 (1954).' M. Gell-Mann, Phys. Rev. 92) 833 (1953).' T. Nakano and K. Nishijima, Prog. Theoret. Phys. (Japan)
10, 581 (1953).

4 E. Cartan, Lemons sir la theoric des spineurs (Hermann 8z Cie,
Paris, 1938), Vol. I, especially Chap. III.

~ Other choices of fields also leading to a constant U are possible;
they give the same physical results. (1) is obtained from the
invariance of the total Lagrangian with respect to the transforma-
tion fg~P~e', fg~0ae ', yg~ v ge'

Some considerations on the total Lagrangian show that this
assumption is indeed the most natural one.

Bevatron K-Me sons*
RQBERT W. BIRGE) RQY P. HADDocK, LERQY T. KERTH)

JA]KES R. PETERSON, JACK SANDWEISS, t DONALD H. STORK)
AND MARIAN N. WHITEHEAD

Radjation Laboratory, Un& ersity of California, Berkeley, Catefornia

(Received May 9, 1955)

'0 facilitate the search for E-mesons from the
Bevatron, two of us (L.T.K. and D.H.S.) have

suggested the use of a strong-focusing spectrometer
(Fig. 1), consisting of a magnetic quadrupole focusing
lens' followed by an analyzing magnet. Particles of
any desired momentum can be brought to a focus,
forming an image of the target at a point behind the
analyzing magnet. Emulsion stacks are placed at this
point. With this arrangement we have found examples
of four types of heavy mesons first established in
cosmic-ray work. ' Particles of different mass can be
separated according to their ranges in emulsion. For
particles of momentum 360 Mev/e, the range of E's is
4.6 times the range of the protons, and pions pass
through the emulsion stack at minimum ionization.

A stack of 107 Ilford 6.5600-p pellicles, 4 3.5 in. by
3.5 in. , has been exposed so that 114-Mev E-particles
stopped in the center of the stack. The proper time of
Aight for such particles from the target to the emulsion
is about 10 ' sec.

This stack has been scanned in a swath across the
direction of the meson Aux for tracks lying in the
plane of the emulsion whose ionization is visibly greater
than minimum. Particles stopping in the stack (beyond
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FIG. 1. Strong-focusing spectrometer.

the position of the swath) have masses less than 1200
nz, . Particles that go all the way through the stack
have masses less than 800 m, .

The tracks are followed until they stop and the
endings are examined for decays. To date 300 decays
have been observed. Twenty of these are x+ mesons
whose unique decay into three charged pions is readily
identifiable. Among the others, all of which decay into
one lightly ionizing secondary, only those with a
secondary that is Qat or with an ionization obviously
higher than minimum have been categorized. Three

examples have been found of what is assumed to be the
alternate decay of the m into one charged and two
neutral pions, with the pion stopping in the emulsion
stack. Two events decay into low-energy muons (less
than 55 Mev) and are presumably examples of the E

ol E~g.
To establish the existence of the E s(0+,x+) or of

the K» mesons, either very large emulsions are needed
to stop the long-range secondary or else very accurate
measurements of the multiple scattering and the
ionization must be made. Measurements on four
fortuitously Rat secondaries at a distance of 5 cm from
the decay point revealed that three of the primaries
were E 2's and one presumably a E„2, as determined
by the tentative identification of the secondary as a
high-energy muon. Excellent calibration on grain count
is available from the z mesons of known energy travers-
ing the same region of the emulsions. From the number
of K-mesons found here compared to the number
found at about 25 cm from the target, ' it is unlikely
that the mean life of any of the E's seen is less than
3)&10 ' sec.

In the initial exposure, the momentum resolution as
determined from the proton ranges allows a mass
determination to ~40 m, on each E-meson. Kith a
few exceptions, all particles with lightly ionizing
secondaries fall within a distribution of this width
centered about 20 m, below the average for 7 mesons
plotted separately (Fig. 2). In a subsequent exposure
the momentum resolution has been improved. The
scattered points on the high-mass side of the main
distribution may be due to particles that suffered
inelastic collisions, or scattered 06 the channel. A


