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The percentages of state Nos. 1, 3, and the D

states are also given in the tables. These nurn-

bers should not be taken literally, of course,
since wave functions which have not even con-
verged for purposes of the ground-state energy
have very doubtful validity for finding quantities
other than the energy. But the trend is clearly
towa, rds larger admixtures of state No. 3, albeit
not as large as the 4% which Schiff would like
for fitting the electron scattering data, we feel
that discussion of the significance of any such
discrepancy should await the inclusion of the D

states into Schiff's calculations.
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K +p —A+neutrals,

+P -A+v+ +v +w++ p +go,

(1)

(~)

K +p- A+ @++v +(neutrals with mass &m ). (3)m'
'

The number of events in each' channel are 1277,
43, and 415, respectively, all coming from a

In this note we present evidence for the ex-
istence' of a, new meson of strangeness-zero,
which we temporarily call the "X ."' Its ma, ss
and full width are M=960 MeV and I'& 25 MeV;
its isospin is either 0 or 1. Data relevant to de-
termination of its other quantum numbers are
now being analyzed and the results will be re-
ported in a subsequent pa.per.

The data discussed here come from a bubble
chamber study of the K -p interactions at 2. 3
BeV/c. The general features of this study have
been described elsewhere. ' The evidence for
the existence of X' comes primarily from effec-
tive-mass studies in the following reaction chan-
nels:

complete sample occurring within a suitable fi-
ducial region. We discuss each of these chan-
nels in sequence below.

A histogram of the squared missing mass of
the neutrals emitted in Reaction (1), denoted by
M (neutrals), is shown in Fig. 1. As indicated
in the figure, there are peaks of varied size cor-
responding to the known two-body production of
a A and a 7r, q, (d, and q7 . From an ideogram
of the data of Fig. 1, we find that these peaks oc-
cur at 130+30 MeV, 550+20 MeV, 780+15 MeV,
and 1020+15 MeV, respectively, in excellent
agreement with the accepted masses of these mes-
ons. In addition, one sees a new peak at 960+15
MeV of width =40 MeV corresponding to the re-
action

We have investigated other possible production
mechanisms such as Y*+g, Y*+~, & + ~, etc. ,
and find that none of them is capable of giving
rise to a peak of width as narrow as that ob-
served.
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FIG. 1. A histogram of the M2(neutrals) in Reaction
(1), K +p —A+neutrals. The crosshatched peak at
Aft = 0. 5 (BeV)2 is due to the fitted pion reaction 7I +p—Ao+K . The solid curve is the estimated background.
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FJG. 2. Histogram of the ~ (7I 7t x 7I 7I ) for 43
events in Reaction (2), K +p —A+ m + 7I + ~ + ~ + ~ .
The solid curve is the mass distribution predicted by
invariant phase space for five pions from the above
final state.

In order to assess further the significance of
the X peak, the background contribution must be
estimated. The background events are due both
to pion-produced' reactions of the types ~ +p
—Ao(ZO) +Ko and w +p -A'+E + wo and to the kaon-
produced '*phase-space" channels: E +p- A'
+ (2 or more w ). The contribution of the pion-
indueed channels is ascertained from a study of
kinematically fitted n +p events in which both
the A and the K decay visibly' in the chamber.
From this study me find that in Fig. 1 there
should appear 37 (w +p —Ao+E ) events and 60
(w +p-A'+K +w~) events We h.ave therefore
subtracted the shaded areas of Fig. 1 in accord
with the M'(K ) or M'(E'w') missing mass spectra
observed in this fitted pion-induced sample.

After subtraction of the pion contamination, the
K +p- (Ao or Z ) +nw background may be es-
timated by drawing a smooth curve under the
peaks. The normalization for this curve can be
obtained from the observed rates' of the charged
decay modes of the various resonances, since
their neutral/charged branching ratios are known. '
These points for the q, u, and cp a.re shown as
open circles in Fig. 1. The number of events'
in the X' peak, representing (X - neutrals), is
40+ 10. This amounts to a three-standard de-
viation effect.

Next, we turn to the five-pion channel (2), which

contains only one n, so that all events are kine-
matically fitted with one constraint. The effec-
tive-mass spectrum of the five pions is shown
in Fig. 2. The presumed X' peak occurs at 960
+ 10 MeV and has a width of -30 MeV, consistent
with the behavior observed in channel (1) (con-
sidering the poorer mass resolution in the latter).
Five-pion phase space fits the spectrum of Fig. 2
quite mell, if the 960-MeV region is omitted.
Moreover, me have studied the two- and three-
particle mass spectra of channel (2) and find that
intermediate resonance production' cannot ac-
count for any appreciable distortion in M (5w),
let alone the 960-MeV peak itself. Using the 5v
phase-space curve as the background level, we
find that the number of events" in the X' peak,
representing (X -w++w++w +w +wo), is 10+3
events, again a three-standard deviation effect.

Let us now consider the evidence for the ex-
istence of X in channel (3). Events in this chan-
nel are defined by the following criteria: (a) The
V is a A, (b) each of the charged prongs is con-
sistent with a pion identity, (c) no kinematic fit
consistent with any of the hypotheses K +p —A'
+ p++ p -&0+m++m -Ao+n++m +no or n

+p- AD+K++ w (+wo) is possible'2 with a X' prob-
ability greater than 1%, and (d) the calculated
missing mass of the neutral(s) is greater than
W go ~
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FIG. 3. Two-dimensional plot of M2(7t+~ neutrals) vs cos0 for the 415 events in channel (3), K +p- A+ 7I + z

+(neutrals with mass &m„o). See text for description of included curves and regions A, J3, and C.

The mass spectrum M'(v++v +neutrals) from
Reaction (3) is shown as the lower projection of

Fig. 3. There is once again a very clear three-
standard deviation peak at -960 MeV, of width

comparable to thai observed in Figs. 1 and 2.
The solid curve of Fig. 3, which is an excellent
fit to the background, is the phase-space distri-
bution, i.e. , M'(v++ v + 2v ) from the "A4v" re-
action K +p —A+ n++ ~ + 2~o. For contrast, the
M'(v++v +3mo) phase space from the "A5w" re-
action K +p-A+~ +v +3m is shown a.s the
dashed curve of Fig. 3. From this comparison
as well as other studies of the mass "subspectra"
[i.e. , M'(neutrals) from A5v vs A4mt, we con-
clude that in the region of the 960-MeV peak the
A5m background is negligibly small, and thus ac-
cept the A4~ phase space as accurately repre-
senting the background level. " Then, defining
the "960 region" (region A of Fig. 3) by

0. SBO (BeV)' ~M'(m +v +neutrals) ~0.985 (BeV)',

we find that this region contains 39 background
events and 39+10 events due to (X -v++v +neu-
trals) .

Additional evidence indicating that the "960

events" are different from others in channel (3)
comes from two sources. Firstly, we find that
the mass subspectra [i.e. , M (neutrals) or
M'(w+ m )] for events in region A (not shown) are
very different from those events in a control
region which surrounds region A. This control
region 8 defined in Fig. 3 is chosen to contain
the same number of events a.s in region A. A

second indication of the special nature of the "960"
events comes from a study of the correlation of
M'(v++m +neutrals) vs momentum transfer (or
equivalently, vs cos6)A, the center-of-mass pro-
duction angle of the A). This correlation is ex-
hibited for channel (3) in Fig. 3. One sees that
the percentage of extremely backward A' s, i.e. ,
peripheral events, is much higher in region A
than it is for the remainder of the M' distribution,
indicating that different production mechanisms
are involved.

To recapitulate, the "960"peaks in the appro-
priate M' spectra of channels (1), (2), and (3)
give strong evidence for the existence of the X'.
In addition, the behavior of the mass subspectra
and peripheral nature of the "960"events in chan-
nel (3) '~ give further support to this conclusion.
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FIG. 4. Histograms of M (m+m neutrals} and M (7t+T; 7( m ~ ) for peripheral events in channels (2) and {3). Also
included in the insert is a Gaussian ideogram of the events in the "960"peak as well as their experimental resolu-
tion function.

We believe, then, that the entire profile of evi-
dence unequivocally establishes the existence of
the X.

The observation of -90 X' events corresponds"
to a cross section of 0-60 p.b, comparable to
that for g and q production.

In order to obtain the best possible determina-
tion of the X mass and width from our data, we
take advantage of the peripheral nature of X' pro-
duction. From the cos8~ projection plot of Fig. 3,
it is clear that the X events lie predominantly
in region C, defined by -1.0 ~ cos &A ~ -0.6. The
X purity in this region is ~70%. Moreover, the
mass resolution in region C is inherently better
than that for the entire "960"sample of region A
because the peripheral A's emerge slowly in the
laboratory system. To determine the mass, M,
and width, I", we use the region-C events from
both channels (2) and (3). The mass histogram
of this selected sample is shown in Fig. 4. The
solid curve represents our estimation of the back-
ground. Also included is a Gaussian ideogram
of (a) events in the region of the "960"peak and
(b) the experimental resolution function for these
events. " These are shown as the solid and dashed
curves in the insert of Fig. 4. The best values of

the mean mass and experimental width are

M = 960* 5 MeV, I = 30~ 5 MeV.
exp

As is noted from Fig. 4, the experimental width
of the X is consistent with that of the resolution
function. From this we estimate the true width

I'true &20 MeV, and it is consistent with zero.
As far as the quantum numbers of the X' are

concerned, at the present time we can only note
that the isospin must be 0 or 1. This follows
directly from the fact that the X' is produced in
association with a A . This, in turn, is inferred
from the narrowness of the "960"peak. Ne shall
discuss additional information pertinent to the
quantum numbers as well as the detailed nature
of the decay modes of the X' in a subsequent pub-
lication.

%ork done under the auspices of the U. S. Office of
Naval Research and the U. S. Atomic Energy Commis-
sion.

*And Brookhaven National Laboratory, Upton, New
York.
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~M. Goldberg et al. , Bull. Am. Phys. Soc. 9, 23
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(1964) .
2Final appellation should follow the convention of

G. F. Chew, M. Gell-Mann, and A. H. Rosenfeld,
Sci. Am. 210, 74 (1964). Since this convention depends
upon the quantum numbers of the meson, the christen-
ing cannot take place until the former are definitely
established.

3L. Bertanza et al. , Proceedings of the International
Conference on High-Energy Nuclear Physics, Geneva,
1962 (CERN Scientific Information Service, Geneva,
Switzerland, 1962), p. 285.

Channels (1) and (3) contain Z as well as A events
in unknown proportion, The existence of Z contamina-0

tion does not have a significant effect on the interpreta-
tion of the data. See reference 9.

'The pion contamination in the 2. 3-BeV/c K beam
is 7 + 3k. For details see J. Leitner, G. C. Moneti,
and N. P. Samios, Nucl. Instr. Methods 20, 42 (1963).

From such studies we find that the z +p —A (Z }+K
+n~o contamination is negligible.

From a study of the M (7t++7t. +7| ) spectrum from
the reaction & +p —A + 7( + 7. + 7t, we determine the
number of a 's and q 's decaying via the charged (z++

+ 7t ) mode (see reference 3 for details). Similarly,
the charged & +& mode of y decay is directly ob-
served from K +p —A+K +K (see reference 8 for
details). From this information and the known charged/
neutral branching ratio of the qo, ~, and y (see refer-
ence 8), we predict that 30 + 10, 20 + 5, and 10 + 3 events
should appear in the qo, ~0, and yo peaks of Fig. 1, re-
spectively. Three of the five normalization points cor-
respond to these numbers. The other two correspond
to the onset of A7to~ phase space and the end point of
the neutral spectrum.

G. Puppi, Ann. Rev. Nucl. Sci. 13, 287 (1963);
P. L ~ Connolly et al. , Phys ~ Rev. Letters 10, 371
(1963).

~We emphasize that possible Z contamination cannot
appreciably affect these conclusions. Firstly, the
Z +n~ contribution is included in the 'smooth-curve"
background. Secondly, as mentioned in the text, the
960-MeV peak cannot be due to a special Z~ production
mechanism because the missing y ray would give rise
to an Xo width eight times the observed one. For the
same reason, g +X production would be much broader
than the experimental peak.

'OTo further investigate the effect of such intermediate
resonance production on Inultipion mass distributions,
we studied the (80-event) K +p —4+4' channel, which
we know to contain a strong Y&*(1385). The M2(4z) dis-
tribution from this reaction fits phase space very well,
indicating that resonance effects do not markedly dis-
tort the M2(47r) spectrum.

There is some indication that three of five pions are
emitted as an q, but we defer such discussion to a sub-
sequent Letter.

'2From a study of kinematically fitted m. +p Ao+Ko
+ m +7r events (where both the A and K decay visibly),
we estimate that only 6 + 3 events of this type are con-
tained in the 415-event sample of channel (3).

For reasons similar to those given in reference 1,
possible Z contamination does not affect the conclu-
sions drawn here.

Identical behavior is exhibited by the events in the
960 peaks in channels (1) and (2). These data are

not exhibited only because of space limitations.
~ This estimate omits possible additional Xo events

which may decay electromagnetically, i. e. , Xo sr+

+p +y,
~6The Gaussian ideogram of the experimental resolu-

tion function has been obtained by multiplying the error
of each individual event by v 2 and summing over the
events in this 960 peak region.
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It is the purpose of this note to compute the rel-
ative strength of the strangeness-changing and
-nonchanging currents which enter into the weak
interaction. In this report we consider only me-
sonic matrix elements of these currents.

We assume that the weak current for the inter-
action with leptons consists of vector and axial-
vector terms which correspond to the following
components of a unitary octet'.

V =cos0 [V "'+iV "']+sin8 [V "'+iV
V n G V e 0'

A = cos& [A "'+iA "']+sin0 [A
' '+iA "'].(1)

Here the caret denotes the appropriately normal-
ized currents. The weak interactions correspond-
ing to Eq. (1) have been considered in detail by
Cabibbo, ' who finds that the experimental data
for leptonic decays are consistent with an angle
8 of about 0. 26 radian, which is approximately
the same for vector and axial-vector currents.
In the following we want to give a theoretical ex-
planation for this remarkable regularity. Our
argument is based upon the equal-time commuta-
tion relations of the current densities, which
have been discussed by Gell-Mann. ' More spe-
cifically, we need the commutators of V, (x) and
A, (')(x) with the divergence QAp~)(x), as well

550


