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vert hidden-variable emergence rates into quantum
mechanical counting rates.

%It has been shown by D. Bohm and Y. Aharonov,
Phys. Rev. 108, 1070 (1957), that the WS experiment
is a decisive refutation of a hypothesis studied by W. H.

Furry, Phys. Rev. 49, 393, 476 (1936).

Upor details see M. A. Horne, thesis, Boston Univer-
sity, 1969 (unpublished).

W The distribution is given in H. S. Snyder, S. Paster-
nack, and J. Hornbostel, Phys. Rev. 73, 440 (1948).
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Evidence is presented for four = resonances in the reaction K~ p—E"7'K", In addi-
tion to the well known Z(1530), significant structures are observed in the En system at
masses of 1630, 1800, and 1960 MeV, although the latter two are not statistically distin-
guishable from a single broad structure at 1950 MeV. No significant enhancements at
these masses are observed in the E~#'K* final state.

= resonances are produced with relatively
small cross sections, cannot be studied in forma-
tion experiments, and have complex decay topolo-
gies. For these reasons, only large bubble-
chamber exposures have yielded significant in-
formation bearing on the existence and proper-
ties of these particles. This experiment, de-
signed for the study of = resonances below a
mass of 2 GeV, involves 10° pictures of K™ p in-
teractions at 2.87 GeV/c taken at the Brookhaven
National Laboratory 31-in. bubble chamber at the
alternating-gradient synchrotron.® The equiva-
lent of 24 events/ub has been accumulated to
date. In this Letter, we report on =7 mass spec-
tra observed in the reactions

K p-E"1"K°, 1) .

K p-E"m°K", (2)

For this study, all film was scanned twice for
events with at least two visible decays of strange
particles. Those events with one or more suc-
cessful kinematic fits (confidence level = 0.1 %)
were inspected for consistency with observed ion-
izations. A total of 635 events achieved a unique

884

fit to Reaction (1), while 265 events fit Reaction
(2) uniquely. The 94 events fitting both reactions?
have been apportioned to each with a weight of
0.5.

The Dalitz plot for Reaction (1), shown in Fig.
1, shows strong production of =°(1530) and
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FIG. 1. Dalitz plot for the reaction K™p —E"n"K?,
with M2(Z~7*) and M*K'r*) projections.
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K**(890). Further structure in the Z77* system
can be seen more clearly in the mass projection
of Fig. 2(a). The plot shows, in addition to the

=(1530), peaking near 1630, 1800, and 1960 MeV.

Of the four peaks, the structure at 1630 MeV has
not been previously observed, and corresponds
to a >3 standard deviation effect.® Resonances

in the 1750- to 2000-MeV region have been pre-
viously reported,?”® but no enhancement in M(=n)
spectra has been seen near 1800 MeV. All peaks
remain, with reduced significance, when events
in the K**(890) band are removed (shaded spec-
trum). On the other hand, the M (=~7° spectrum
of Reaction (2) [see Fig. 2(b)] with less than half
the events and poorer resolution,® exhibits no ob-
vious structure in addition to the =~ (1530) and
K**(890) (latter not shown).

A maximum-likelihood fit to the events of Re-
action (1) has been carried out to obtain the
masses, observed widths, and percentages of
the four =7 enhancements.!® The results of this
fit are given in Table I, and the best fit curve is
superimposed on the histogram of Fig. 2(a). An
average!® x2 of 18.3 is calculated from the =7 n*
mass spectrum for 12 degrees of freedom. An
equally acceptable fit to Reaction (1) is obtained
when the resonant amplitudes at 1800 and 1960
MeV are replaced by a single amplitude (x> of
23.6 for 15 degrees of freedom); the resulting
mass and width in this case are 1952+ 26 MeV
and 300+ 110 MeV, respectively.’? A similar fit
to Reaction (2), including Z(1530), K*(890), and
phase space, yields a x® of 18.8 for 19 degrees
of freedom. The curve corresponding to this fit
is superimposed on the histogram of Fig. 2(b).
There is no evidence for additional resonant ac-
tivity'® in the =~ 7° system.

We now compare our results with those of oth-
er groups reporting resonances in M(=m) spectra
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FIG. 2. (a) Mass of the £~ 7" system of Reaction (1).
The shaded distribution shows the spectrum after re-
moval of K*(890) events [865<M(Km) <915 MeVl.

(b) Mass of the =~ n’ system of Reaction (2). The solid
curves result from maximum-likelihood fits to the da-
ta (see text).

Table I. Best values of resonant masses, observed widths, and fractions of resonance production and phase
space, resulting from maximum-likelihood fits to the E7K final state (see text). Underlined numbers were not var-

ied in the fit.

K p—E~1K° K p—E"n'K"
M T M T

Process (MeV) (MeV) %) (MeV) (MeV) %)

E(15300K 1530 13+£2 22+2 1530 28 £22 12+3

E(1630)K 1628 =5 15+5 3+1

Z(1800)K 1801 +13 78 £33 9+2

E(1960)K 1962+ 14 147 £55 22+3

EK*(890) 891 72+12 44 +4 891 65+ 30 26+5
Phase space 0£5 62+6
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between 1750 and 2000 MeV. Badier et al.,* at
incident K~ momentum of 3.0 GeV/c, observed
an enhancement (M =1933+16, I'=140+ 35) rep-
resenting 26+ 6% of 150 events in Reaction (1).
In 44 events of Reaction (2), no enhancements
were observed. Considering the limited statis-
tics at 3 GeV/c, the results of Badier et al. are
consistent with the gross features of the =~ 7*K°
state found in this experiment. On the other
hand, Dauber et al.® at 2.7 GeV/c, find no sig-
nificant structure in the same mass region of
Reaction (1) from a sample of 312 events, while
in Reaction (2) an enhancement (/ =1894+18, T
=98+ 23) representing 25+ 7% of 150 events is
observed. The lowering of their peak position
may be explained by the limited phase space
available at their energy, but this does not ex-
plain the absence of a significant signal at this
mass in the M(E~7") spectrum. Finally, Alitti
et al.” have observed a resonance in the M(Z777)
spectrum (M =1930+ 20, I' =80z 40) representing
13% of 150 events in the =~n*r "K* final state.
This narrower structure could be associated with
the =(1960) state observed in this experiment.

In summary, our study of the ZrK channel indi-
cates a probable new resonant state in the =r
system at 1630 MeV, and suggests a splitting of
the broad high mass enhancement into two nar-
rower states at 1800 and 1960 MeV.
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illuminating discussions.
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1A description of the beam may be found in H. Brown,
Brookhaven National Laboratory EP & S Divison Tech-
nical Note No. 6, 1967 (unpublished). The chamber
parameters are described in D. Gordan et al., Brook-
haven National Laboratory Report No. 11641 (unpub-
lished).

®The ambiguous events show no structure in M(En)
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but contain a substantial percentage of K*(890). The in-
clusion or deletion of these events does not significant-
ly alter our conclusions.

SWe have used binomial statistics in the region 1565
MeV<M(E~7%) <1715 MeV to establish the significance
of this peak.
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9The M(Em) resolution in Reaction (1) varies from +3
MeV in the E(1530) region to +10 MeV in the 1900-MeV
mass region. The M(E~ 1% resolution of Reaction (2)
is approximately +14 MeV in all regions.

01hese fits to the Dalitz plot of Reaction (1) include
phase space, K*(890) and M(=Zn) Breit-Wigner ampli-
tudes with momentum-independent widths. No interfer-
ence is assumed between these processes. The fitting
program MURTLEBERT was used. For a description
of the method, see J. Friedman, Alvarez Group Pro-
gramming Note No. P-156, 1966 (unpublished).

Hrhe 2 is calculated by averaging over five different
binnings of the mass spectrum. Mass bins of 25 MeV,
with starting values of the first bin differing by 5 MeV,
were used for the x? determination.

27he existence of a =(2030) resonance has been re-
ported in Ref. 8. If such a state decays to £~ ", its
presence could systematically increase our width de-
termination in the high M(Er) region.

13The addition of a resonant amplitude at 1952 MeV
with a width of 300 MeV gives a x? of 18.3 for 16 de-
grees of freedom. The fitted production rate of 7+10%
is consistent with zero. On the other hand, a fit to the
=~ n"K° channel without any high 7 mass enhancement
gives a x* of 68.8 for 18 degrees of freedom. This im-
plies the clear need for additional resonant activity in

=t

T .




