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But we have

Ar(cm.)=(#XA)/|#XA] = (#XA)/sinf; (A12)
and

ps(cm.)=pz(c.m.)2. (A13)
We also have (see Fig. 3)
#=3 cosfz+¢ sinfz, (A14)
and .
A=2 cosa+sina(f cosp+§ sing) , (A15)
so that .
- (#XA)= —sinfz sina cose. (A16)

Combining Egs. (A10) through (A16) we obtain
G-Ar=[p=(c.m.) sina/pz(A)] cos¢ sinfz/sinb. (A17)

The expression in square brackets involves quantities
known or measurable for each event. It is equal to sing,

PHYSICAL REVIEW VOLUME

ANDERSON, CRAWFORD, AND DOYLE

152,

152

as follows from the Lorentz invariance of the transverse
momentum components of ps in the transformation
from the c.m. to A frame:

pz(c.m.) sina= pz(A) sing. (A18)

Combining Eqgs. (A17) and (A18) we obtain Eq. (AS8),
i.e., Eq. (49). Also we see from Eq. (A18) that the angle
B also depends (through &) only on the angle v,constants
of nature, and the beam momentum, and is conse-
quently measurable for each event. (Note that the
Euclidean relation that seems implied in Fig. 3, namely
B=v—a, is not valid due to its non-Lorentz-invariant
nature.)
Lastly, we derive Eq. (56). By definition cosfy
=#(c.m.)-A(cm.). Then Eqgs. (A14) and (A15) give
#- A= cosa cosfz-+sina sinds sing , (A19)

which is Eq. (56).
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Reactions K~p — Hyperon-Meson at 3.5 GeV/c

BIRMINGHAM-GLASGOW-LONDON (I.C.)-OXFORD-RUTHERFORD COLLABORATION*
(Received 4 April 1966)

A study has been made of some of the quasi-two-body final states (in which one of the particles is a
hyperon) produced by 3.5-GeV/¢c K~ mesons on protons. The analysis has been performed with 310 000
photographs taken in the 81-cm Saclay hydrogen bubble chamber. The cross sections for most of the reac-
tions are lower than have been observed at lower incident momenta. Many of the reactions are characterized
by a forward peaking of the production angular distribution of the final-state meson, but in a few cases a
significant backward peak has been observed. Decay distributions of unstable particles have been
investigated to obtain more information about the production processes. The ¥;**(1385) decay is consistent
with the Y*r~ final state being produced by K* exchange, but in the case of the production of vector mesons,
it is difficult to draw any conclusion concerning the spin of the exchanged particle. An enhancement was
observed at 1645 MeV in the Z*x" system. It is difficult to interpret this in terms of the decay of the

neutral ¥1*(1660).

1. INTRODUCTION

ESPITE intensive theoretical and experimental
studies, the subject of the production mechanism
of elementary-particle reactions at medium and high

* Members of the collaboration are: . o

M. Haque and B. Musgrave, Department of Physics, University
of Birmingham, Birmingham, England.

W. M. R. Blair and A. L. Grant (present address: CERN,
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Turnbull, Department of Natural Philosophy, University of
Glasgow, Glasgow, Scotland. . L

A. A.Z. Ahmad (present address: Atomic Energy Commission,
Lahore, Pakistan); S. Baker, L. Celnikier‘ (present address:
CERN, Geneva, Switzerland) ; S. Misbahuddin (present address:
Atomic Energy Commission, Lahore, Pakistan) and I. O. Skillicorn
(present address: Brookhaven National Laboratory, Upton, New
York) Department of Physics, Imperial College, London, England.

A.R. Atherton, A. D. Brody, G. B. Chadwick (p;eseqt address:
Stanford Linear Accelerator Center, Stanford, Qallfornm);_ W. T.
Davies, J. H. Field (present address: University of California,
La Jolla, California) ; P. M. D. Gray, D. E. Lawrence, J. G. Loken
(present address: Argonne National Laboratory, Argonne, Illi-

energies is still far from being completely understood.
It is clear that experimental data are required for a
large number of different reactions over a wide range of
incident energies, and with high statistical accuracy.
In this article we describe some of the features of the
interactions of 3.5-GeV/¢c K~ mesons with protons.
Some results of this experiment have already been
published in two articles; one! on the discovery of the
K*(1400) and the other? on a determination of the
parity of the ¥*(1660). In this paper we present results
on two-body channels involving a strange baryon. An

nois) ; L. Lyons, J. H. Mulvey, A. J. Ozxley, and C. A. Wilkinson,
Department of Nuclear Physics, University of Oxford, Oxford,
England.

C. M. Fisher, E. Pickup, L. K. Rangan, J. M. Scarr (present
address: Brookhaven National Laboratory, Upton, New York),
and A. M. Segar, Rutherford High-Energy Laboratory, Chilton,
Berkshire, England.

M. Haque et al., Phys. Letters 14, 338 (1965).

? A. Leveque ef al., Phys. Letters 18, 69 (1965).
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analysis of those interactions producing K mesons and
nonstrange baryons will be published separately.?

The data presented in this paper were obtained from
hydrogen-bubble-chamber exposures carried out in the
M2 beam* at CERN in 1963. A total of 310 000 photo-
graphs of 3.5-GeV/c K~ mesons was obtained from the
81-cm Saclay hydrogen bubble chamber.

2. EXPERIMENTAL PROCEDURE

The film was scanned twice for events with a visible
strange-particle decay, and a comparison between the
two scans was made to calculate the efficiency. In addi-
tion to interactions, = decays were recorded. The consti-
tution of the beam was thus determined to be (63+44)9,
K’s, (24+5)9, n’s, and (134£5)%, u’s.

The Rutherford Laboratory bubble-chamber analysis
system® was used for the geometrical reconstruction and
kinematical fitting of events, and for calculating and
plotting quantities of physical interest.

Separation into final states was made on the basis of
the X2 probabilities of the multivertex fits to events for
the various possible hypotheses. An event was assigned
to a particular hypothesis A4 if the X? probability P,2(4)
for the hypothesis satisfied the criteria:

P,:(4)>0.05,
P,(4)>5P(X),

where X refers to any other possible hypotheses for the
event. In calculating cross sections, events which were
ambiguous as to two hypotheses were assigned to these
hypotheses in the ratio of the numbers of nonambiguous
fits. A discussion of the purity of the selected samples is
given in Appendix B.

Corrections for unseen decay modes of the A and K°
were made assuming the A7=3 rule for these decays. A
further correction factor was calculated to allow for
undetected charged decays of A’s and 2’s. A more de-
tailed description of these weighting factors may be
found in Appendix A, or in Ref. 6.

Cross sections of resonant intermediate states have
been estimated using a maximum-likelihood program,
which fitted Breit-Wigner curves plus phase-space back-
ground to all the resonant channels for a particular
final state and so takes into account reflections of reso-
nant peaks in other mass distributions of the same final
state.

A maximum-likelihood method was also used to
determine the values of density-matrix elements from
the observed decay distributions of resonances. The

3 M. Haque ef al. (unpublished report). A more detailed ac-
count of the elastic-scattering reaction has been given by J. D.
Gordon, Phys. Letters 21, 117 (1966).

¢J. Goldberg and J. M. Perreau, CERN Report 63-12 (un-
published).

5 J. W. Burren, J. M. Scarr, E. C. Sedman, J. Sparrow, and A. J.
Wilson, Rutherford Laboratory Internal Reports (unpublished).

6 J. G. Loken, Ph.D. thesis, Oxford (unpublished).
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values expected according to the absorption model” for
these density-matrix elements have been calculated for
the case of the production of vector mesons by K ex-
change. The values v; and C17 were chosen as 0.042 and
0.64, respectively, to be consistent with the K~ elastic-
scattering data® at 3.5 GeV/c; vz was taken as 2y; and C,
was set equal to unity. The production angular distribu-
tions for some of the reactions showing a forward
peaking of the outgoing meson have been fitted by the
formula
do/di=Ke4t,

where ¢ is the momentum transfer. This has been done
merely to obtain a convenient parametrization of the
forward peak, and not because we believe there is any
basic significance in the above formula. Values of 4 are
given in Table IV at the end of this paper. Also shown
there are the values of |/— | max up to which the fit was
performed; #o is the momentum transfer in the extreme
forward direction.

3. TWO-BODY FINAL STATES

As has been observed in other experiments® in the
few-GeV/¢ region with 7 or K beams, a significant con-
tribution to the total cross section is made by quasi-
two-body final states. In this section, results on some of
the more important of these channels are discussed.

A K p— Ax®

The cross section for the Ax® final state was found to
be (1154:40) pb. Contamination from two-pion pro-
duction was estimated from a consideration of the miss-
ing mass distribution obtained by deleting the charged
tracks from Az*z~ events; it was found to be negligible.
This was confirmed by examining the distribution of the
square of the missing mass recoiling from the A, from
events of the topology zero-prong +A° (see Fig. 1(a).
However, assuming the =+r— and 2% final states to be
produced by the exchange of a K* of isospin %, we
estimate the 2% contamination in this channel to be
2.54:0.2 events. The value of the cross section has been
corrected for these 29 events.

The production angular distribution for the Ax®
events is shown in Fig. 1(b). This channel, in common
with many others, exhibits low-momentum transfer to
the baryon, expected on the one-meson-exchange pro-
duction model, as well as the sharp collimation of the
distribution associated with absorption effects.

?J. D. Jackson, Rev. Mod. Phys. 37, 484 (1965), from which
previous references to papers on the absorption model may be
ob;:ained. :

See, for example, R. George ef al., in Proceedings of the Oxfor
International Conference on Elementary Particles, g196j.; (R?lt{leg
ford High Energy Laboratory, Harwell, England, 1966), supple-
ment, p. 69; Aachen-Berlin-CERN-London-Vienna Collaboration,

1(%16’5 )p 71; and M. Deutschmann ef al., Phys. Letters 19, 608
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F1c. 1. (a) Histogram of the number of events plotted against
the square of the missing mass from the A° from events of the
topology zero-prongs +A°. (b) Center-of-mass production angular
distribution for the A#® final state. The figure contains 22 events.
As with all production angular distributions in this article, 6 is
defined as the angle between the incident K~ meson and the final-
state baryon. Thus meson exchange produces a peak at the left-
hand side of the histogram, and baryon exchange would give rise
to a peak on the right.

B. K p— Xtx~ and Tt

The cross sections for the reactions K—p — Z+z~ and

—nt are (140410) and (1143) ub, respectively. The
S+~ final state is almost entirely peripherally produced,
as can be seen from the production angular distribution
of Fig. 2. Also shown in this figure are the 12 events
identified as =~#*, which in contrast have the baryon
mainly in the forward hemisphere. This feature of a
forward peaking of the baryon is common to many
reactions at high energies,® being especially noticeable
in those cases for which meson exchange cannot take
place. On the other hand, below about 2 GeV/¢, the
Izt production angular distribution, like those of
several other K—p final states,® seems to be dominated
more by S-channel effects than by the nature of the
particles whose exchange is allowed.

C. K—p— Yy*+ (1385) =~

Figures 3(a), 3(b), and 3(c) show the Az, Az~, and
mtr— effective-mass distributions (weighted against
losses of charged decays) for 231 events assigned to the
Antr— final state. The curves shown in Figs. 3(a) and
3(b) are phase-space curves renormalized to exclude the

? A compilation of some of the experimental data has been given
by L. Lyons, Nuovo Cimento 43, 888 (1966).
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Y *+ peak. The cross-hatched distribution in Fig. 3(c)
contains only those events outside the ¥1** region de-
fined by the range of effective mass 1.34 to 1.41 GeV. A
Breit-Wigner-plus-phase-space fit yielded the following
results'® for the V*: M= (13834-2) MeV; I'= (254-6)
MeV; Yi*+/ (Y phase space)= (2724)9. This cor-
responds to a cross section of 90415 ub for the ¥V *tz—
channel.

Figure 4 shows the Dalitz plot for the Azx*n— final
state. In addition to ¥*+zr—, there is some evidence for
the channels Ap® and Afo. In choosing the sample of
Y ** events, no attempt was made to exclude events
in the crossover regions of the p° and f, bands (indicated
by the bands in Fig. 4) with the ¥1** band. There is no
evidence for any strong interference effects in the Dalitz
plot, and removing events in the overlap regions would
result in considerable biasing of the Y *t decay
distribution.
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F1G. 2. Center-of-mass production angular distribution for the
2#r¥ final states. The 152 Z*7~ events have a mean-weighting
factor of 1.63, and the 12 =~z* events are weighted by a factor
whose average value is 1.58. The Z~#+ angular distribution is
typical of those for final states for which meson exchange cannot
occur.

10 The width of ~20 MeV found for the ¥*(1385) in this experi-
ment after folding out the experimental resolution is less than the
currently accepted (see Ref. 15) value of 44 MeV, based mainly on
lower energy K~p experiments, although R. Armenteros et al.,
Phys. Letters 19, 75 (1965) recently also obtained a narrower value
of (35+3) MeV. The effect of decreasing Y width at higher
energies in production. experiments has been remarked on by
R. K. Adair, Rev. Mod. Phys. 37, 473 (1965).
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F16. 3. The effective-mass distributions for (a) A7+, (b) Az=—, and
(c) w*r— combinations from 231 events of the Ax*z~ final state.
The phase space curves for (a) and (b) are normalized to the
region outside the T*+(1385). The cross-hatched distribution in (c)
has had events in the ¥**(1385) (defined by the Az* mass being
between 1.34 and 1.41 GeV) removed.

The production angular distribution of the V,* is
backward-peaked (see Fig. 5). This, together with the
absence of the negative charge state of the Y,* indi-
cates possible dominance of a single-particle-exchange

Avt FINAL sTATE
231 EVENTS

M'(r'nT) GEV*

40 50
M*(ATI*) GEV?

Fi1G. 4. Dalitz plot for the Az*z~ final state. The bands
show the positions of the Y**, g% and f;.
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Fic. 5. Center-of-
mass production an-
gular distribution for
the 45 events of the
Y*+(1385)7x— final
btate. The V* has
seen defined as in s
Fig. 3.
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amplitude in the production. Only the exchange of K*’s
is possible since, as in all two-body reactions including
a pion in the final state, pseudoscalar (K) exchange is
forbidden by spin and parity conservation at the meson
vertex.

The decay of the ¥*(1385) can be described in terms
of density-matrix elements by the formula

W (6,6) = (3/4m)[ pss sin6+ p11 (54 cos?6)
—3%V3 Reps,—1 sin?0 cos2¢— 2V3 Reps; sin20 cosd].

According to the Stodolsky-Sakurai®? model for ¥*(1385)
production by the exchange of the K*(890), the density-
matrix elements should have the values given in Table I.
The experimental values are seen to be in satisfactory
agreement with the prediction, implying that the possi-
ble admixture of E2 and L2 amplitudes with the
dominant M1 one is probably small.

Figure 6 shows the experimental decay distributions
with respect to axes defined in the figure caption, to-
gether with the best fit of the general formula for ¥*
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F16. 6. Decay distributions for the Y*(1385)n~ events. The
curves, which are shown only to give an indication of the quality
of the fit, are the projections of the general decay distribution with
the values of the density-matrix elements given in Table I. The
angles are defined as follows. Let #* denote a unit vector in the
direction of the =¥ in the ¥r* rest frame, p denote the correspond-
ing vector for the target proton, and n be the normal to the ¥*
production plane. Then the three direction cosines «, 8, v are
a=4*-p, B=#*-n, y=4*t- (HXn). The angle ¢ (Treiman-Yang
angle) between the normals to the production and decay planes
of the Yy* is defined by tang=g/7. For a given event, only two of
the three angles plotted are independent.

11 The angle ¢ is the Treiman-Yang angle defined in Fig. 6, and
cosf in the formula is the same as « in the figure.

121, Stodolsky and J. J. Sakurai, Phys. Rev. Letters 11, 90
(1963) ; L. Stodolsky, Phys. Rev. 134, B1099 (1964).



1152
0 A #*<os @evie)?
. I
- i ,'ﬂb'l‘:ﬁ’ﬁ\
s 0 5", ; V
$ Ep ’//IlJéFa Ay !Mlﬂlﬂx ]
1.5 1.7 1.9 2.1 23 25 2.

-t
EUTN  EFFECTIVE MASS (GEV)

Fic. 7. The Z-x*z* effective-mass distribution (unweighted)
for 165 events in the Z-r¥r*7~ final state. The shaded distribution
contains events with momentum transfer to the =z*z* combina-
tion less than 500 (MeV/c)2. Especially when this selection is
made, the ¥*(1660) is clearly seen with very little background.
The curve is phase-space normalized to the total number of events.

decay, with the experimentally determined values of
the density-matrix elements.

The same reaction has been studied® at 2.24 GeV/c.
The experimentally determined matrix elements were
consistent both with the simple single-particle-exchange
values given in Table I, and also with the absorption-
model calculations with a modest form factor. Our
results are consistent with small absorption corrections
at 3.5 GeV/c also.

D. K—p— Y* (1660)x—

Figure 7 shows the Z—rtr+ effective-mass distribution
from the Z~7+z*7~ final state. There is a sharp peak at
about 1660 MeV which is largely retained on making a
selection of events with momentum transfer to the =~ of
less than 500 (MeV/c)? This peak is interpreted as
peripheral production of the ¥*(1660) resonance. An
analysis of the decay Dalitz plot for this sample of
Y*(1660) events, together with a similar number ob-
served by the bubble-chamber groups at Saclay and
Ecole Polytechnique who studied the same reaction at
3.0 GeV/c, suggested a positive parity assignment! for
this resonance, and has been published previously.?

A search for the reaction K—p— Y*(1660)7 at a
momentum transfer of less than 500 (MeV/c)? in
various final states yielded the relative decay rates given
in Table II. The inequalities there are quoted at the
909, confidence level. The (Zw/Zwx) ratio is signifi-

TasLE 1. Experimental values of the density-matrix elements,
and values predicted from the Stodolsky-Sakurai model of M, K*
exchange, for the decay of the ¥*(1385) in the reaction
K-p— Y*(1385)7~.

Experimental value  Predicted value

Repa 0.00:0.09 0.0
Reps 0.174-0.09 0.217

13 G. W. London ef al., Phys. Rev. 143, 1034 (1966).

14 Qur assignment agrees with that of Taher-Zadeh ef al., Phys.
Rev. Letters 11, 470 (1963), but differs from that of D. Berley
et al., in Proceedings of the Twelfth International Conference on
High-Energy Physics, Dubna, 1964 (Atomizdat, Moscow, 1956),
p. 565, and also from the results of London et al. (Ref. 13).
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TaBLE 1I. Branching ratios for the ¥,*(1660). The data are
taken from the reaction K—+p — ¥1*(1660) 47~ at a momentum
transfer of less than 500 (MeV/c)2. The total (S=r)* rate was ob-
tained on the assumption that the decay is through ¥'¢*(1405) 47,
so that the partial rates for decay to (Z*z*7~), (Z%%*), and
(Z~w*7t) are equal; the limit given for decay to (Z#)* is obtained
by using the (Z*x?) data only and multipling by two. The limits
correspond to 909, confidence levels.

Relative rates

Decay Cross section This Rosenfeld  London
mode (ub) expt. et al® et al.b
Err)* 3248 1 1 1
Em)t <14 <0.4 ~1 0.3:£0.15
Axtr® 1146 0.35£0.2 ~A0.66 503
Axt <6 <0.2 ~A0.16 <0.3

s Reference 15. b Reference 13.

cantly lower than that quoted by Rosenfeld e al.'s
but in agreement with the result obtained in an experi-
ment at 2.24 GeV/c¢ by London et al.3

E. K p— Y*=n0

The =ZF7+ mass distributions in the Z¥z*x? final states
(Fig. 8) show evidence for the production of three
known isospin-zero hyperon resonances, ¥*(1405),
Y*(1520), and Y*(1815); there also appears to be an
enhancement at 1645 MeV. The best fit to the distribu-
tion was obtained using a combination of Breit-Wigner
curves and phase-space background with the results
for the masses, widths, and partial rates as shown in
Table III.
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F1c. 8. The Z*7F effective-mass distribution for 613 events in
the Z#7F79 final states. The mean weighting factor is 1.49. The
phase-space curve is normalized to the region above 2 GeV. The
¥*(1405), Y*(1520), and ¥*(1815) are evident. The interpretation
of the enhancement in the 1660-MeV region is discussed in the
text. The shaded events are those for which the cosine of the
angle between the incident K~ and the outgoing «° is less than
—0.8 (i.e., high-momentum transfer events).

15 A. H. Rosenfeld e al., Rev. Mod. Phys. 37, 633 (1965).
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F16. 9. Production ar;:gular distributions for various Z*zrF
combinations in the Z*7F#0 final states. (a) Zr mass in range
1.35 to 1.46) GeV. (b) Zr mass in range (1.49 to 1.53) GeV.
c) Zr mass in range (1.60 to 1.68) GeV. (d) == mass in range
(1.75 to 1.89) GeV. (e) == mass below 2.01 GeV, and not included
in (a) to (d). The region of the ¥*(1405) is characterized by a
sharp forward peak. The 1660- and 1815-MeV regions, on the
other hand, appear to have significant backward peaks.

Center-of-mass production angular distributions for
(27)° combinations in the regions of the four peaks are
shown in Fig. 9. Figure 9(e) includes all Zr combinations
with mass below 2.01 GeV which are not plotted in Figs.
9(a) to (d). Itis clear from this distribution [Fig. 9(e)]
that backward peaking of the (Zm)° combinations is a
characteristic of the background. In contrast, Figs. 9(c)
and 9(d), corresponding to the 1645-MeV enhancement

TaBLE III. The masses, widths, and production rates of neutral
Y*¥’s as determined from maximum likelihood fits to the Z*r*+-#°
final states.

Percentage Cross
Mass Width of final  section

Reaction (MeV) (MeV) states (ub)
V*(1405) 70 140045 5010 1142 6010
V*(1520)7° 151042 16+ 5 541 30210
V*(1660)#0? 164546 4010 8+2 4010
Y*(1815)#° 181020 11050 842 4010
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TasLE IV. Cross sections (for decay by the modes specified in
column 3) for the production of some of the more important of
the two-body final states. In some of these cases a fit of the
formula do/d2= KeA¢ has been performed for momentum transfers
less than |¢—?o| max.

Cross
section Final 4
Channel (ub) state (GeV/c)2 |t—to]| mex
Ax® 115440 3.3+0.6 11
Ztg— 14010 3.040.5 1.0
—rt 1143
V*(1385) 7~ 90415 (ArH)a— 2.44-0.6 1.0
Y*(1405)x° 60410 EErT)20 1242 0.4
Y*(1520)#° 3010 (ZE7F) 70
943 (Ax*r™)n®
v+ (1660) 7~ 21£5 (EErFat)r— 3.740.8 2.1
11+6 (Amta0) 7~
<7 (Axt)n—
<i4 (ZH0g0+) -
V*(1815)x0 40410 (ZE7F)
An 542 A(ztra0)
Aw 90410 A(zrrn0) 2.0:0.4 24
AXO° 207 A(rta)
A¢ 40415 A(KK) 1.940.3 1.7
Ztp~ 150420 =+ (7 3.3+0.6 1.0
24, 205 Z*+ (%)
5K+ 165
E-K* 164 B (K H0g0+)

and Y*(1815) regions, respectively, show a marked
forward peaking, absent in Fig. 9(e), and which may be
the result of a baryon-exchange contribution to the pro-
duction of these (Z)° states. The shaded histogram in
Fig. 8 shows those events with high momentum transfers
to the =ZFr* combination, corresponding to backward
production angles (cosf,*< —0.8) for the #°. The peak
to background ratio is seen to be enhanced both in the
1645-MeV region and even more strikingly in the
Y*(1815) region. In contrast to this, the ¥*(1405) shows
a backward peaking typical of one-meson-exchange pro-
duction processes. In fact, the forward meson peak for
the reaction K—p — ¥*(1405)x° is sharper than that for
any other reaction in this experiment (see Table IV).
The level of background under the ¥*(1405) peak is
low (Fig. 10), but the folded Treiman-Yang distribution
for events in the ¥¢*(1405) region contains a large con-
centration of events in the region of ¢=0. The asym-
metry about 90° indicates the presence of interference

20

F16. 10. The folded
Treiman-Yang dis-
tribution for events
in the Y*(1405) from
the final state Y*x®.
The lack of sym-
metry about 3 indi-
cates the presence of
interference effects.
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F1G. 11. The (Zx)~ and (Zx)* effective-mass distributions in the
I=0g0—gt, ZH0p0+r— final states. There are 124 events in the
Iortr— final state (unweighted), 247 events in the =~z *#° final
state (mean weighting factor=1.29), and 366 events in the Z+z—#?
final state (mean weighting¥factor=1.63). The curves 4 are
phase-space-normalized to the total number of events in the dis-
tributions, while the curves Bginclude the reflections of the three
neutral V* resonances and the 1645-MeV enhancement.

effects which prevent us from attempting to confirm the
indirect spin-parity assignment'® of 1~ for the ¥*(1405).

The Y*(1520) is also seen in the Az*r~ decay mode
in the Artr 7 final state. The branching ratio is found

to be
Y*(1520) — Axtn—

V*(1520) — Z*7F

=0.3+0.1,

in agreement with the value given in Ref. 15. The level
of background under the ¥,*(1520) peak is large and
no attempt has been made to examine its decay
distributions.

F. The 1645-MeV Enhancement

The curve drawn in Fig. 8 is phase-space-normalized
in the region of 27 mass above 2.0 GeV, and is seen to
give an adequate fit in this region. Apart from the
Y*x° channels, the only strong resonant channel in the
S*rT 70 final states is Z+p, and it is found to produce no
appreciable distortions of the background in the =+7F
mass distribution.’” Therefore, in the following discus-
sion we use the phase-space curve normalized in the

16 J, Kim, Phys. Rev. Letters 14, 29 (1965).

17 In fact if the p~ events are removed and the phase space curve
is renormalized, the statistical significance of the 1645-MeV en-
hancement is, if anything, increased.
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region above 2.0 GeV to give an estimate of the back-
ground in the region below 2.0 GeV, where all the reso-
nant effects occur.

Figure 11 shows the Z—%%%~ and Z+9%+ distributions
from the 2= %%—7+ and =+94%+7~ final states, while in
Fig. 12 are the corresponding Dalitz plots. The curves
4 in Fig. 11 are phase-space curves normalized to the
total number of events in the distributions, while the
curves B include the reflections of the three neutral ¥'*
resonances and the 1645 enhancement. A further peak-
ing is expected at high mass values due to the contami-
nation (~139%) of ZErr'z® events in the sample (see
Appendix A.2).
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F16. 12. Dalitz plots (a) for the Z-z+#? final state, and
(b) for the =z final state.
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F1c. 13. The effective-mass distribution of #*7~z° from 1013
An*n~a® events, whose mean weighting factor is 1.15. The curve
shown is phase-space normalized to the region outside the w peak.
The final state Ay is only weakly produced.

We now discuss the significance of the enhancement
at 1645 MeV and its possible relationship to the
¥1*(1660).

(i). There are 96 events in the 1600-1680-MeV mass
region, compared with a background expectation, esti-
mated as described above, of 43 events; the excess corre-
sponds to an eight-standard-deviation effect.

(ii). The Y1*(1660) has been observed in this experi-
ment by its Zar decay mode, and thus we expect to
obtain some ¥;*°(1660), which could decay into S*zT.
We can estimate the expected number of such events
from the observed number of Z-ztxt decays if we
assume: (a). The ratio of Y* to ¥* is 4, as expected
from the exchange of an isospin-i strange boson.!®
(b). The Zrx decays of the Y*(1660) are dominated by
the ¥*(1405)x channel.’® (c). The ratio of (¥*(1660) —
Zrw)/ (¥*(1660) — Zr) is about unity.! Then the con-
tribution made by the decay of the ¥*°(1660) to 2z is
estimated as 14 events. This is insufficient to account
for our enhancement; an excess of ~3J standard
deviations remains.

(iii). Alternatively, we can use assumption (a) above
to make a direct comparison of the (Zr)* and (Zw)0 rates
in the 1660-MeV region. As can be seen from Fig. 11,
we have little evidence for an enhancement in the (Z7)+
effective mass at 1660 MeV, and the upper limit that
we can put on the expected (Zm)° contribution from
the decay of the ¥1*(1660) is lower than the estimate
given in (ii).

(iv). Another contrasting feature is the production
angular distribution: Whereas the ¥*+(1660) seen in
the 277 mode is produced peripherally [almost all
events having a momentum transfer of less than 0.5
(GeV/c)?], the enhancement at 1645 MeV is associated
with forward production of (Z7)° states. [See Figs. 7
and 9(c).]

18Tf we do not assume a single-particle exchange model, this
condition can be replaced by a triangular inequality

(o (Y¥trm) P2t (o (V) Y22 2(o (V¥0r0) 2

This slightly weakens the argument that the observed excess of
events in the 1645-MeV region is incompatible with that expected
from the two-body decay of the ¥*(1660).

19 P, Eberhard ef al., Phys. Rev. Letters 14, 466 (1965).
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Thus, there are difficulties in attempting to account
for the enhancement in terms of the ¥*(1660) of isospin
one. If we were to interpret this enhancement in terms
of a hyperon resonant state, its isospin would pre-
sumably be zero, since it is observed only in the neutral
state. Its mass and width are given in Table II. This
mass is lower than the value of 1670 MeV given by
Berley® for the isospin-zero resonant state through
which the reaction K—p — An proceeds near threshold.

G. K p— Ao, Ay, AX°

Figure 13 shows the ntr—n° effective-mass distribu-
tion in the Azrtr—#® final state. The w is produced with
quite low background and with a cross section of
90410 wb. Figure 14 shows the production angular
distribution for events in the w region [0.76 GeV
<M (r*tn~n°) <0.8 GeV]. In addition to the pronounced
forward peaking expected on a peripheral-production
model, there is a definite backward peak which is
possibly associated with a baryon-exchange mechanism.
A similar backward peaking has been observed in the
same channel at 2.7, 3.0, and 6 GeV/c.2?7

Choosing events in which the w is produced in the
forward direction [A2<700 (MeV/c)?], the following
values are obtained for the decay density matrix
elements:

PO0= 0.2840.15; p1a= 0.15+0.1 ;
Rep10=0.084-0.08.

On the simple single-particle-exchange model, the value
of poo would imply that vector exchange is more
important than pseudoscalar exchange for this reaction.
An absorption-model calculation for pure K exchange,

20+t

Fi1G. 14. The center-of-mass pro-
duction angular distribution for 55
Aw events (defined by the wtr—r?
effective mass being between 760
and 800 MeV). As well as the usual
forward meson peak, there is also
a significant backward one which
is absent from the corresponding
plot for the A¢ final state (see
Fig. 16).

No, OF EVENTS
o

-1 o
cos ©

20 D, Berley et al., Phys. Rev. Letters 14, 641 (1965), who state
that they have no evidence for any =z decay modes of this
resonance.

21 R. Ross, in Proceedings of the Twelfth International Conference
on High-Energy Physics, Dubna, 1964 (Atomizdat, Moscow, 1965),
p. 642; R. Sekulin (private communication).
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F16. 15. The KK effective-mass distribution for
120 events identified as AK*K~ or AK°K .

however, gives a value of pgo of 0.28, and hence it is not
possible to make any firm statement about the nature
of the exchanged particle.

It may also be seen from Fig. 13 that the n is pro-
duced, but with the small cross section of ~5 ub for
decay into the #wtr~#° mode. Events of the topology
A+-2 prongs were examined for evidence of missing
7°; that is, for the reaction,

K=p— Anta°
N
(neutral decay modes).

The #r+n~ spectrum then showed evidence of X° pro-
duction, 18 events being seen above a phase-space pre-
diction of 3 events. This corresponds to a cross section
of 207 ub for the reaction

K—p— AXO,
followed by the ga*n~ decay mode of the X°.

2071 .

F16. 16. The center-of-mass
production angular distribu-
tion for 48 A¢ events, defined
by the KK mass being be-
tween 1.01 and 1.03 GeV.
The distribution contains
23 K*K— and 25 KK
104 : combinations.
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F16. 17. The production angular distribution for Z*p~ events.
Events with 7~#% mass in the range 670-870 MeV have been
included in the histogram.

H. K-p—Ag

The KK effective mass distribution from the final
states AK*K~ and AK°K is shown in Fig. 15. The ¢ is
strongly produced with very low background, and a
width comparable to the experimental resolution. The
cross section for the A¢ channel is 40415 ub. The pro-
duction angular distribution for events (Fig. 16) in the
¢ peak shows the marked forward peaking also seen in
o production, but the backward peak present in w pro-
duction is entirely absent for the ¢; indeed, there are no
events in the backward hemisphere. In terms of a
baryon-exchange model, this implies that g,,, is much
larger than g,p4, as expected if the v is identified with
the particle that contributes most strongly to the
isoscalar-nucleon form factor.

The density-matrix elements for the decay of the ¢
are:

p00=0.37+0.16; p1-1=0.02-0.1;

Rep1o= 0.0640.06.

The value of pgo predicted by the absorption model for
pure K exchangeis 0.4, and hence, as in the Aw reaction,
it is not possible to draw any conclusion concerning the
spin of the exchanged particle.

I. K p— Ztg~

As may be seen from the Dalitz plots of the Z+7F70
final states, the production of Z*p~ is very much
stronger than that of 2~p*; the cross section for
the former is found to be 150420 wb. Furthermore,
the production angular distribution (Fig. 17) of Z+p~ is
sharply peaked, which is not the case for Z=p+. This is,
of course, not surprising if the reaction is dominated by
K and/or K* exchange.

On selecting events with the mass of the 7~#° com-
bination between 670 and 870 MeV, and having mo-
mentum transfer to the =+ below 600 (MeV/c)?, the
values determined for the elements of the density matrix



152

describing the p~ decay were®:

p00=0.1740.08; p1_1=0.17+0.08;
Rep10=0.014-0.04.

Without absorption effects a value of zero for pgo would
correspond to K* exchange but again the data could be
consistent with a large proportion of K exchange. The
prediction of A-parity® is that K exchange should be
more important than K* exchange.

J. K-p— St4;

The final states ZtrTatr~ show strong evidence for
p° production. Dalitz plots of the Z+x p events (defined
as having a 7t~ mass between 675 and 825 MeV) are
shown in Fig. 18. The ¥*(1520) is clearly seen in both
the Dalitz plots. In Fig. 18(a), a band corresponding to
the production of 45~ is evident, but the 45t band in
Fig. 18(b) shows an increased density only in the region
where the Y*(1520) band crosses it. The production of
Zt+A45, but not of 244+, is again consistent with a
meson-exchange process.

If the 4, is produced, it is certainly much weaker than
the 4;~ (Fig. 19). This would not be surprising if the
A, were a kinematic enhancement associated with the
Deck process.?

a

M2(T* %) cev2

yos20) |
20} Y*(1405)~ X

o + s " :

04 os 1.2 1.6 20 24

M2(ge7i7) GEV2

30

M2 (z-n*)GEV2

Y*(1520)
20f Y'(|4os)—'.

6.4 0:8 1.2 1.6 20 2.4

M2(oTi")GEV2

F1c. 18. Dalitz plots for the final states (a) =*p’r— and (b)
Z=p%r*. The A5~ shows up as a band in (a), but the A5+ appears in
(b) only in the cross-over region with the ¥*(1520).

22 Similar values for the density matrix elements of the decay of
the p° have been observed by E. D. Alyea, Jr., et al., Phys. Letters
15, 82 (1965), who studied the reaction K~ — =~ p®at 2.24 GeV/c.
(1;3 :!1:) B. Bronzan and F. E. Low, Phys. Rev. Letters 12, 522

64).
24 R. T. Deck, Phys. Rev. Letters 13, 169 (1964).
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Fic. 19. The effective-
mass distribution for
the 7t~ combination
from the Strtr—z~ final
state. The 4 can be
seen in the histogram
but there is little sign of
the 4 1.
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K. K-p— BE-K* and E2-K*

The cross sections for the channels F~K+ and E-K*+
are 1625 pb and 16.54-4 pb, respectively. The pro-
duction angular distributions for the &~ injthese final
states are shown in Figs. 20 and 21. As observed at lower
beam momenta,’25-%" the 5~ is produced preferentially
at high-momentum transfers, as expected if baryon
exchange contributes to the production. The back-
ground under the K**+ peak is considerable, and so no
decay-correlation analysis has been performed.

There is only weak evidence for the production of the
final states Z*K. The upper limit we can set on the
cross section for E*K0° is 10 ub.

4. CONCLUSIONS

The most striking feature of the data is that the two-
body final states very often show a high degree of
peripheralism. With a few exceptions, those reactions
for which meson exchange is allowed are characterized
by a sharp forward peak of the outgoing meson. The
present level of statistical accuracy prevents our making
any detailed comments on the differences in the shapes of
these peaks for the various final states (see Table IV).
They do, however, appear to be somewhat more shallow
than either the K—p elastic scattering cross section or

[[e]

FiG. 20. The produc-
tion angular distribution
of 17 events of the =K+
final state. The forward
peaking of the cascade is
similar to that observed
at other momenta in this
reaction.
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26 T,, W. Alvarez, in Proceedings of the 1962 Annual International
Conference on High-Energy Nuclear Physics ot CERN, edited by
J. Prentki (CERN, Geneva, 1962), p. 433.

26 H. Ticho, in Proceedings of the 1962 Annual International
Conference on High-Energy Nuclear Physics ot CERN, edited by
J. Prentki (CERN, Geneva, 1962), p. 436.

27 J, Badier et al., in Proceedings of the Oxford International
Conference on Elementary Particles, 1965 (Rutherford High Energy
Laboratory, Harwell, England, 1966), supplement, p. 70.
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204
Kp—= K

F1c. 21. The produc-
tion angular distribution
of 33 events of the E-K*
final state, the K* being
defined by the mass
range = 840-950 MeV.
As in the 27+ and
E-K* final states which
are also forbidden for
meson exchange, a for-
ward peaking of the final
state baryon is evident.
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the majority of the angular distributions in #*p final
states.

* On the other hand, in those reactions for which there
exists no suitable meson to be exchanged, the cross
sections are much smaller, and the production is
characterized by a backward peak in the outgoing
meson’s production angular distribution; the final
states E-K+, E-K*, and Z-rt are examples of this effect.
Similar backward meson peaks are evident in some
reactions for which there is also a forward meson peak;
the Aw and Y*(1815)x° final states provide examples of
this. This effect may possibly be interpreted in terms of
a baryon-transfer process.

The decay distribution of ¥*(1385) in the Y*r~ final
state was seen to be in good agreement with the pre-
dictions of the Stodolsky-Sakurai model for M1 K*
exchange. Those reactions (Z+p~, Aw, and A¢) for which
a mixture of K and K* exchange is allowed are charac-
terized by fairly small values of pgo for the vector-meson
decay. It is difficult, however, to regard this as strong
evidence for the dominance of vector exchange, since
the situation is complicated by the fact that the
absorption model applied to the case of pure K exchange
also predicts small values of pgo.

Although it appeared from the Z*xF mass distribu-
tion that our sample of ¥*(1405) did not suffer from a
large background of nonresonant events, the decay
distribution indicated that the background was im-
portant, and precluded any attempt at a direct spin-
parity determination.

Finally, an enhancement was observed at 1645 MeV
in the Z*rT systems, which was difficult to explain in
terms of the decay of the neutral ¥*(1660).

A summary of the cross sections, decay modes, and
production angular distributions of some of the two-
body reactions observed in this experiment is provided
in Table IV. Our data and that of Ref. 3 show the usual
decrease in cross section for producing baryons of
decreasing strangeness in two-body reactions. The cross
sections in the more favorable cases are about 500, 100,
and 10 ub for baryons of strangeness 0, —1, and —2,
respectively.
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APPENDIX A: WEIGHTING FACTORS

Events containing A’s or 2’s were weighted to allow
for the fact that some of the hyperons would be lost be-
cause they decayed too near to the production vertex
to be clearly identified, or because they decayed outside
the visible volume of the bubble chamber, or, in the
case of 2’s, because the decay angle was too small. The
corrections for A’s and for 2’s were made by slightly
different methods, and are considered separately below.

1. Events Containing A’s

For each event involving a A, the potential path L
available within the scanning region for a A of the
observed direction and coming from the observed pro-
duction vertex was calculated. A correction was then
applied to allow for the fact that A’s could decay after
distance L, and hence be lost or rejected. Furthermore,
events with a A path length 6 less than 0.5 cm were re-
jected; this effect was more important for slow A’s.

To compensate for these missing A’s, each observed
event was weighted by a factor W, where

I/W: 6—5/)\_ e—L/\ ,

where \ is the mean-decay length. The average values
of this weighting factor for all A’s was 1.16.

2. Events Containing X+

A slightly different approach was used for 2’s. The
weighting factor for each event was calculated only as a
function of the momentum of the 2, being already aver-
aged over all the other relevant variables. This method
was used in this case to avoid the danger of the weighting
factors for particular events becoming excessively large.
(The average correction to be applied to = events was
considerably larger than that for events with A’s; see
below.) The weighting factor was corrected for three
different sources of loss.

1. Short Decays

A plot of the number of =’s observed as a function
of decay distance x, weighted by the usual factor
exp(x/\(p)), was consistent with all events with «
greater than 0.4 cm being seen, while essentially no
events had x smaller than 0.2 cm. It was thus assumed
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F16.22. (a) The efficiency NNy,
for detecting =+ and =~ decays as
a function of momentum, the losses

@

(o1

being due to decay outside the
chamber and within 0.5 cm of the
production vertex. (b) The effi-
ciency E for observing decays in
the unfavorable azimuthal region
as a function of decay angle. The
curve is calculated on the assump-
tion that decays will be observed
if the angle as seen by at least one
of the cameras is greater than 4°.
(c) The efficiency Np for detecting
=t — pnd or % — nr* decays asa
function of momentum, loss being
due to small angle decays. For
St — pa® above 3.4 GeV/e, all
decays are less than 4°. (d) The
ratio R of (Z*— pa%)/ (St — nat)

2

Po (GEV/c)

T3 26°30%

)

as observed as a function of mo-
mentum. The curve is the calcu-
lated ratio of the detection effi-
ciencies of the two modes as ob-
tained from (c). (e) The product
of the efficiencies in (a) and (c),
the reciprocals of which give the
weighting factors. The discon-
tinuity in the Z* curve at 3.4
GeV/c arises from the fact that the
=+ — pr® decay mode cannot be
observed above this momentum.

that the efficiency for observing short decays was

E,= 0, for x<1p=0.2 cm
= (x—- lo)/ (ll—' lo) , for lo<x<11 cm
e 1, for x>0;=0.4 cm.

Then for a given momentum p, the efficiency averaged
over all possible values of x will be

N = /wEde
8 = s—a%x
P Nz 0 dx

e—(lo/)\)[l — e—(h—lo)/h] s
1—bo
where

AN /dx= (No/N)e =,

21. Long Decays

Decays were accepted if they occurred either within
the accepted fiducial region of length L=40 cm, or
within a distance AL of 7 cm beyond it. The efficiency

P. (GEV/C)

NgN_Np

*
oSf. >

(e)

2
P (GEV,c) .

for observing decays is then?

ELZ 1__6—(111-Ab—z)/)\ ,

where x is the position of the production vertex of the
event as measured from the beam end of the fiducial
region. Then, on averaging over ¥, we obtain

Ni(p)=1— (\/L)[eALA— ¢~ (L+AD) .

Figure 22(a) shows the efficiency as a function of
momentum for detecting =+ and 2~ decays after allow-
ing for effects ¢ and 42. The difference between the two
charged states arises because the =~ has a longer
lifetime.

i, Small-Angle Decays

Sigmas decaying through a small angle may easily be
missed on the scanning table. The importance of this
effect was estimated by calculating for each observed

28 The implicit approximation that the Z’s are traveling along a
direction perpendicular to the ends of the scanning box (i.e.,
parallel to the beam direction) is not seriously in error, especially
as the correction for the loss of fast 2’s is small.
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event the decay angle @ and the azimuthal angle ¢,
defined as being the angle between the horizontal which
is perpendicular to the sigma direction and the normal
to the decay plane, i.e.,

EX#)-(EX?3)
Sp=——,
[Ex#]| |2X38]

and
cosf=2-#,

where 2, #, and £ are unit vectors along the Z, charged
decay particle, and vertical directions, respectively, in
the laboratory. Then the distribution in ¢ should be
isotropic.

A plot of the number of events as a function of ¢ for
given intervals of 6 indicated that events with small
values of § were being lost in the unfavorable (small) ¢
region, whereas for 6 greater than 30° the loss was
negligible. In this way an efficiency for observing small
¢ events was estimated empirically for several values
of 6, and was found to be consistent with the assump-
tions that events were observed only if the decay angle
as seen by at least one of the cameras was greater than
4° [see Fig. 22(b)]. The efficiency of detecting small-
angle decays was then calculated as a function of =
momentum assuming that 4° was the minimum observa-
ble decay angle. This efficiency Np is plotted in Fig.
22(c) for the proton and for the charged pion-decay
modes.

A check on this calculation was obtained by observing
that the experimental ratio

R=[Zt— pa"]/[Z+ — nat]

agreed well with the ratio of the detection efficiencies of
the proton and charged pion-decay modes [Fig. 22(d)].
The over-all efficiency for detecting the decay of
charged 2’s is then simply the product N,NrNp, and is
shown in Fig. 22(e). Each event was then weighted by
the relevant weighting factor W (p), where

1/W=N,N.Np.

APPENDIX B: PURITY OF SAMPLES
1. Events Involving =+

On the subsample of film, a careful investigation was
made of the various sources of contamination in the
events K—p — Z*+pion(s). There are three main types
of contamination.

(i). Kinematic ambiguities between reactions of the
type K—p— one strange particle 4 nonstrange par-
ticle(s). The following hypotheses were used for 2-prong

2 events. K—p—> ZtaF,
ZErFa0,
K7p,
K=pn®,
K—nrt,

BIRMINGHAM-GLASGOW-LONDON-OXFORD-RUTHERFORD
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TaBLE V. Ambiguities for = final states. The second column
refers to events which were consistent kinematically and from the
point of view of ionization with only one of the 7 hypotheses listed
in (i) of Appendix A.2. Events which also gave a fit to K~nzt or
to K—natr—x*t are listed in column 4; almost all of these are =~
events, and so should be added to the number listed in column 2.
Other ambiguities are listed in column 3. The estimated contami-
nation from events with more than one missing neutral, appears
under column 5, while the total number of events with two or
more strange particles which could fit the different hypotheses is
given in the last column.

Final 22st.
state Unique Amb1 Amb2 2n° parts
g~ 55 0 0
7t 4 1 1
Ztra® 134 0 0 159%, s8
Zatad 90 3 19 119% S24
Sttt 74 1 0 <3% ~0
Za et 69 0 0 <3% s10

For 4-prong 2’s, the list was as above, but with a #+z~
pair added to each final state.

After the ionization of the tracks had been examined
for consistency with the fitted hypotheses, 879, of the
events gave a unique fit, the main ambiguity remaining
being between the final states K—nat and Z-nt#%; the
number of these events is listed in Table V in the
column “Amb 2.” An examination of the lifetime dis-
tribution of the negative decaying tracks showed that
at most 3 or 4 of these 20 events could be kaons, and
they were consistent with being all 2~ so the number
of unambiguous fits should be increased accordingly.
The remaining ambiguities are included in the column
“A.Inb 1'”

(ii). Events with two missing #%s can sometimes
fit the corresponding hypotheses with one missing #°.
The importance of this effect was estimated by using
events from the final states S+rTrtr— as fake S+rTn0n0
events.?® These were then fitted in the same way as the
2-prong Z events. Then if we assume that the cross
sections

oCtr ') = e (Ctratr),
and
ocEntrn) =~ e (Ertata),

the estimated contamination of the Z+r¥70 final states?
are as shown in the “27%’ column of Table V.

(ili). Finally, there is the contamination arising from
the final states containing two or more strange par-

2 For 4-prong = events the contamination from two missing
7a%s is not important, since the ratio of 6-prong to 4-prong Z’s
found in this experiment is small (~3%).

% The most serious bias that can be introduced by Z*z~z%°
events fitting the hypothesis Z*z~«? is that the (incorrect) fitted
Z#+0 mass may not be very different from the true Z*%° mass.
Thus a three-body decay mode of the ¥*(1660) could cause a
spurious peak in the Z+z% mass spectrum at around 1660 MeV. In
fact this possibility is remote, since the ¥*(1660) — Zwr decay is
believed to take place via the channel ¥*(1405)x, and hence the

reaction
K—p — V¥+(1660)x~
cannot populate the Z+z%%~ final state.
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ticles,* produced either by pions or kaons in the beam,
where only the =+ of 5~ is observed to decay. These
then have the same topology as the “Z*+-pions” final
states. The total number of these events was estimated
from the number of fits obtained for these rarer final
states in the topologies where more than one decay was
observed; a suitable correction was applied to allow for
the relevant decay modes of the various strange par-
ticles. These numbers are shown in the last column of
Table V. Of course, it is to be expected that only a small
fraction of these will actually fit the hypotheses of
interest, especially when there are no missing neutral
particles at the production vertex.

It may also be mentioned that, except for the final
state Z—rt in which there are too few events to make a
meaningful comparison, the observed X? distributions
for the unique events of the different hypotheses are
consistent with the expected distributions for the
relevant number of constraints.

2. Events Involving A° and X°

A total of 457 events with two charged pions and a
visible A decay had kinematic fits to the K—p — A%rta—
and K—p— Zztz~ hypotheses; about 409, of the
events had fits with greater than 5%, probability to
both of the hypotheses. A small percentage of the events
also fitted the K—p — Axtr—x® hypotheses. It was not
possible from a study of the X2 alone to decide on selec-
tion criteria which would provide fairly pure samples of
events in either of the channels.

8 The relevant final states for the 2-prong 2’s are E-K¥,
E-K*7, E-Kr*, ZYK-K° Z~K*K° produced in K~p reactions;
and K%, ZtK%~, E-K*K° produced in =~p reactions. For
4-prong Z’s, the only important final states are E-K*r =¥,
E-Ktr—rtn® and E-K%r*r*z—. Unfortunately, the cross section
for the reaction K—p — @~ K*K° is not large enough for it to be
considered as a serious source of contamination.
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To get a better idea of the nature of these events, the
measured track variables were used to calculate the
square of the over-all missing mass and the missing
momentum, as well as the errors on these quantities.
Events were selected as candidates for the A%*7~ and
Z%r+r~ hypotheses if the missing mass squared was
within 0.01 (GeV/¢?)? of zero, the missing momentum
within 200 MeV/c of zero, and if the error on the missing
mass squared was less than 0.01 (GeV/c?)?2 Any =0
events giving rise to photons with momenta greaterthan
200 MeV/c were not resolvable from the low-momentum
79 background (caused by the Artz—=® events) because
of the large missing-mass errors. However, the shape of
the missing-momentum distribution indicated that the
number of such Z° events was less than 109,

For each of the events in the sample, the mass of the
system recoiling against the =+~ pair was computed. A
plot of this quantity for the 231 events with missing
momentum less than 40 MeV/¢ exhibited a symmetric
peak centered at 1.115 GeV/c2 The corresponding plot
for the 143 events with missing momentum greater
than 70 MeV/c showed a slightly asymmetric peak
centered at about 1.2 GeV/c%. The 51 events with
missing momenta between 40 and 70 MeV/c were found
to be extremely ambiguous between 2%tz and A%rtn—,
i.e., most of the events had fitted both hypotheses with
fairly high probabilities. These events have been ex-
cluded from the effective-mass distributions presented
in this paper. This method of selection produces no
significant bias in the A%r+7~ channel, but does tend to
remove preferentially the Z%*#— events involving Z%s
which are highly energetic in the laboratory frame of
reference.

A detailed investigation of the pion contamination in
the beam led to the conclusion that no significant bias
could be introduced by pion-induced strange-particle
events.



