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Data at nine ~+ momenta are presented in the following three-body final states: Z+K+x,
X+K x+, Z K+x+, AK+x, pK+K . The data consist of cross sections, Dalitz plots, and
angular distributions for the quasi-two-body final state 1'~(1385)K+. In the ch~~~el
F~ (1385)K+ the production and F* decay distributions are compared wt. th the predictions
of Stodolsky and Sakurai.

I. INTRODUCTION

Data are presented from an exposure of m'p tak-
en in the Lawrence Radiation Laboratory 25- and
72-in. hydrogen bubble chambers at the Bevatron.
Nine w' momenta (1.28, 1.34, 1.41, 1.43, 1.55,
1.62, 1.68, 1.77, and 1.84 GeV/c) were used. The
discussion treats results obtained in the three-
body final states

~+p Z+K+wo

Z'K m+

-AK+m+ .

-Z'K+n+

pK'K .

(1)

(2)

(3)

(4)

(5)

Data and analysis of the channel m'p Z'K+ have
been presented elsewhere. '

II. EXPERIMENTAL PROCEDURE

A. Exposure

All together, 783 000 pictures mere taken at six
momenta in the LRL 25-in. bubble chamber and
140000 pictures at three momenta in the LRL 72-
in. bubble chamber. The exposures at each ener-
gy varied in size from 1 to 2.5 events/p, b. Details
of the exposures are given in Table I. The momen-

turn bite of the beam was between +0.8 and +1.0%
at the various momenta.

B. Scanning

The film was scanned for two topologies: (a) two
prongs, where one or both prongs have a kink and
no visible recoil at the kink; and (b) two prongs
with a V pointing to the vertex. Most of the film
(more than 90%) was scanned twice. The combined
scanning efficiency was found to be F97% for events
eventually accepted as Z'K'w' or Z'K'w' and &98%
for V' events.

C. Measuring

All events found in either scan mere measured
by use of the, COBWEB on-line Franckenstein sys-
tem. Any event not fitting with a reasonable Xm one
of the hypotheses [(1)-(5)]or w'p- Z'K' was re-
measured. Candidates for hypotheses (1) and (2)
that failed again to fit .satisfactorily mere mea-
sured a third time. Any events that still did not
fit were examined by a physicist to determine the
cause of the failure.

D. Kinematic Fittings

l. V Events

Events of the type two-prong plus V were con-
strained to the hypotheses
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TABLE I. Exposure parameters.

Momentum
(GeV/c)

1.28

1.34

1.41

1.43

1.55

1.62

1.68

1.77

1.84

Energy
c.m.
(GeV)

1.823

1.851

1.886

1.896

1.955

1.992

2.016

2.057

2.089

Number
of pictures

(1000)

127

52

130

41

47

122

119

Chamber
(in.)

25

72

25

25

25

Cross section
for one event

(pb)
(approx. )

0.6

0.4
0.6
0.5
0.8

0.5
0.5
0.7

0.9

A w+P,

~'P-KOK'P

(4')

(5')

2. Z' Events

Z'- p~' or w'n,

~+p- Z+~+Ko

F+ ~0 or (2')

The above two reactions were constrained in the
following way when the AP/p (measured) of the Z'
was less than 0.5:

(a-. l) A simultaneous two-vertex 2c fit was

Events were constrained to reactions (3') and (5')
by using (a) a simultaneous two-vertex Vc (seven-
constraint) fit; (b) a lc fit at the production vertex
(with the V'not used); and (c) a one-vertex 3c fit
at the Vo vertex. The two outgoing prongs at the
first vertex were tried as K+ w+ and n'K' in turn
and the V was tried as Pn' and m'n . Only events
that made the two-vertex fit were eventually ac-
cepted. Events were constrained to reaction (4) by
using (a) a three-vertex 5c fit where the Z'-decay
vertex is coincident with the production vertex;
(b) a lc fit at the production vertex (ignoring the
V'); arid (c) a one-vertex 3c fit at the V -decay
vertex.

made.
(b-1) A single-vertex lc fit was made at the

first vertex.
When the Z' was so short that op/p&0. 5, then

the fo11owing procedures were followed:
(a-2) A Oc calculation was performed at the Z'-

decay vertex to obtain the Z' momentum. This,
in general, gave two solutions for each-of the Z'-
decay modes (w'n and pw'}. These calculated val-
ues for the Z' momentum were then used for the
two-vertex fit (the Z' momentum at the first ver-
tex was corrected for the dE/dx loss).

(b-2) A Oc calculation of the Z+ momentum was
made at the first vertex. The mass permutations
(1) and (2) as well as the reaction w'p- Z'X' (Pw'
or w'n} were tried for each event (see Ref. 2 for a
discussion of this reaction). How ambiguities were
resolved between the various channels is discussed
in Sec. II E.

E. Resolution of Ambiguities

1. V Events

There was essentially no problem in resolving
reaction (3) from (5) nor (4) from (5). In the cases
in which the V fitted aA or K or both (which mere
rare) the fit at the first vertex ensured a complete
separation.

Difficulty, however, mas experienced in com-
pletely separating (3) from (4). Approximately
10% of the events that fitted (3) also fitted (4) (with
a reasonable }t'}and 50% of the events that fitted
(4) also fitted (3). In other words, about 90%
of the events that fitted either (3) or (4) or both
mere uniquely allocated by kinematic fitting. Typ-
ically, there were 4.3 times'as many V events per
energy that fitted (3}uniquely as either fitted (4)
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~'p- Z'K'~o

Z+- pmO

Z'-m n,

w'p- Z'K'm'

g+ pgO

Z+ r+n,

g+ p~O

Z+- w+n.

(1)

(1')

(1«}

(2)

(2')

(2«)

(6)

(6')

(6«)

The events that were found to be kinematically am-
biguous between (6) and (1) or (2) were examined
for ionization. In addition, on the assumption that
they were of topology (6), their production angle
was plotted. It was found that these events (which
accounted for 5 to 10% of all the v+p Z+K' events)
were in all cases consistent with hypothesis (6),
both with regard to ionization when this mas a fac-
tor [e.g., when the ambiguity was between (2') and
(6")]and also with regard to their production an-

uniquely or were ambiguous between (3) and (4).
Thus, from the point of view of obtaining a chan-
nel cross section, the correct assignment of
events was far more important for the Z'K'w'
channel than for the AK'm' channel. To a lesser
extent the same is true for angular distributions,
mass plots, etc. The following procedure was
used to assign events, keeping in mind our philos-
ophy that a clean, unbiased sample of events was
needed in the AK'n' channel, whereas, because of
a lack of statistics, the main interest in the Z'K'g'
channel was the cross section.

Of the 87 events that fitted both (3) and (4), about
35% were resolved on the basis of the ionization of
the outgoing tracks (v' and K') at the first vertex
[i.e. , in going from (3) to (4) the mass assignments
of these two tracks were switched]. A further 30%
of the ambiguous events, although having both kine-
matic X"s acceptable, had one X probability much
greater than the other (by a factor of at least 5).
The remaining 35% of the events were essentially
unresolvable and were assigned approximately in
the ratio Ao/Z0= 2, after considering all the kine-
matic and ionization factors both before and after
constraint. Thus of the 32 events in this last class,
21 events (out of a total of 790 events) were as-
signed to the A hypothesis, and 11 events (out of a
total of 97 events) were assigned to the Z' hypothe-
sis.

2. Z' Events

The following topologies and mass permutations
are involved in these events:

gles, which were distributed in a manner com-
pletely consistent with the angular distributions
of the unambiguous sample. This second argu-
ment is used only to strengthen our belief that
false events are much less likely to fit when there
are four (or five) constraints than when there is
only one (or two).

Events that had a good X' to the two-vertex fit
for reaction (6) were therefore assumed to be of
this type even if they also fitted (1) or (2).

We are then left with the ambiguities between (1)
and (2). These are of three types: (a) those be-
tween (1') and (2') [or (1") and (2")], i.e., different
production processes but the same Z'-decay mode;
(b) those between (1') and (1")[or (2') and (2")], i.e.,
same production process but different Z'-decay
modes; and (c) those between (1') and (2") [or (1")
and (2')], i.e., different production processes and
different Z'-decay modes. In essentially all cases,
ambiguities of the types (b) and (c) were resolved
by ionization of the charged track from the Z' de-
cay. Ambiguities of type (a) -which typically ac-
count for about 25% of the events (1) and (2) -were,
in general, resolved by an examination of all the
tracks on the scan table. In all but a very few
cases [less than 5% of the events fitting (1) or (2)]
a definite preference for one of the hypotheses
over the other mas found by these means.

IH. DATA AND RESULTS

A. Acceptance Criteria

2. V Events

Table II shows the number of events found at
each energy in the various channels that satisfy
the foQowing criteria:

(a) Beam track is acceptable.
(b) Vo-decay vertex is more than 0.8 em from

production vertex.
(c) Both the production and decay vertices are

within their respective fiducial volumes.
(d) V' lives less than three mean lives.
Since cuts (b) and (c) are momentum-dependent,

each event was weighted to take these as well as
(d) into account.

No lifetime cuts were used for events in the Da-
litz and mass plots.

Z. Z' Events

Table II shows the number of events found at
each energy in the two channels that satisfy the
following cuts:

(a} Beam track is acceptable.
(b} Z' is &0.3 cm long and does not live more

than three mean lives.
(c) The Z'-decay angle (lab) is &5 deg (&10 deg
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for 72-in. chamber film).
(d) The event is within the fiducial volume.
These cuts are identical to those imposed on the

m'P- Z'K' events described in Ref. 1. Since cuts
(b) and (c) are Z'-momentum-dependent, each
event was weighted to take into account those two
cuts as well as the possibility that the Z' left the
chamber. For a detailed discussion of how the val-
ues of these cuts were determined, see Ref. 1.
Since the Z' momentum range of these events is
not very different from that of the w'p- X+K+

events, the cuts determined for those events
should still be valid. It should be noted that be-
cause of the rather small number of events in
these three-body Gnal states, both the Z'- m'n

and Z' pm decay modes were used in the deter-
mination of the cross section.

B. 7T+P AK+ m+ Channel

Data

Table II and Fig. 1 show the cross section for
this channel as a function of n' momentum. Also,
on Fig. 1 is the cross section for m'p Z'K' for
comparison, obtained from Ref. 1.

Table IH shows the cross section for m'p
Y*(1385)K'.
~e numbers of events in the Y*(1385) (1340

&M„,+& 1430 MeV) were determined, in view of
the low statistics, by counting events in the signal
over the phase-space background; the assigned er-
rors take into consideration the uncertainties in
the background. In addition, as a check on the
above procedure, a fit to the Am mass spectrum
was made using a Breit-Wigner form for the
Y*(1385)and a constant matrix element for the
background, leaving the mass and width of the

TABLE III. Cross sections for
x'p —F*(1385)1),+ g'*- An' ) .

Beam
momentum

(GeV/c)

F*K'
cross section

(pb)

1.41
1.43
1.55
1.63
1.68
1.77
1.84

25+6
42+ 12
95+ 20

130+20
100 + 20
125 +25
140+25

Y*(1385)and the proportion of resonance to back-
ground as free parameters. The fit at 1.77 GeV/c
is shown on the Av projection in Fig. 2(e).

Figures 2(a)-2(f) show the Dalitz plots and pro-
jections at all but our two lowest momenta, where
there are not sufficient events to warrant this (the
1.44- and 1.43-GeV/c data have been combined).
Figure 3 shows the Dalitz plot and projections for
the three highest momenta (1.68, 1.77, and 1.84
GeV/c) combined.

Figures 4(a)-4(g) show the production angular
distribution for the reaction v'p- Y*(1385}K'
with [Y*(1385)-Aw'] when the Y*(1385)has been
defined as being all events with 1340&M~„+&1430
MeV. cos8 is defined as Sb„m.K in the c.m. sys-
tem, where mb and K are unit vectors along the
directions of these particles in the over-all c.m.
system.

Figures 5(a)-5(g) show the Y*(1385)-decay an-
gular distribution in the F* center-of-mass sys-
tem with respect to the production normal, i.e.,

c ofsn vogg

where

~~ 500—
EJ

~~
E

r
v I

I

I

1

I
I 7

s

I 4

I ~ 9AGAN ET AL.

LFOELSHE ET AL.

~ THl S EXPERIMENT

n = (ir b„xK}/( I vb„xK I ),
and m',„,is a unit vector along the outgoing n' direc-
tion in the Y*(1385}center-of-mass system

Z. Results

C

—500-0
4P

CA
fIJ
O

IOO—

l.2
~ )

i.4 ~.6 i.s
~+ Mornenturn (GeV/c. )

FIG. 1. Cross sections for the channels
~+p-AZ+~+ and ~+p-Z+Z+

2.0

(a) From Fig. 1, it can be seen that the cross
section for m'P- AK+m' rises steeply from thresh-
old and appears to peak or level off at = P,+ = 1.75
GeV/c. This is borne out by the data of Dagan et
al. ,' who obtain a cross section of 140+30 p.b at
P,+= 1.95 GeV/c, and Foelshe et aL, ' who obtain
190+ 40 p b and 120+ 30 p b at 1.76 and 2.08 GeV/c,
respectively. The value at P,+=1.76 GeV/c is in
exceoent agreement with our own value at 1.77
GeV/c.

From the Dalitz plots and projections (Fig. 2)
it can be seen that the channel is dominated by
Y*(1385)production. In view of the interest gener-
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1.77 GeV/c. (f) 4 momentum 1.84 GeV/c.
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ated by the enhancement seen by Pan and Forman'
in the Am' mass spectrum at =1480 MeV in the
same reaction, the three highest momenta mere
examined for any structure of this type. This was
done in spite of the fact that our statistics mere
considerably lower than theirs (329 unweighted,
420 weighted events, compared with 982 events),
since, first, these data are essentially the only
others in existence at this momentum, and, sec-
ond, although they are insufficient to estabbsh an.
enhancement on their omn, they could have sup-
ported Pan and Forman's data. The A~' mass-

0 I

-0.8-04 0.0 04 Q8
COS 8

FIG. 4. Production angular distribution for the
reaction ~+P-F*(1385)E+. The full curse is the
prediction of the Stodolslgr-Sakurai model; the broken
curve is the prediction assuming the reaction proceeds
by w+p. -6 (1950)—F*X+ when the n decays via an
E =3 (not E =5) state. (a) x+ momenta 1.41 and 1.43
GeV/c. (b) vr+ momenta 1.55 GeV/c. (c) &+ momenta 1.62
GeV/c. (d) &+ momenta 1.68 GeV/c. {e) ~+ momenta
1.77 GeV/c. (f) + momenta 1.84 GeV/c. (g) ~+

momenta 1.68, 1.77, and 1.84 GeV/c combined.

squared plot is shomn in Fig. 3. These three mo-
menta are the only ones that are above threshold
for the production of such an object. No statisti-
cally significant enhancement is seen, although
there. is a small excess of events in the region 2.13
to 2..21 GeV'. If me scale their enhancement by the
ratio of the number of events, me mould expect to
see about 16 events above background in our
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weighted data. In the two boxes from 2.13 and 2.21
GeV' we have a total of 22 weighted events; this
number is compatible with being due to background
alone. The uncertainties in the shape of the back-
ground are clearly such that we cannot rule out an
enhancement of the type seen by Pan and Forman.
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FIG. 6. Diagrams for (a) ~ production by p exchange;
{b) photoproduction of a ~; (c) photoproduction of a 6,
mediated by a p meson Q-photon analogy); {d) Y*(1385)
production by X*(890) exchange.

However, out data do not require any structure at a
mass of =1480 MeV. It should be noted that "back-
ground" in this region would be enhanced by the
presence of an N* of mass =1660 MeV which de-
cays, with a small branching ratio, into AK'.
However, this would not give a sharp peak.

We have also examined the polarization of the A

with respect to the production plane as a function
of the Aw' mass. We find that the errors are so
large in the mass region near 1480 MeV that no
useful conclusion can be drawn (the error in np
for a bin of width 0.05 GeV' is typically +0.5). In
both the 1385 and 1480 MeV mass regions the data
are consistent with zero polarization.

(b) We have compared the Y* production and de-
cay distributions with two models:
i. StodoLsky -Saluki model. The main assump-

tions of this model' are well known and are illus-
trated in Fig. 6. The model makes the analogy be-
tween the p meson and the isovector part of the
photon. Thus the lower vertex of Fig. 6(a) is as-
sumed to be the same as the vertex in Fig. 6(b).
Thus the properties of the photoproduction ampli-
tude of the 6 can be used to predict the amplitude

20

-0.8-0.4 0.0 04 0.8
cos

FIG. 5. Decay angular distributions of the Y*(1385)
with respect to the production normal. The angle ft) is
defined as being the angle in the Y* c.m. frame bebveen
the production normal {~be~ ~ && K+) and the decay ~+

from Y*. The solid curve is the prediction from the
Stodolsky-Sakurai model; the broken curve is the
prediction assuming the reaction proceeds by w+p

{1950) Y*K+ when the 4 decays via an l =3 (not l = 5)
state. (a} &+ momenta 1.41 and 1.43 GeV/c. (b) x+

momenta 1.55 GeV/c. {c)&+ momenta 1.62 GeV/c.
(d) &+momenta 1.68 GeV/c. (e) m+ momenta 1.VV GeV/c.
(f) &+ momenta 1.84 GeV/c. (g) &+ momenta 1.68, 1.VV

and 1.84 GeV/c combined.
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for diagram 6(a) (assuming the p-vv vertex is
known). This model has had some success at pre-
dicting amplitudes Iwhere p exchange is dominant.
It was also suggested by Stodolsky and Sakurai that
the same model might be valid for K* exchange
[Fig. 6(d)), the connection between the p and ff*
(and L and F") being via SU(3). The predictions of
this model are that the form of the production an-
gular distribution is given by

dN/d cos8 ~ (1 —cos'8)/(t -M„*)',

l2—

cn

(b)
R 20
O
h

E

IO—

l

2.0 2.2 2.4
I l

l.68, I.78, l.8+
GeV lc

1
'

&

'
f

'
I

(a)
l .55, I .62 GeVI c

I l

0 A 0
Number of events

I . i . I

I.8 2.0 2.2 24
p$$2 GeV2

0 I ) I i I

I.8 2.0 2.2 24. 2.6
X~ moss~ {GeV)~

0

5-
O

IO—

3.8I

(b)

I I I

I.8 2.0 2.2 2.4 2.6
X~ moss2 GeV

u 0

5-0'

O

~ l0-

z

~ cu 3.6
0

""S.Z
E

~ 3.0

I I

e 0
Number of events

FIG. 9. Z+& invariant-mass-squared histogram for
weighted events. {a) 1.55 and 1.62 GeV/c. {b) 1.68,
1.77, and 1.84 GeV/c.

where 8 has been defined earlier; t is the four-
momentum transfer squared, (P„-P»)'; and M»*
is the mass of the K*. The form of the decay angu-
la.r distribution (with respect to the production nor-
mal) is given by dN/dcosg~l+3cos'p, where P
has been defined earlier. These are shown as the
solid curves in Figs. 4 and 5.
ii. s-channel model. In this we assume that the

reaction proceeds through an intermediate 6(1950),
i.e., v'P-a(1950)- F"(1385)K', where the L de-

lh
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O

E 30—
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O

0
lh
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O

FIG. 8. Plots of X+K+ invariant mass squared versus
Z+xo invariant mass squared and histograms of the
projections onto the two axes. {a) ~+ momenta 1.55
and 1.62 'GeV/c combined. {b) &+ momenta 1.68, 1.77,
and 1.84 GeV/c combined.
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FIG. 10. Cross section for the channel
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(a) 3.4—

C40
~ 3g2

OJ
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— ~3.0—

cays via an l = 2 state (not the l = 5 state). The pro-
duction distribution is of the form

dN/d cos8 ~ (294 —2205 cos'8

+ V560 cos'8 —5425 cos'8),

and the decay distribution is of the form

dN/d cosg ~ (89 —5 cos'P).

These predictions are shown as the dotted curves
in Figs. 4 and 5.

From Fig. 4 it can be seen that the Stodolsky-
Sakurai model fits the production distributions, at
all momenta, reasonably well, whereas the s-
channel model predictions are inconsistent with the
data. The Y* decay distributions shown in Fig. 5
also qualitatively fit the Stodolsky-Sakurai model
predictions at all momenta. The s-channel model
also fits these data reasonably well at all but 1.55
and 1.62 GeV/c. One might have suspected the fit
to be best here near the peak of the 6(1950).

Davies et al.' have also found agreement between
their production data, in the same channel, and the
Stodolsky-Sakurai models.

C. m+P K+K Channel

Data and results

Table II and Fig. 7 show the cross section for
this channel. The number of events is clearly such
that no useful result except for the cross section
can be obtained.

2.8Ie 0
Number of events

0 5

E l0—

I.B 2.0 2.2
mpss2 Gey

D. & P~Z+K m Channel

l. Data

Table &I and Fig. 14(b) show the cross section for
this channel. These were obtained by using the
weighted number of events for both decay modes
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(b)
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FIG. 11. Plots of ZOX+ invariant mass squared
versus Z ~+ invariant mass squared and histograms
of the projections onto the two axes. (a) 1.55 and 1.62
GeV/c. (b) 1.68, 1.77., and 1.84 GeV/c.

0
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FIG. 12. Histogram of Z~~+ invariant mass squared
for weighted events. (a) 1.55 and 1.62 GeV/c. (b) 1.68,
1.77, and 1.84 GeV/c.
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of the Z'. As can be seen from Table II, there
would be no disagreement had only the Z'- m'n

events been used.
Figures 8(a) and 8(b) show the Dalitz plot and

prolections (unweighted events) for the data at 1.55
and 1.62 GeV/c combined and at 1.68, 1.77, and
1.84 GeV/c combined. Figures 9(a) and 9(b) show
the Z+w mass-squared plot for these two groups of
momenta for weighted events.

2. +8sQEEs

po—
U

~ ~

0E

To investigate the enhancement seen by Pan and
Forman at 1480 MeV in the Aw' system 3nd at
1465 MeV in the Z'w and Z w' system, ' we exam-

(o)

(d"K++X'PK')

P 4O—
'P

I ~

!.4 I.6
P~+ (GeV/c)

l5—

IQ—

FIG. 14. Cross sections for the channels
x+p-Z Zo~+ and ~+p-Z+Z+~'.

ine Fig. 9. Our data show less structure than
theirs; in Fig. 9(a) the P'(1385) is seen, whereas
in Fig. 9(b) there is only a rather small indication
of it. In both figures there is a high bin centered
at 2.12 GeV' (1.455 MeV). However, at the higher
momenta [Fig. 9(b)] this is very narrow (&20 MeV),
and consists of only 12 events unweighted (23

l. 84

I5

I
I
l

t

t
I

t

j
r-&
I

I
I
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Q
I.8 2.Q 2.2 2.4

mossy GeV
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E
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l.8 2.0 2.2 2 4 2.6
X~ moss~ GeV

FIG. 13. (a} Sum of Figs. 12(b) and 9(b). (b) Data
of Pan and Forman, Ref. 6. The broken line contains
the total data; the solid line gives the data with the cut
&2(~-K)& -0.4 GeV2.

FIG. 15. Plot of X+X~ invariant maes squared
versus Z+~+ invariant mass squared and histograms
of the projections onto the two axes for the 1.62-,
1.68-, 1.77-, and 1.84-6eV/c data combined.
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weighted). The curves on Fig. 9 show the best fit
assuming the production of a Y*(1385) on top of the
phase space. It can be seen that the high bin in
Fig. 9(b) is only 2 stands. rd deviations above the
curve, and thus the data are not incompatible with
the curve. It should be noted that Fig. 9(b) contains
144 weighted events (110 unweighted) to be com-
pared to the 169 events in this channel in Ref. V.

The polarization of the events with Z'-Pm was
calculated as a function of Z'g' mass. However,
the errors are so large that the results are value-
less (the error in nP is =0.5 for a box of width
0.05 GeV').

Finally, an estimate of the cross section v'P
—Y'(1385)K'; Y*(1385)-Z'v' for two batches of
data can be made (when the same definition of the
Y*(1385)as in Sec. IIIB was used).

We obtain at 1.55 and 1.62 GeV/c, 10+ 5 pb; and
at 1.68, 1 V'I, .and 1.84 GeV/c, 5+3 p.b.

E. 2T+P Z K+ n'+ Channel

Data

Table II and Fig. 10 show the cross section for
this channel. The errors on the cross section are
due both to statistics and to the possibility of a
bias in assigning overlap events between the
ZOK'v' and AK'v' channels. Figures 11(a) and
11(b) show the Dalitz plots and projections for the
1.55- and 1.62-GeV/c data combined and the 1.68-,
1.IV-, and 1.84-GeV/e data combined.

Z. Results

Figures 12(a) and 12(b) show the Z'w' mass-

squared plots for weighted events for the two sets
of data. Very little can be said with such limited
statistics. There is evidence in Fig. 12(b), which
contains 59 weighted events (48 unweighted), that
the Y*(1385) is present.

Figure 13(a) shows the sum of Figs. 9(b) and
12(b) (203 weighted events), and can now be com-.
pared more directly with the data of Forman and
Pan shown in Fig. 13(b}. The two sets of data are
compatible, although Forman and Pan's enhance-
ment is at higher mass than the "peak" in our data
Our data, however, are also adequately fitted by
phase space (weighted sum at the three beam mo-
menta} times a Breit-Wigner resonance for the
Y'*(1385).

F. m+P Z+ m'+K

2. Data and Results

Table II and Fig. 14(a) show the cross section for
this channel. The cross section was obtairied by us-
ing only the events in which the K did not material-
ize (and correcting for those in which it did). Both
decay modes of the Z' were used. Figure 15 shows
the Dalitz plot and projections for the sum of the
1.62-, 1.68-, 1.'17-, and 1.84-GeV/c data. No struc-
ture is seen in the Z'm' mass plot Fig. 16 which,
had it been present, would indicate an "exotic"
state.

IV. DISCUSSION

Clearly no definite conclusion can be reached as
to the presence of a Y*(1480) of the type seen by
Pan and Forman. Our data are quite consistent
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FIG. 16. Histogram of the 2+x+ invariant mass
squared for weighted events: 1.62-, 1.68-, 1.VV-,
and 1.84-6eU/c data combined.

FIG. 1V. Treiman-Yang angle for the F*decay.
The curve is the prediction for the Stodolslgr-Sakurai
model (1.68-, 1.VV-, and 1.84-GeU/c data combined).
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TABLE IV. Magnitudes of the three quantities needed
for the "triangle inequality test" of charge independence.

Beam
momentum

(GeV/c)
~Z+Zpm+

i/2

(pb/ )

2~z+r+ ~p
1/2

(p,b'/')
2~EQz+ +

i/2

(pb )

1,34

1.41

1.43

1.55

1.62

1.68

1.77

1.84

1 7+0.6

&2

] 4+p ee

37
5.0~ '8%.7

9+P o6

6 5+1.p

8 5+Q.9

&2

3.5 g.p

5+p.e

7el
Q

7g7
Q

+Q 8

90+1 1
~ 2.p

11 8+i.2

&2

&2.8

2 0+P.8

4 5+4

4 7+Q.8

6 0+Q.8

3+1.P

7 7+1.1

with theirs. Both the Av'K' and Z' w'K' (Z'v'K')
mass plots (Figs. 3 and 13) have small enhance-
ments (over phase space) in this region [the
Z'w' (Z'w') enhancement being at a very low mass,
=1455 MeV]. However, in both cases the effects
are less significant than, those seen by Pan and

Forman, even taking into account our lower statis-
tics. In each case a, distortion of phase space (per-
haps due to an N* in the AK' system} would reduce
the significance of the enhancement even further.

We find good agreement between the predictions

of the Stodolsky-Sakurai model and the V' produc-
tion and decay (with respect to the production nor-
mal) distributions. Not surprisingly, there is poor
agreement with the s-channel model, at all
momenta.

Thus it would appear that the p-photon analogy
can be extended to a K*-photon analogy. We have,
in addition, examined the Treiman-Yang angle for
the Y*(1385) decay. This is shown in Fig. 1V (for
three highest momenta), the curve being the
Stodolsky-Sakurai prediction. It can be seen that
the agreement is quite reasonable. It should be
noted that the Y -decay angle (with respect to the
production normal) and the Treiman-Yang angle
are not independent. %'e thus conclude that the K*-
photon analogy is reasonable, at least as a qualita-
tive description of the data.

Finally, the measured cross sections of the three
channels Z'K'm', Z'K'w', and Z'K'm' enable us to
check the prediction of charge independence which
states that there should be a "triangle inequality"
between (2oz+r+, 0)' ', (2ozor+, +)' ', and (oz+ro„+)' ',
where 0 is the cross section for the appropriate
channel-i. e., the sum of any two of these must be
greater than or equal to the third. .Table IV gives
these three quantities, and it can be seen that
charge independence is. not violated at any of the
momenta.
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