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The rate for the decay A(1520) Z(1385)x has been measured in a study of the reaction
sequence K p -A(1520) Z(1385)7l.—Ax+n . A sample of 9200 events of the type K p A7i.+m

has been obtained in the Berkeley 25-in. hydrogen bubble chamber. The incident momenta
range from 300 to 470 MeV/c. An energy-independent partial-wave analysis was performed
using an isobar model. The model included a coherent mixture of six partial waves to de-
scribe all mass distributions, angular distributions, and the polarization of the A. The
Z(1385)~ decay mode was found to dominate the Ax+ m decay of the A(1520), in disagreement
with the results of a production reaction study of the same decay. The width for the decay
was measured to be 1.40 +0.26 MeV. Mixing between the A(1520) and the A(1690) has been
used in the past to describe the J~ =y baryons as SU(3) singlet and octet. Combining our
rate for A(1520) with a recently measured rate for A(1690) Z(1385)7i, we calculate the mix-
ing angle (6~=63' to 83'. This is in strong disagreement with the mixing angle derived from
the two-body D-wave decays of the singlet and octet of -25 +6'. Thus, some modification of
the usual SU(3) description of these states needs to be made.

I. INTRODUCTION

Within the framework of SU(3), the known Z~ = —,
'

baryons have been treated as a singlet and octet
by several authors. " The rates for the D-wave
decays of the octet disagree with the predictions
of SU(3), and the masses of the octet members
fail to satisfy the GeQ-Mann-Qkubo mass rela-
tion. These discrepancies have been successfully
removed by invoking configuration mixing be-
tween the primarily singlet state A (1520) and the
primarily octet state A (1690). Data now are be-
coming available on the S-wave decays of these
states into members of the —,

"decuplet and the 0
meson octet. ' 6 These provide a further test of
the SU(3) nature of these baryons. For example,
if the A (1520) were a pure SU(3) singlet, then its
decay through an SU(3)-invariant process to
Z (1385)v would be forbidden. Consistent with the

mixed nature of the A (1520), however, this decay
is observed. The rate for the decay was mea-
sured in a production experiment ' and a forma-
tion experiment, ' and the mixing angles calculated
from those rates were consistent with the angle
derived from the mass relation and the D-wave
decays. ~ 2

In this experiment, we study the decay in the
formation reaction K p-A(1520)- Z(1385)s.' An
increase in the number of events by a factor of
100 from the experiment' which discovered the
A(1520) allows a very detailed analysis. In Sec.
II we describe the experimental procedures, the
bias corrections applied to the data. In Sec. III
we describe the over-all features of the data. The
Dalitz plot is dominated by Z(1385) production.
The angular distribution of the A indicates dom-
inance of 4 = —,

' formation. In order to extract
the modes and rates for the decay of A(1520) from
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the data, we have performed a partial-wave anal-
ysis of the three-particle final state using an iso-
bar model. This analysis is described in Secs. IV
and V and yields information about the formation
process as well as the decay modes of A (1520).
The rate into Z(1385)rr disagrees with the result
from the previous measurements" by more than
a factor of 2. In Sec. 7I, the result from our ex-
periment is combined with other data on the —,

baryons to yield a new mixing angle. This value
for the mixing angle strongly disagrees with the
value derived from the two-body D-wave decays.
The Appendix gives the detailed formulas used in
the isobar model.

II. EXPERIMENTAL PROCEDURES

The K beam for this experiment was designed
and built by Murray and Bangerter, and was op-
erated in conjunction with the Berkeley 25-in. hy-
drogen bubble chamber. The beam has been fully
described elsewhere. '

An exposure of 1.3X10 pictures was obtained.
Typically each picture contained six K tracks
and two background tracks. The background con-
sisted of pions, muons, and some electrons.
Background tracks had close to minimum ioniza-
tion and were thus easily distinguished from the
K tracks, which at our momentum has approxi-
mately three times minimum ionization.

By movement of the target and by use of a be-
ryllium beam degrader, we were able to obtain
K momenta between 270 and 470 MeV/c. The
data were taken with 20 different beam settings.
However, most of the pathlength (Fig. 1) occurs
close to 395 MeV/c, the momentum required to
form the A(1520).

The film was scanned for all topologies including
those with a A decay and two charged pions in the
final state. All of the film was scanned once; 38%

was scanned twice; and 7% was scanned three
times. All events within a restricted fiducial vol-
ume were measured with the Spiral Reader or
Franckenstein measuring projectors. The kine-
matic reconstruction and the fit to reaction hy-
pothesis were performed with the programs TVGP

and SQUA% Events which failed to fit a reaction
hypothesis were remeasured until 91% of the total
sample of the Ann events passed. The remaining
failing events were unmeasurable due to the ob-
scuration of a track or the presence of a very
short track.

A sample of 7 decays of the beam was measured
and fitted in order to determine the beam charac-
teristics for each of the 20 beam settings. The
mean momentum, the rms spread of the momen-
tum, and a momentum position correlation were
established for each setting. The mean momen-
tum from the v. decays was averaged with the mea-
sured momentum for each of the Amw events prior
to the fitting to a reaction hypothesis. The mag-
netic field in the chamber was 18.7 ko, and the
beam tracks were typically measured with an un-
certainty of ~8 to +12 MeV/c. After beam aver-
aging and fitting to K p-Am'm, the final sample
of events had a mean uncertainty of +3.8 MeV/c
and the distribution shown in Fig. 2.

Only those events which fitted a reaction hy-
pothesis with a confidence level greater than 0.01
were accepted for further analysis; 11800 such
events satisfied the 7-constraint fit to K p-An'n
and 336 events passed the 5-constraint fit to K p- Z m'm . Ten ambiguous events fit both hypoth-
eses. Reinspection showed them to be mismea-
sured and they were eliminated from the sample.

To ensure sufficient tracklength for a good mea-
surement of the A momentum, further restrictions
were made on the fiducial volumes for the produc-
tion and decay vertices. These reduced the sam-
ple to 10296 events. To correct for a scanning
loss of short-length A' s, all events with a pro jec
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FIG. 2. Histogram of the error in the fitted K mo-
mentum in MeV/c.
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FIG. 3. A lifetime distribution. Each event is plotted
at (t-to) to remove the effect of the cut on short-length
A' s. The value of to for each event is described in the
text. The straight line corresponds to the known A life-
time.

FIG. 4. The partial cross section for X p- A~'n in
miQibarns as a function of incident momentum (NeV/c).
The bvo dotted points are results from Ref. 12. The
crossed points are the predictions for the background
from the fit described in the text.

ted length less than 2.5 mm were eliminated and
the remaining 9412 events were weighted to account
for the cut. The weighting also accounted for loss
due to escape from the decay vertex fiducial vol-
ume. The mean weight was 1.18. Further losses
were investigated by looking at the distribution of
the decay proton in the A rest frame. Anisotropy
in this distribution was found coming from the
loss of events with short-length protons and events
with the A decay seen edge on by the scanners.
These biases were removed by rejecting events
with a proton length less than 2 mm and weighting
the remaining events. This reduced the sample
to 922V events with a mean weight of 1.21. A de-
tailed description of the analysis and application
of these cuts and weights is given in Ref. 10.

The lifetime distribution of the final sample is
shown. in Fig. 3. In order to remove the effect of
the cut on short-length A' s, the events have been
yiotted as a function of (t - to) in units of the known
A lifetime. For each event, t, is given by 2.5
mmjgcvAcosh. , where q is the ratio of the A mo-
mentum to its mass and A. is the dip angle. The
distribution is consistent with the line correspond-
ing to the known lifetime (rA = 2.51 X 10 "sec).

The cross section for the reaction was deter-
mined from a pathlength based on the v decays of
the beam. The analysis of these 7's has been de-
scribed in a previous publication. " The numbers
of both v 's and Asm events were corrected for un-
observed decay modes and for scanning effi-

TABLE I. Partial cross sections for E p Ax+7t

with statistical errors only.

Momentum
(MeV/c)

Cross section rr

(mb)
Weighted Am+ n

events

295
305
315
325
335
345
355
365
375
385
395
405
415
425
435
445
455
465

0.32+ 0.17
0.21+0.09
0.19+ 0.07
0.32+ 0.07
0.35 ~ 0.07
0.61+ 0.10
0.67 ~ 0.06
1.05 + 0.06
1.77 + 0.06
2.64+ 0.08
2.93+0.09
2.33+0.09
1.80+ 0.09
1.46 ~ 0.11
1.41 ~ 0.15
1.41 ~ 0.17
1.45+ 0.23
1.97+0.52

7
11
17
39
47
77

195
717

1863
3491
3298
2114

982
338
200
151

84
30

ciencies.
The scanning efficiencies were determined from

the multiple scans using an extension of the method
developed by Deren«and»lde»and " The a~l-
ysis accounts for the differing visibility of events
by parametrizing a visibility function f (v); f (v) is
the fraction of the sample seen with an efficiency
v, where v varies from 0.0 to 1.0. The extension
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used for this experiment defines a different vis-
ibility (v„v„and v, ) for each of the three scans.
The events found on each of the scans are fitted
to determine the parameters of the function

f (v„v„v,), which is then used to calculate the ef-
ficiencies. Details of this analysis can be found
in Ref. 13. The over-all scanning efficiency was
0.96.

The beam-averaging procedure described above
averaged the measured momentum for each event
with the central momentum of the distribution.
For events with large uncertainty in the measured

beam momentum, this procedure artificially re-
duced the width of the beam distribution. This
then led to different cross sections for different
beam settings. It can be shown that true beam
distribution is restored by spreading out the con-
tribution of each event with a Gaussian width equal
to the fitted momentum uncertainty. This was
done for both the v 's and Am'm events, and re-
sulted in changes in the cross section of as much
as 10%. This procedure yielded good agreement
between the cross sections calculated from differ-
ent beam settings for each momentum interval.
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sponds to An+ (An. ) invariant mass squared in GeV2.
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= —,
' state decaying into —,

" and 0 states. These
angular distributions and the polarization of the
A have been fitted to a Legendre polynomial ex-
pansion using a Dmximum-likelihood technique.
The probability for each event is proportional to

A1++~P(cose) +o~cospg ~P, '(cosg)
g=g +0 l=l 0

(2)

Here

A
A gxAcosO=K A and cosP = . „p,gxA"

I

where K, A, and P are unit vectors in the direc-
tion of the K, A, and decay-proton momenta.
The K and A momenta are defined in the over-all
c.m. frame, and the decay proton is defined in the
A rest frame. The weak-decay asymmetry o.A
was set equal to 0.645. The A, /A, and B, /B, co-

efficients resulting from the fit are plotted as a
function of incident momentum in Fig. 11. The
polynomial fits are shown as curves over the data
in Fig. 10. The dramatic changes in the angular
distributions are reflected in the structure in
A, /A, and A, /Ao. If the. entire cross section
arose from A(1520)- Z(1285)v, then one would ex-
pect A, /A, =1. In fact this is nearly so in the
vicinity of 290 MeV/c where A (1520) is expected
to dominate. However, the large structure in
A, /A, and the appreciable B,/A, polarization co-
efficient show that even parity states are also
present in significant amounts. A quantitative and
simultaneous description of these angular distri-
butions and the mass distributions is given by the
isobar-model partial-wave analysis.

IV. PARTIAL-WAVE ANALYSIS

In order to separate the background from the
A (1520) production and to determine the modes of

40 - ~

350 - 360 MeV/c
IOO -- ~. . . i---. --. - i . ---. 200

360- 370 MeV/c 370-3eo MeV/c

30- 75- I 5Q-

20- 50- IOQ-

I 0,- 25 50

0'- 0 0 . .

400

300-

200-

IOO-

380- 390 MeV/c
36Q r ~ w ~ ~ r ~

390- 400 MeV/c

270-

IBO

90-

4 0 r v
~

~ ~
y2

400-4 Io MeV/c

I BO—

I 20—

0 0- 0

p Q
w v v ~ ) v v ~ e ~ r ~ ( ~

4IO- 420 MeV/c
60.

420-440 MeV/c
40

3Q-

T T
$

T Y '~ ~

440 - 47Q MeV/c

30- 20-

l5- lo-

O.O6 O. I 0 0 l4 O.I7 006 0 IO OI4
+ — (GeV )

Q. I 7
0

Q 06 O. IO O. I4 0 I7

F&G. 8. x m invariant-mass-sqaured distribution for various incident K momenta. The solid lines connect the re-
sults of a Monte Carlo prediction from the isobar model described in the text.



TERRY S. MAST et al, .

0.2—

Q. I—

-Ql—
+

~ + ~

—0.2—
I I I t I

300 320 340 360 380 400 420 440 460
Incident K momentum ( MeV/cl
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invariant mass larger than A7I+-invariant mass. The
dots are the predictions of the isobar-model fit described
in the text.

the A(1520) decay, we have fitted the data to an
isobar model. The model treats the three-particle
final state as the production of a particle and an
isobar followed by the decay of the isobar, shown
schematically in Fig. 12. The notation is defined
in Table II. Four types of "isobars" have been
chosen for this analysis:

(1) a A and m resonating as Z(1385), denoted
A y'g tt

(2) a A and m in a relative S wave, denoted by
ccA+ tt

(3) the two pions in a relative S wave, denoted
by ccrc

tt

(4) the two pions in a relative P wave, denoted

The incident and isobar-production waves chosen
for this analysis are shown in Table HI. Since the
energy available in the final state is so low, only

50
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FIG. 10. The center-of-mass production cosine distribution of the A. The curves are the results of a Legendre-
polynomial expansion fit to the production angular distribution and polarization at each incident momentum.
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S and P waves have been used.
There are many formulations of the isobar mod-

el; Morgan gives a nice summary of the assump-
tions involved and a full list of references. " For
the most part we have followed the practical for-
mulation of Deler and VaQadas. " The amplitude
for the process indicated in Fig. 12, where parti-
cles 2(tt') and 3(A) form the isobar, is written as
a product of an energy-dependent factor and a fac-
tor describing the spin and angular-momentum de-compositionn:

Ass"'"'=7'$$(E ~ss)fss"'"'(Ilt ~ly ~$$»

where K represents the quantum numbers J; I.,
I.', j, and l, and assumes the values correspond-
ing to the waves of Table III. The indices pz and
p, , refer to the incident proton and final A spin
projections onto the axis of quantization. E is the
center-of-mass energy, and m» is the invariant
mass of particles 2 and 3.

The energy-dependent factor accounts for angu-
lar-momentum barriers and final-state interac-
tions of particles 2 and 3. The precise form that
this factor should take is not well understood, and
we have primarily followed the prescriptions used
by Morgan in an analysis of Nmw. " The detailed
energy dependence used for each of the four types
of waves is described in the Appendix.

For the second factor, describing the spin and

h

FIG. 12. Schematic diagram of the isobar-model
description of the reaction K p —Am+x . Particle 1, 2,
and 3 refer to x, m+, and A. The notation is defined
in Table II.

angular decomposition, we have followed the for-
mulation of Deler and Valladas; the explicit for-
mulas are described in the Appendix.

The amplitudes for the P* and Am waves have
been combined to form isospin-0 and isospin-1
amp 1itudes:

AlfPf tt» (/t»K»»ft»» +

AEQUI»»»

)
I

A+'~»'» = —(A nin» A t'i-n») .
I

1
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Similar isospin combinations were made for the
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FIG. 11. The Legendre-polynomial coefficients from the fit to the A-production angular distribution and polarization.
The dots correspond to the predictions of the isobar-model fit.
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TABLE H. Variables used in isobar-model partial-wave analysis.

p, ;, p& =Initial proton and final A spin projections
L, M =Initialr: p angular momentum and projection
J, N =Initial% P total spin and projection
I ', M'=Angular momentum and projection between isobar and third particle
j, n =Spin and projection of the isobar
l, m =Angular momentum and projection between isobar decay particles
P $ P 2 P 3 Momentum of particles 1, 2, 3 in the ove r-al l c.m. system
P& =Momentum of particle 2 or 3 in the rest frame of particles 2 and 3
E =Total energy in the three-particle rest frame
m&&

=Invariant mass of particles i and j
0; =6, 4 =polar and azimuthal angles of the incident beam with respect to

the normal to the three-particle plane. The azimuth is defined
from the A direction.

Qf 2
7I Pg Polar and azimuthal angles of the isobar with respect to the

normal to the three-particle plane
~22 = $2, pA =Polar and azimuthal angles of the A with respect to the

normal to the three-particle plane
8&, 82 —-Angle between pion 1, 2 and the A

8&*, 82*=Angle between the h and isobar in the i,sobar rest frame

p&
——Spin projection of the A-decay proton

8, /=Polar and azimuthal angles of the A-decay proton in the A rest frame

All angles are defined in the three-particle rest frame except those that are starred, which are defined in the ap-
propriate diparticle rest frame.

wn waves. The isospin amplitudes were normal-
ized such that

p I ~AI»~ ~*dp=4»h2p+-,'), (0)
PyPt +

where the integral is over the three-body phase
space.

The decay of the A contains polarization informa-
tion; this has been incorporated by constructing
new amplitudes, M~~+~~, which are linear combi-
nations of the above A' s. p~ is the spin projection
of the A-decay proton, and 0 and 4 describe the
orientation of the decay proton:

M»'"l =A»' *'"&( Psin9e '-2)1

+A~»'"'(S-P cos8),
(I)

MI' t'2l =A ' t'»(S+ Pcos8)

+A»lt2&(-P sin8 e'2) .

S and P are the amplitudes describing the weak
decay of the A; they have been set real with a ratio
S/P = 2.735 corresponding to an asymmetry of
0.645."

In terms of these amplitudes the probability for
each event is given by

TABLE IH. Waves used in partial-wave analysis.

Type LL'I2 J

7
8
9

10
ll
12

DS03
DS13
PP01
PP11
PP03
PP13

PS01
PS11
SP01
SP11
DP03
DP13

fit to the data.
The data were divided into nine bins of incident

momentum (Table IV) and energy-independent fits
were made to the data in each bin. The fitting was
done with a CDC-6600 using the program OPTIME"
which varied the real and imaginary parts of a~.
The set of waves used at all momenta was chosen
by preliminary fittings in the region of high sta-
tistics, 370 to 400 MeV/c. For these three bins
the likelihoods for about 11000 randomly generated

t+l & ~f & 22 & A t s 22) &l~ M»222l l2d

(3)

where a~ are complex parameters. This proba-
bility has been used in an event-by-event likelihood

13
14
15

16
17

PS01
SP01
DP03

SS11
DS13
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TABLE IV. Events used in partial-wave analysis.
0.)25

Y DS03

—0.05 0 0.05
Y'oS 3 0.075

Bins
Momentum

{MeV/c)
Number of

events
Weighted

number of events

350-360
360—370
370-380

380-3SO
390-400
400-410

410-420
420-440
440-470

129
484

1312

2494
2197
1384

615
314
163

161.5
597.0

1570.5

3073.2
2718.8
1717.7

750.0
383.8
191.6

O

E
M

0
0.05

9 Cr DP03
5

8
6 ~7

A/2

4 7i p

Y PPO3

—0.050

"starting solutions" with all 1V waves of Table III
were calculated. The four "starting solutions"
with the highest likelihoods at each momenhun
were then optimized. Those waves with an ampli-
tude less than 1 standard deviation from zero
were rejected and. the solution remaximized. Only
those solutions where F*DS03 dominated gave
high likelihoods with a small number of waves and
reasonable continuity in momentum. The set of
these solutions with the highest likelihoods in-
cluded six waves and these were then used as
starting solutions for the next lowest and highest
momentum bins. In this way the solution was

-0.05
0.05

/ g, +5

Y PPOI ~ PSOI
8

~+6
/9

—0.05-0.075
Re QK

0.075 O. 05 O. I 0

FIG. 13. Argand plots of the amplitudes from the
isobar-model fit. The number refers to the incident
momentum intervals defined in Table IV. The curve on
the plot of Y~DS03 is the prediction of a Breit-Wigner
amplitude for the A(1520).

TABLE V. Amplitudes from the isobar-model fit at each. momentum. ln the fitting the Y*DS03 amplitude was fixed
real. For the Argand plots of Fig. 13 the amplitudes have been rotated by 6, the phase of the Breit-Wigner distribution
discussed in the text.

Momentum
interval

{MeV/c )

Y*DS03
Re Im

Y*DS13
Re Im

Y*PP01
Re Im

Y*PPO3
Re Im

0 PS01
Re Im

(xDP03
Re ~m (radians)

350-360 0.034 0.000 -0.016 -0.021 -0.011 -0.011 0.009 -0.007 0.048 -0.021 -0.005 -0.010 0.437
0.002 0.000 0.006 0.010 0.008 0.009 0.007 0.009 0.015 0.016 0.008 0.008

360—370 0.062 0.000 -0.007 -0.010 -0.029 —0.005
0.002 0.000 0.002 0.007 0.004 0.009

0.003
0.004

0.004
0.006

0.047 0.000
0.005 0.010

-0.000 -0.004
0.003 0.007

0.593

370-380 0.079 0.000 -0.006 0.010 -0.020 0.014
0.001 0.000 0.002 0.005 0.003 0.007

0.006 -0.000
0.003 0.004

0.051 -0.032
0.004 0.006

0.011
0.003

0.008
0.005

0.869

380-390

3SO—400

0.103 0.000 -0.004 0.011 -0.026
0.002 0.000 0.002 0.004 0.003

0.109 0.000 0.002 -0.000 -0.002
0.002 0.000 0.002 0.004 0.003

0.038
0.006

0.040
0.006

-0.002
0.003

0.005
0.003

0.016
0.004

0.006
0.004

0.028 -0.031
0.003 0.005

0.002 -0.051
0.004 0.005

0.018
0.003

0.026
0.003

0.005
0.004

0.005
0.004

1.239

1.703

400-410 0.102 0.000
0.002 0.000

0.003
0.002

0.003
0.005

0.016
0.004

0.034
0.007

0.007
0.004

0.009 -0.017 -0.056
0.005 0.005 0.006

0 .013
0.004

0.012
0.005

2.055

410-420 0.085 0.000
0.002 0.000

0.003
0.003

0.006
0.006

0.016
0.006

0.039
0.009

0.001 0.001 -0.034 -0.053
0.006 0.006 0.007 0.008

0.014 0.006 2.281
0.005 0.005

420-440 0.060 0.000
0.002 0.000

0.009 -0.010
0.005 0.009

0.026
0.010

0.035
0.011

0.003 0.010 -0.050 -0.066
0.008 0.009 0.014 0.013

0.021 -0.005 2.472
0.008 0.008

440—470 0.055 0.000
0.003 0.000

0.020 -0.007
0.008 0.012

0.052 0.015
0.014 0.021

0.013 -0.003 -0.070 -0.042 0.028 —0.018 2.641
0.013 0.014 0.014 0.022 0.012 0.012
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propagated from momentum to momentum. The
amplitudes thus achieved are plotted in the Argand
diagrams of Fig. 13 and listed in Table V. The
continuity achieved by the propagation of solutions
is reasonable.

Since there is an over-all free phase at each
momentum, the amplitude for Y*DS03 was chosen
to correspond to the phase of a A(1520) Breit-
Wigner discussed below. The over-all scale of
the amplitudes is determined from the measured
cross sections of Table I. We emphasize, how-
ever, that the relative amount of each wave at
each momentum is freely determined by the fit.
Thus, in addition to the reasonable continuity of
the smaller waves, there is very good agreement
of the 1'*DS03 amplitude with the A(1520) Breit-
Wigner, shown as a curve in Fig. 13(a).

The total width for the Breit-Wigner form used
includes D-wave barriers (with a radius of inter-
action of 1 fm) for the KN and Zm partial widths.
The partial width for A (1520)- Z(1385)m contains
only an effective phase-syaee factor since the re-
action proceeds through a final S wave. The effec-
tive phase space was taken to be the integral of
the isobar-model amplitude Y*DS03. This is es-
sentially equivalent to averaging the relative mo-
mentum of the Z(1385)w system over the P-wave
Breit-Wigner shape of the Z(1385). The good
agreement with the energy-independent points in
Fig. 13 (a) confirms the momentum dependence of
the A(1520) Breit-Wigner form.

The Y*DS13 wave is the only wave with isospin
=1. This wave is very small and shows no obvious
continuous pattern from momentum to momentum.
The Y*I'p01 amplitude contributes significantly
and tends to grow with momentum. The Y*PI03
is small and shows no continuous behavior. The
oPS01 is the major background wave and remains
approximately fixed. This wave, with all particles
in a relative S wave, represents the usual "phase-
space" background contribution. Finally the
oDI 03 amplitude is small. It represents the non-
Z(1385) component of the DOS, A(1520). Within
the errors and uncertainty in the model, this
oDI'03 amplitude varies roughly as a Breit-Wigner.

' The final fit involves no waves of the "Am" or
"p" types. However, substituting the AmPS01 and
AmDI'03 for the oPS01 and the aDP03 made essen-
tially no change in the amplitudes and only slightly
lowered the likelihood. Thus the data cannot dis-
tinguish between the slightly different mass dis-
tributions predicted by the two types of waves.

Considering the many assumptions involved in
the isobar model, the small waves here probably
have little physical significance; more than likely
they represent the mismatch between the data and
the model. The large waves hopefully are repre-

TABLE Vl. y values from the A~+, Jj.r, and ~+~
mass projections.

Momentum
interval
(Me V/c)

350-360
360-370
370—380

380-390
390—400
400-410

410—420
420-440
440—470

11.0
14.8
11.4

22,6
25.1
9.2

19.0
8.7
5.7

3.7
17.5
11.0

16.9
19.8
13 7

12.8
15.7
28.3

10.4
21.1
40.1

28.1
33 ~ 7
20.5

21.1
44 5
14.2

Total 128
Total data points 113

139
113

234
207

senting the physical behavior of the reaction.
In order to illustrate the agreement between the

fit and the data, a set of Monte Carlo events were
generated isotropically in phase space and then
weighted with the probability of Eq. (8), using the
final parameters from the fit. The Am and mm

mass distributions thus predicted are shown as
curves over the data in Figs. 6, 7, and 8. The
fit accurately reproduces the mass distributions
at each momentum. The X' for each plot is shown
in Table VI.

The Dalitz-plot asymmetry from the fit is in
good agreement with the data, as shown in Fig. 9.
The amount of this asymmetry that comes from
the Z (1385)=-Z(1385)' mass difference was in-
vestigated by generating a set of Monte Carlo
events without the I =1 amplitude Y*DS13. The
resulting asymmetry was equal to -0.06 and es-
sentially independent of incident momentum in the
region of interest.

Finally, the Monte Carlo events were fitted with
the probability of Eq. (3) in order to find A, and

B, and compare them with those from the data.
The Monte Car].o results are shown as dots in Fig.
11. The agreement with the major structure in
A, /A. , and A, /A, is very good. However, there is
disagreement with the polarization. Although the
fit yielded some B, /A, with the correct sign, it
systematically failed to yrovide enough. In addi-
tion, we should emphasize that the B coefficients
used for the comparison only describe one com-
ponent of the A polarization. The isobar model
describes the whole polarization vector, and the
fit uses 311 the polarization information from the
data. However, because of the particular waves
involved, the component described by the B's is
expected to be the most important.
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V. CONCLUSIONS

2.0
, ,
Y DS03

2

I 0—

0.2—
2

cr DP03

2 Re (Y DS03)"(o-DP03)

Qur conclusion from the fitting is that the A7t'm

final state of the A (1520) is dominated by Z (1385)m.
This is made more quantitative by considering the
cross sections from the two D waves coming from
the A(1520), the Y*DS03, and the vD&03. The
contributions to the cross section of each of these
waves and their interference are plotted in Fig.
14. All three contributions are seen to peak at
395 MeV/c. The ratio of the Y*DS03 cross section
to the total cross section coming from the A (1520)

is given in Fig. 15. The fraction due to I"*J)S03
remains constant throughout the A(1520) region at
a value of about 0.82. Averaging over the five mo-
mentum intervals centered on the A(1520) (inter-
vals 3-V), the final value for the branching frac-
tion

[A(1520)- Z (13&5)~-Aw~] /[A (1520) —all Arm]

is 0.82~0.10. The error has been estimated by
varying some of the input parameters to the model
and by studying the sensitivity of the branching
fraction to the inclusion of different sets of am-
plitudes consistent with a reasonable energy con-
tinuity. Reasonable variations of the masses and
widths of the Z(1385) did not significantly affect
the results. For example, increasing the width
of the Z(1385) from 40 to 45 MeV increased the
branching fraction by 0.03. Inclusion of different
amplitudes for the smaller background waves
changed the branching fraction by +0.03.

This branching fraction is in agreement with the
result from the formation experiment of Ref. 3.
The latter experiment was able to fit the I'A77
mass distributions and some angular distributions
with a set of isobar waves which included only one
wave corresponding to A(1520) production, the
Y+DS03.

Our result for the branching fraction disagrees
strongly with the result 0.39 a 0.10 quoted from the
production experiment of Burkhardt e t a/. ' The
production experiment has many fewer events (206
events) than the present experiment and has the
additional problem of extracting the A (1520) signal
from the Am'm m' final states. They divide the
data into three mass intervals centered on the
A (1520). The data in the central interval (with
about 15% background) agree with ours and yield

04—

0.2—

0.0

-O. I—
350

I I l I

390 430
I nci dent mome nt um (Me V/c)

470

FIG. 14. Partial cross sections (millibarns) for the
only two waves with an incident D wave. Both waves
(Y*DS03 and aDI'03) peak near 395 MeV/c, the momentum
required to form the A(1520). Note the difference in
scales.

l.2—
O
CL
C)

I.O-
+
O
(n 0.8—
O

~0.6—
M

C)
(n 0.4—
C)

550
I I I

590 450
Incident Momentum (MeV/c)

470

FIG. 15. The ratio of the cross section for P*DS03
to the sum of the cross sections for F*DS03 and oDI'03
as a function of incident momentum.
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a branching fraction consistent with ours. The
da& in the side intervals (with about 30%%uo back-
ground) yield lower branching fractions and con-
tribute to their low over-all value, thus perhaps
explaining the discrepancy.

At the resonance energy the contribution to the
Am'w cross section from A(1520) production is
2.53 mb (Fig. 14). Using this cross section and
an elasticity for the A(1520) of 0.46 + 0.02 we cal-
culate a branching fraction for the A (1520) into
An~ (all charge states) of (II+1)%%uo. This value
agrees with the world average (9.6+ 0.7)%%uo and dis-
agrees with the result from the analysis of Ref. 3
which found only 1.25 mb coming from the A (1520)
and a branching fraction of 4.1 + 0.5%%uo.

Finally, taking the world average value of 16+2
MeV for the A(1520) total width, "we calculate a
width for A (1520)-Z(1385)m of 1.40+ 0.26 MeV.

VI. SU(3) IMPLICATIONS

The information presently known about the
J~ = —, baryons is listed in Table VH. Previous

((1520))=cos8 (I) —sin8 (8),

((1690))=+sin8
) I) +cos8 ~8) . (9)

The Gell-Mann-Okubo mass relation gives the

analyses of these baryons have ordered the first
five states into a singlet and an octet."With the
data known at the time, this treatment was suc-
cessful. By invoking configuration mixing between
the A (1520) and A (1690), these analyses were able
to derive mixing angles from (a) the Gell-Mann-
Okubo mass relation, {b) the D-wave decays into
baryon octet and meson octet, and (c) the S-wave
decays into baryon decuylet and meson octet. The
mixing angles derived from these three indepen-
dent methods were in agreement.

We now reexamine this situation in the light of
present experimental knowledge of these baryons
and the results of this experiment. The physical
A (1520) and A (1690) states are related to the pure
singlet and octet states as follows:

TABLE VII. Properties of 8 =$ bsryons. ~

Mass
Resonance (Me V)

Total width
(MeV) Decay modes

Branching fraction
X Remarks

A(1520) 1518+ 2

A(1690) 169Q + 10

N (1520) 1510 to 1540 105 to 150

Z(1670) 1660 to 1680 50 + 10

NK
Zn'

Z (1385)n'

NK
Zm'

Z (1385)7r

NK
Z7r

A7r

Z(1385)n'

0.46+ 0.01
0.41+0.01

0.093 + 0.006

~30
40

0.005 to 0.04

~50

~0

0.08

Dominated by 4(1236)m

The experimental situation is confused.
There is probably more than one &2

state
Xgg Xz((38))~ =0.031+0.006

- (1820) 1795 to 1870 50 to 100
ZK
AK

Z(1670) 1650 to 1720 175 to 300
Nr

Ã(1700} 1600 to 1730

Z(1940) 1940+22

0.15+ 0.03

Only poor evidence from partial-wave
analysis

X„~X~,)'n=0 1.3~0 03

(Xgp Xg ~)
~~2 =0.12 + 0.03

A(2010) 1980 to 2040

N (2040) 2040 + ll
~ From Ref. 17.

80 to 180 NK
ZIr

274*24 0.17+ 0.06

Seen in only one partial-wave analysis
(XNp Xg~) —0.20 + 0.04
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mixing angle in terms of the masses: I I & ' I I I t /f

58

I I 1 I I 1 I

COS2g = — 8 1520
m le90 —m 1520

(10)
54

g2 +2@ N
~

M
M~

Here C is an SU(3) Clebsch-Gordan coefficient,
M~ and MN are the resonance and nucleon masses,
and p is the c.m. momentum of the decay products.
The factor p/M„represents the phase space avail-
able to the decay. For a decay into unstable par-
ticles this should be replaced by an integral over
the phase space of the matrix element squared.

The following formula has been adopted:

I" = C'g'I, where I =J ~Y*DS03~1'dp . (12)

The integral I as a function of incident momentum
in the region of the A(1520) and the A (1690) is
shown in Fig. 16. The increased fraction of
Z (1385), which lies in the physical region as the
energy increases, accounts for the rapid increase
in I compared with three-body phase space, the
curve labeled p in Fig. 16.

The partial widths for the S-wave decays of
A (1520) and A(1690) can be used to determine the
mixing angle. Using Eq. (9) and the fact that an
SU(3) singlet is forbidden to decay to Z(1385)v, we
derive

where m, = —,'(2m„- 2m ~ -m~). In fact, this rela-
tion is not a very strong constraint on the mixing
angle, largely due to the considerable uncertainty
in the = mass. Previous analyses optimistically
chose the mass to be 1819+ 6 MeV and found a
mixing angle of 21 ~4'.' However, a more con-
servative choice which reflects the confused ex-
perimental situation would be m~ = 1832+3'7. The
resulting mixing angle is

~ e~ = 13'+22'."
The D-wave decays of the singlet and octet have

been recently summarized by Plane et al.' Using
the decay rates into stable baryons and mesons,
they perform a fit to derive the I' and D coupling
constants and the mixing angle. No information
about the = state was used in the fit. %ith 5 de-
grees of freedom they found X' =0.8 and a mixing
angle 8 =-25'+6'.

Data on decays into decuplet plus pion via the S
wave are slowly becoming available. ' ' Previous
analyses were based on rough limits. " The SU(3)
prediction relates the coupling constants and mix-
ing angle, so some assumption must be made to
relate the experimentally measured partial widths
and the coupling constants. The usual prescription
for decay into stable particles is the potential-
theory relation, which for S-wave decay is

20

16

12 42

38-

tan2g 1520 1B90
I" I

1B90 1520
(13)

Previous estimates for the partial width for
A (1690)-Z (1385)w were based on an upper limit of
about 10 MeV.4 However, a recent analysis with
increased statistics yields a very small amplitude
for the decay, 0.06.' Assuming an elasticity of
0.2 and a total width of 55 MeV, "this amplitude
implies a partial width into Z (1385)n of 1.0 MeV.
However, there is an estimated unceriainty of
0.03 on the amplitude, "and there is a large un-
certainty in the total width of about 30 MeV. These
large uncertainties allow values for the partial
width from 0.1 to 3.44 MeV.

With I„„/I»» equal to 9.54 (Ref. 22) and I'»»
equal to 1.40 MeV, we have used Eq. (13) to cal-
culate [8

~
for these limits on the I'„» partial

width. With I'„»=0.1 MeV, ~ei equals 84'; and
with I"„„=3.44 MeV, ~8~ equals 63'. In order to
obtain agreement with the mixing angle from the
D wave decays -(8 = -25'), the partial width for the
A (1690) would have to be 62 MeV. In the light of
this large discrepancy, the simple singlet-octet
description of these decays no longer appears to
be valid.

A possible explanation of the discrepancy may
be due to a rnisassignment of the currently ob-
served states. More detailed data on all states in
this energy region are required to test this hy-
pothesis.

Alternatively, the discrepancy may come from
a failure of the prescription used to account for
mass differences. Using the available phase space
to account for mass differences is the traditional
prescription used in all previous comparisons with

34-

Q I I I t I I I I II I

300 340 380 420 460 730 7'50 ~70 790 810

Incident K momentum (MeV/c)

FIG. 16. The integral of the Y~DS03 amplitude squared
(I) and the integral of the Am+x phase space (p) as a
function of incident K momentum in the region of the
A(1520) and in the region of the A(1690). The same
(arbitrary) scale is used in both regions.



20 TERRY S. MAST et al.

SU(3). The success of this prescription has been
truly remarkable. However, there is no funda-
mental reason to believe the phase space alone
should account for the SU(3) breaking. Perhaps
the yrescription fails in the example considered
here.

With the abandonment of the simple singlet-octet
picture, the situation rapidly becomes compli-
cated. Turning to the quark model, "which has
had considerable success in accounting for the
baryon states, we find predictions for two J~= —,

'
octets and one —,

' decuplet. However, experi-
mental information on these states is very sketchy.
As indicated in Table VII, possible members of
the second octet and the decuylet have been seen.
However, the last three states have masses too
high to be plausibly associated with the missing
octet and they are usually regarded to arise from
radial excitations. In terms of the quark model
there can be spin-orbit mixing of the two octets,
and in addition there can be mixing of the decuplet
with the two octets by SU(3)-breaking forces. On
the basis of a specific model for quark interac-
tions, Faiman has estimated the possible mixing
between the octets and singlet. '~ Treating the bar-
yon resonances as bound states of three paraquarks
interacting via harmonic-oscillator forces, he de-
rives two possible singlet-octet mixing angles for
the A(1530), 8=63' and (9 =75'. With new data be-
coming available on the decays of —,

' states into
decuplets and pions, further constraints will be
imposed on possible multiplet members and real-
istic tests of specific models may become avail-
able.
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where

(py,')1/2 m22-ms+-2'iF (14)

and 9, the radius of interaction, was chosen to be
1 F. The resonance parameters chosen for the
Z (1385) were as follows:

m„[Z+(1385)]=1.384 GeV,

m [Z (1385)]=1.388 GeV,
(15)

and F = 9.3 (p,')2/[1+ (Rp,')2], corresponding to a
width of 0.040 GeV, at the resonant energy.
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and ~ =&.88(m» —1.&55). This parametrization of
the An S-wave phase shift has been taken from the
E-matrix analysis of low-energy KN scattering by
Martin and Sakitt.
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turn barrier for the production of the isobar and a
final-state factor describing the interactions of
particles 2 and 3. The latter factor is either a
Breit-Wigner form or a Watson final-state factor,
depending on the type of wave involved. The fol-
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APPENDIX: ISOBAR-MODEL FORMULAS

In this appendix we define in detail the two fac-
tors in the isobar-model amplitudes used in Eq.
(4) of the text.

The energy-dependent factor T» describes the
amplitude for an "isobar" formed with particles 2
and 3. In general, it contains an angular-momen-

FIG. 17. Diagram defining the angles used in the isobar
model. The notation is defined in Table II.
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For "p,"
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and

,), m „1—0.1609(p,'/m, )'
(18)

ing length of 0.16m, '." The I =1 phase shift cor-
responds to a resonance of mass equal to O.V50
GeV and width equal to 0.100 GeV. '~

The formulas for the spin and angular-momen-
tum dependence are the same as those derived by
Deler and Valladas. We quote here an especially
simple formulation. The angles and spin are de-
fined in Table II and Figs. 12 and 17.

The I =0 parametrization corresponds to a scatter-

fr+" (Q„Q~, '~») = P (LM,' p, ~JN-)(JN~L'M'jn)(jn~lm ,'g~) &f-*(8, C)& N~(-'m2, 4„)&P(2w, @A),
~~~~~m

(19)

where Or=m+8, , @A=m+8, +8,*, and K- JLL'j I. For "o"-and "p"- type waves, a slightly different form
is required:

fr+"'(Q~, 0&, ~») = Q (LM2 p, ~ JN)(JN~JSKlm)(g II~ L'M' —
~y&) Yf*(8, 4)I'~~. (,v, 4 )1—,Qv, 4,),

NN 'pggyg
(20)

where 0 = w and 4, =m+8, . $ and SR are the spin and projection resulting from coupling the spin of the A
and the relative angular momentum between the A and mn system.

The amplitudes formed from these factors T and f were normalized according to Eq. (6) of the text.
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K'p and K'd Total Cross Sections in the Momentum Range 0.57-1.16 GeV/c*
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E'+p and X+I total cross sections were measured in the momentum range 0.57-1.16
GeV/c using a secondary, separated kaon beam of the Lawrence Berkeley Laboratory
Bevatron and conventional transmission-counter techniques. No evidence was found for
structure in the cross section of either reaction as previously indicated near 0.7 GeV/c.

Previous experimental results" have shown
structure in both IC+p and K'd total cross sections
near 0.7-GeV/c incident momentum. Since this
structure was observed near the upper limit of the
momentum range which could be covered in our
previous experiment, ' it could not be investigated
in great detail. The present experiment was de-
signed to cover the momentum interval from 0.57
to 1.16 GeV/c so as to permit a systematic study
of the region near 0.7 GeV/c as well as to provide
for further detailed evidence on any other struc-
ture in this region.

The experiment was performed using a standard
transmission-counter technique employing much
of the apparatus of the previous experiment. ' Al-
though the beam was, as in the previous experi-
ment, a separated kaon beam derived from a tar-
get in an external proton beam of the LBL Beva-
tron, the present beam transport system was de-
signed to provide kaons of higher maximum mo-

mentum. Accordingly, principal differences from
the previous experiment involve changes in the
beam transport system and in the configuration of
beam-defining counters appropriate for the higher
momenta employed.

The beam could be tuned to momenta up to 1.5
GeV/c and consisted typically of 10' K's/pulse,
along with 104 protons, 104 pions and muons, and
10' positrons. Figure 1 shows the bending and
focusing magnets which comprise the beam trans-
port system together with the beam-defining count-
ers. Selection of kaons was accomplished with the
use of three Cerenkov counters: one made of
quartz, C„one of Plexiglas, C„and one thresh-
old counter, C„employing Freon gas at variable
pressure. Additional selection was based on time-
of-Qight criteria using the two pairs of beam
counters, $,$, and $,$4. This system gave a re-
jection ratio &2 x104 for particles other than kaons.

The target assembly consisted of three identical


