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The mass, width, and (Xm/Am) branching ratio of the Y» or X(1381) are reported from a
large-statistics sample for which systematic effects are included. The mass values for Y»+, Y», and
Y» are found to be 1381 + 1 MeV, 1383 + 2 MeV, and 1380 + 2 MeV, respectively; an average
width of 34 + 2 MeV is found. The Xm branching fraction is found to be 0.17 + 0.04. Good
agreement between the latest experimental data for the J~ = 3/2+ decimet and the expectations of SU,
is obtained by using equal spacing in mass squared and by using the average of the cube of the decay
momenta in comparing the partial widths.

I. INTRODUCTION K +p-Z'v'v (3700 events), (2)

The Z(1381) or Y'f baryon has been extensively
studied since its discovery in 1960.' However,
various properties of the Y*, have been only poorly
determined, due primarily to disagreements on
the values of these parameters in different experi-
ments. The compilation by the Particle Data Group'
of the mass, width and branching ratios of the
Z(1381) is based on about 3500 Y*,' and about 3500
Y~1 events; the major fraction of these events
(2800 events each of Y*,' and Y*, }come from three
experiments: those of Huwe, ' Armenteros et al. ,

'
and Siegel. ' Another 2200 Y*, events have been
reported by three other experiments: those of
Agujlar-Benjtez et al. , Thomas et al. ,

' and Baltay
et al. ' The observed mass values for the Y*, and
the widths of both the Y~1' and Y*, are in poor
agreement. ' The Zv/Av branching ratio has been
only moderately well determined, with some dis-
agreement among the values, and is based on the
observation of about 600 Y*,- Zw events. '

We report a determination of the mass and width
of the Y*,' and Y*, , as well as the Y*, , and of the
branching ratio 8 = [Z(1381)-Z v] /[Z(1381) -Av]
based on about 7000 Y1 Ap+, 2500 Yg A7T,
3000 Y*, -h, w, and 240 Y*,'-Z g'.

II. THE DATA SAMPLE

The new results reported here were obtained
from about 1.1 million pictures of 2.18-GeV/c K
taken with the BNL 31-in. liquid hydrogen bubble
chamber between 1968 and 1971. The details of
the exposure are given elsewhere. ' Data from
the following three reactions were used:

K +p-Aw'v (9100 events),

and

K +P -Av'w v' (18000 events). (3)

An unbiased pure sample of events was obtained
by applying several cuts to the data. The scanning
criteria for the events demanded a low momentum
transfer 6p A

—t from the target proton to the A.
This 4 djstrjbutjon js unbjased for 4& & & 1 GeV .
In order to have an essentially unbiased sample
of events, the data were cut on the momentum
transfer from the target proton to the Z(1381),
A~ z' (0.7 GeV' for reactions (1) and (2). In ad-
dition, no events with a loss of constraints at the
production or A decay vertices were used, in order
to eliminate poorly measured events. This re-
moves the necessity of correcting for the inability
to obtain kinematic fits for certain reaction classes
when a momentum or angle measurement on some
track has been lost. Thus, the total number of
constraints was required to be greater than or
equal to 7, 5, and 4 for reactions (1), (2), and (3),
respectively. These general cuts were applied to
all three reactions. Additional cuts are imposed
as required in some of the subsequent analyses.

III. MASS AND WIDTH DETERMINATION

All events fitting reaction (1) were taken to be
examples of that reaction, since fits ambiguous
with reactions (2) or (3) are generally truly ex-
amples of reaction (1). This is due to the rela-
tively large cross section of reaction (1) and the
highly constrained kinematics of these events.
Events not fitting reactions (1) or (2) but fitting
reaction (3}were taken to be examples of reaction
(3). The Av mass distributions of the events from
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FIG. 1. (a) The Acr mass distribution and (b) the A~ mass distribution of the events from the final state A7(+~; (c)
and (d) the same as (a) and (b) but with events excluded if M(~ ~ ) falls in the p band, 660-860 MeV; the solid curve
and the dashed background curve are the result of the fitting procedure described in the text.

reaction (1}are shown in Fig. 1 and those from
reaction (3) are shown in Fig. 2 for mass values
from 1.28 to 1.48 GeV. Reaction (1) has a strong
contribution from Ap (765); the Aw mass distribu-
tions from reaction (1), excluding those events
containing a p', 0.66 GeV&M(v'v ) & 0.86 GeV,
are also shown in Fig. 1.

The data in Figs. 1 and 2 were fitted to a Breit-
Wigner curve with an energy-independent width
(called "s-wave" Breit-Wigner in this paper) con-
voluted with a resolution function and added to a
suitable convex background. This fitting procedure
is similar to the one that wa, s used to obtain the
mass and width of the =*(1531).'0 The fitted solid
curves are drawn on the data in Figs. 1 and 2;
the background distributions are drawn as dashed
curves. The mass and width values obtained from
these fits are summarized in Table I. The mass
of Z'(1381) in reaction (1) depends on the p' cut.
The mass values of Z (1381) differ in reactions
(1}and (3). Also the Z'(1381) width does not quite
agree with the Z'(1381) width. In order to evaluate
systematic effects, additional fits to the data were
tried as shown in Table II. The dependence of the

mass and width values upon the Breit-Wigner
parametrization was determined by fitting the
Z'(1381) data, without p' cut, to various additional
forms. The s-wave parametrization given above
is labeled (i). The others are (ii) (p*)' x(s-wave
Breit-Wigner), where P* is the mass-dependent
momentum of the decay pion in the Z(1381) rest
frame, (iii) the Jackson P-wave form" with an
energy-dependent width, and (iv) the Lichtenberg
form, "where the energy dependence of the width
has been separated into a "background" phase shift.
Form (iv) is close to form (i) for the Y*, -Av
decay. Forms (ii) and (iii) shift the mass and
width values. " In addition, the form (iii) does not
fit the data of Fig. 1(a) over the range shown; how-
ever, a more acceptable fit could be obtained by
a more extreme choice of the background, say
peaked at low masses, or over a limited mass
region near the center of the peak. Since the other
forms fit adequately, this possibility was not pur-
sued. The data from reaction (2) are discussed
below (Sec. IV) but the fitted mass value, with
width fixed, is given here for comparison; note
that a larger mass value is obtained for this decay
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FIG. 2. (a) The A7t+ mass distribution, Q} the A7(

mass distribution, and (c) the Am mass distribution of
the events from the final state Ax+x Vt; the solid curve
and the dashed background curve are the result of the
fitting procedure described in the text.

agree mith those given in Table I without such cuts.
Ne conclude that systematic effects in this ex-

periment, due to some unknown physics effect or
instrumental bias, influence the mass and width
determination of the F*,. Presumably systematic
effects are present in other previously reported
experiments and account for the relatively poor
agreement in the reported mass and width values
of the Z*, .

%e take the corrected average value of 1381+1
MeV as the mass of F*,', as shown in Table I.
Also, we take 1383+2 MeV, the average of the
values from the data of Figs. 1(d) and 2(b), as the
best estimate of the mass of F~ . And we take the
value of 1380+2 MeV as the mass of Y*,' from
the fit shown in Table II with I' fixed at 34 MeV.
The errors allow for the systematic deviations
observed in Tables I and II. The widths found for

F*, , and K~ of 34 MeV, 33-38 MeV, and
53 +8 MeV, respectively (Table I), are all con-
sistent with a weighted average of 34 +1 MeV. We
take the width to be 34 + 2 MeV, where the in-
creased error allows for systematics. We note
that the mass values of all three charge states
are also consistent with the 7*,' mass value of
1381~1 MeV.

These values are to be compared with the Par-
ticle Data Group' values of M, I'(Ff') = 1383+1MeV,
36+3 MeV andM, I'(Y*, ) =1386+2 MeV, 36+6 MeV,
with the values M, I'(Ff') =1385+2 MeV, 39 +6 MeV
andM, F(1'f ) =1387+1.3 MeV, 48 +4 MeV of
Thomas et al. ,

' and with the I'(Ff') =38+3 MeV
and I"(Ff ) = 52 +3 MeV of Baltay and Habibi. ' We
believe our results present improved values of
these parameters; we have included estimates of
systematic shifts and systematic errors and shown
the effect of Ap' events on M(1'*, '). Most previous
analyses have given only the statistical error on
the parameters and have given little justification
of the correctness of the central values of these
parameters. Disagreements between our values
and those of other experiments should be attributed
to such systematics, we believe.

mode. Since the mass values of the Z (1381)ob-
tained from the data of reactions (1) and (3) dis-
agx ee, fits to the average mass &=1383 MeV mere
made (the width and the background were allowed
to change). Apart from the relatively poor fit to
the data of Fig. 1(b), the hypothesis of M=1383
MeV is satisfied. A fit constraining the Z'(1381)
width at the over-all average value I'=34+1 MeV
was made; a satisfactory fit is obtained. In ad-
dition, cuts were made to determine if the pres-
ence of the large amount of Yf'(1381) and ~(783)
in reaction (3) was responsible for the "large"
width; the values of the widths from these fits

IV. BRANCHING RATIO

The branching-ratio determination has been
made on the basis of channels (1}and (2). The
events in these two channels fall into three cate-
gories: (a} unique fit to Aw'w, (b) unique fit to
Z'w'w, (c) ambiguous fit.

On the basis of the data we present, we conclude
that categories (a) and (c) are almost entirely
Ae'n . The problem that x'emains is the disposition
of events in category (b). A reasonable fraction
of the events which fit only Znw final states are
really Aw'w which fail to fit. In Fig. 3(a), we show
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TABLE I. Mass M and width I' values for & (1381) using energy-independent width (so-called s-wave Breit-Wigner
parametrization) .

Decay mode Final state
Data of

Fig. r~ (Mev)'
Fitted mass

(MeV)
Corrected Width

mass (MeV)
No. of

Z (1381)
Confidence

level

Ax+x
Ax+7t with p cut

1(a)
1 (c)
2(a)

6.5
6.5
13

1380.9+ 0.4
1383.0 + 0.6 1381+1
1380.4 + 0.7

34+ 1.4 3360+ 99
34 + 1.8 2030
34+ 2.7 3486

0.04
0.48
0.01

Am+ 7t'

An'7t' with p cute
1 (b)
1(d)
2 (b)

2 (c)

6.5
6.5
13

20

1388.0 + 1.1
1386.4 + 1.2
1380.6+ 0.9

1380+2

35+4
33+ 4
38+ 5

(note d) 53+8

743
468

1835

3100

0.02
0.02
0.18

0.50

'I'z is FWHM (full width at half maximum) resolution; I'+=I;f, wheref is a scale factor and I', is calculated from
fitted errors (see Ref. 10).

"Correction corresponds to a subtraction of 0.6+ 0.3 MeV (see Ref. 10).
Events with 0.66&M(7t'+7t ) & 0.86 GeV excluded.
See Table II, Ar, I =34 MeV fixed.

the missing mass of the hyperon, MM~, in the
reaction hypothesis

and

K +P Am'+m MM, (6)
K +P z+s +(MMr) (4)

K +P-Am+@ y (5)

for events fitting reactions (1) or (2). The ZP(1192)
is seen as a bulge on the high-mass side of the
A peak, as indicated by the arrows. In order to
see the Z' more clearly, we examine fits to the
reactions

where MM represents the missing mass. Most
of the events fitting reactions (1) or (2) fit hypoth-
esis (5) also; some events with a MM' in hypoth-
esis (6) near or below zero and which are examples
of reaction (1) do not fit reaction (5). Of the events
fitting reactions (1) and (2), better than 99% have
a fit to reaction (5) or (6). In Fig. 3(b), we show
the M(Ay) distribution from reaction (5) or the

TABLE II. Mass and width values from various additional fits. The different Breit-Wigner parametrizations used
are (i) s-wave, (ii) 'p "times s-wave, (iii) Jacksonp-wave form, and (iv) Lichtenbergp-wave form (see text). The
background was free to be adjusted by the fit.

Z(1381)
Decay mode

Final
state

Data
of Fig. Special conditions

Parametriz-
ation M „(Mev)' r (MeV)

Confidence
level

1(a) Different Breit-Wigner
parametrizations

(ii)
(iii)
(iv)

1378.8 + 0.6
1380.7 + 0.6
1381 (fixed)

31.4+1.2
31.6+1.3
34 (fixed)

0.006
0b

0.03

Z'~+7(-

A7(+x

A7t+7t with

p cut

5(b)

1(b)
1(d)

2 (b)

2(c)

I' fixed

M fixed

1 fixed
Data of Fig. 2(c)
with E'*+ removed
Data of Fig. 2(c) with
Y*+ and co (783) re-
moved

1389+2.5 36 (fixed)

1383 (fixed)
36+4
33+4

1381+2 56+8

1380+2 50+8

39+ 5

1380+ 1.3d 34 (fixed)

0.30

0.001
0.02

0.18

0.24

0.63

0.14

The 0.6 + 0.3 MeV systematic correction has already been included.
is 50 greater than the best fit in Table I, which has a p of 130 for 95 degrees of freedom.

0.75& M(~+~ m ) & 0.82 GeV and 1.35&M(A7(+) & 1.42 GeV.
dThis is taken to be the "best" value of MiY1 i.
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M(AMM) distribution from reaction (6) for events
fitting reactions (1) or (2); the M(AMM) distribu-
tion is shown cross-hatched in Fig. 3(b). Those
events having a unique Z' interpretation, reac-
tion (2), category (b), are shown shaded in Fig.
3(b). We see a very clear Z' peak. A fit to the
M(Ay or AMM} distribution of a Z' peak plus a
background has been made; the upper curve rep-
resents such a fit, with the lower curve repre-
senting the best estimate of the background. We

see that the unique p' comprise most of the events
of reaction (2); however, there is a Z' bump above

the background curve in the unshaded part of Fig.
3(b). From the fit, the unique Z' events, with

1.178&M(Ay} &1.208 GeV,

comprise a fraction of approximately 0.6 of all
events of reaction (2).

In order to look for evidence of the decay mode
YM'+-Z'w', we plot in Figs. 4(a)-4(h) the M(Aw')

distributions of all events fitting reaction (1) sub-
divided into 15-MeV intervals of M(Ay or AMM)

from hypotheses (5) or (6). A clear Yf'-Aw'
signal is seen in all plots 4(a)-4(h) and supports
the contention, made above, that all events fitting
reaction (1) are indeed examples of that reaction.
ln Figs. 4(a')-4(h'), we plot the Af(Z'w') distribu-
tions of the unique Z' events of reaction (2). We
see Y*'-Aw' as a misidentified bump at approxi-
mately 1.46 GeV xnore or less clearly in all of
Figs. 4(a')-4(h'). We see in addition a bump at
1.39 GeV in Figs. 4(d'), 4(e'), and 4(f'), corre-
sponding to the M(Ay or AMM) regions near the
Z' mass. This constitutes clear evidence for the
decay Yf+-Zow'. In order to determine the Zw/Aw

branching ratio, we will confine ourselves to
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FIG. 5. (a) The heal. + mass spectrum from the unique
Z &+& events reinterpreted as A~+~-y; (b) The Z ~+

mass spectrum from unique Z ~+m events. This spec-
trum is approximately the sum of histograms 4(e') and

4(f) (see text).

FIG. 4. (a)-(h) The A~+ mass spectrum from the final
state Ax+~, and (a')-(h') the Z07t+ mass spectrum from
the unique Z07t+7t events as a function of M(Ay). Each
plot corresponds to a —15-MeV-wide region of the (Ay
or AMM) mass computed by interpreting these events
as A~+a y or A7r+7t MM (see text).



DETERMINATION OF THE MASS, WIDTH, AND (Zw/Aw) BRANCHING. . . 3011

300

4 zoo—

N

Ch

Lal

~ ioo-

).05
1 ~LI

i.i5 l.2
M (AT or AMM) (GeV)

FIG. 6. The mass distribution M{Ag or AMM) as in
Fig. S(b), for A(g )w+w events bavtog M(Aw+ or Zov+)

&1.4S GeV. The unique Eo are. ggain shown shltded.

unique Z' events, reaction (2), category (b), which
have I;178&M(Ay or AMM)&1.208 GeV, and cor-
rect for losses due to these selections. The mass
distribution M(Zow'} for these unique Zo events is
shown in Fig. 5(b); the mass distribution M(Aw')

for these same events, deleting the y ray by using
the fit to reaction (5), are shown in Fig. 5(a). Com-
parison of Figs. 5(a) and 5(b) shows that the 1.46-
QeV Zoz' "peak" corresponds to misidentified
Y*,+ An+ at 1.385 QeV and shows that the 1.39-QeV
Zow' peak moves down in the Aw' plot. [A scatter'-
plot of M(Aw') vs M(Z'w') (not shown} shows cor-
respondence on an event-by-event basis. ] The
data of Fig. 5(b) were then fitted with a I'*,'-Zow+
Breit-Wigner curve of fixed mass and width (M, I'
= 1.889, 0.086 GeV} convoluted with a resolution
function of I'=20 MeV FWHM (full width at half
maximum) plus a misidentified Z'(1381) as a
Breit-Wigner curve with (M, I') = (1.460, 0.055 GeV)
and a background. Various parametrisations of
the background can be chosen, which. increase or
decrease the number of Y*,'- Z I' events; this
variation has been treated as a systematic uncer-
tainty in the number of observed Y*,'-Z'm+ de-
cays. %'e find the number of unique Z' events
having 1.178 & M(Ay or AMM) &1.208 GeV to be
240+60 events, including the background varia-
tiqn uncertainty of +50 added in quadrature. In
order to correct for the loss of Z'x'n events
due to these selections, we plot in Fig. 6, as
in Fig. 8(b), the mass distribution M(Ay) for the
events of reaction (1) or (2) where M(Aw' or Z'w')
&1.480 QeV. This is done since the loss correc-
tion depends on the mass resolution of the g'
signal; the M(Ay} resolution is better for events
with M(Z'w'} near the Y,* mass. A fit of a Z'

peak plus background is again made and is shown
as the curves on the data of Fig. 6. From this
fit, the unique Y,*' go@' events of reaction
(2) under the stated selections comprise a fraction
0.70~0.04 of all such events. The 1460-MeV mis-
identified Y*,+-Am' events shown in Fig. 6 are
about 4% of the number found from the data of Fig.
1(a). There is no correction to be made for events
which only fit hypothesis (6) and for which the
MM2 &0, since events truly belonging tb reactions
(1) and (2) are equally lost [the number of events
mskmg a "fit" to hypothesis (6) only ls about 5%
of the number of events found to fit reactions (1)
and (2)]. Thus the (Zow'/Aw') branching ratio of the
Z(1881) is

(240+ 60)/(0. '70+ 0.04)
(1.04+ 0.01)(8360 a 99}

= 0.098+0.025 .
This is our primary branching-ratio result. The
other decay mode Y*,'- E'm should yield an equal
number of events ignoring barrier and phase-
space effects. However, taking these effects'into
account, the number of Y*,'-Z'm' events should
be 1.1 +0.08 times the number of I'~-Zow' (see
Sec. V). Thus the (Zw/Aw) branching ratio is

=2.1g,
= 0.21 +0.05,

or the Zw branching fraction is

Y*, -Zm
Y~i Am or Zw

2.1Z'w')
N(Aw') +2.ig(Z'w')

= 0.17+0.04 .
These values of B„.R„B,are all higher than
those found in previous determinations, Our value
of 8, is in poor agreement vrjth the result of Blare
of 0.045+0.00'5,' based on about 300 events. Our
value of g is in reasonable agreement with the
low-statistics results of Pan and For~~&'4 of
0.13+0.04, of CoQey et ul."of 0.13+0.04, of
Aguilar-Benitez et ul. ' of 0.16+0.07, and of
Thomas et cl.' of 0.10+0.05. Finally, our value
of R, is in good agreement with the result of
Armenteros et al.4 of 0.14+0.03, based on about
170 events. No systematic errors. are given for
the earlier results.

%e believe that the detailed procedure presented
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here, which accounts for all events and takes
account of systematic effects due to background
variations, etc., in the relationship of reactions
(1) and (2) to hypotheses (5) and (6), gives the best
determination of the Z(1361) branching ratio. We
note that the various theoretical estimates of this
branching ratio (B,) based on SU, are typically
15% (see Sec. V below).

A final test that the 1.39-QeV Z w' signal of Fig.
5(b) is indeed a decay mode of the Z(1361) is given
in Fig. 7. London et al."observed a character-
istic (1+3cos'8) production-decay correlation
distribution for the Y~y AlT characteristic of
a peripherally produced J =

& state. The angle
8= fr' N, where 0' is the direction of decay
pions' momentum in Y*, rest frame and N is the
unit normal to the production plane, ¹

K: xY,*„,.
The m' N distribution for our Y*,'-Aw' events of
reaction (1), with 1.347&M(Av')&1. 419 GeV, is
shown in Fig. 7(a) and is compatible with a
(1+3cos'8) distribution plus a small background.

The f7' iV distribution for Yf'-Z's' [1.347&M(Zov+)
& 1.419 GeV] is shown in Fig. 7(b) and for a back-
ground region of Zow' [1.42 &M(Z'v') & 1.50 GeV] in

Fig. 7(c). The "subtracted" Y f+- Z'v' distribution
is shown cross-hatched in Fig. 7(b) and is reasonably
consistent with a (1+3cos'8) distribution as is re-
quired if the Z'm' events are indeed an alternate
decay mode of the Z(1361). We note that the fits,
Tables I and II, for the mass and width of the Y*,'
of Fig. 1(a) required a background consistent with
that of Fig. 7(a). That such a background is prob-
ably incoherent is seen from the forward/backward
(F/B) and polar/equatorial (P/E) ratios for the
angular distribution in Fig. 7(a) as a function of
mass, shown in Table III. The F/B ratio is the
number of events with cos8~0 relative to the num-
ber with cos 8&0; the P/E ratio is the number of
events with I cos8I) 0.6 relative to the number with
Icos8I&0.6. In the absence of interference, the
F/B ratio is expected to be 1. For a pure
(1 + 3 cos'8) distribution the P/E ratio should be
1.45. The F/B ratios and the P/E ratios over the
mass values corresponding to the Y*, peak, i.e.,
M(Av+) &1442 MeV, are all consistent with the
average values of 1.04 a0.03 and 1.25 +0.04, re-
spectively.
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V. DISCUSSION

The four different parametrizations of Breit-
Wigner amplitudes lead to different values of the
mass and width parameters as was seen in Table
II. The values deviate more widely for broader
resonances. The shifts in mass and width for the
four different parametrizations are illustrated for
the Z'(1361) in Table IV, where the value of the
mass at the peak of the distribution M~, the aver-
age mass M (averaged over plus and minus 3 half-
widths), and the resultant full width at half max-
imum I'~ are given for the different Breit-Wigner
forms. The results are given for both the Aw'

and the Z'z' decay modes. As pointed out above,
the Zov' data peaks higher (1369a 2.5 MeV) than
does the Am' data. This also favors the Lichten-
berg" form (iv) over the Jackson" form (iii).
Better phenomenological and/or theoretical treat-

TABLE III. F/B andP/E ratios for Yg+ (see text).

FIG. 7. The cosine of the angle between the decay 7r+

meson and the normal 8 to the production plane, in the
Y* rest frame. (a) The A7(+7r final state with the A7(+

mass between 1347 and 1419 MeV/c2. (b) The X~7(.+r
final state with the Z n' mass between 1347 and 1419
MeV/c . (c) The Z ~+7r final state with the Z07t+ mass
between 1420 and 1500 MeV/c2 to observe behavior in
a background region. The cross-hatched area in (b) cor-
responds to a background subtraction using the data
from (b) and (c).

Region of M(A7t'+)

(1262 MeV, 1322 MeV)
(1322 MeV, 1362 MeV)
(1362 MeV, 1382 MeV)
(1382 MeV, 1402 MeV)
(1402 MeV, 1442 MeV)
(1442 MeV, 1502 MeV)
() 1502 MeV)

0.91+0.12
1.01+ 0.08
1.05+ 0.07
1.08+ 0.06
0.91+0.07
1.20+ 0.12
1.05+ 0.03

P/E

1.18+ 0.16
1.37+ 0.12
1.31+ 0.08
1.31+0.08
1.27+ 0.10
0.88 + 0.09
0.63+ 0.02
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TABLE IV. Mass and width shifts for the Z+(1381) from. different Breit-Wigner parametriza-
tions: (i ) s-wave, (ii) 'P2" times s-wave, (iii) Jacksonp-wave form, and (iv) Lichtenberg
P-wave form (see text). The nominal mass and width parameters are (M, I') = (1381 MeV, 34
MeV). Given are the mass value at the peak of the distribution M&, the average value of the
mass M (averaged over plus and minus three half-widths), and the actual. full width at half-
maximum I'& .

Par ametrization Mp QfeV) 117 (MeV) I'p (MeV)

Z+ (1381)

Z+ (1381) Z 7('+

(z)
(ii )
(iii)
(iv)

(i)
(ii )
(iii)
(iv)

1381.8
1383.3
1379.2
1381.8

1382.8
1385.8
1377.3
1386.3

1383.0
1386.8
1383.4
1382.8

1386.2
1393.5
1386.0
1393.9

34
35
33
33

34
40
27
40

ments of the parametrization of resonant ampli-
tudes appears to be needed.

The J~ = w' decimet, 4, Y*„"*(1531), and g,
should have the simplest SU, structure. The
masses are expected to obey the equal mass-spac-
ing rule (in lowest order) and the widths should all
be related to one matrix element or coupling con-
stant through "SU, Clebsch-Gordan" coefficients.
Samios, Goldberg, and Meadows" find in their
SU, review that both of these expectations are
nearly satisfied. However, Baltay et al. find that
the equal mass-spacing rule is violated and that
the decay widths are somewhat incompatible. We
find that the simple SU, expectations are well sat-
isfied under somewhat modified conditions.

For the broad 4 baryon the Breit-Wigner para-
metrization has been a problem; the Particle Data
Groulr" and others" have discussed this. The tI,

can be characterized by the "peak" mass and width
values of 1236 a4 MeV and 116+6 MeV, respec-
tively, ' "or by the "pole" values, 1211.6 +0.7
MeV and 99.0+3.6 MeV, respectively. ""

The mass values of Y*, (this experiment) and
the recently improved values for =* (Ref. 2) and

0 (Ref. 2) are 1383 +2 MeV, 1535.0+0.6 MeV,
and 16I2.5+0.5 MeV, respectively. The (-*,
Yf ) mass difference of 152 +2 MeV is not equal
to the (0,"* ) mass difference of 13'I.5 +0.8 MeV,
as noted by Baltay et al. ' However, note that the
mass-squared values of 1.913+0.005, 2.356 +0.002,
and 2.797 +0.002 QeV', respectively, have the
corresponding differences of 0.443 +0.006 QeV'
and 0.441 +0.003 GeV'. These are equal within
errors. Equal mass-squared spacing then predicts
the 6 mass squared to be (1.913+0.005) -(0.442
+0.003) =1.471 +0.006 GeV'; that is, the n mass
should be 1213+2.5 MeV, which is within one stan-
dard deviation of the pole value. "

The decay rate formula of Samios, Goldberg,
and Meadows" is

1 Ps "P&I',. =—iA„~' x(SU, factors) x—
$

where I'; is the partial decay rate for a given
decimet decay mode i, M is an arbitrary mass for
dimensional reasons (=1 GeV/c'), A„ is the. deci-
met matrix element, l is the orbital angular mo-
mentum, p; is the decay momentum, andm; is
the mass value of decimet member i." We find
that good results are obtained using the pole
masses m; and using the value of (p*;}' averaged
over the mass distribution for decay mode i. The
various Breit-Wigner parametrizations give some-
what differing results. The width predictions for
the four forms used before are given in Table V
and compared with the experimental data. The
s-wave form, which is not expected to be correct,
is clearly ruled out. The pole value of the 6 width
is chosen. Of the P-wave forms, the Lichtenberg"
form (iv) appears to be the best.

VI. CONCLUSIONS

We present new results for the mass, width, and
(Zw/Aw) branching ratio of the Z(1381). Systematic
shifts in the mass of Y*, ' due to Ap' events or back-
ground parametrizations preclude a mass-differ-
ence measurement in this experiment (and pre-
sumably also in all prior experiments}; limits,
however, can be given, which are

—2 & M( Y* ) -M( Y*')& 6 Me V

[95% confidence level (C.L.)],

~M(Y~') -M(Y*') ~&4 MeV (95% C L ) ~

The branching fraction

R = Z(1381)-Zw
Z(1381)—all

=0.17 +0.04



3014 S. R. BORENSTEIN et al.

TABLE V. Width predictions from SU3 for the J =2' decimet using four different Breit-
Wigner parametrizations: (i) s-wave, (ii) "P "times s-wave, (iii) JacksonP-wave form, and

(iv) Lichtenberg p-wave form (see text). The predictions are based on the average value of
"p" for (i) and of 'p~" for (ii), (iii), and (iv) over plus and minus three half-widths of the
Breit-Wigner distribution and are normalized to I'= 28 MeV for Z(1381) A~ [see note a].

Decimet
member

Decay
mode

Partial widths (FWHM) in MeV
Parametrization Experiment

6++ (1211 MeV)
Z+ (1381 MeV)
"*0 (1531 MeV)

Z+ (1381 MeV)

p7r'
(Zn)+
(~g)0

(i)
79c
11.8
17.7

5.7
6.1

(ii )
153
5 4
8.4

2.5
2.9

(iii )
123
4.7
8.6

2.2
2.5

(iv )
104
5.7
8.8

2.7
3.0

99.0 + 3.6 '

5.8 + 1.5
9.1+0.5d

2.8+ 0.7'

Values from this experiment.
"Pole" values for (M, I') of b,".

~We use M=1233 MeV for the 4++ for parametrizations (i), (ii), and (iii); these predictions
should possibly be compared with l = 116+ 6 MeV ('peak" value) .

See Ref. 2.

is larger than the Particle Data Group average'
of O.il +0.04 and is in good agreement with the
result of Armenteros eS al.4 of 0.14 +0.03. Sys-
tematic corrections to the branching ratio and
contributions to the errors in previous experi-
ments need to be made.

We observe that the SU, predictions for the dec-
imet are correct if equal spacing in mass squared
of the so-called pole values is used and if the
value of (P~)' averaged over the mass distribution
is used in the rate prediction for the widths. We

know of no justification for the use of the pole mass
squared. Of the phenomenological treatments for
the parametrization of Breit-Wigner amplitudes,
the Lichtenberg form" appears to be preferable.
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