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Study of Z(1385)m Production near the A(1520) Resonance~
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We have studied the production mechanism of the reaction E P Z(1385)x with the to-
tal energy in the vicinity of the A(1520) resonance. Two different analysis techniques
were used: partial waves and moments. The results establish the decay mode A(1520)

&(1385)&. Conclusions on 2 octet-singlet mizing are presented.

Early in 1963 the authors of the well-known
analysis of the A(1520) stated that their As's
data neither prohibited nor demanded Z(1385)
production. ' Reports of A(1520) —Z(1385)v have

been made by Cline, Laumann, and Mapp' and
Burkhardt et aE.S This experiment represents
13 times more data than Ref. 3.

It has been suggested that the observed 2 phys-
ical states A(1520) and A(1690) are mixed states
of the SU(3) singlet state lA') and the I=0 octet
member lAs), according to the following equa-
tions4 6'3'

~A (1520))= sin 8 ~A') + cos6A '),

~A(1690)) =cos()~A ) —sin8IA'),

where 8 is the mixing angle. A sensitive way to
study this mixing phenomenon is to consider the

decay mode A(1520) -Z(1385)s, since only the
IA') of Eq. (1) contributes to this decay.

Exposures were taken with the Brookhaven

National Laboratory (BNL) 30-in. hydrogen bub-
ble chamber. The momentum settings of the in-
cident K beam were 375 and 415 MeV/c, with a
spread of about 40 MeV/c in the chamber. In

180000 pictures approximately 7000 vee (two-
prong) events were double-scanned and measured
After applying selection criteria and cutoffs, we
obtained 2590 good Am'm events.

%e calculated the cross section versus incident
momentum for K P -Am'v with 7 normalization. "

At E, = 1520 MeV, the cross section reaches
a peak of 3.2 mb with background of 1.0-1.3 mb.
Figure 1(a) presents the An' mass sq-uared spec-
trum; and Figure 1(b) shows the Av'w cross
section as a function of incident; momentum.

Our first analysis was very similar to tech-
niques developed by several authors. ' ' The
material which follows was drawn from Peierls"
and Qlsson and Yodh. e

%e assume that the interaction went partially
through the quasi-two-body state Z(1385)ms, with

Z(1385) decaying subsequently into Aw, . Then
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FIG. 1. (a) MA~+~ from data of all energies, with average fit. The dashed curve is calculated Z+(1885) produc
tion. (b) E p- Ax+m cross section (with a crude curve). (c) Weighted AJI+w data representing pure X+(1385)~ .
The curve is a best fit with the use of Eq. (5).
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the matrix element is

(n, (m A)!T~EC p) ~A'~~~& Q d„„"'((u,)C(1, —,', —;0, v, )C(L~, —,', J;0, p, )d„,, '"(4,) exp(i', , y)
UgP g

xC(L, , —,', Z;0, -~, )d, „'(tI,)[1+i(~V~„-Ai,)/r, ] ', (2)

where ps, A~, p. , are helicities of A, P, and Z(1385) in the c.m. frame; the last factor is the Breit-
Wigner amplitude for the Z(1385); L, and Lz are the orbital angular momenta for the K P and Z(1385)m
systems, respectively; 4, gives the A direction in the Z rest frame; p gives the helicity azimuth of
the Z decay; 8, is the production angle of the Z; and the factor d' '(~, ) relates A rest frames reached
from the c.m. and the Z rest frame T. he reaction amplitude is A~~~~~. We write Eq. (2) for each reso-
nance case as

( „( „A)ITlff' P) &'"' ~f

With total isospin designated, and m, =- m, mz= m', we have

(r r+A!T!Z P)~2 "'A "~'&( f„+f )-+3 '"P,"~'~(f +f )

(3)

(4)

Background amplitudes B,~ ' ~ (nonresonant Aw

systems) are included by adding terms similar
to those of Eq. (4), but lacking the Am Breit-Wig-
ner amplitude in f„,.

The program ISOBAR' calculated ~~&,& spectra
and distributions in K A, K m', and K 8 for
given input values of A, ~~~f and 8, ~i~f. The
values of the input amplitudes were optimized
through a minimum-y' search carried out with
Humphrey's program MINFUN. " Events were
divided into three bins centered at E, = 1515,
1523, and 1531 MeV. With the number of de-
grees of freedom equal to 84 in each case, the
y' values were 81, 132, and 167 for low, middle,
and high energies, respectively.

Figure 2 is a plot of the relative amplitudes
obtained in fitting the data of the central energy
bin. [The solid and dotted lines are resonant
Z(1385)z amplitudes, while the dashed lines are
background Ave amplitudes. ] The notation used

(P p)

FIG. 2. Argand diagram of partial-wave amplitudes
for data with 1519«,~ & 1527 MeV. Dotted lines
represent fits at F/2 below and above resonance.

! is (L,Lz)1,~. W. e see that the (DS)o3 wave is the
predominant wave and also that its variation with
energy is consistent with its being 100%%uo resonant.

Another investigation to see whether the Z(1385)v
events came from the decay of A(1520) was made
by using the "moment method, " introduced by
Byers and Fenster for I'~ —I'», +~,.""Here
we treat F~-E„a&„namely, F~- Z(1385)m."
To calculate moments, we combine the events
with M(Am') under the Z'(1385) or Z (1385)
peak, since the interference effect between
Z'(1385) and Z (1385) was thereby canceled. "

The experimental values of the odd-l I(T, ),
obtained from either the longitudinal or trans-
verse component of the A polarization, are all
consistent with zero. We conclude that the in-
termediate state is nearly pure in spin and parity,
and that its decay proceeds through only the low-
er-l wave.

The I, f(T»), l(T»), and l(T») are obtained
from moments in the Z(1385) decay distribution.
Their predicted values depend upon the spin and
parity of the parent as well as the Z(1385) produc-
tion angle 6!.""The fit with the best hypothesis
F 3/z Fp /z+B 0 improved markedly as mass re
strictions were tightened for either the A(1520)
or the Z(1385); the )tn was 57.6, 26. 5, and 14.5

(with ten degrees of freedom) for parent-daughter
mass selections which were wide-wide, narrow-
wide, and narrow-narrow, respectively. ("Wide"
means 1507-1537 or 1350-1420 MeV; "narrow"
means 1512—1528 or 1362-1402 MeV. )

The g for parent J~= —, was far lower than for
other J~ hypotheses for all mass selections; for
the "narrow-narrow" choice, the g' values were
133, 14.5, 146, 222, and 121 for J
—,', and 2'. This is consistent with the known
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FIG. 3, Intensity I and I& T& & for Z+(].&85) and

Z (&385) data combined versus production cosine.
Curves represent predictions for various J+ interme-
diate states (Befs. 15 aud 17). Solid curves represent
the preferred hypothesis 4+=2 .

spin and parity of the A(1520) and the spin and

parity of the dominant I = 1 background amplitude
The experimental evaluations of I(T, )(()) for

the "narrow-narrow" mass cuts are compared
with theory in Fig. 3.

To the authors' knowledge, this is the first
complete moment analysis for the case of I ~

~2/2' Os .2/2 +XIPOt +1/2 ~1/2 0

To isolate Z'(1385) production, we used only

the amplitudes AI ~ /f» [Eq. (4)] from «r
partial-wave analysis and generated the kiA, +'

spectrum without using Z (1385) or nonresonant
AIT amplitudes. Curves like those of Fig. 1(a)
were generated for the data at 1515, 1523, and
1531 MeV. A ratio for production of Z'(1385)v
to total Am'w was thus obtained at each energy.
Then the K p -An'Ij cross section [Fig. 1(b)]
WRS mOdlf led by these 1'Rtlos to obtain R K p
-Z'(1385)1/ cross section free from interfer-
ence and background [Fig. 1(c)], and similarly,
Z (1385) production.

Tllese cl'088 sectiolls we1'e fitted by Ij'{)j-/2IT)

&& (8+ —,') IT l2, where the amplitude T for the re-
action was parametrized as

V" = (a+ bp') exp[i(c+dj/ ')]

+ (1.1„)'"/(~.-~ - -' I ),

with P' the incident laboratory momentum and
E =E, . The I"s have the following forms:

(5)

»2o / 8.»,8 »2o /~ zvrga, boa ~

Her«he SU(3) coupling constant g, „,' is extract-
ed from branching ratios for "*(1815)-:.*(1530)IT
and Aj'*(1515)- A (1236)II. Using (30 + 15)% and (35
+ 15) lo for these, "we find gs, o22 to be 0.29+ 0.10
or G, »8 =0.1-7 +0.06. Method I thus yields a
mixing angle 18 I=17.0", ,".

Method II takes tan'8 = G»»2/G„„2. Using an
upper limit of (25 ~ 4p/c for the decay A(l.690)
—Z(1385)m, we estimated the upper limit for
G„»' to be 0.072 +0.012.' Method II gives a
lower limit on the mixing angle, I 0 t& 24.0+ 3.0'.

~e estimate the A(1520)- Z(1385)I/ bl'Rllclllllg
ratio (all charge states) to be (4.1+0.5)%. ~e
point out that no A(1520)- AII'II direct decay is
found in our 2600-event sample, the only non-
resonant-AII amplitudes being {SD)» and (SD)„.
Our cross section for E p- Av'7/ peaks at 3.2
mb '; of th~s, approximately 1.25 mb cs attribu-
table to A(1520) —Z'(1385)II' and the remainder
is background and interference effects. We be-
lieve that the A(1520) - (total Am'7/ ) branching
ratio tabulated by the Particle Data Group and
the A(1520)- (direct Am"rr ) ratio from Burkhardt
et aL. ~ need re-examination; the data used for
these suffered from very limited statistics and
possibly from neglected interference pr oblems.

These 6) values are remarkably consistent with
the 0 obtained from the mass formula and from

I'. = 0.2251@.(~)(p/~)[&. (~.)p./~, ] ',
I"„=G„„2a,(P)P/tf „/Z,

where I', =16 MeV, and B,(P) is the (Biatt-Weiss-
kopf) centrifugal-barrier factor. G»»2 repre-
sents the coupling constant for the decay A(1520)
-Z(1385)v; P represents the average momentum
for the Z(1385)7j in the A(1520) rest frame at
mass equal to E. In Eq. (5), 1 is the sum of KÃ,
ZII, and Z(1385)Ij widths.

A value for G»2o of 0.019+0.003 [0.012+0.0025]
is obtained from fitting the Z'(1385)II [Z (1385)IT']
cross section. 'Fhere are two different methods
of calculating the mixing angle. Method I is to
take
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8&&8 decays. ' ' Various SU(3) symmetry-break-
ing models have been explored and compared
with experimental 8x8 decay rates. "' Howev-

er, the apparent agreement among three types
of mixing-angle estimates raises some question
as to whether any mechanism beyond pure repre-
sentation mixing is operative. "
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