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A STUDY OF THE DECAY A(1520) ~ S(1385)n

T. S Mast, M. Alston- -Garnjost, R. O. Bangerter,
A. Barbaro- Galtlen, 'F. T. Solmitz, and R. D. Tripp

Lawrence Berkeley Laboratory
University of California
Berkeley, California,

October 1971

The decay A(1520) — 2(1385)r has been studied in an .
energy-independent partial wave analysis of the reaction
K'p~— A1'r+1r_ in thevmomentum range 300 to 470 MeV/c. The
A1r+1r- final state of the A(1520) is found to be overwhelm-
ingly Z(4385)r. The width for this decay mode is
= 1._661: 0.2_4 Me\f. Combining this result with one re- -
‘cently'reported‘for another member of the J'P =3/2"
multiplet, "A(1690), we obtain for the singlet-octet mixing
angle |6

= (75%10)*. This is in sharp disagreement-with.

the value 6 = (-25%6)° derived from the rates for the two-
body decays of the JP = 3/27 states. - Thus, some mod1f1->
cat1on of the usual SU(3) descrlptlon of these states needs

to be made.

.'I'he decay

A(1520) > Z(1385)m - ' (1)

"is forbidden in SU(3) if the A(1520) is an unmixed SU(3) singlet. Sev-

eral experiments have shown evidence for this decay. 1,2 Mxxmg be-

tween the A(1520) and the correspond1ng 3/2” octet member, A(1690),

" has been used to exp1a1n the decay The singlet-octet mixing angle can

be derived from the rate for reaction (1) and the rate-for - .7
. o
" A{1690) ~ =(1385)m. B (2)

Previous estimates for these decay rates 1.3 ‘yielded a lower limit for

-2

the magnitude of the mixing angle of (21 :h'5_)° . 1 'MiXing of this e.mo'unt
was also obtained from the Gell~-Mann-Okubo mass relation4 and from
the two-body decays of these sta‘te.s to_KN and Zw. 5 Thus, the rates
for (1) and (2) were considered to be‘ excellent confirmation for the

multiplet assignments and the simple hypot-hesis, of singlet-octet

) mlxmg

In this paper we present the results of a detailed analysis of the
formation reaction K p - A(1520)—+ Ar TT-. We have used an isobar
model for the analysis of the three-body final state. The model, as
formulated by Deler and Valladas for N - wwN, has been modified for
Amm and extended to incorporate knowledge of the A_ polarization

coming from its decay. 6 We obtain a decay rate for (1) of 1.66+0.24

MeV, which is more than twice as large as the previous rnea.su_rement1
of 0.67+£0.17 MeV. In addition, in making SU(3) comparisons, our
calculation of the phase space ratio between reactions (1) and (2)
disagrees by a factor of 3 with that of Ref. 1. Finally, a recent iso-
bar analysis7 of reaction (2) has yielded a decay rate an order of rnag-
nitude lower than the previ.ous upper limit. 3 Usmg these new values
there is an overall d1sagreement by about a factor of 70 with the de-
scription .of reactions (1) and (2) based upon m1x1ng between the gen-
erally accepted 3/2' singlet and octet states.

Data. — An exposure of 11 events per pb. in the Be'I.‘kebley 25-
in. hydrogen bubble chambevr has yielded about 900Q events of the type
K-p - Antr” with K~ momenta between 300 and 470 MeV/c. 8 We first
present a semiquantitative discussion of the structure in the data.

The momentum dependence of the part1a1 cross section (Fig. 1)
is dommated by the A{1520) near 400 MeV/c, but a substantlal non-

resonant background exists beyond the resonance. A visual interpo-
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lation of the background to 395 MeV/c would suggest that 80 .- 90% of.

the cross section at resohance comes from the resonance itself. (The

background shown as crosses results from the analysis discussed
latef. ) The question then arises of how much of this resonance con-
tribution proceeds fhrough the quasi-two-body reaction (1). Informa-
tion about th_ié is given in the ]jalitz vplot,' mass distributions and the
.pro.duction and decay angular distributions.

| The Dalitz plot at the resonant energy (390-400 MéV/c) and its
projectioh§ are shown in Fig. 2. Enhancer;ients at the high' Aw invar-
iant masses indicate the presence of 2(1385‘) (actuaily centered out- |
siae the kinematically allowed region). There is increased dénsity at
lov§ wr.mass, indicating cpnétructive interference betﬁeén 2(1385);

and £(1385). ¥ . _
. The constructive interference between Z(1385)  and 22(1385)+

indicates dominance of symmetric I = 0 production. Further informa-

tion on the isospin composition is given from a separate analysis of the -

A7® % channel from the same exposure. At all momenta the An0w?
"cx"oss,s'eci_:ion is appfoximately half that of A1_T+1r-.. This ratio is con-
sisféh-t.: w1th pu.re I = 0 production. We thus _con-c'lvude' that the reaction
procééds dc;minantly through I = 0. A more sensitive r;neasure'of the
. presence of I =1 contr.ibutions éomes from the charge asymmetry.of
the Dalitz plot, (NV- - N+)/(N_ +N._+), 'whe.re N~ is the number of events
wn:ha At mass larger than a At masé. This asymmetry, shown as
é function of inc%dent momentum in Fig. 3d, arises from a_diff}erelnce
_be'tWeen the. 2(1385{ and 2(1385)+ masses’ andifrom I=0andl=1
. interference. An I = 1 amplitude about 10% as large as the resoﬂant :
‘I = 0 amplitude is suifici»ent to exPléin the observed. strucfure.; Thus
“thel=1 conti-ibution_ to thé partiél cross section is. of the order of a

few percent.

(c}"o," an S-wave 7T system, and (d) "p,'" a P-wave wm system.

4. -

Figures 3a-c show the Legendre polynomial coefficients for the

A angular distribution and polarization as a function of incident K™ -mo-

‘mentum. Here the large 'AZ/AO coefficient with a maximum in the

vicinity of the resonance is consistent with the reaction (1,) interpreta-
tion. However, the l_argé structure in Ai/AO and the apprecigble
Bi./A'0 polarization coefficient shows that even-parity states are also
present in signiﬁcant arﬁéuﬁts. The dots are from the partial ;\x/ave
analysis discussed next. 8 '

Analysis. — We now describe the results of the complete analysis
of the A1r+1r- reaction by means of an isobar model. The data between
350 and 470 MeV/c was divided into nine bins in incident K~ momentum.
The data in each bin was fitted indepe-ndently by a maximum likelihood
fit using up to 17 partial waves chosen to describe the data. These in-
clude S, P1,P3, and D3 partial wéves for the incoming state (in two
isospin states) and four types éf iéobars; ‘ (a) " Y*, " a Am system
%eéonat‘mg .a‘s Z(1385); (b) "Amwm,' a Am sysfem in a relative S wave;

9

Many of these amplitudes were found to be zero within errors for most,

- of the momentum intervals and so were discarded. In this manner, by

successive elimination and remaximization, satisfactory solutions at
all nine momenta were found using only six of the amplitudes. Argand
plots of these six amplitudes are shown in Fig. 4. Here we have

. / - .
chosen the arbitrary phase inherent in a reaction process to be fixed

10

By the dominant Y DS03 resonant Breit-Wigner form. The energy

dependence of this form will be discussed later.

The amplitudes imply that reaction (1) described by the Y DS03

amplitude contributes 90% of the cross section at resonance. The S-

wave dipion in the D_P0~3 state is also fed b\y the A(1520) resonance,
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but to a much smaller degree. The other amplitudes which are fed
by nonresonant incident states give rnagn_i;ude‘s which are plausible
from angular-momentum barrier considerations. The small Y*DS13
amplitude along with the ‘ 2‘4(1385)+ - Z£(1385)” mass difference is suf-

ficient to explain the asymmetry in the Dalitz plot (Fig. 3d).
| The ové rall magnitude of the waves is fixed to agree with the
measured partial cross section (Fig. 1). The relative amounts of éach
wave; however, have beér‘1 frgely chosen by the fit. Thus, it is of in-
tefest to compe;re the magnitude of the Y*DSO3 with that expected for a
Bfeit-WigBer resonance with appropriate centrifugal barriers for all
‘channels fed by the resonance. The Breit-Wigner form used includes
D-wave barriers (with radius c;f interaction 1 fermi) for the -KN.and_
Zm partial widths. The partial widthifor reaction (1) contains only an
effective phase space factof' since the feaction proceeds through a
final S state. The effective phase space depends linearly on the -.rela-
tive momentum of the 2(1385)17 system. The effective relative mo-
mentum of the 2(1385) was determined by averaging the momentum
over the P-wave BI‘EIt Wigner shape with a width of 40 MeV The
curve in Fig. 4 corresponds to the resulting Brelt-ngner form, and
the good agreefnent with the energy-independent points confirms the
momentﬁ.tn dépeﬁdence of the form.

Results and Discussion. — Defining a branching fraction

= [A(1520) = =(1385)r] /[A(1520) - all Anr], each of the five mo-

-mentum intervals centered on the A(1520) resonance (intervals 3-7)

+0.03
-0.10

error is estimated by altering sbme of the input parameters of the

vields a value > 0.95. The overall value is R = 0.97 , where the

model9 and by studying the sens1t1v1ty of R to the inclusion of dlfferent

sets of arnphtudes cons1stent with a reasonable energy cont1nu1ty This

‘isobar model;
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result is in strong'disagreement with the value R = 0.39+£0.10
quoted from the prodﬁction experimept. Using the world average
values12 for the A(1520) total width and branching fractioﬁ into Anrw, we
obtain I'= 1.66+0.24 MeV for reaction (1). ‘

We wish to compare this partial width_at resonance for reaction
(1) with that fpr reaction (2). An ﬁpper limit for the width for fe-
actipn (2) was obtained from a reported enha.ncemént in the ATr+'1vl"“-
cross se;tion. 3 However, a more recenf experiment with increased
statistics foﬁnd no structure in the A(1690) region. An isobar model
fit to the recent data found an amplitude at resonance of -0.06+0.03
(Refs. 7 and 13) which yields a partial width of 1.0’_"("):‘; MeV.

The mixing angle between the singlet and octet members is re-

lated to the coupling constants for decays (1) and (2) by

tan 6 = Gy 550/Gygq0 -
The measured pértial widths are related to the coupling constants by
r= G2f|M(Y*Dsoa)| 24p,
where M(Y DSOS) is the matrix element for the decay, given by the _
6,8 and the 1ntegrv_a1 is ove_r the three-body phase space.
The ratio of this integral at 1520 MeV and 1690 MeV is 9.5. 14 Using
this ratio, our measurement of the decay rate, and a mixing angle of
25°, we would predict the partial width for reaction (2) té be some
70 MeV; father than the measured value of 1 MeéV. Thus the inter-
pret.ation of simple singlet-octet mixing is now in gross disagreement

with the observed rates for (1) and 2). Alternatively we can calculate

‘6' from the observed rates. In this case | Gj =(75+10)° instead of

- (25%+6)°. A possible explanation of this discrepancy may involve

mixing of these states with another octet as predicted by the quark

model. 13
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.
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Figure Captions

Fig. 1. Cross section for K;p - An+1r— as a function of.incident K~
\ momentum.v The + represent the Sackground to the A(1520)
resonance, obtained through the partial wave analysis discussed
in the t_ext. The‘»dott_ed déta is- from Armenteros et al., Nucl. .
Phys. B2, 15-75 (1970). |

F1g 2; Dalitz plot and vproject\ions for events in the rﬁo;ﬁentum in-
t‘erv_;xl 390-400 MeV/é. Thve curves result from the partial wave
analysié discussed in t'he.'-vt'ext. The symbols % in (c) in- .
dicate the Z(1385) bands. _ ) ‘

Fig. 3. Legendre polynomial coefficients for the A ang_ulaf distri-
bution (a,b) and pdiarizaéion (c), and charge asymmetry of the
Dalitz plot {d), as a f,unctjoﬁ of incident momentum. The dots
are results from the partbial wave analysbe.s.

Fig. 4. Partial wave arnpiitudes with statistical ‘error.s resulting

. ’fi-om tile fits discussed in the text. Thehumbe»r,s 1 through 9
indicate successive incident K-bmomeht»um intervals (same as in
F1g .3‘). Thé' curve on the _Y%DS(B p;rtial 'w‘aveiisbexplained in

‘the text.
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