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viate strongly from the J(J+1) spacing expected
for a pure band suggesting appreciable mixing.
A band-mixing calculation' has shown that the
ground-state band contains large (-10% in inten-
sity) admixtures from three orbitals besides the
—."[211]orbital; namely t e —.

"[211], — [202],
and —,

" [220] orbitals. A similar calculation using
the above four positive-parity bands resulted in
the relative reduced E1 strengths shown in Table
I. The deformation was fixed at 5 =0.32 for all
bands and the band-head energies and moment-
of-inertia parameters ()I'/2I) were varied to give
reasonable energy-level fits. Although the agree-
ment with experiment is not complete, the re-
sults appear to exhibit the correct trend and do
not critically depend on the choice of parameters.
Band mixing thus appears to account for the
gross features of the above-mentioned general
behavior of the E1 rates. It can be shown that
this behavior results primarily from the pres-
ence of the admixed —,

' [211]wave function while
the J(J+1) energy deviation results mainly from

'tile Rddltlon of tile stl'ollgly decoupled s [220)
band.
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We have utilized SU(3) invariance to relate the reactions ~ p-(A, go) y with x p
-(A, Z~)K(890) in the peripheral region. We find that in all observable distributions,
including the baryon polarization and the vector-meson density-matrix elements, the
data are in good agreement with the SU(3) predi. ctions. These observations lead us to
conclude that potential sources for the symmetry breaking, such as external-mass-de-
pendent factors or absorptive effects, do not significantly affect the simple SU(3) picture.

The SU(3) symmetry scheme has been remark-
ably successful in describing the spectroscopy of
the well-known boson and baryon states. The
situation wltll regard to dy11RIIllcs (i.e. pl'edlc't
ing relations among cross sections) has been less
clear. ' In this Letter we address ourselves to
several SU(3) dynamical predictions which satis-
fy the expected regularities to within the experi-
mental errors These invol. ve reactions (whose
relationship is not entirely transparent) in which
vector mesons are produced via a meson exchange
process with the baryon vertex remaining invar-
iant. The most noteworthy previous such example
has been the similarity of ~ and p" production
and decay characteristics as measured in K p
interactions. ' Here we examine differential

cross sections, polarization, and density-matrix
elements of y(1020) and K(890) produced in the
following channels:

K P-Acp,

m P -AK(890),

—Z K(890).

(»)
(lb)

(2a)

(2b)

If 'tile production mechanism of Reactions (1)
and (2) is meson exchange, they can be related
to each other by application of SU(3) symmetry
at the meson vertex, since the baryon vertex re-
mains the same. Very little needs to be assumed
about the nature of the exchanged meson. If K
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or K(1420) is exchanged in the process, the mes-
on vertex requires the antisymmetric I type of
coupling, whereas if the K(890) is responsible
for the exchange mechanism, the meson vertex
involves the symmetric D-type coupling. In
either case, the SU(3) symmetry leads to the
following relation for each helicity amplitude':

A(K P -Yq}=-A(~ P - YK(890)), (3)

where we have suppressed the helicity indices
and V stands for either A or Z . In this deriva-
tion we have used the experimentally observed
small value of the y -pm branching ratio as well
as the ideal mixing angle between the ~ and y
(35'which is essentially equal to the experimen-
tal value of -39'). We have in addition assumed
that neither the factors in the amplitude which de-
pend on the external masses nor absorptive ef-
fects strongly break this equality (3).

This in turn leads to the following relationships
among the experimentally measured quantities
as examined in the peripheral region:

dw dv'

dt dt(K p —Yy)= —(s p- YK(890)), (4)

P„(K p - Yp) =PJ'S p - YK(890)),

p„.(K P Yy)=-p (s P- YK(890)), (6)

with V=QIAI'=(P;„/P, „,)So, S being the square
of the center-of-mass energy. ' P~ and p ~ are
the baryon polarization and vector-meson density-
matrix elements, respectively.

We now turn to a comparison of relations (4)-
(6) with the experimental data. The study of K P
interactions comes from exposures of the Brook-
haven National Laboratory 80-in. hydrogen-filled
bubble chamber to beams of K mesons at 3.9 and
4.6 GeV/c incident momenta. The reactions of
interest' are

K P-AK'K,

corresponding cross section' for Reaction (la)
is 60+7 (41+4) pb and for Reaction (1b) is 33
+ 7 (20+ 5) JILb at 3.9 (4.6) GeV/c. The data for
Reactions (2a) and (2b) come from a recent n p
CERN bubble-chamber experiment at 3.9 GeV/c. '

We now compare Reaction (la) with (2a). The
cross section' in the momentum-transfer region"
—t' &1.0 GeV' for Reaction (la) is 54 + 6 pb, to
be compared to that for Reaction (2a) which is
64 + 6',b. Considering the normalization uncer-
tainties inherent in comparing data from two dif-
ferent experiments, these values are in good
agreement with each other. The differential
cross sections shown in Fig. 1 are also, bin by
bin, in excellent agreement. We have fitted each
distribution by the form der/dt'-e"' and obtained"

A =1.9+0.2 GeV ' for Reaction (la),

A =2.4+0.3 GeV ' for Reaction (2a).

The p density-matrix elements obtained by
maximum-likelihood fits, using the P-wave form
for the angular distribution in the p region 1.0
«M(KK) «1.04 GeV for the combined 3.9- and
4.6-GeV/c data" (K'K and K,'K,' events com-
bined) as a function of momentum transfer, are
shown in Figs. (2a)-(2f) as open circles in both
the Jackson and helicity frames. The correspond-
ing density-matrix elements from Reaction (2a)
are shown as closed circles in the figure, We
observe remarkably good agreement between the
values of p ~ as functions of momentum transfer.

1000

100 —)

-AK, '(K'),

-Z K'K,
(8)

(9)

BL I

WF

where the symbol (K') represents an unseen K'
decay. The event separation between the A and
Z' hypotheses is described in another publication. '
We merely note here that a elean separation be-
tween the two hypotheses has been achieved. The
corresponding KK effective -mass distributions
(not shown) give evidence for strong (c produc-
tion over negligible backgrounds. The total sam-
ple consists of 313+ 18 y events in Reactions (7)
and (8) and 84 + 10 p events in Reaction (9). The
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FIG. 1. Differential cross sections for the reactions
K P—Ap (open circles in intervals of 0.2 GeV') and
w P-AK(890) (closed circles) at 9.9 GeVjc.
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K P -A&a in our 3.9- and 4.6-GeV/c data, which
are shown in Fig. 3(b) for the same momentum-
transfer region.

We now perform similar comparisons with the
Zo reactions, namely, Reactions (lb) and (2b).
The do/dt ' distributions for these reactions are
displayed in Fig. 4. '4 They are observed to be
in good agreement with the equality suggested
from this simple SU(3) approach, as are the cor-
responding p distributions (not shown). The
cross section for —t '&1.0 GeV' is found to be
25+ 5pb (includes the relative correction factor
to o' of 1.05) for Reaction (lb) compared to 27
+ 5pb for Reaction (2b) in excellent agreement
with each other, as are the fitted values of the
slope parameters for the two reactions which
were found to be

A =1.1+0.4 GeV ' for Reaction (1b),

2 =1.3+0.3 GeV ' for Reaction (2b).
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-t GeV~

FIG. 2. (a)-(c) Density-matrix elements in the Jack-
son frame. (d)-(f) Density-matrix elements in the
helicity frame. The p and K(890) data are plotted in
the same t' intervals.

Finally, in Fig. 3(a) are presented the A polariza-
tion distributions as functions of momentum
transfer for the two reactions. We observe that
both reactions exhibit similar polarization in the
momentum-transfer region shown. The shapes
of these distributions are in marked contrast to
those observed in the reactions" K P -Ap and

On the other hand, these slopes are both about
2 standard deviations smaller than in the cor-
responding A reactions whose values are quoted
above.

In summary, we have found that the simple
SU(3) relation (3) is in good agreement with the
experimentally observed distributions for both
~' and A reactions at an incident momentum of
3.9 GeV/c. This justifies, a Poste~io~i, that
the mass-dependent kinematic factors (e.g. , the
threshold and pseudothreshold factors) and ab-
sorptive effects do not significantly affect the
equality (3). It is indeed remarkable to see that
further dynamical considerations, such as these,
do not lead to a gross violation of a simple SU(3)
picture.
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FIO. 3. (a) A polarization from the reaction X p Ap (open circles) and & p —&+{890)(closed circ]es). (b) p
polarization from the reaction & p —Ap (open circles) and E p Afd {closed circles).
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FIG. 4. Differential cross sections for the reactions
E p Z p (open circles) and s p ZOE(890) (closed
circles). The p data are plotted in t' intervals of 0.2
GeV except for the last point whose interval is 0.4
GeV .
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In particular, the following relations are obtained
in the peripheral region: & coupling, -&(E p Fp)

6 ~j'A+8=A(x p YK(890)); D coupling, -A(E P
Yp}={T33)~/2A&8~A(s p YE(890)); where Az {Ao ) is

the antisymmetric (symmetric) SU(B) octet amplitude.
For more details see H. J. Lipkin, Nucl. Phys. B7,
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Phys. Rev. Lett. 17, 412 (1966).
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'The corresponding events per microbarn after cor-
rection for scanning efficiency, film coverage, fiducial
volume, and throughput efficiency for Reactions (7) and

(9) are 5.1 and 7.4 at 3.9 and 4.6 GeV/c, respectively;
for Reaction (8), they are 7.1 and 10.4 at the same
two momenta, respectively.

M. Aguilar-Benitez, S. U, Chung, R. L. Eisner,
and N. P. Samios, to be published.

'The cross sections have been corrected for & vis-
ibility and losses and for unseen resonance decay
modes. They are based on the p branching ratios as
determined in our experiment: {p-K&OK,')/(y-E'E )
= 0.89+ 0.10 and (p—x+w xo)/(p —K+E ) = 0.28+ 0.09.

M. Ahramovich, U. Chaloupka, S. U. Chung, H. G,
Hilpert, M. Jacob, M. Korkea-Aho, L, Montanet,
S. Reucroft, and J. Zatz, to be published.

9The Ap cross section has been multiplied by 1.04
to take into account its relative correction to 0"with
respect to the AE(890) cross section. The same factor
also multiplies the da/dt' distribution shown in Fig. l.

We define t' as t -tm», where t is the momentum
transfer between the target proton and the outgoing A;
-t~, is the minimum momentum transfer for a given
event.

The corresponding slope for Reaction (la) at 4.6
GeV/c is 2.0+ 0.2 GeV

We have found no significant difference in the values
of p ~ between 3,9 and 4,6 GeV/c. Also, no differ-
ences were observed between the I' E and A& E&
samples.

Simple SU(8) considerations would predict that the
observables for A~ equal those for Ap but both are
different from those for J) @ (see footnote 8). Also,
arguments concerning broken duality give a difference
between the Ap polarization (which has a planar dual-
ity diagram) and the A~ or ~p polarization (which both
have nonplanar duality diagrams). See, for example,
a discussion by R. D. Field, Phys. Rev. D 5, 86 (1972).

Because of the small statistics in the ~ p channel,
the data at 3.9 and 4.6 GeV/c have been combined and
then normalized to the total cross section at 3.9 GeV/
c, The resultant do jdt' distribution has been multi-
plied by the relative correction factor between Z y
and & X(890) of 1.05.
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