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Previous calculations by Geiger and Isgur showed that systematic cancellations among hadronic loops occur
for uu—ssmixing in all the low-lying nonets except'0". They suggested it is due #P, dominance of the
effective quark-antiquarkg(q) pair creation operator. Here we give a general argument that there should be a
large mixing for 0" nonet from hadronic loops no matter what kind of model is assumegidareation. By
the same argument we show that the Okubo-Zweig-liz(®BZl) rule should be best obeyed in the 1,

2** and 3~ nonets, but not very well obeyed in the 0, 17—, and 1" * nonets. All these model inde-
pendent expectations are compatible with calculations by Geiger and Isgur usifi§heodel as well as
experimental data. A similar argument also suggests a large hadronic loop contribution fop-the ¢
reaction.[S0556-282(196)01511-1

PACS numbegps): 12.39-x, 12.38.Aw, 13.75.Cs, 14.40.Cs

Previous calculation§l,2] by Geiger and Isgur showed have the biggest contributions, and only consider these loops
that systematic cancellations among hadronic loops occur fdrere. We want to show that the cancellation or lack thereof
uu-ss mixing in all the low-lying nonets except®0". In  between these loops gives a natural model independent ex-

their 3P, model, the contribution of hadronic loops is com- planation of the relative size faru-ss mixing of different

flonets. These effects are included in ftig, model calcula-
: e - tions of [1,2] but without highlighting their important role.
cel exactly in trle closure pIu.s spectat()j apprommaﬂon ®XThe cancellation effects from other terms stressdd P are
cept for the 0" nonet. Taking the 1~ nonet as their

uite model dependent and may be only responsible for the
prototype[ 2], they found that the dominant cancellations aregbsolute size o?the mixing. y y Tesp

those between the relatite= 1S-wave + S-wave states and Ten years ago, one of us gave a general symmetry argu-
the relativeL =0 S-wave + P-wave states. Their results are ment showing(4] that KK* and KK* loops have opposite
based on assuming th&P, dominance of the effective phase toKK andK*K* loops. It is these loop cancellations
quark-antiquark ¢q) pair creation operator. However we that make the OZI rule appear to work very well f¢Fw
find that the large violation of the Okubo-Zweig-lizuka mixing. However, for some nonets, eitheKK or
(OZI) rule [3] in 0 nonet may not depend on tPy  K*K +KK* loops are forbidden by parity conservation. In
model though this model is quite possibly correct. Our argu-Taple |, we list the relative phase from each hadronic loop
ments are as follows. o o for the low-lying nonets, while 0 stands for forbidden. For
Let us assume that initiafjq states are puress and 1-~ 2% and 3 ~ nonets, all four loops are allowed and
nn=(1/y2)(uu+dd) states. They can mix with each other we expect the largest cancellations; fof 1, 1**, and
by strange meson loops. The first term in the alternatin@~* nonets, the&KK loop is forbidden and we expect weaker
series of terms considered by Geiger and Isgur correspon@gncellations; for the 0 nonet,K* K +KK* loops are for-
to_the contribution ofS-wave + S-wave meson loops, i.e., pidden and there iso cancellation. In Table I, we also list
KK, KK*, KK* andK*K* loops. The second term corre- the results of hadronic loop contributions to the mixing am-
sponds toS-wave K,K*) + P-wave (K3 ,K7,K3) meson plitudes, A’ (uu—ss), by Geiger and Isgufl] using the
loops. The other terms include even heavier strange mesonP, model, as well as mixing angles obtained from experi-
At energies around 1.5 GeV, only the first term has an onmental information[5-7]. Both are consistent with our
shell loop contribution. The others have only virtual off-shell model independent expectations. For the*Ononet, the
loop contributions which are very model dependent. Theyarge mixing angle can also be explained by hadronic loops
may cancel part of the off-shell part of the first term as in-[6] though its 1) anomaly explanation is not excluded.
dicated in[1,2], but cannot cancel the on-shell part of the Due to the largessnn mixing for 0~ * nonets, 77,
first term. We expeckKK, KK*, KK*, andK*K* loops  #7’, andn’»' loops can also contribute to tises-nn mix-

0556-2821/96/53.1)/66932)/$10.00 53 6693 © 1996 The American Physical Society



6694 COMMENTS 53

TABLE I. Hadronic loop contributions to thes—nn mixing. TABLE II. Hadronic loops forpp— ¢ .
+ and — represent the relative phases of loops. 0 stands for for= — ————
bidden.A’ (mg3) are mixing amplitudes from th&P, model[1] in Allowed initial states KK KK* ,K*K,K*K*
units of MeV. ¢ is the ss-nn mixing angle obtained from experi-
mental data. S=0, L=even, J=L Forbidden Allowed
S=1, L=odd, J=L
PC KK KK* K*K K*K* A'(mg)  |8(mgs)l S=1, L=odd, J=L+1 Allowed Allowed

S=1, L=odd>1, J=L-1

1= o+ - - + 86  0.7-3.4°[5]

27+ - - + 7.1 7~9° [5]

SO + 74 -7 (5] is fair. But here we show that the summation of all four loops

v - - + 594 ~18°[6] gives a result similar to that obtained by considering only

é N 8 B B + 89.5 4;228 [6[3]5] KK loops. The key point is shown in Table Il. In allowed
- — — + - o ) ¢ —_—

artial waves fo , only half can go through &K
o't + 0o o0 + 537 ~36°[7] P Pp— b, only g g

loop while all of them can go through the other three loops.
Even if the summation of thEKK*, KK*, andK*K* loops
ing of some nonets. But it is a second-order effect and muchas similar size and opposite phase, the summation of four
smaller than strange meson loof®]. Note also that the |oops will give a similar result to considering only tieK
nn loop has the same phase KK [8]. loop since the loops from different partial waves cannot can-
There is another important point for theé 0 nonet. The  cel each other. Therefore combining the calculatior 1df]
on-shellKK loop can give a very large imaginary part to the and arguments here, we conclude the strange meson loops
ss—nn transition amplitude because no centrifugal barriercan explain the large cross section fip— ¢ ¢ and it is not
factor is present here foB-wave decay. This is also the necessarily due to the presence of strange quarks in the
reason for the narrow peak structure fg{980) [7,9]. The  nucleon[13].
on-shellKK loop contribution is suppressed by the centrifu- [N summary, from a general proper consideration of loop
gal barrier factor for other nonets. Tié listed in Table Iis ~ cancellations we can explain naturally the snszinn mix-
only the real part of the transition amplituffsl. So due tono  ing for the "7, 2, and 3~ nonets as well as larger
cancellations to th&<K loop, both the real and imaginary MiXing fo.r other low-lying nonets. In particular, there is no
parts of thess—nn transition amplitude are very large. cancellation to thekK loop for the 0" nonet so that no
There is no nearly purés0* * meson. nearly puress 0" * meson exists. These results do not de-
The strange meson loops also play a significant role ifPend on the model assumed for the creation operator,
exp|aining the |arge Cross Section 'Iﬁ)_) ¢¢ around 2.2 though th93P0 mOdel may enhance our Conclusions W|th the
GeV observed by the JETSET collaborat{d®]. A calcula- ~ arguments inf1]. A similar argument also suggests a large
tion [11] showed that th&K loop can explain the observed hadronic loop contribution to thep— ¢ ¢ reaction.

cross section very well. This calculation was criticidd] We thank D. V. Bugg, F. E. Close, N. Isgur, M. P.
for not considering th&K*, KK*, andK*K* loops which  Locher, and N. Tmqvist for useful discussions and com-
may have opposite phase to t& loop [4]. This criticism  ments.
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