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(1). Using samples of 102 million Y(1S) and 158 million Y(2S) events at Belle, we study 17 exclu-
sive hadronic decay modes of these two bottomonium resonances to some Vector-Pseudoscalar
(VP), Vector-Tensor (VT) and Axial-vector-Pseudoscalar (AP) processes and their final states.
Branching fractions are measured for all the processes. The ratios of the branching fractions of
Y(2S) and Y(1S) decays into the same final state are used to test a perturbative QCD (pQCD)
prediction for OZI-suppressed bottomonium decays. (2). Using data samples of 89 fb~!, 703
fb~!, and 121 fb~! collected at center-of-mass (CMS) energies 10.52, 10.58, and 10.876 GeV,
respectively, we measure the cross sections of eTe™ — wn°, K*(892)K, and K;(1430)K. The

energy dependence of the cross sections is presented.
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Test of QCD at large Q* with exclusive hadronic processes Chengping Shen

1. Measurements of Y(15) and Y(2S) decays into VT, AP and VP final states

For the OZI (Okubo-Zweig-lizuka) suppressed decays of the J/y and y(2S) to hadrons,
pQCD provides a relation for the ratios of branching fractions (%) for J/y and y/(2S) decays
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which is referred to as the “12% rule” [M]. However, it is found to be severely violated for pm
and other VP and VT final states. A similar rule can be derived for OZI-suppressed bottomonium

decays:
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Using 102 million Y(1S) events, 158 million Y(2S) events, and a 89.4 fb~! continuum data
sample at /s = 10.52 GeV, Belle has studied some exclusive decay channels to test such rule [2].

Figure I shows the K"z~ invariant-mass distribution from Y(1S) — KTK~ 2"~ and also
shows the mass projections for the vector K**(892) and tensor meson K3°(1430) candidates from
2D fits to the events from Y(15) — K*9(892)K3°(1430) decay. Clear signals could be observed.
For the details to the other three-body ¢K+*K~, wntn~, and K*°(892)K~ 7" and two-body VT
(9 £5(1525), 0 >(1270), pa>(1320), and K*°(892)K;°(1430)) and AP (K, (1270) "K ~, K, (1400) 'K,
and b (1235)" ™) final states from Y(15) and Y(2S) decays, please refer to Ref. [B].
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Figure 1: The K7~ (left panel) invariant-mass distribution for the final candidate events from Y(1S) —
K*K~m" 7. And the mass projections for the vector K*9(892) (middle panel) and tensor meson K;°(1430)
(right panel) candidates from 2D fits to the events from Y(1S) two-body decay. The open histograms show
the results, the dotted curves show the total background estimates, and the shaded histograms are the nor-
malized continuum contributions.

Figure O shows the scaled total energy Xy = Z E,/+/s distribution, where Ej, is the energy
h

of the final-state particle / in the e"e~ CMS frame, and the K7, Kgn_ mass distributions for
the K*(892)°, K*(892)~ vector meson candidates from Y(1S) — KK "7~ decay together with the
fitted results. Clear K*°(892) signal is observed. For the details to the other KSK trn, wtn 070,
and 771~ 7%, and two-body VP (K*(892)°K?, K*(892) K™, wx®, and p ) final states from Y(15)
and Y(2S) decays, please refer to Ref. [H].

Table 0 gives the final results for the Y(1S) and Y(2S) decays branching fractions and the
calculated corresponding ratio for all the modes. Form these results, we see for on*n~, n+n~ 7"
and b;(1235)" 7t~ the Qy ratio is a little lower than the pQCD prediction. The results for the
other modes are inconclusive due to low statistical significance. These results may supply useful
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Figure 2: The fit to the scaled total energy X7 distribution (left panel) and the fits to the K7, Kgnr’
mass distributions (middle and right panels) for the K*(892)°, K*(892)~ vector meson candidates from
Y(1S) — KgK *T7~ decay. The solid histograms show the best fits, dashed curves are the total background
estimates, and shaded histograms are the normalized continuum background contributions.

Table 1: Results for the Y(15) and Y(25) decays, where 4 is the branching fraction, ' is the upper limit
on the branching fraction, Qy is the ratio of the Y(2S) and Y(1S) branching fractions, and QITJP is the upper
limit on the value of Qy. Branching fractions are in units of 10~ and upper limits are given at the 90% C.L.

The first error in % and Qy is statistical, and the second is systematic.

Mode Channel Y(1S) Y(2S)
B %UP B @UP QY Q%JP
OKTK~ 236+0.37+£0.29 — 1.584+0.33+£0.18 — 0.674+0.18+£0.11 —
ontr” 446+0.67+0.72 — 1.324+0.54+0.45 2.58 0.304+0.13+£0.11 0.55
3- or 4-body KK gt 44240.50+058 — 2.324+0.404+0.54 — 0.52+0.114+0.14 —
processes Kgl(*n* 1.594+0.33+£0.18 — 1.144+0.30+£0.13 — 0.724+0.24+£0.09 —
atrn n0n0 12.8+£2.01+2.27 — 13.0+£1.864+2.08 — 1.01£0.224+0.23 —
atan a0 2.144+0.72+034 — —0.10£0.46+0.02 0.80 —0.05£0.21+0.02 042
of 0.64+0.37+0.14 1.63 0.50+0.36£0.19 1.33 0.774+0.70+£0.33 2.54
VT afr 0.574+044+0.13 1.79 —0.03+0.24+0.01 0.57 —0.06+£0.42+0.02 1.22
pas 1.15+£0.474+0.18 2.24 0.27+0.284+0.14 0.88 0.234+0.26+£0.12 0.82
K*OI?;O 3.02+£0.68+0.34 — 1.534+0.52+0.19 — 0.504+0.21+£0.07 —
K1 (1270)*K~ | 0.544+0.72+0.21 241 1.06 +0.42+£0.32 3.22 1.964+2.71+£0.84 4.73
AP K (1400)T K~ 1.02+0.35+0.22 — 0.26£0.23+0.09 0.83 0.26+0.25+0.10 0.77
bi(1235) n~ 0.474+0.22+0.13 1.25 0.024+0.07+£0.01 0.40 0.054+0.16+£0.03 0.35
K*(892)0K0 2924+0.85+037 — 1.794+0.73+£0.30 4.22 0.614+0.31+£0.12 1.20
VP K*(892)"K™ 0.314+0.30+£0.04 1.11 0.584+-0.35+0.09 145 1.874+2.12+0.33 5.52
or° 1.32+1.114+0.14  3.90 0.034+0.68 £0.01 1.63 0.024+0.50+0.01 1.68
pr 1.75+091+£0.28 3.68 —0.11£0.64+0.03 1.16 —0.06+£0.38+0.02 094

guidance for interpreting violations of the 12% rule for OZI suppressed decays in the charmonium

sector.

2. Measurement of e"e~ — o7, K*(892)K and K;(1430)K at /s near 10.6 GeV

The energy dependence of the cross sections for eTe~ — VP is different under different the-
oretical models. We have the cross sections ratio relation wz® : K*(892)°K? : K*(892) K" =
9 :8:2 with SUB3); symmetry. But with the CLEO experiment measurement at /s = 3.67

GeV and 3.773 GeV [B], Ryp = g&f:::g((sgzz))fﬁ)) is greater than 9 and 33 at /s = 3.67 GeV

and 3.773 GeV, respectively, at the 90% C.L. By taking into account SU(3); symmetry break-
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ing, a pQCD calculation predicts Ryp = 6.0 [H]. In the quark model, one may naively expect
Rop = GB(e+e:—>K§(l430)i)K'°) — Ryp.
op(eTe™—K;(1430)K™T)

After all the selection requirements, clear e*e™ — w77~ %1% and KJK 7~ signals are ob-
served in the X7 distributions, where E}, is the energy of the final-state particle /4 in the ete™ CMS
frame. We require |X7 — 1] < 0.025 for z* 7~ 2%7° and X7 — 1| < 0.02 for KIK "7~ to select sig-
nal candidates. For the selected events, Fig. B shows the 77~ 2% K7~ and K{7~ invariant mass
distributions for the 777~ 7%7° and KgK Tx~ final states from the /s = 10.58 GeV data sample.
The dots with error bars are from the data and the light shaded histograms are from the normalized
ete™ — uii/dd/ss backgrounds. In the £+ 7~ ¥ invariant mass distributions, the dark shaded his-
tograms in the @ and ¢ mass regions are from the normalized e*e™ — %sr®/¢ — NsrA 7~ 7°
backgrounds. In the K*7~ and Kgn_ invariant mass distributions, we observe clear K*(892)°
and K3 (1430)~ signals, while almost no signals for K3 (1430)° and K*(892)~ can be seen. The
solid lines, shown in Fig. B, are from unbinned maximum likelihood fits. For other plots from
/s =10.52 GeV and 10.876 GeV data samples, please refer to Ref. [Q].
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Figure 3: The fits to the 777~ " (left), K™ 7~ (middle) and Kgn’ (right) invariant mass distributions for
the @, K*(892), and K (1430) meson candidates from ete™ — 77~ 797" and KK "7~ events from the
/s = 10.58 GeV data sample. The solid lines show the fit results, the dotted curves show the total back-
ground estimates, the dark shaded histograms are from the normalized ISR backgrounds eTe™ — Yisr®/ 9 —
yisr "~ 1° and the light shaded histograms are from the normalized e e~ — uii/dd/ss backgrounds.

Table 2: Results for the Born cross sections, where op; (i = 1,2,3 for /s = 10.52, 10.58 and 10.876 GeV)

is the Born cross section, O'E-L is the upper limit on the Born cross section. All the upper limits are given at

the 90% C.L. The first uncertainty in Op; is statistical, and the second is systematic.

Channel o1 (fb) / op - (tb) o (fb) / o) (fb) o3 (fb) / o) (fb)
on’ 453738 +£0.50/11 | 6.017]40+0.57/— | —0.687114+0.20/6.5
K*(892)°K% | 10.7713455 £0.77/ — | 7.48+£0.67+0.51/— | 7.58%}47+£0.63/—

K*(892) K" | 1.1470994+0.15/23 | 0.187034+0.02/04 | 0.2870%+£0.10/1.5

K3(1430)°K° | 0.76733. £0.14/4.0 | 1.657030+£0.27/3.1 | 0.387]754+0.07/3.5

K3(1430)"K* | 6.067303+1.34/11 | 8.36+£0.95+£0.62/— | 6.201]30+0.64/ —

Table @ shows the results for the measured Born cross sections including the upper limits at
90% C.L. for the channels with a signal significance of less than 36. We fit the 1/s" dependence
of the cross sections for the processes ete™ — wn’ and ete™ — K*(892)°K? to our data and
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Figure 4: The cross sections for e*e™ — @’ and K*(892)°K°. The data at /s = 10.52, 10.58, and
10.876 GeV are from our measurements. The data at /s = 3.67 and 3.77 GeV are from CLEO measurement.
Here, the uncertainties are the sum of the statistical and systematic uncertainties in quadrature. Upper limits
are shown by the arrows. The solid line corresponds to a 1/s* dependence and the dashed line to a 1/s*
dependence; the curves pass through the measured cross section at /s = 10.58 GeV.

those from CLEO at /s = 3.67 and 3.77 GeV [B]. The fit gives n = 3.83 +0.07 and 3.75 +0.12 for
ete™ — K*(892)°K and wn”, respectively. These differ significantly from the 1/s? [B] or 1/s° [B]
predictions and agree with 1/s* [8, [, 0] within 2.56.

Based on the likelihood curves of the cross section measurements, in which the relevant sys-
tematic uncertainties are convolved, we obtain Ryp > 4.3,20.0,5.4, and Rtp < 1.1,0.4,0.6, for
Vs =10.52, 10.58, and 10.876 GeV, respectively, at the 90% C.L. For K*(892)K, the ratio of the
cross sections of K*(892)°K? and K*(892)"K* at /s = 10.58 GeV is much larger than the pre-
dictions from exact or broken SU(3) symmetry models. Conversely, for K (1430)K, the ratio of
the cross sections of K3 (1430)°K? and K3 (1430) K is much smaller than the prediction from the
SU(3) symmetry or with the SU(3) symmetry breaking effects considered.
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