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Integrated luminosity at B factories
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Y(1S/2S)— light hadrons: 77% rule ?
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@ Similarly, we expect
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= 3 three-body modes: ¢K*K-, on*n-, K'OK-tt*;

o Phys. Rev. D 86,
4 VT modes: 0f'p, ofy, pap, K'0K3'0; 031102(R) (2012)

. 3 Axial-vector-Pseudoscalar (AP): K1(1270)*K-, K1(1400)K-, b (1235)*r-.
B _ Phys. Rev. D 88,
® Look for final states: K.K*n", ntnn, ntnnd 11102(R) (2013)




3 three-body modes: 0K*K-, on*n-, K'OK-nt+;

T(1,2S) — OK*K-:

- Qy=079+054+0.13:

Y(1,2S) —» on*n-:
« Qy=0.30x0.13+0.11;

= UL: Qy <0.55;
2.6 below prediction

Y(1,2S) — KOK--:
= Qy=0.52+0.11 £ 0.14;
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4 VT modes: 0f'y, wfy, pas, K'OK5™0;
3AP K1(1270)*K-, K1(1400)K-, b4(1235)*r-.

o After requiring | M+ - —mgy| < 8
| M o+ —n0 — | < 30, and
‘AJI{—I—W— — ?HK*D(BQQ)‘ < 100
MeV/cQ, the Dalitz plots are
obtained.

@ Interestingly, the events accumulate
near the phase space boundary,
reflecting the quasi-two-body
nature of these decays.
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Events/10 MeV/c?

4 VT modes: ¢f'y, wfy, pap, K'OK,™0;
3AF’ K1(1270)*K-, K1(1400)K-, b1(1235)*x-.
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v Assume no interference due to the limited statistics.



Results

Channel T(1S) T(295)
B BYP B BUP O~ Q%P
SKTK~ [2.36+0.37+0.29 1.58 +0.33 + 0.18 0.67 +£0.18 +0.11
wrtr 4.46 + 0.67 +0.72 1.324+0.54 +0.45 2.58| 0.30+0.13+0.11 0.55
K*°K—#nt [4.4240.50 £ 0.58 2.32 + 0.40 + 0.54 0.52+0.11 +0.14
15 0.64£0.37£0.14 1.63| 0.50£0.36 £0.19 1.33] 0.77 £0.70 £ 0.33 2.54
w fo 0.57 £ 0.44 4 0.13 1.79|—0.03 + 0.24 + 0.01 0.57 |—0.06 & 0.42 4+ 0.02 1.22
paz 1.154+ 0474+ 0.18 2.24| 0.27+ 028 +0.14 0.88] 0.23+0.26+0.12 0.82
K*9K3° [3.0240.68 +0.34 1.53 +0.52 + 0.19 0.50 + 0.21 £+ 0.07
K1(1270)TK~[0.54 £ 0.72 £ 0.21 2.41| 1.06 £0.42+0.32 3.22| 1.96 £2.71 £ 0.84 4.73
K1(1400)* K~ [1.02 £+ 0.35 £ 0.22 0.26 £0.23+0.09 0.83] 0.26 +0.25+0.10 0.77
b1 (1235)T 7~ [0.47+0.224+0.13 1.25] 0.02+0.07+0.01 0.40| 0.05+0.16 +£0.03 0.35

Q~ is the ratio of the Y (25) and Y(15) branching fractions. Branching
fractions are in units of 107" and upper limits are given at the 90% C.L.

=¢ Signals are observed for the first time in the T(15) - ¢ K"K~
(8.60), wrtn™ (8.50), K**K—=nt, K*°K3° (110) and
Y(25) = ¢K+TK~ (6.50), K**K~7n" (6.40) decay modes.

=> We find that for the processes ¢ K" K~, K*'K~n*, and
K*OK*O(143O) the (Qy ratios are consistent with the expected value,

while for wrtn™

expectatlon.

, the measured Q) ratio is 2.60 below the pQCD



® Look for final states:K.K*n",n*nnn%, ntnnd
<= Signal extracted from the X; distribution

shaded histograms: dashed curves: total
continuym contributions /background estimates
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Y(1S,2S) — VP
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I 9
Y(1S/2S)—VP Results and Discussions &£>

BELLE
Channel T(1S) ' - T(2S) ' '
Nsig B BY | N B Bt Qr/QY"
KYKtn~ 372476 1.59+033+0.18 — |39.54+10.3 1.144+030+0.13 — |0.72+0.24+0.09
atr a7 [143.24+22.4 12.8 +£2.01 £2.27 — [260.7+37.2 13.0+1.86+2.08 — [1.01 £0.22+0.23
atr n® |2565+£86 214+072+034 — |—2.1+95 —0.10+0.46 + 0.02 0.80 0.42
K*(892)"K" [16.1 £4.7 [2.92+0854+0.37|— [14.7+6.0 [1.79+0.73 +£0.30] 4.22 1.20
K*(892)"KT[20+1.9 |0.31+0.3040.04{1.11{5.7+ 3.4 0.58 +0.35 £+ 0.09| 1.45 5.52
wr? 25+21  1.32+1.11+0.14 3.90(0.1 + 2.2 0.03 £ 0.68 £0.01 1.63 1.68
pT 11.34+59 1.75+0.91+£0.28 3.68{—1.4+86 —0.11+0.64+0.03 1.16 0.94
— Observed for the 1st time indication for large isospin violation

1. For the processes Ks K @ and n*n-n? 19 the Q, ratios are consistent
with the expected value.

2. For n* m- n9 the Qy ratio is a little lower than the pQCD prediction.

3. The results for the other modes are inconclusive due to low statistical
significance.

4. These results may supply useful guidance for interpreting violations of
the 12% rule for OZI-suppressed decays in the charmonium sector.
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Double charmonium decays of x, (1P)

PRD 84, 094031 (2011)
NRQCD predicts a BF for 3, — JAwJy of 105 (J=0,2) or 10-11 (J=1):

Similar predictions exist for pQCD and light cone formalism: pRD 72, 094018 (2005)

=0 J=2 PRD 84, 074026 (2011)
XoJ — JIwdly 9.6 x 10-5 1.1 x 10-3
XbJ — Jwy' 1.6 x 104 1.6 x10-3
XbJ — V'Y 6.6 x 10-5 59 x 10-4

Measurement of these modes would allow for some discrimination and
refinement between these models.

Search for 9 different decay modes:

= Ypy —= JWdly, xpg— ', ypy — v'y' foreach of J =0, 1, 2;

= Search via radiative decays of T(2S): Y(2S) — v pJ-

Fully reconstruct one of the charmonium particles, and require that the
missing mass is equivalent to a second charmonuim particle:



Double charmonium decays of x, ,(1P) 5=

Events/2 MeV

Events/2 MeV

Events/2 MeV
‘:If__“..l. II"nJ [T U‘ll L= |

PRD 85, 071102(R) (2012)

Xby — JIpdhy Xbs — Jpy’
No significant signal in any Channel n"? (%) o

channel. xeo — J/J /i 21 5.E

xo1 — J/YJ/Y 13 6.

Upper limits are much lower than  x»2 — Jjd /225,
central values predicted by LC Xvo — Z” gtg
i Xb1 — J /Y 9.8 )
formalism and pQCD. i — Jjo 17 3.
. - : : W' 30 2 20 3. |
Upper limits are consistent with I =Y '*9“ ) 1} ) PR
NRQCD calculations g irls T = DR AR
' xp2 = ¥’ 33 21 12 16x107°




Y(1,2S) -» double charmonium

e'e’ = y* - double charmonium

PRL 89, 142001
PRD 70, 071102
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20
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PRD 85, 071102(R) U.L Only g Mt L W # . |
: 2 2.6 3 3.4 3.8
Matching Phys. Rev. D76, 074007 Mo W) (GeV/c?)
Light Cone formalism PRD 80, 094008
NRQCD PF{_D 84,094031 B BT Ruars
Not matching = V - VP
Potential QCD PRD 72, 094018
Reconstruct V in
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Perturbative QCD PRD 76, 074007 cC
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Y. Jia, Phys. Rev. D 76, 074007

Bth

(2007).
J. Xu, H.-R. Dong, F. Feng, Y.-]. Gao, and Y. Jia, Phys. Rev. D 87,

y 13
Y(1S) -» double charmonium
arXiv:1409.7644
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Y(2S) - double charmonium

14

arxiv:1409.7644
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Summary

® Belle has the largest data samples of Y(1S,2S) events

® Many exclusive decay modes to light hadrons have been
measured and some are observed for the first time, like ¢K+K-,to
test NRQCD, pQCD rule. Some channels, like n* wn%, are
suppressed compared to 77% rule., which is the same as In
charmonium decays.

e With large Y(2S) data sample, X, to double charmonium
decays were searched for. 90% U.L. on Br are consistent with
NRQCD prediction.

® Y(1S. 2S) to double charmonium decays were searched for.
First evidence of Y(1S)—J/Ww+X_, was observed.

@ Bellell will have much larger data sample. Very promising
results will come out in the future.
)
Theay

Lf’
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