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Recent results on quarkonium and quarkonuim-like states at Belle are presented.

1 Bottomonium results

1.1 Measurement of ete™ — bb and eTe™ — Yntnw™ crossections

The crossections of ete™ — bb and eTe~™ — Yo7~ in the region of the T(55) and Y(6S) reso-
nances were measured. The results are shown in Fig. 1. Decays of the T(65) to Y(15,25,3S)r 7~
are observed. The Rx (ratios of the process X crossection to ete™ — utu~ crossection) at
10.865 GeV are found to be: Ry (igyrtr- = (2.4 £0.14+0.7) x 1073, Ryagyntr— = (42£02+
1.1) x 1073, Ry(3g)ntr- = (1.3 0.1 £0.5) x 1073, The mass of the Y (55) is measured; the
result is 10880.4 + 0.9 + 1.4 MeV/c? for the bb sample and 10884.6 + 1.4 & 1.1 MeV/c? for the
YnTn~ sample.
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Figure 1 — Crossections of e"e™ — bb and eTe™ — YTatn .



1.2 Observation of Y(4S) — hyn

The decay Y(4S) — hyn was observed. The 7 is reconstructed in 7 — 7y decay mode. The
background-subtracted distribution of the n recoil mass is shown in Fig. 2; the signal significance
is 170. The branching fraction is found to be B(Y(4S) — hyn) = (1.83 £0.16 & 0.17) x 1073.
The same process with hy — v is also studied. The difference of 1y and n recoil masses is
shown in Fig. 2. The branching fraction of hy, — ~n is found to be (52.8 + 4.7 £+ 4.2)%; the
difference of 1, and hy masses is M () — M (hy) = —494.0 + 1.3 £ 2.8 MeV /c?, and n;, width is
[(np) = 10.7 £ 2.3+ 3.7 MeV.
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Figure 2 — The 7 recoil mass and the difference of 7y and 7 recoil masses.

2 Charmonium results

2.1 Observation of Z.(4430)"

The Z.(3900)* was observed in J /17 invariant mass distribution in Y (4260) — J/yn+7~ ! (this
state was also observed by BESIII Collaboration? simultaneously). The crossection of J/¢mTm
via ISR and the distribution of the maximal .J/1m invariant mass (max(M (J/¢yr ™), M(J/¢7™)))
in the Y (4260) region defined as 4.15 GeV/c?> < M(J/¢rTn~) < 4.45 GeV/c? are shown in
Fig. 3. The resulting parameters of the Z.(3900)" are M = 3894.54+6.64+4.5 MeV, ' = 634+24+
26 MeV, B(Y (4260) — Z.(3900)F7%) x B(Z.(3900)F — 7F.J /1) /B(Y (4260) — J/yntn™) =
(29.0 + 8.9)%.
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Figure 3 — Crossection of J/¢nt7~ via ISR and maximal J/+7 invariant mass.



2.2  Analysis of B — yantn K*

The decay mode B¥ — y.ntm~ KT was observed (the significance is about 200; the AE
distribution is shown in Fig. 4). The branching fraction is B(B — xar 7~ K) = (3.944+0.19 +
0.30) x 1074, A search for resonances decaying to .17+ 7~ was performed. The distribution of
Xe1m™ T invariant mass is shown in Fig. 4. No significant signal is found.
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Figure 4 — The AFE distribution and the x.1m" 7~ invariant mass distribution in the signal region.

2.8  Observation of B — X (3872)Kr

The decay mode B — X (3872) K t7~ was observed. The AE distribution and the J/¢nt7~
invariant mass distribution are shown in Fig. 5. The branching fraction product is found to be
B(B® — X(3872)K*7~) x B(X(3872) — J/ymtr~) = (8.6 + 1.3%0%) x 106, The K*(892)
fraction is 0.29 4 0.08.
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Figure 5 — The AE distribution and the J/v7 "7~ invariant mass distribution in the signal region.

2.4  Measurement of the Z.(4430)" quantum numbers

An amplitude analysis of B — ¢/K*n~ was performed, and the spin and parity of the
Z.(4430) has been measured 3. The Z.(4430)" signal is added to the amplitude with dif-
ferent J¥ hypotheses. The preferred assignment of the quantum numbers is 1. The exclusion
levels of the 07, 17, 2 and 2% hypotheses are 3.40, 3.70, 4.70 and 5.10, respectively. Projection
of the fit results with and without the Z.(4430)% (J¥ = 1%) onto M?(+/'n) is shown in Fig. 6.
The mass and width of the Z.(4430)" are M = 4485722728 MeV /c2, T = 200735128 MeV.
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Figure 6 — Projection of the fit results with and without the Z.(4430)".

2.5 Amplitude analysis of B — J/Y K7

An amplitude analysis of B — J/v K7~ was performed. Projections of the fit results onto
M?(J /) are shown in Fig. 7. A new Z} state is observed with 7.20 significance; the preferred
quantum numbers are J© = 17. Tt is referred to as the Z.(4200)*. The exclusion levels of the
0=, 17,27, 2% hypotheses are 6.7, 7.70, 5.20, 7.60. The mass and width of the Z.(4200)" are
M = 4196735187 MeV/c?, T = 370 010 MeV. In addition, evidence for Z.(4430)* — J/¢rt
is found.
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Figure 7 — Projection of the fit results with and without the Z.(4200)".
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