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e Charmonia results
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* Summary
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Charmonia

Observed States:

* Conventional Charmonium

* Unconventional neutral states
* Unconventional charged states

Pentaquark candidates

mostly bound states of mesons/baryons.
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Recoil mass
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B Photon energy
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B Fit to yy(2S) invariant mass
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{B Nature of observed states
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Bottomonia

Search exotics by i, y, m transitions
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Measurement of e*e- . bb cross section
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OELLE

Events reconstruction

Data samples include:

* 571 fb-1 on the Y(4S) resonance

e 121 fb-1 on the Y(5S) resonance

* 16 fb-1 distributed evenly in 16 points
between 10.63 and 11.02 GeV

Full reconstruction of one B in event.
Using MVA for signal selection and
continuum suppression.
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Key variables for analysis are

‘Mrbf: = \/(Ebﬁam,CM')z - (PB,CM)E

AFE = AFE — My, + Mp
where

AE = Epcy — Eveam,cm

AE' has improved resolution and allows all
decays (BB, BB*, B*B*) to be selected with
a common cut on energy difference

-0.05

Signal selection
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S M. for signal AE" region & side-bands
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<O M. fit
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<o Cross section

2 05F T(5S) E@i

* Note the discrepancy in the cross section of R, -
and the sum of these two body modes near the *% |
Y(5S) — the excess is Bs'Bs®, 041
B®B®nm,bottomonia + light hadrons. ‘

dressed

e The two-body sum of BB, BB* and B'B* does o3

not peak at the Y(5S) mass, despite theoretical
expectations 0ol
* Results are published in JHEP 2106, 137 -

(2021 June 23). 01l
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B Y(5S) - Y(nS) n

September 5-1

OELLE

Belle measured I'(Y(5S) - hy(mP)rt'n) / T'(Y(5S) - Y(nS)n'm) ~ O(1) while it was
expected to be O(107%) due spin flip, leading to discovery of Zb states.
I'(Y(4,5S)-Y(nS)h) / T'(Y(4,55) - Y(nS)m*m) is also expected to be O(10?), while it was
measured to be 2.41+0.40+0.12 for Y(49).

Below BB threshold, measured I'(Y(2,3S) - Y(1S)n) / T'(Y(2,3S) - Y(1S)n'm) is
consistent with QCDME predictions.

Analysis of similar processes is crucial for better understanding of the quark structure of
bottomonium states above the BB threshold.

Data sample: 118 fb™ at Y(5S) & 21 fb™ energy scan in 10.63 — 11.02 GeV.

Decay channels: Y(1,2S) - u*uw, Y(2S) - Y(1S)t*mw, n-vyy, ' n’, n’ -t

Final state: w*wmtn
du " ¥y PANIC 2021 15
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B Y(5S) - Y(nS) n results
arXiv:2105.06605v2

| og(eTe” — T(2S)n) = 2.07 £ 0.21 £ 0.19 pb,
Cross section op(ete” — Y(1S)n) = 0.42 £ 0.08 £ 0.04 pb,
op(ete” = Y(1S)n") < 0.035 pb, CL = 90%.

OELLE

| | B(Y(5S) — Y(1S)n) = (0.85 + 0.15 £ 0.08) x 10,
Branching fractions g (58) — T(28)7) = (4.13 + 0.41 + 0.37) x 1073,
B(T(5S) — Y(1S)n') < 6.9 x 10~°, CL = 90%.

QCDME calculations
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- Belle II potential

Belle I

* Run at Y(6S) and Y(5S) and high energy scan:

- Search for new, predicted, resonances such missing bottomonia, exotic states,
- Improve precision of already known process and states: e.g. Zb’s,
- Measure the effect of the coupled channel contribution,

- Study BB and Bs®Bs™ threshold regions (challenging for Super-KEKDb).

* Run at Y(3S) and Y(2S):

* Search for missing nri/n transitions to constrain further theoretical models,
* Search for new physics: LFV, LFU, new scalars...
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- Belle II plans

Belle I

e Main focus to collect Y(4S) on-peak data.

* Upcoming non-Y(4S) plans (Nov 2021):
+ 10.751 GeV (10 fb'): to study Y1(10753) on-peak,

- 10.657, 10.706, 10.810 ( 1+2+3 fb): additional points for BB
decomposition.

* Expected data: ~400 fb* by end of 2021, ~750 fb! by summer
2022.

* 9 month upgrade, then data taking till 2026, expected O( 10 ab™).
» After upgrade: 11 GeV ( 30 fb*): to study Y(6S) on-peak.

 Future proposals: options for larger Y(6S), Y(3S), Y(5S) datasets.
September 5-10 PANIC 2021 19



D
o Summary

* Belle experiment data analysis is still ongoing.

* New results are coming for charm and beauty sectors.

* Belle II is collecting data, statistics soon will be comparable to BaBar/Belle.

* Charmonia / bottomonia / XYZ is a significant component of the physics program.
* Advantages with unique production, decay modes related to neutrals.

* Planning for non-Y(4S) energies.

e Input welcome from community on 10.75 GeV and other bb studies.
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