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Observation of (4S) → (1S) η

Energy scan of e+e–→ bJ(1P) 

Observation of (2S) → b(1S)  arXiv:1807.01201

arXiv:1806.06203

PRL 121,062001(2018)
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Observation of (2S) → b(1S) 
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Introduction

(3S)→b(1S)

(2S)→b(1S)

(3S)→b(1S)

(5S)→hb(1P), hb(1P)→b(1S)

(4S)→hb(1P), hb(1P)→b(1S)

> 1 ab-1

On resonance:

(5S): 121 fb-1

(4S): 711 fb-1

(3S): 3 fb-1

(2S): 24 fb-1

(1S): 6 fb-1

Off reson./scan :

~100 fb-1

530 fb-1

On resonance:

(4S): 433 fb-1

(3S): 30 fb-1

(2S): 14 fb-1

Off reson./scan :

~54 fb-1

E1

M1
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Method
Use data collected at (2S).
To search for (2S) →b(1S)  plot energy spectrum of ALL photons.

Selection:

good quality of cluster
barrel ECL only
0 veto
continuum suppr. via thrust

signal
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Result
arXiv:1807.01201

First observation
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Result

Due to large uncertainty Belle result
does not settle the puzzle.
Belle-II should study this.
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Observation of (4S) → (1S) η
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In bottomonium hadronic transitions are 
OZI suppressed:

 / +– ,   χb1 / b2

Bondar, RM, Voloshin 

MPLA32,1750025(2017)

(5S), (6S) – violation of OZI-rule.

+– transitions: E1E1 gluons,
 transitions: E1M2 gluons
– Heavy Quark Spin Symmetry suppressed

(4S), (5S) – violation of HQSS.

 B meson loops
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Method

(4S) → (1S) η (1S) → +– η →   → +– 

→ +–  → +– 

PRL 121,062001(2018)



11

Results

(4S) → (1S) η 0.70  0.18

Predictions:

emission via hadron loops: 0.2  Rη/η  0.6

emission via gluons: enhanced by a factor 25
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Energy scan of e+e– → bJ(1P) 



(1S) +–

(5S) (6S)

(3S) +–

bb

(2S) +–

_

e+e–→ (nS) +– and 
e+e–→ hb(mP) +–

proceed  via (5S), (6S)

PRD93,011101(2016)

hb(1P) +–

PRL117,142001(2016)

hb(2P) +–

Belle energy scans
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Results

e+e–→ bJ(1P) 

Production mechanism remains unestablished.
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Results
Combined data in the (6S) region



Conclusions
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Analysis of Belle data on bottomonium is on-going

Observation of (4S) → (1S) η

Energy scan of e+e–→ bJ(1P) 

Observation of (2S) → b(1S)  arXiv:1807.01201

arXiv:1806.06203

PRL 121,062001(2018)

On-going Belle analyses (to be reported soon):

Energy scan of BB, BB*, B*B*,.. cross sections

Update on line shape of Zb states in elastic channels

Search for (5S) → WbJ  → ((1S)+–) 

Search for (4S,5S) → b(1S,2S)  …

Your wishes on what should be (still) studied at Belle ?


