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This talk is about our encounters

                          with the (Strong) Force   

                                              which binds us all 
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“We” are the Belle and Belle II Collaborations (many more people than shown here)

https://www.facebook.com/belle2collab
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Some of our most important encounters with the Force

bondaralex55@gmail.com
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Our Excellent Tools (with great thanks to many, many exceptional individuals)

/ KL detection
14/15 lyr. RPC+Fe

Central Drift Chamber
small cell +He/C2H6

CsI(Tl)
16X0

Aerogel Cherenkov counters
n=1.015~1.030

Si vertex detector
3/4 lyr. DSSD

TOF counters

SC solenoid
1.5T

8 GeV e

3.5 GeV e

Belle Detector
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Our Excellent Tools (with great thanks to many, many exceptional individuals)
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Our Excellent Tools (with great thanks to many, many exceptional individuals)

and KEKB which came before this
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       This talk is about (primarily, already published)

                              experimental results

           References to proper theoretical analyses 

          could be found in recent excellent reviews

(there are many such, I made an unbiased choice here)
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One of the main thrusts remains to be New Physics
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Misha Voloshin (at B2TiP @Pittsburgh, rephrased): here is our New (Old) Physics
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From “Heavy-quark QCD exotica” by  Richard F.Lebed, Ryan E. Mitchell, Eric S.Swanson
Progress in Particle and Nuclear Physics,  Volume 93, March 2017, Pages 143-194

XYZ Discoveries at BelleRenaissance of QCD and Hadron Spectroscopy
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Currently, none of the models provide a unified description of observations! 

Some states (e.g. famous X(3872)) are best described by a “mixture of models”

Belle/Belle II role and one of the most important goals is more data (analysis).

A better understanding of non-perturbative QCD remains

to be important, topical and necessary after all these years.

Our analyses, however, are often driven by creative ideas in phenomenology.

Still Crazy (about non-perturbative QCD) After All These Years
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QCD diquarks

+Kinematically induced resonance-like
mass peaks (such as, e.g. threshold cusps)

MODELS FOR NONSTANDARD HADRONS 
(from Olsen, Skwarnicki, and Zieminska, REVIEW OF MODERN PHYSICS, VOLUME 90, JANUARY–MARCH 2018)

Lattice QCD should (in principle) be able to predict all colorless states and effects but huge amount of resources would be needed
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PDG Naming Scheme and Historical / Discovery Nomenclature

 in the PDG naming scheme X(mass) would be a state with not-yet-measured quantum numbers
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Used  a Breit-Wigner (convolved with resolution) fit to mass spectrum
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The Nature of X(3872): Prospects with Belle II
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Toward X(3872) Total and Partial Widths Measurements with Belle II

Master thesis of H. Hirata (KMI / Nagoya University)
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Accepted for publication in Phys. Rev. D

Studies of the lineshape allow the theorists to assess the extent of the compact hidden charm structure
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(                   )
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Belle / Belle II investigated the situation in the bottom sector also
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Bottomonium, the Success of the Cornell Potential Model and the Missing States

S. Godfrey and K. Moats, Bottomonium mesons and strategies for their observation, Phys. Rev. D 92, 054034 (2015)
S. Godfrey and N. Isgur, Mesons in a relativized quark model with chromodynamics, Phys. Rev. D 32, 189 (1985).

Exotics: Heavy Pentaquarks and Tetraquarks
Ahmed Ali, Jens Soren Lange, and Sheldon Stone
Progress in Particle and Nuclear Physics
Volume 97, November 2017, Pages 123-198
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Belle has done an excellent job filling in the gaps and more. Belle II now continues this work

hb(1P) + -

Belle discovered some of the 
expected quarkonium states
and discovered the exotic
states in the bottom sector

PRL 108, 122001 (2012)
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New important measurements in the bottom sector from Belle II
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 Observation of a New Structure in Energy Scan Between 10.52 and 11.02 GeV (Belle)

The Belle II Physics Book,  arXiv:1808.10567 [hep-ex]

JHEP 10 (2019) 220

Y(10753)

Y(10753)

Y(10753)

JHEP 06 (2021) 137

Investigation inspired/motivated by the the Y(4260) analyses

2nd Workshop on Hadron Interactions / University of Tokyo / May 22, 2023 Vladimir Savinov 34



 Belle II Energy Scan / Nov. 2021 / Additional High Statistics Data Points

The Belle II Physics Book,  arXiv:1808.10567 [hep-ex]
The first results from Nov. 2021 Belle II energy scan!
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The Belle II Physics Book,  arXiv:1808.10567 [hep-ex]
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The Belle II Physics Book,  arXiv:1808.10567 [hep-ex]
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The Belle II Physics Book,  arXiv:1808.10567 [hep-ex]
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The Belle II Physics Book,  arXiv:1808.10567 [hep-ex]
Resuts of a simultaneous fit to exclusive and total cross sections

 Belle 

     +

Belle II
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The Belle II Physics Book,  arXiv:1808.10567 [hep-ex]
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The results for the ratio of the branching fractions are 
consistent with the proposed molecular interpetation:
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The numerous degrees of freedom in the internal structure of charmed baryons is an excellent QCD laboratory  
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An effort in the direction of figuring out if a threshold enhancement is a cusp, a resonance or something else
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High statistics around the mass thresholds of two hadrons are of great importance for studies of exotic states
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The Belle II Physics Book,  arXiv:1808.10567 [hep-ex]

 (motivated by LHCb discoveries) (Phys. Rev. D96, 051102 (2017))

Hidden charm
Hidden strangeness

From 2D fit with three components in each bin of shown invariant mass
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Many other recent publications by Belle in the area of hadronic physics are not discussed in this talk
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Double Charmonium Production at Belle (II) - new results coming soon

Also, from Belle II Physics Book (arXiv:1808.10567 [hep-ex]):
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The So What Slide

All these efforts are of paramount importance also so the theorists could develop/improve new/old
approaches to low-energy QCD,  which is exceptionally important also for the interpretation of data
in searches for New Physics (e.g., flavor anomalies, muon anomalous magnetic moment and such)
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Integrated Luminosity (delivered)
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LS1
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