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Belle II 
detector

e- e+

1km

Belle II @ Super-KEKB
Intensity frontier B-factory experiment, successor to Belle @ KEKB (1999-2010)

7 GeV e-, 4 GeV e+  
ECM = 10.58 GeV

A collaboration of ~900 scientists from 25 countries
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And Now For Something Completely Different

“This  nearly  total  disconnect  between  the  hadrons  that  we
observe in experiments and the quarks and gluons that appear
in  the  theory  is  a  problem  of  large  proportions  in  particle
physics.    This  is  what  we  refer  to  as  the  “QCD dilemma.”   In
addition  to  the  intellectual  dissatisfaction  with  a  theory that
is  not  directly  applicable  to  the  particles  that  are  used  and
detected  in  experiments,  there  is  also  a  practical problem in
that many SM tests  and searches  for  new physics (NP)  involve
strongly  interacting hadrons in the initial and/or final states of
the associated measurements.”
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QCD-color-motivated models

QCD diquarks

+QCD hybrids (also glueballs)

Other models

+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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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”

One of Belle II goals is to provide high-statistics data on hadronic resonances

to help theoretical community to develop a unified description of data

A better understanding of non-perturbative QCD remains

to be important, topical and necessary after all these years

Still Crazy (about non-perturbative QCD) After All These Years
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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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The status of X(3872): the exotic state which started the revolution, most cited Belle publication
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The status of X(3872): important details, models, interpretation etc

Inconsistent with pure
molecular interpretation

Want to measure total width (which is related to partial widths):
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The status of X(3872): the most enigmatic of all the exotic states, most cited Belle publication

Used  a Breit-Wigner (convolved with resolution) fit to mass spectrum

X(3872) Decays
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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)

Systematic uncertainties need to be understood
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The status of Y(4260) (and some other “Why?” states)

The Belle II Physics Book,  arXiv:1808.10567 [hep-ex]Many other XYZ states will also be investigated at Belle II
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Y(4260):

    Why such state(s)? 

    And what is it / are they?

    Charmonium?

    Four-quark state?

    Molecule?

    A superposition of all of these?
 

The status of Y(4260) (and some other “Why?” states)
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Enigmatic Y(4260) (discovered by BaBar in ISR, searched for in B decays)

How many states?
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hb(1P) + -

Belle discovered some of the 
expected quarkonium states
and (somewhat) unexpected
exotic states / resonances / ?

PRL 108, 122001 (2012)
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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

The Success of Cornell Potential for Quarkonia
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Additional Molecular States in Bottomonium-like Spectroscopy

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

Note that D states are not shown
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Additional Molecular States in Bottomonium-like Spectroscopy

The Belle II Physics Book,  arXiv:1808.10567 [hep-ex]
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Search for Additional Molecular States at BB Thresholds

The Belle II Physics Book,  arXiv:1808.10567 [hep-ex]
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Search for Missing Conventional Bottomonia

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

 (motivated by LHCb discoveries)

Hidden charm
Hidden strangeness

From 2D fit with three components in each bin of shown invariant mass
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(Selected) Prospects in Baryon Spectroscopy

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

Belle II  Observation in 2018 Datac
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Double Charmonium Production at Belle (II)

Also, from Belle II Physics Book (arXiv:1808.10567 [hep-ex]):
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Action Items for Belle II (directly from Belle II Physics Book) 
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The Belle II Physics Book,  arXiv:1808.10567 [hep-ex]

Observation of a New Structure in Energy Scan Between 10.52 and 11.02 GeV

arXiv:1905.05521v1 [hep-ex] 14 May 2019
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Action Items for Belle II (directly from Belle II Physics Book) 
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Production Thresholds for Narrow S and P wave Mesons and Baryons

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

Beam current: ×2 (higher RF power); upgraded components shown in color

Beam size: 1/20 (low emittance, compact and strong focusing quads)

Target: L = 8x1035/cm2/s = LKEKBx40

e- 7GeV 2.6 A

e+ 4GeV 3.6 A

Belle II

LINAC

Damping ring

Positron
source

Nanobeams (originally proposed by P. Raimondi for SuperB)
new positron target, reinforced RF cavities, redesigned lattices for LER & HER,  
LER: dipoles magnets replaced by longer ones, 
TiN-coated LER beampipe with antechambers, 
new superconducting focusing quadrupole magnets near IP
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Action Items for theory (directly from Belle II Physics Book) 
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Action Items for theory (directly from Belle II Physics Book) 
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Vladimir Savinov (University of Pittsburgh)

Ingredients for Success:  Part 1, The Machine,  SuperKEKB
Beam current: ×2 (higher RF power); upgraded components shown in color

Beam size: 1/20 (low emittance, compact and strong focusing quads)
Target: L = 8x1035/cm2/s = LKEKBx40

Nanobeams (originally proposed by P. Raimondi for SuperB), new positron target, reinforced RF cavities, redesigned lattices for LER & HER,  
LER: dipoles magnets replaced by longer ones, TiN-coated LER beampipe with antechambers, new superconducting focusing quadrupole magnets near IP

e- 7GeV 2.6 A

e+ 4GeV 3.6 A

Belle II

LINAC

Damping ring

Positron
source
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electron
beam  (7GeV)

    positron
beam (4GeV)

1400 tons
 8m x 8m

Beryllium beam pipe in the interaction region: 
diameter decreased from 3cm to 2cm
Vertex detector (VXD):  two layers of pixels
followed by four double-layered silicon strips
Center drift chamber:  smaller cells (than @Belle),
faster electronics, improved triggering capabilities
PID:  compact Time-of-Propagation (TOP) barrel 
and proximity focusing aerogel endcap 
Cherenkov detectors
EM calorimeter:  Same CsI(TI) crystals, upgraded
electronics (shaper based on digital signal processing)

K   and  identification:  RPCs replaced by 
scintillators in the endcap and two inner
barrel layers, new electronics, triggering

L

Boost: 
SuperΥ( )e

7 GeV

BB D ν πKπμ Flavor tagz ~ 200 m -> 130 m 

μμJ/Ψ K ππe
4 GeV

√s = 10.58 GeV

B->Ks J/:  ~ 0.92 ps -> 0.77 ps 

Ingredients for Success:  Part 2, The Detector,  Belle II
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VXD: beam-related background tolerant

Improved impact parameter resolution

Better z vertex resolution

Approx. 30% better inv. mass resolution

~30% increase in K   efficiency

Improved K /  separation

Decreased   fake rate by the factor of ~2.5

Improved slow (~100MeV/c)  reconstruction

Improved     reconstruction

s

0
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300 (1200) 5x104 (5.4x104) 1000 (300) 100+400 (scan) 3.6%

  5 ab -1     by ~2023
  50 ab -1  by ~2028

  1 ab -1   Belle:

   Belle II:

Belle II (proposed)
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Conclusions / Summary

Significant increase in luminosity at Belle II will allow us to do an even better job than with Belle
There are many puzzles to solve, many states to search for and analyze, a large body of work to do

The Belle II Physics Book (arXiv:1808.10567) provides a roadmap of important studies to carry out
Future high precision measurements require close collaborations of experimentalists and theorists

Distinguishing between the models is cool, but our goals also include to provide data which could

be used to develop a unified theoretical approach to long-distance strong-interaction physics

This would facilitate theoretical progress in extracting NP from processes where QCD is involved

(please note that I omitted (without prejudice) some of the topics (e.g., Y(3S) physics) from my slides)
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First collisions (note that the collaboration is much larger)

A large number of very capable and talented physicists, engineers and technicians made it possible

I would like to thank them all: SuperKEKB, Belle II, theoretical community involved in B2TiP, everyone
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Why 10.58 GeV?  Mass of Y(4S) (an n=4 bottomonium state)

Note that this is not the only process
possible: other quantum numbers 
are also accessible at such experiments
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Why 10.58 GeV?  Mass of Y(4S) (an n=4 bottomonium state)

Boost: 
SuperΥ( )e

7 GeV

BB D ν πKπμ Flavor tagz ~ 200 m -> 130 m 

μμJ/Ψ K ππe
4 GeV

√s = 10.58 GeV

B->Ks J/:  ~ 0.92 ps -> 0.77 ps 

Asymmetry between the energies of the beams increases 

the distance between the decay vertices of the two B mesons

therefore making the measurement of oscillations possible
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