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Outline

Introduction
Motivation 
    - how can we improve the Belle achievements? 
    - open questions
    - new and unique opportunities at Belle II
The Belle II experiment – waiting for Phase 3 starting
Perspectives in search for exotics at Belle II
    - Charmonium
    - Bottomonium
Summary
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Introduction

Gell-Mann Zweig idea: Constituent Quark Model 
           Still valid for half century  it classifies all known hadrons

QCD-motivated models predict the existence of hadrons with more 
complex structures than simple qq (mesons) or qqq (baryons) → the 
so-called XYZ “charmonium”-like states

Lot of experimental effort to prove the existence of XYZ!

No unambiguous evidence for hadrons with non-CQM-like structures 
has been found

New possibilities, started with the observation of the X(3872): 

- tetraquarks
- hybrids

- molecular states
- hadrocharmonium

- pentaquarks
- hexaquarks

- glueballs
- cusps…

Evidence that there is more than mesons and baryons!

Substantial contribution from Belle (1999-2010) into the field

26- February 2019
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Quark Bound States

26- February 2019

...and superposition of different states: c
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2
|qqqq>+....  
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BaBar + Belle: 
>1.5 ab-1 integrated luminosity - triumph in the history of B-factories!

Not only B-factory, but cc-factory with so high luminosity
Still statistics limitation in spectroscopy for rare processes (BR<10-5)
Upgrade needed!

26- February 2019
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Belle detector

Belle II detector
26 countries, 
920 physicists

26- February 2019
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What has been changed? 

From Belle to Belle II

PXD, vertex resolution in z direction (beam direction) will be factor 2 
better than before:
50 mm (Belle)  25 mm (Belle II)
TOP: no TOF (time-of-flight) detector anymore, but TOP (time-of-
propagation) will do the timing of the Cerenkov light. Time resolution ~50 
ps. TOP detector surface is polished to nanometer precision for total 
reflection of Cerenkov light 
KLM: inner 2 layers of barrel + all layers in the endcap replaced by 
scintillators, because of large background 
ECL readout electronics exchanged, fast FADC sampling for identify pile-
up of pulses
Huge gain in luminosity in Belle II compared to Belle: factor x40. How? 
- factor 2 by beam current: 1.64/1.19 A (Belle)  3.6/2.6 A for e+(e–) beam in 
Belle II
- factor 20 by "nano-beam" principle (collision point in vertical direction will 
be only 59 nm)

26- February 2019

DETAILS IN BACKUP SLIDES
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Y Family - Summary
Contribution from Belle

ISR studies: unique at B factories
Clear signature: JPC = 1--

No mixing   surprising!
Limited statistics at B-factories for such rare events: need more data!

Y(4008)

Y(4260)

Y(4360)

Y(4660)

  Mass (MeV/c2) Width (MeV)

4008±40+114
-28

226±44±87

4258.6±8.3±12.1      134.1±16.4±5.5

4361±9±9 74±15±10

4664±11±5 48±15±3

26- February 2019

ψ(4400)

ψ(4140)

ψ(4040)

ψ(3730)

ψ’       

J/ψ   

Y(4660)

Y(4360)
Y(4260)

Y(4008)
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Z Charged States
Main achievements at Belle

e+e-p+p-J/ψ, Z
c
(3900)pJ/ψ

PRL 110 (2013) 252002

M = 4054±3±1 MeV/c2

G = 45±11±6    MeV
>3.5s

PRD91 (2015) 112007

e+e-p+p-ψ', Z
c
(4050)pψ'B0K-p+ψ'

M = 4485±22      MeV/c2

G = 200+21    +26        MeV
5.2s, JP = 1+

-46 -35

PRD 88 (2013) 074026

-11

+28

Update

M = 3894.5±6.6±4.5 MeV/c2

G = 63±24±26  MeV
>5.2s

772M BB 967 fb-1 980 fb-1

26- February 2019

First observation: Belle, 
PRL 100 (2008) 142001;
Confirmed by LHCb:
PRD 92(2015) 112009 

BESIII confirmation/following
PRL 110 (2013) 252001 
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Belle II is in a unique position to look for both Z types:
    - through B decays (LHCb, no BES III)
    - threshold state (BES III, no LHCb)

Two different classes of Z states?
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Luminosity: long term perspectives

Phase 2, until 17th July 2018: L

Scenarios:

  - Feb 2018:
    nominal projection 9 months/year
  - Feb 2019:
    nominal projection 8 months/year
 - Special case without shutdown for
    the PXD (&TOP) in 2020 → 
    introduced to assess impact on physics 
    in 2021-2022

12- March 201826- February 2019

Phase 3, will start on 11th March 2019
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X(3872) total width

Known upper limit: G < 1.2 MeV
(estimated from X(3872)→J/ψp+p-),
on full Belle data sample 

Very promising: X(3872) → D0D0*

mode Q value [MeV]

J/ψp+p-

D0D0*
D0D0p0

495.65±0.17
7.05±0.18
0.01±0.18

D0D0p0

Due to very low Q value, the mass
   resolution is extremely good 
   → expected great improvement in  
   the width measurement with 50 ab-1

Belle II simulation

12- March 201826- February 2019

H. Hirata,
Master thesis
2019

Belle, PRD 84 (2011) 052004             

Mass resolution in J/ψpp
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XYZ Expectations at Belle II

 Yield of X(3872)J/ψp+p– in 2020 will be about Belle yield of ψ' → J/ψp+p–  

 Radiative decay X(3872)J/ψg: expected yield N≃350 in 2020 

 The width of the X(3872) could be measured with a systematic error of

 ±0.11 MeV in radiaive X decay
   monoenergetic photon provides 4-constraint fit (DE/E~2%)
   systematic error on width  may be ~110 keV

 Search for exotics at D*D* threshold (better slow pion detection at Belle II)
   slow pions reconstruction efficiency >60%(L. Koch, Master Thesis 2016)

  

Expectation with 50ab-1 data at Belle II

26- February 2019



00. Monat 2017 Seite 14

Charmonium in ISR: Perspectives at Belle II

Line shape of the Y(4260)
Strange partner of Z(3900) in KKJ/ψ
Cross sections of exclusive (cc) +Hadrons 

26- February 2019
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Bottomonium spectrum is significantly different from charmonium 
spectrum

     n=3 state (3P) is below the threshold
     L=2 state (1D) is below the threshold

Z
b
 states were only found so far in ϒ(5S) decays

SuperKEKB can reach E
c.m.

≅11 GeV
    ϒ(6S) running possible – unique possibility!

With the high luminosity, for the 1st  time study  radiative transitions 
between bottomonia states possible (suppressed by 1/137). Marginal 
statistics so far at Belle, big advantage at Belle II

Why Bottomonium at Belle II?

26- February 2019
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If Z
b
 is a loosely bound state, several new molecular states should appear

Belle II goals:
   - search for new, predicted, resonances
   - use both, single transitions and double cascade
   - fill the remaining spectrum to measure the effect of the coupled channel 
     contribution
 

ϒ(6S) and ϒ(5S): conventional state search

ϒ(6S) and ϒ(5S): new exotics search
Belle II goals:

   - ϒ(6S): 100 fb-1 exploratory run
   - ϒ(5S): 1 ab-1 high statistics run
 
ϒ(6S) and ϒ(5S): scan

Belle II goals:
   - ϒ(6S) and ϒ(5S) behave differently in ppϒ and pph 
         → hint of a non-bb nature of ϒ(5S)? 
   - investigate an extra resonance around 10750 MeV/c2

Settle the nature of 
ϒ(5S)

Expectations on Z
b
 states at Belle II

26- February 2019
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ϒ(3S): Opportunities at Belle II
Exotic states contribute to the hadronic and 
radiative transitions from narrow quarkonia

→ complementary approach to the 
          direct search from ϒ(5S) and ϒ(6S)

ϒ(3S): exotics in transitions
Belle II goals:

   - ϒ(3S)→ ppϒ(1S, 2S) still limited by statistics
   - perform full amplitude analysis
   - search for missing pp/η transitions to constraint further theoretical models
   - study hindered radiative transitions
 
ϒ(3S): charmonia in production

Belle II goals with 300 fb-1:
   - up to 5x sensitivity in inclusive production from ϒ(3S)
   - up to 15x in double charmonium
   - inclusive rate of X(3872)
   - DD* correlation in ϒ(3S) → DD* + hadron to test the nature of the X(3872)
 
ϒ(3S): rare χ

b
 decays

ϒ(3S): deuteron production mechanism
26- February 2019
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Preliminary Study with Phase II Data  

K0
S
 → p+p-

J/ψ→e+e-

p0 → gg

J/ψ→m+m-

1 TRACK with PID
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Preliminary Study with Phase II Data  

ϕ → K+K-

D0 → K-p+

pp from
ISR

ϕ from
ISR
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Preliminary Study with Phase II Data  

D*+

D*+

Λ
c
+

D*+
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Summary
Great achievements with Belle (~ 1 ab-1) in spectroscopy,
but still opportunities for unique physics with the new upgrade Belle II!

In SuperKEKB e+e- collisions will reach unprecedented instantaneous 

luminosity: 81035 cm-2 s-1

Improved tracking and PID in Belle II 
Phase 2 in Belle II completed on 17th July 2018: ~500 pb-1 @ ϒ(4S)

  → peak luminosity during Phase 2: 51033 cm-2 s-1

  → first cosmics to test detector setup for Phase 3 started in January 2019

  → ready for Phase 3 in  a few weeks: challenge to collect  60 fb-1

                                                          >10fb-1 @ Y(4S), with >1 fb-1 off-peak 

Expected 50 ab-1 integrated luminosity at Belle II in 2026

With x50 more data than Belle, expected in Belle II great achievements
in hadron spectroscopy:
  - ISR analysis as a unique case 
  - improved search capability from ϒ(6S) decays possible
  - good slow pion reconstruction to search for D*D(*) threshold exotic states

26- February 2019
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Thank you for your 
kind attention!

e.prencipe@fz-juelich.de

26- February 2019
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Backup slides

26- February 2019
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How can Belle II perform
these challenging measurements?

- most powerful e+e- collider in the world
- x40 more luminosity than Belle
- high vertex resolution
- excellent tracking perfomance
- improved slow pion detection

26- February 2019
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Vertex Pixel Detector (PXD)
VXD consists of 2 layers of DEPFET (Pixel Detector) and 4 layers of double-sided silicon 
microstrip sensors (Silicon Vertex Detector), assembled over carbon fiber ribs. 

26- February 2019

One of the 40 sensor 
modules which are 
being installed in the 
pixel-vertex detector
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Central Drift Chamber (CDC)

VXD + CDC hits
in EventDisplay

Jan 16, 2019: 

First global SVD cosmic run

Exp. 5, Run 690, Evt. 14110
(Jan 27, 2019)

26- February 2019
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Cerenkov detector, laser in TOP module

(Time–of-propagation, t ≤ 50 ps)
Photo: K. Inami (Nagoya)

26- February 2019

Particle Identification

L~ 2.5m, 16 barrels
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Charmonium Production at B Factories

26- February 2019
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Main Achievements in Bottomonium at Belle

26- February 2019

e+e-p+p-(nS) e+e-p+p-h
b
(nP)
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Main Achievements in Bottomonium at Belle
Z

b
 in Y(5S)p+p-(nS)
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originally proposed for SuperB
by P. Raimondi (INFN)

graphics E. Paoloni (Pisa)

26- February 2019
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courtesy of J.S. Lange, HIRSCHEGG2018
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courtesy of J.S. Lange, HIRSCHEGG2018
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courtesy of J.S. Lange, HIRSCHEGG2018

26- February 2019



00. Monat 2017 Seite 4326- February 2019



00. Monat 2017 Seite 4426- February 2019



00. Monat 2017 Seite 4512- March 201826- February 2019



00. Monat 2017 Seite 46

A MC study of slow pion tracking efficiency, and pions from K0
S 
in B0→ ΦK0

S
 

(fake rate of 50%). Master Thesis (Belle II) – L. Koch - 2016

12- March 201826- February 2019
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