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Introduction
• B Factories have played a pivotal role in 

discovery of exotic quarkonium states…

o First observation of X(3872) at Belle in 2003.

o First observation of Y(4260) at BaBar in 2005.

o Charged exotic Zc
±(4430) observed at Belle in 2008.

o …and many other exotic candidates over years…
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X(3872) 
[PRL 91, 262001 (2003)]

Y(4260) 
[PRL 95, 142001 (2005)]

Zc(4430) 
[PRL 100, 142001 (2008)]



Many questions remain…

• What is the proper interpretation of the exotic states?

• Why are widths of exotics so narrow, despite being above threshold?

➔ LHCb, BESIII, now Belle II will explore quarkonium sector over coming years!
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hadroquarkonium diquark-diantiquark

tetraquark qq-gluon “hybrid”
D-D* “molecule”



Upgrade to SuperKEKB, Belle II
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• “Nano-beam” scheme [P. Raimondi]
• Squeeze beam at IP by ~1/20.
• Reduce effective bunch length.

• Double beam currents.
➔ 40x increase in peak luminosity!

KEKB

SuperKEKB

Operations Phases:
• Phase 1 (2016) – first turns, accelerator commissioning.

• No QCS or Belle II.
• Phase 2 (2018) – first runs with QCS, Belle II, no vertexing.
• Phase 3 (2019) – first physics runs with full Belle II.
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Start of Data Taking @ Belle II

April 26, 2018: First Collisions!
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Straight to work checking detector performances!  Examples checking pion and kaon ID 
using the Time of Propagation (TOP) subdetector in KS➔ ππ, D0

➔ Kπ.

w/o π ID w/ π ID

w/o K ID w/ K ID



Phase 2 Running
• Phase 2 run concluded in July.

o Machine tuning, verification of nano-beam scheme!

o Peak luminosity reached ~5 x 1033 cm-2s-1, ~25% of 

peak of Belle.

o Total integrated luminosity ~0.5 fb-1 recorded at ϒ(4S).

o Beam background measurements and minimization 

(without vertex detectors).

o Detector calibrations.

o “Rediscovery” of many states, including J/ψ ➔ ee, µµ:
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Charmonium Physics at Belle II

• Many production modes allows multiple pathways to observe same states.

• Belle II charmonium program can be conducted in parallel with B physics!
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• Many charmonium production 

mechanisms:

• B decays:

o All quantum numbers.

• Initial state radiation (ISR):

o JPC = 1--

• Two-photon process:

o JPC = 0-+, 1++, 2++

• Double charmonium:Prog. Part. Nucl. Phys. 93, 143 (2017)



Belle II Charmonium Program
• ISR:

o Y(4230), Y(4260), Y(4360) could all be 

explored.

o Unexpected Y(4260) line-shape 

measured at BESIII, inconsistent among

different modes.  Could explore w/ ISR.

Cross sections of exclusive (cc) + hadrons.

o Search for strange partner of Z(3900) in K+K-J/ψ.

• Double charmonium:

o Uniquely measurable at

Belle II!

o Absolute branching fractions.

o Cross sections.

o Spectroscopy.

• Two photon:

o Also uniquely measurable at Belle II.

o Could disentangle two of the four states seen by LHCb in Φ J/Ψ.

• In addition, B physics program will provide ~50x more 

data for expansion of studies in B ➔ charmonium.
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@10 ab-1 (50 ab-1)

BESIII

ISR Channels
Belle II Physics Book 
[arXiv:1808.10567]

PRL 118, 
092001 
(2017)

PRL 118, 
092002 
(2017)

PRL 98, 
082001 
(2007)

Belle



Bottomonium Physics at Belle II

• Examples of open questions in ϒ(5S, 6S)…
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PRD 93.011101 

• ϒ(5S) line shapes:
Apparent discrepancies in shape in           
ππϒ modes vs. ππh modes.

• Hint of a new resonance around 
10.75 GeV?

• Is Zb above/below B(*)B* threshold?
• 5S and 6S provide windows to search 

for missing narrow states in the 
bottomonium spectrum.

➔ These runs require dedicated scans and/or samples on specific resonances!

**Many other 1S,2S,3S 
topics… see 
Belle II Physics Book!

https://arxiv.org/abs/1808.10567


Proposals for Belle II ϒ(5S, 6S) Program

• Search for various exotics in hadronic 

channels of ϒ(6S) decay.

• SuperKEKB maximum Ecm~11.02 GeV, just 

above ϒ(6S).

• Would benefit from linac upgrade to get to 

max Ecm~11.24 GeV.

• Staged running at ϒ(6S):
o Exploratory runs at low luminosity first, 

e.g., 10 fb-1 … 30 fb-1 …100 fb-1.
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• Proposed runs at ~1 ab-1 at ϒ(5S).
o Complementary with Bs physics.

o Determine if Zb is above/below B(*)B* threshold.

• Scan ϒ(5S,6S) line shapes:
o Proposed scans at ~10 MeV steps, 10 fb-1 each.

o Search in ππϒ modes vs. ππh modes.

• Settle the nature of the 5S!

• Complementary with the Bs physics 

program.



Conclusion
• SuperKEKB has completed initial commissioning, has moved into 

first collisions as of April 26, 2018!

• Belle II has just completed Phase 2 running:

o Calibrations, detector studies, and many rediscoveries!

o Vertex detectors are being installed for Phase 3 physics run.

• Phase 3 begins early 2019, is the beginning of a new program of 

charmonium and bottomonium physics.

o Charmonium program runs in parallel with B physics program.

o Small samples of special runs at Y(6S, 5S, 3S) can provide a wide variety of new 

bottomonium results.

o Much more detail available in Belle II Physics Book [arXiv:1808.10567]!

• Stay tuned for new results!
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https://arxiv.org/abs/1808.10567

