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 KEKB short term plans: startup schedule  

11/4: Belle-II roll in 
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 KEKB short term plans: startup schedule  

6/2017: cosmics in B feld 
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Bottomonium physics from Y(4,5S): Bottomonium physics from Y(4,5S): ηη
bb
→γγ→γγ  

Chung, Lee, Yu , PLB697 (2011) 48-51 

ηη
cc

ηη
bb

Γ(γγ) Γ(LH)
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Y(4,5S) prospects for Y(4,5S) prospects for ηη
bb
→γγ→γγ  Bottomonium physics from Y(4,5S): Bottomonium physics from Y(4,5S): ηη

bb
→γγ→γγ  
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Motivations for non-Y(4S) running 

Y(6S)                 Yb?             Y(2D)            Y(1D)
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Where to run for Ldt ~ 10 fb-1?
●   E =  10.65 GeV
Dip in Rb , just on B*B* threshold 
●   E = 10.75 GeV 
On the frst Z

b
π threshold

Above Rb drop at 10.74 
 Bump observed in R

Y
  

●   E = 11.02 GeV
 Y(6S) peak,
6pt scan (1 fb-1 each) in Belle-I  

Scenarios for Phase-II Scenarios for Phase-II 

Note: features predicted by theory
(coupled channel model)
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Super KEKB limitations
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The puzzle of eta/dipion transitions in bottomoniumThe puzzle of eta/dipion transitions in bottomonium

Still lacking a unifed theoretical model to describe the observed evolution of the cross section 
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PRL 117,142001(2016)

  Belle results on  eBelle results on  e++ee--→ →  h h
bb
(1,2P)(1,2P) ππ ππ  

The analysis of the 6 points (1 fb-1 each)  in the proximity of the Y(6S) show a clear
evidence of dipion transitions to both the h

b
 states. The small statistics does not allow to

quantify the fractions decaying via Z
b
(10610) and Z

b
(10650) .

Belle II is planning to take more data at Y(6S) during the frst or
second year of data taking

h
b
(1P)

h
b
(2P)
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Belle II and the new forms of matter Belle II and the new forms of matter 

Meson Molecules ( Guo et al, ArXiV 1705.00141 )
weakly bound states of two mesons 

Tetraquarks (Polosa et al, PRD89,  114010 (2014) ) 
Diquark-antidiquark states bound by the color force

Hybrids (Barnes et al, PRD 52,5242 (1995)) 
colored QQ states with a bound excited gluon

Hadroquarkonium (Dubinskij et al, PLB 671, 82 (2009))
QQ  bound state surrounded by a cloud of light quarks 

Standard quarkonia (Swanson, PRD 91, 034009 (2015) )  
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Molecules from Y(6S) Molecules from Y(6S) (Voloshin at B2TIP-2016)

The molecular model of the Z
b
 states  predicts

neutral partners (W
b
) with J=0,1,2 which are

expected on the same energy range, and should
be reachable from Y(5,6S) via radiative
transitions.

Further hadronic transitions to W
b
states are

expected above W
b
 threshold (11.3) unreachable

at present. 
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Tetraquarks between Y(5S) and Y(6S) Tetraquarks between Y(5S) and Y(6S) Ali (B2TIP Krakov)

The tetraquark model (Maiani et al., Ali et al.)
predicts a full spectrum of states in both
bottomonium and charmonium region.
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Below threshold:
* 3S: η

b
(3S) not yet observed by anyone,

maybe reachable from h
b
(3P)?

* 3P:  χ
b
(3P) discovered at LHC, not yet

resolved, can we see them from 4S?
         h

b
(3P) : too high to be reached from 5S

via Z
b
, maybe from 6S? How? 

* 1D states :  triplet states BEST STUDIED
from 3S, singlet (2-+) maybe reachable from
h

b
(2P).We plan to scan the 1-- region. 

* 2D, 1F, 1G: totally unknown
We propose to search for the lowest
member of the 2D triplet with a scan.
The others may be reached from 6S.

The 1F triplet 2,3,4++ is very close in mass
to Y3S, but may be reached from the 2D
triplet via E1 radiative  transitions.  

6S

5S

4S

3S

2S

1S

3P

2P

1P

2D

1D

  1F        1G

  Missing pieces of spectrum below thresholdMissing pieces of spectrum below threshold
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From Y(5S,6S):  Y(1,2D) searches in Belle II   
Eta vs dipion transitions with 120 fb-1 at Y(5S)

- Dipion transitions main discovery tool for charged
bottomonia  (more Z

b
's?)  

- Eta transitions : best pathway to Y(2D)?

- Y(6S) running will be staged: frst 10 fb-1 , ... 50 fb-1 ,  ... 150 fb-1  

5 σ level for discovery of Y(2D)



PANIC 2017 Beijing R.Mussa, Bottomonium Physics Prospects at Belle II 16

Belle (from 5S)
Proc. EPS-HEP 2013
BaBar (from 3S)
PRD82 (2010) 111102
CLEO (from 3S)
PRD70  (2004) 032001

  Y(1D) triplet still unresolvedY(1D) triplet still unresolved
Preliminary
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Scanning Y(1,23D
1
)?  

Observable : e+e- to hadrons                                  Continuum cross section:

Search for 1D: 7 point scan (5 MeV steps) around 10.15 GeV

Search for 2D: 7 point scan (5 MeV steps?) around 10.43 GeV

IF the 2S scan is successful, we may envisage a longer run on 2D peak and search for 1F
states (single photon spectrum, probably large background  from ISR Y(3S)) 
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 A rich physics program at Y(3S) 
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CLEO results : 

BABAR  results : 

 Antinuclei in Y(3S) decays

Production mechanism still unclear: coalescence?
Associated dd production not checked by Babar
Good target for future Y(3S) decays samples
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  Y(3S) to exa-quarks
Belle has extensively searched for the weakly bound Jaffe's H-dibaryon in Y(1,2S) in a
broad mass range, setting limits at O(10-1) the measured  deuteron production

Belle-II will further investigate these channels, both with fully reconstructed fnal
modes, and in missing mass.  
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Wrapping it up .... 

Belle II will tackle most of the physics questions opened by the frst
generation on B-factories to understand the nature of bottomonium like
states and to complete the standard spectrum. 

Belle  showed that Y(6S) running may have a large physics potential,
even starting from the frst period of data taking.

Hints  for an exotic state  at  10.75 GeV suggest further studies: and a
fne scan through the whole Y(4S-6S) region will be needed.

At least 200 fb-1 at (and about) the Y(3S) peak  are needed to address the
following hot topics :  
 - Rare η transitions    - Spectroscopy of D waves 
 - Hindered radiative transitions      - Exaquarks  in Y decays

Scans of the Y(1D) and Y(2D) regions are being planned as well
Looking forward showing frst results from Belle II in end  2018
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 Belle-II Detector
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 KEKB → Super-KEKB
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