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e+ source 

cavity 

B factory: 

Primary goal: study CP violation in weak decays of B meson 

1000 fb–1 = 1 ab–1 recorded by Belle as of 12/09 

KEKB 
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M=10580±1 MeV/c2, Γ=20.5±2.5MeV 

BUT wait, more than Υ(4S) …. Υ(10860), or Υ(5S)   

continuum 

ϒ(4S) 

↑	

ϒ(5S) 

Bs are produced copiously in pp(bar) collisions (FNAL, LHC) – 
       can studying Bs at the Υ(5S) be competitive?  

pro’s 
• CLEAN events, energy definition, γ’s; ~100% trigger efficiency	

• high luminosity, established detector, Υ(4S) data for comparison  

↑	

ϒ(4S) 

threshold 
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4 Υ(5S) physics 

Bs in Standard Model 
• CP-asymmetry ~ 0 -> window to New Physics 
• ΔΓ/ΓCP/Γ=O(10%) 
• Spectator decay (as w non-strange B) 

  -> quark-hadron duality 
• absolute BF’s, modes w  π0, γ 

spectroscopy 
•  Bs

(*) mass 
•  B(s)

(*)(π) event fractions 
•  bottomonium, bottomonium-like states 
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5 Data 

June 2005: 3-day “engineering” run 
• basic ϒ(5S), Bs

(*) properties, 
• test KEKB at ϒ(5S) - Lmax~1.39x1034cm-2s-1  

June 2006: 20-day run 
• + 21.7 fb–1 on resonance 
    K.F. Chen et al., PRL 100, 112001 (2008) 
    J. Wicht et al., PRL 100, 121801 (2008) 
    R. Louvot et al., PRL 102, 021801 (2009) 
    A. Drutskoy et al., arXiv:0909.5223  
    R. Louvot et al., arXiv:0909.2160 
    J. Li et al., arXiv:0912.1434 
    C.-C. Peng et al., BELLE-CONF-0904 
    S. Esen et al., NEW 

   = 4 x largest previous sample (CLEO) 
• 1.86 fb–1 at peak (10869 MeV) 

A. Drutskoy et al., PRL 98, 052001 (2007) 
A. Drutskoy et al., PRD 76, 012002 (2007) 

Oct 2008-Dec 2009:  
extended run 
• ~100 fb–1 on resonance 

December 2007: scan 6 pts 
• + 7.9 fb–1 above resonance 
    K.F. Chen et al., arXiv:0808.2445 

energy scan 
10.869 GeV 

this 
talk 



K.
 K

in
os

hi
ta

 M
or

io
nd

 E
W

 2
01

0 

6 fundamentals 

Fox-Wolfram moments 

(3.01±0.02±0.16)x105 events/fb–1 

Continuum 3.67 fb–1 
(scaled) 

Event count 

continuum 

Bs fraction in Υ(5S) events 
inclusive Ds, D0 production 

Ds 

1.86 fb–1 PRL 98, 052001 (2007) 
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MC simulation 

Bs at ϒ(5S): 

Full reconstruction of Bs candidates:  
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23.6 fb–1  

Bs at ϒ(5S): 

Comparing rates: 

[PRL 102, 021801 (2009)] 

Full reconstruction of Bs candidates:  
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arXiv:0909.2160 �
R. Louvot �

Bs decays: dominated by spectator process (as w Bu,d)  
–  Quark-hadron duality 

  similar semileptonic widths 
  Bq -> DX <=> Bs -> DsX for many modes 
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10 data 

23.6 fb–1 

slice/projection 

slice/projection 

continuum peaking bg 

2-d fit 
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11 data 

23.6 fb–1 

slice/projection 

slice/projection 

2-d fit 
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12 data 

23.6 fb–1 

slice/projection 

slice/projection 

4-d fit incl. polarization 
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13 Data                                   polarization 

P-> VV decay:  Polarization depends on hadronization detail 
-> test of factorization hypothesis 

longitudinal 

transverse 

helicity angles 
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• CKM-favored AND flavor-neutral 
   CP=+1 in heavy quark limit, mc->∞ 
   ~ saturated by 2-body Ds

(*)+Ds
(*)– 

  -> difference in widths of CP=±1  

S. Esen �

Aleksan, Dunietz, Kayser Z. Phys., C54, 653 (1992) 
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Reconstruction �
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16 

Reconstruction �

• Candidate selection �

• One candidate (all channels) per event �
    selection: lowest chisquare based on �
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2-d fit in (ΔE, Mbc), �
simultaneous over 3 modes�

23.6 fb–1 

signal 
wrong combination 

crossfeed 

background 
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Branching fraction �

more theory input requested! 

[theory; Aleksan et al., 
PLB 316, 567 (1993) 
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Other CP Eigenstates 

 CP violation in CKM is insufficient to explain baryon asymmetry 
 Mod. Phys. Lett A9, 75 (1994); PRD 51, 379 (1995); Nucl.Phys. B287, 757 
(1987) 
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arXiv:0912.1434 �
J. Li �

CP eigenstate; expectation �

Based on flavor SU(3) symmetry + PDG: �

Reconstruction �
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2-d fit in (ΔE, Mbc), simultaneous over sub-modes�

23.6 fb–1 
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2-d fit in (ΔE, Mbc), simultaneous over sub-modes�

23.6 fb–1 
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C. C. Peng �
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Also: �

CP eigenstates�

23.6 fb–1 
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arXiv:0909.5223 �
A. Drutskoy �
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CLEO 
PRL 54, 381 (1985) 

ϒ(5S) 

reconstruction 

Relative rates:  �
hadronization/spectroscopy�
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MC simulation �

23.6 fb–1 �
bg-subtracted �

Distributions in Mbc �
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Reconstruct Bπ, look for B(*) 
in missing ΔE, Mbc �

MC �

23.6 fb–1 �

initial state radiation (new interpretation) 
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29 Summary 
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Backup slides 
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Systematic errors�
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32 

systematics�
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33 

systematics�
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34 Searches for new modes of Bs 

γγ: difficult for hadron machines 

beyond SM: up to 5x10–6  

23.6 fb–1 

PRL 100, 212801 (2008) 

(prev. Belle: <5.3 x 10–5) 



K.
 K

in
os

hi
ta

 M
or

io
nd

 E
W

 2
01

0 

35 Searches for new modes of Bs 

φγ 

23.6 fb–1 

First observation 




