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At and Above the Υ(5S) with Belle 
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e+ source 

cavity 

Belle detector 

... the hardware 

KEKB B-factory 
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... the Physics 

ϒ(4S)

“B-factory” 
Primary goal: discover CP violation in weak decays of B meson 

(mostly) 

… why is this significant? 

CMS energy 
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CP Violation & weak force 

f f’

How can an interaction violate CP? 

f f’g f’ fg f’ fg*

• matter-antimatter asymmetry of universe requires CP-violating 
interactions     (Sakharov 1967) 
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      d    s   b 
u  Vud   Vus  Vub 
c  Vcd   Vcs  Vcb 
t  Vtd   Vts  Vtb 

gF x 
9 complex couplings 

-> 18 free parameters 



K.
 K

in
os

hi
ta

 

8 

U
. 
of

 S
ou

th
 A

la
ba

m
a 

10
/2

01
0 

Unless viewed via GIM (Glashow-Iliopoulos-Maiani) picture: 

“weak eigenstates” ≠ mass eigenstates d, s, b 

Cabibbo-Kobayashi-
Maskawa (CKM) 

matrix 

-> need linear transformation between 2 sets: 

complex 
preserves metric 

“  orthogonality 
≡ unitary 

 universal, generation-conserving 

         d’    s’   b’ 

u   1    0   0 
c   0    1   0 
t   0    0   1 

gF x 

So matrix is then 

  • suppression of flavor-changing 
neutral currents 
  • multiplicity of charged current 
couplings 
  • AND ……. 

Explains 



K.
 K

in
os

hi
ta

 

9 

U
. 
of

 S
ou

th
 A

la
ba

m
a 

10
/2

01
0 

e.g. for 3 generations, 
     4 free parameters, including  
     1 irreducible imaginary part 

irreducibly 
complex  

   1−λ2/2      λ     λ3A(ρ−iη)
       −λ        1−λ2/2   λ2A
λ3A(1−ρ−iη)  −λ2A    1

explicit parametrization(Wolfenstein):

Irreducible complexity follows from unitarity for >2 generations 
 --> proposed as explanation of CP violation in KL 

(Kobayashi-Maskawa 1973) 

2008 
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Belle experiment 

Highlights 
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Data 

1041 fb–1 = 1 ab–1 recorded by Belle as of 7/10 
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M=10580±1 MeV/c2, Γ=20.5±2.5MeV 

Υ(10860), or Υ(5S)   

continuum 

ϒ(4S) 

↑	


ϒ(5S) 

Bs are produced copiously in pp(bar) collisions (FNAL, LHC) – 
       why study Bs at the Υ(5S)?  

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



↑	


ϒ(4S) 

threshold 
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“Typical” Belle event 
B’s in 25% 
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LHC event 
ATLAS 

B’s in ~ 10–5 
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M=10580±1 MeV/c2, Γ=20.5±2.5MeV 

Υ(10860), or Υ(5S)   

continuum 

ϒ(4S) 

↑	


ϒ(5S) 

Bs are produced copiously in pp(bar) collisions (FNAL, LHC) – 
       why study Bs at the Υ(5S)?  

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


• high luminosity, established detector, Υ(4S) data for comparison 
• resonance -  absolute event count  

↑	


ϒ(4S) 

threshold 
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Υ(5S) physics 

Bs decay in Standard Model 
• similar to non-strange B 
   spectator decay  -> quark-hadron duality 
   correspondence btw final particle (D<->Ds) 
• dissimilarities	


   ΔΓ/ΓCP/Γ=O(10%) 
   CP-asymmetry ~ 0 

spectroscopy 
•  Bs

(*) mass 
•  B(s)

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

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., PRD 81, 112003(R)(2010) 
    R. Louvot et al., PRL 104, 231801 (2010) 
    J. Li et al., arXiv:0912.1434[hep-ex] 
    C.-C. Peng et al., arXiv:1006.5115v1(PRD in press) 
    S. Esen et al., arXiv:1005.5177(PRL in press) 

   = 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) 

energy scan 
10.869 GeV 

Oct 2008-Dec 2009:  
extended run 
• ~100 fb–1 on resonance 
April-June 2010: 
• ~23 fb–1 scan 

December 2007: scan 6 pts 
• + 7.9 fb–1 above resonance 
    K.F. Chen et al., arXiv:0808.2445 
    (PRD in press) 
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Bs at ϒ(5S): 

MC simulation 

Full reconstruction of Bs candidates: Energy, momentum 
 example:   
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Bs at ϒ(5S): 

23.6 fb–1  
[PRL 102, 021801 (2009)] 

Full reconstruction of Bs candidates  

slice/projection 

slice/projection 

<pBs> = pB* 

masses: 
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Bs at ϒ(5S): 

23.6 fb–1  
[PRL 102, 021801 (2009)] 

Full reconstruction of Bs candidates  

slice/projection 

slice/projection 

masses: 

 <EBs>  
= Ebeam - <ΔE> 
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Bs at ϒ(5S): 

23.6 fb–1  
[PRL 102, 021801 (2009)] 

Full reconstruction of Bs candidates  
Bs*Bs 

significance = 2.7σ 
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Bs at ϒ(5S): 

23.6 fb–1  
[PRL 102, 021801 (2009)] 

Full reconstruction of Bs candidates  
BsBs 

significance  1.1σ 
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Bs at ϒ(5S): 

23.6 fb–1  Comparing rates: 

[PRL 102, 021801 (2009)] 

Full reconstruction of Bs candidates  
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CP Eigenstates 
What about CP violation? ... look at weak couplings in SM… 
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mixing+tree (∝Vtd
*2) 

CP asymmetry in Bs -> J/ψη 

Analogous to B -> J/ψ Ks(Sanda/Bigi/Carter) 

 tree (real Vij)  
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mixing+tree (∝Vtd
*2) 

CP asymmetry in Bs -> J/ψη 

Analogous to B -> J/ψ Ks(Sanda/Bigi/Carter) 

 tree (real Vij)  

-> any CP asymmetry is evidence for New Physics! 
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• CP asymmetry in CKM is insufficient for matter-
antimatter asymmetry of the universe! 
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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 �
arXiv:1005.5177 �

Aleksan et al., Phys. Lett. B316, 567 (1993) 
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Reconstruction �
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2-d fit in (ΔE, Mbc), �
simultaneous over 3 modes�

23.6 fb–1 

signal 
wrong combination 

crossfeed 

background 



K.
 K

in
os

hi
ta

 

41 

U
. 
of

 S
ou

th
 A

la
ba

m
a 

10
/2

01
0 

Branching fraction �

Need updated theory input! 

[theory; Aleksan et al., 
PLB 316, 567 (1993) 
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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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Searches for radiative modes of Bs 

J. Wicht, et al. 
PRL 100, 121801 (2008)  
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Searches for new modes of Bs 

γγ: difficult for hadron machines 

beyond SM: up to 5x10–6  

23.6 fb–1 

(prev. Belle: <5.3 x 10–5) 
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Searches for new modes of Bs 

φγ 

23.6 fb–1 

First observation 

γ: difficult for hadron machines 
Analogue: 
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Flavor in the Future 
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e- 2.6 A	


e+ 3.6 A	


Damping Ring	


“Super Flavor Factory” 
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Parameters are preliminary	


SVD:	
  4	
  DSSD	
  lyrs	
  	
  2	
  DEPFET	
  lyrs	
  +	
  4	
  DSSD	
  lyrs	
  
CDC:	
  small	
  cell,	
  long	
  lever	
  arm	
  
ACC+TOF	
  	
  TOP+A-­‐RICH	
  

ECL:	
  waveform	
  sampling,	
  pure	
  CsI	
  for	
  end-­‐caps	
  
KLM:	
  RPC	
  	
  Scintillator	
  +SiPM	
  (end-­‐caps)	
 

Belle II 

request for 
construction:  

$350M 

Belle 
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Belle II Collaboration 
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Summary 


