
B → η(‘ ) h(*) at Belle Jan Schümann, KEKJPS/DPF 2006, 1. November

B B →→  ηη((‘‘)) h h((**))

Jan Schümann, KEK
(for the Belle Collaboration)

Nov. 1
JPS/DPF 2006

Hawaii



B → η(‘ ) h(*) at Belle Jan Schümann, KEKJPS/DPF 2006, 1. November

OutlineOutline

• Introduction
• Experiment / Analysis overview

• Results
– ηK+  , ηK0 update with 500 fb-1

– ηπ+ update with 500 fb-1

– ηK*+, ηK*0 update with 414 fb-1

– ηρ+ , ηρ0  414 fb-1

– η’ h* with h*= ρ+, ρ0, φ, η, η’ or ω 500 fb-1

• Summary
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IntroductionIntroduction
• Charmless two-body B decays

⇒ B decay dynamics, CP violation

• Decay amplitudes dominated by
• b → u Tree (T)  CKM suppressed (|Vub|<<|Vcb|)
• b → d,s Penguin (P) loop suppressed

• Interference b/w two decay amplitudes T and P
    ⇒ Direct CPV:

• Large CPV:
• expected in SM for decays with similar T and P contributions
• possible through New Physics

Tree

Penguin
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IntroductionIntroduction

• Flavour singlet penguin

• Ratio charged / neutral
⇒ additonal SU(3) singet contribution ?

• Close to theory expectations for unobserved
decays

• New physics effects possible



B → η(‘ ) h(*) at Belle Jan Schümann, KEKJPS/DPF 2006, 1. November

IntroductionIntroduction

• Theory expectation: Nucl.Phys. B675:333-415 (2003)

– 50 x10-6 B → η’ K dominant, mixing enhanced
   b → s penguin dominant

– 11 x10-6 B → η  K*

– 4  x10-6  B → η’ K*

– 1  x10-6  B → η  K
 

9x10-6 B→η ρ+

6x10-6 B→η’ρ+

5x10-6 B→η π+

3x10-6 B→η’π+

Charm/non-charm
Interference η

charged > neutral → additional SU(3)
  singlet contrib. ?
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KEKBKEKB

Electron8 GeV
Positron3.5 GeV

Υ(4S)
(10.58GeV/c2)
βγ = 0.425

Interaction

 Point

3Km Lpeak = 16.5 nb-1s-1

Lday = 1.2 fb-1

Ltot = 650 fb
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Belle DetectorBelle Detector
 Aerogel Cherenkov Cnt.
              n=1.015~1.030

KLM
µ / KL detection
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TOF counter
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16 X0

SC solenoid
   1.5T

Silicon
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3 lyr. DSSD

Central Drift Chamber
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8 GeV e-

3.5 GeV e+

Extreme Forward
Calorimeter
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B reconstructionB reconstruction
B → η π+

Mbc

ΔE

Continuum background
(dominant)

Signal events

K/π reflection (PID)

Rare B decays
(well understood)
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Background suppressionBackground suppression
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ResultsResults
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B B →→  ηη h h

ηK: b→s penguin, b→u tree
ηπ: b→u tree, (b→d penguin)
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B B →→  ηη h h

• Unbined max. likelihood
fit to (ΔE,Mb)

• η→γγ / η→π+π-π0 decays

535 Mio BB535 Mio BB
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B B →→  ηη h  A h  ACPCP
535 Mio BB535 Mio BB

2.5 σ from zero

2.4 σ from zero

Need more
statistics

ηπ- ηπ+

ηπ+ηπ-

ηK- ηK+

ηK- ηK+
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B B →→  ηη h* h*

ηK*: b→s penguin
ηρ: b→u tree
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    K* purity / K* purity / ρρ consistent consistent
• Study non K* resonant

behaviour
• Scan wide mass range
• Correct branching

fraction

• Clear ρ helicity
sturcture

• Consitent with
expectation

• No significant non-
resonant contribution

449 Mio BB449 Mio BB
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B B →→  ηη h* h*

• Unbined max. likelihood fit
to (ΔE,Mb)

• η→γγ / η→π+π-π0 decays
• K*0→K0π0 / K*0→K+π-

449 Mio BB449 Mio BB
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B B →→  ηη h*  A h*  ACPCP

• Consistent with no ACP
asymmetry

• Consistent with SM

ηK*0(K-π+)

ηK*0(K+π-)

ηK*+

ηK*-
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B B →→  ηη’’ h h

η’K : b→s penguin
η’π: b→u tree

(published, PRL 97,061802)
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B B →→  ηη’’ h h
• η’→ηπ+π- / η’→ργ

decays
• Extended unbinned

likelihood fit

• First evidence of
B → η’ π0

• ACP included in fit



B → η(‘ ) h(*) at Belle Jan Schümann, KEKJPS/DPF 2006, 1. November

B B →→  ηη’’ h* h*

η’K*: b→s penguin
η’ρ: b→u tree
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B B →→  ηη‘‘ h* h*

• η’→ηπ+π- / η’→ργ decays
• No significant signal
• Extended unbinned

likelihood fit
• 90% conf. level UL

535 Mio BB535 Mio BB



B → η(‘ ) h(*) at Belle Jan Schümann, KEKJPS/DPF 2006, 1. November

B B →→  ηη’’ h* h*
ηφ: A tree, penguin A 

η’η: b→d penguin, C b→u tree
η’η’: b→d penguin, C b→u tree

η’ω: C b→u tree
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B B →→  ηη‘‘ h* h*

• η’→ηπ+π- / η’→ργ
decays

• No significant signal
• Extended unbinned

likelihood fit
• 90% conf. level UL

535 Mio BB535 Mio BB
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Hirachy Hirachy ofof  ηη//ηη’’ h h((**))

• B → η’ K+/K0 69 / 59 49 / 47
• B → η  K*+/K*0 20 / 16 11 / 11
• B → η  π+/π0 4 / -- 5 / 0.3
• B → η’ π+/π0 2 / 3 3 / 0.2
• B → η  K+/K0 2 / 1 2 / 1
• B → η’ K*+/ K*0 <3 / <3 5 / 4

• B → η  ρ+/ρ0 4 / <1.5 9 / 0.03
• B → η’ ρ+/ρ0 <4 / <1 6 / 0.01
• B → η’ other  < 4 < 0.4

  Exp.       [10-6] Theory
  (Belle) (Nucl.Phys.

B675:333-415)
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ConclusionConclusion
• Updated results for B→ηK and B→ηπ

• Updated result for B→ηK*

• First evidence of B→ηρ

• New upper limits for B→η’ h*

• Now (nearly complete) B→η(‘) h(*) information
available from Belle with > 414 fb-1

• Good situation to study penguin and singlet
contributions
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BackupBackup
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B B →→  ηη’’  KK++  breakdownbreakdown
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B B →→  ηη’’  KK00 breakdown breakdown
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B B →→  ηη’’  ππ++
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ηηh* h* SystematicsSystematics


