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Two body non-leptonic decay

Dynamical approaches based on QCD:

 QCDF 
Beneke, Buchalla, Neubert, Sachrajda NPB 2000; 

Beneke, Neubert NPB,2003

 PQCD
Keum, Li, Sanda PRD 2001; 

Lu, Ukai, Yang PRD 2001

 SCET
Bauer, Fleming, Pirjol, Stewart PRD 2001; 

Beneke,  Feldmann PLB 2003 

 Six-quark interaction, 

 three scales
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Two body non-leptonic decay

SCET

 𝐵 → 𝑀1𝑀2 Factorization
Bauer, Pirjol, Rothstein, Stewart PRD 2004;

Williamson, Zupan PRD 2006

 Numerical estimate 

𝐵 → 𝑉 𝑉

 QCDF
Cheng, Yang  PRD 2008;

Cheng, Chua  PRD 2009

 PQCD
Zou, Ali, Lu, Liu, Li PRD 2015

Bauer, Rothstein, Stewart  PRD 2006

Williamson, Zupan PRD 2006

Wang, Wang, Yang, Lu  PRD 2008
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𝑄𝐶𝐷 → 𝑆𝐶𝐸𝑇𝐼

 


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𝑆𝐶𝐸𝑇𝐼 → 𝑆𝐶𝐸𝑇𝐼𝐼






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Charming penguin

 source of strong phase







On-shell charm quarks
Naive analysis:

Violated by the charming

penguin contribution
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Beneke et al. EPJC 2009 !



Factorization formulas and observables 

 𝐵 → 𝑉𝐿𝑉𝐿

 𝐵 → 𝑉𝑃
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Factorization formulas and observables 

9

 For explicit decay channels, hard kernel flavor relevant  

Wang, Wang, Yang, Lu  PRD 2008



Factorization formulas and observables

 unploarized

 polarized  
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Numerical results

 8 input real parameters under 𝑆𝑈 3 symmetry 

 35 observables of 𝐵±/0 → 𝑉 𝑉 with

statistical significance no less than 3𝜎

𝜁, 𝜁𝐽, 𝐴𝑐𝑐𝐿, 𝐴𝑐𝑐∥, 𝐴𝑐𝑐⊥.
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Numerical results

 𝐵 → 𝑃 𝑃 and 𝐵 → 𝑃 𝑉

 𝐵 → 𝑉𝐿 𝑉𝐿



Consistent with LCSR 
Bharucha, Straub, Zwicky JHEP 2016

Color-suppressed contribution 

is indeed suppressed The positive helicity amplitude 

Of charming penguin is negligible

“𝜋𝜋” puzzle
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Theoretically:

Experimentally: inverse order
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LO Feynman diagrams
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LO SCET:  a-d (real) + charming penguin

PQCD: a-h, hard gluon

QCDF: a’-b’, c-d , fit e-h



Branch ratios
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𝐵0 → 𝜌0𝜌0: PQCD,  large cancellations in the hard-scattering emission diagrams and the 

annihilation ones.

𝐵0 → 𝜌0𝜔 : in QCDF the color-suppressed diagrams canceled .

𝐵𝑠 → 𝐾∗0𝐾∗0: experiment.



Polarization fraction

 𝑓𝐿 ∼ 0.5
QCDF: NLO effects, penguin annihilation

PQCD: annihilation diagrams especially (S+P)(S-P)

SCET: charming penguins
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Same topologies in flavor space,  however, different 

power counting→ different 𝑓𝐿.



Direct CP asymmetry

 QCDF and PQCD hard-scattering and annihilation diagrams

PQCD:(S+P)(S-P) annihilation 

 SCET Charming penguin
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Different CKM matrix elements affect CP asymmetry sizably; test PQCD and SCET  



Summary 
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Thanks !
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