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Polarization in B → VV

• Three amplitudes.

• Helicity basis:

– A0 (longitudinal: λV1=λV2= 0)

– A+1 (transverse: λV1=λV2= +1)

– A-1 (transverse: λV1=λV2= -1)

• Transversity basis:
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CP-even longitudinal CP-even transverse CP-odd transverse



Polarization puzzle

• Naïve expectation: 
A0 ~ 1 >>  A+1 ~ mV/mB >>  A-1 ~ mV

2/mB
2

or A0 ~ 1 >>  A// ~ A┴ ~ mV/mB

• The naïve expectation is not (always) verified 
experimentally (in penguin dominated decays).

• Several possible explanations (cf. A. Kagan’s talk):
– Within standard model:

• Penguin annihilation

• Rescattering

– Outside standard model.
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Angular distribution

• 3 observables:
θ1, θ2, Φ

• to measure:
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Angular analysis

• Partial angular analysis:
– Integrate over Φ, use only θ1 and θ2.

– Measure fL.

• Full angular analysis:
– Use the three observables: θ1, θ2, and Φ.

– Measure fL, f┴, φ//, φ┴ .

– Other parameters may be measured:
• overall phase δ0 .

• direct CP asymmetries: 

AL , A┴ , Δφ// , Δφ┴ , Δδ0 .
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B → ρ ρ
• Tree diagram dominated decays.

– higher penguin fraction in color suppressed mode 
B0 → ρ0 ρ0.

• fL ~ 1 as expected for B0 → ρ+ ρ- and B+ → ρ+ ρ0.
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B → ω ρ

• Also tree diagram dominated decay.

• fL ~ 1 also.
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B0 → φ K*0

• Penguin diagram dominated decay.

• fL ~ 0.5 and f// ~ f┴ .
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B+ → φ K*+

• Penguin diagram dominated decay.

• fL ~ 0.5 and f// ~ f┴ as for B0 → φ K*0.
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B → K* ρ
• Penguin diagram dominated decays.

• fL ~ 0.5 like φ K*.
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B → ω K*
• Penguin diagram dominated decays.

• fL ~ 0.5 like φ K* and ρ K*.
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B → K*K*
• b to d penguin.

• Seen by BABAR but not 
by Belle.

• fL larger than in b to s 
penguin modes.
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B → φ K*2(1430), φ K1(1270)
• B → V T decays (φ K*2(1430)):

– fL~0.9 and f~0.0 unlike φ K*.

• B → V A decays (φ K1(1270)):

– fL~0.5 like φ K*.
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B → ω K*2(1430)
• B → V T decays.

• fL~0.5

– like φ K*, ρ K*, ω K*.

– but unlike φ K*2.
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B → a1 a1

• Important to study also A V 
and A A modes.

• B0 → a1
+ a1

- is the first A A
mode to be measured.
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Summary
• fL large (~ 1) 

– ρ ρ, ω ρ (tree VV),

– K* K*               
(b→d penguin VV),

– φ K*2 (V T).

• fL smaller (~ 0.5)  

– φ K*, ρ K*, ω K* 
(b→s penguin V V),

– ω K*2 (V T),

– φ K1 (V A),

– a1 a1 (A A).
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Conclusion

• Many V V channels have been measured.

– Also measured V T, A V, and A A modes.

– Full angular analysis for φ K*.

• There are still several polarization puzzles.

• Future:

– Bs → V V decay modes (Tevatron, LHCb).

– very rare VV modes like B → φ φ , φ ρ , …
(super flavour factory). 
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