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Outline

 Heavy Flavor Physics

 Photon polarization in 𝑏 → 𝑠𝛾: 

𝐵 → 𝐾1 → 𝐾𝜋𝜋 𝛾

 Model-independent extraction using

𝐷 → 𝐾1(→ 𝐾𝜋𝜋)𝑒+𝜈

 Summary
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Heavy Flavor Physics



Heavy Flavor Bottom Physics

 Extract the SM parameters: 

Vub, Vcb, Weak Phases

 Test SM: unitary triangle

 Hunt for NP: Rare Decays
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Photon polarization in 𝑏 → 𝑠𝛾:

𝐵 → 𝐾1 → 𝐾𝜋𝜋 𝛾



Photon polarization of 𝑏 → 𝑠𝛾

 An unique sensitivity to BSM with 
right-handed couplings

 Never been measured at a high 
precision: an important challenge 
for LHCb (and its upgrade) and 
Belle II
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New Physics SM



How do we measure the polarization?

 Time-dependent measurements:
𝐵𝑑 → 𝐾𝑠𝜋

0𝛾
𝐵𝑑 → 𝐾𝑠𝜋

+𝜋−𝛾
𝐵𝑠 → 𝐾+𝐾−𝛾

 Angular distribution:
 Baryonic decays: Λ𝑏 → Λ𝛾

request to the polarization of Λ𝑏 or Λ
𝐵 → 𝐾𝑟𝑒𝑠 → 𝐾𝜋𝜋 𝛾
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Photon polarization of 𝐵 → 𝐾1(→ 𝐾𝜋𝜋)𝛾
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In the SM, 



• Photon polarization

= Recoiling 𝐾1 polarization

=> measure it from 𝐾1 decay angular distribution
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Angular distribution method
Gronau,Grossman, Pirjol, Ryd PRL88(’01)
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Gronau,Grossman, Pirjol, Ryd PRL88(’01)

Up-down asymmetry for 𝐾1

Up-down asymmetry for K1

Angular distribution:

To measure 𝜆𝛾, we need to know the decay factor
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Model-independent extraction 

using 𝐷 → 𝐾1(→ 𝐾𝜋𝜋)𝑒+𝜈
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𝐵 → 𝐾1 𝐾𝜋𝜋 𝛾 vs 𝐷 → 𝐾1 𝐾𝜋𝜋 𝑒+𝜈

Polarization of 𝑊: +, -, 0, tPolarization of 𝛾: +, -

t: timelike, 𝜖𝜇 𝑡 ∼ 𝑝𝑊
𝜇
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Angular Distribution of 𝐷 → 𝐾1 → 𝐾𝜋𝜋 𝑒+𝜈

The angular coefficients are given as:
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Up-down asymmetries

𝐵 → 𝐾1 → 𝐾𝜋𝜋 𝛾

𝐷 → 𝐾1 → 𝐾𝜋𝜋 𝑒+𝜈
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Prospect at BESIII & BelleII

𝐾1 1270 : 1+ 𝐾1 1400 : 1+? 𝐾∗ 1410 : 1−

𝐾2
∗ 1430 : 2+? 𝐾∗ 1680 : 1−?

LHCb: PRL112.161801(2014)

[1.1-1.3] GeV:
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A significant deviation from the above value would 

be  a clear signal for new physics beyond SM.



𝐷 → 𝐾1 → 𝐾𝜋𝜋 𝑒+𝜈 from BESIII

BESIII: 1907.11370

BESIII, BelleII, LHCb, Super Tau-Charm, CEPC in future? 
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Summary

 Heavy Flavor Physics: indirect search for NP

 Photon polarization in 𝑏 → 𝑠𝛾:  unique to probe right-

handed couplings

 Model-independent extraction using 𝐷 → 𝐾1 → 𝐾𝜋𝜋 𝑒+𝜈
 Hadron inputs

 Photon polarization in a model-independent way: NP?

 BESIII, BelleII, LHCb, Super Tau-Charm, CEPC in 

future? 

Thank you very much!
19



20

Backup



Including more 𝐾𝐽 resonances

The angular distribution for 𝐷 → 𝐾𝑟𝑒𝑠 → 𝐾𝜋𝜋 𝑒+𝜈

 For 𝐾∗(1410)
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Including more 𝐾𝐽 resonances

 For 𝐾2
∗(1430)

 𝐾1 − 𝐾2 interference 
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