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B-anomalies: 𝑏 → 𝑠 ℓ+ℓ−

lepton universality parameters

SM prediction:
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B-anomalies: 𝑏 → 𝑠 ℓ+ℓ−

lepton universality parameters

SM prediction:

latest LHCb measurement from 2022

agrees with SM prediction [LHCb 2022]
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https://arxiv.org/abs/2212.09153


B-anomalies: 𝑏 → 𝑠 ℓ+ℓ−

angular distribution in 𝐵0 → 𝐾∗0𝜇+𝜇−

branching fraction of  𝐵𝑠
0 → 𝜙 𝜇+𝜇−
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LHCb measurements

> 𝟐𝝈 deviation [LHCb 2020]

> 𝟑𝝈 deviation [LHCb 2021]
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https://arxiv.org/abs/2003.04831
https://arxiv.org/abs/2105.14007


B-anomalies: 𝑏 → 𝑠 ℓ+ℓ−

angular distribution in 𝐵0 → 𝐾∗0𝜇+𝜇−

branching fraction of  𝐵𝑠
0 → 𝜙 𝜇+𝜇−

LHCb measurements

> 𝟐𝝈 deviation [LHCb 2020]

> 𝟑𝝈 deviation [LHCb 2021]

possible explanation: shift in Wilson coefficient 𝐶9𝑉
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https://arxiv.org/abs/2003.04831
https://arxiv.org/abs/2105.14007


B-anomalies: 𝑏 → 𝑐 ℓ 𝜈

September 14, 2023MPA Summer School 2023                                                                                                Michel Stillger 4

branching fractions of  semitauonic decays



branching fractions of  semitauonic decays

HFLAV results from 2023

> 𝟑𝝈 deviation [HFLAV 2023]

B-anomalies: 𝑏 → 𝑐 ℓ 𝜈
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https://hflav-eos.web.cern.ch/hflav-eos/semi/summer23/html/RDsDsstar/RDRDs.html


Weak effective Hamiltonian [Buchalla et al. 1995]

integrate out “heavy” physics at scale 𝜇 ∼ 𝑀𝑊

obtain effective operators describing low-energy physics
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https://arxiv.org/abs/hep-ph/9512380
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QCD Factorization [BBNS 2000]

amplitude factorization for 𝐵 → 𝑀1 𝑀2 with 𝑀1, 𝑀2 both light
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https://arxiv.org/abs/hep-ph/0006124
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Weak Annihilation [BBNS 2001]

effective Hamiltonian

contains contributions that are subleading in 𝜆 ≡ ΛQCD/𝑚𝑏
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https://arxiv.org/abs/hep-ph/0104110


Weak Annihilation [BBNS 2001]

effective Hamiltonian

contains contributions that are subleading in 𝜆 ≡ ΛQCD/𝑚𝑏

not included in previous factorization formula 
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https://arxiv.org/abs/hep-ph/0104110


Weak Annihilation [BBNS 2001]

leading order contribution
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https://arxiv.org/abs/hep-ph/0104110


Weak Annihilation [BBNS 2001]

leading order contribution

endpoint divergent integral for 𝑥 → 1
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https://arxiv.org/abs/hep-ph/0104110


Weak Annihilation [BBNS 2001]

leading order contribution

endpoint divergent integral for 𝑥 → 1

similar contribution divergent for 𝑦 → 0

How to deal with these endpoint divergences?  
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https://arxiv.org/abs/hep-ph/0104110


Soft-Collinear Effective Theory (SCET)

momenta in B-Meson CMS
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Soft-Collinear Effective Theory (SCET)

momenta in B-Meson CMS

decompose momenta

relevant momentum regions
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Matching onto SCET-1

split fields according to momentum scaling:   𝜙 → 𝜙ℎ𝑐 + 𝜙ℎ𝑐 + 𝜙𝑠
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match weak effective Hamiltonian onto SCET-1
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Matching onto SCET-2

split fields further:   𝜙ℎ𝑐 → 𝜙𝑐 + 𝜙𝑠 and   𝜙ℎ𝑐 → 𝜙 ҧ𝑐 + 𝜙𝑠

September 14, 2023MPA Summer School 2023                                                                                                Michel Stillger 12



Matching onto SCET-2

split fields further:   𝜙ℎ𝑐 → 𝜙𝑐 + 𝜙𝑠 and   𝜙ℎ𝑐 → 𝜙 ҧ𝑐 + 𝜙𝑠

match SCET-1 operators onto SCET-2
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Matching onto SCET-2

match SCET-1 operators onto SCET-2
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Matching onto SCET-2

match SCET-1 operators onto SCET-2
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Conclusion

B-anomalies → precise theoretical predictions needed

leading power factorization understood since 20 years

NLP factorization more complicated → endpoint divergences

systematic study of  weak annihilation amplitudes using SCET

new universal (LC)DAs

need to study endpoint behavior
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