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Motivation: B-anomalies status

www.nikhef.nl/~pkoppenb/anomalies.html 2

Anomalies in ‘clean’ observables gone : 

➢ RK and RK* (LHCb 2022)

➢ BR(Bs → μμ) (LHCb 2021)

Deviation in angular observables and 

Branching fractions at low q² still standing

Theoretically challenging



Theoretical framework:
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in the weak effective theory

…



C9-C10 Global fit :
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Angular and

Branching fractions

See Bernat Capdevila’s talk yesterday

B→K μμ

B→K*μμ

Bs → Φμμ



C9-C10 Global fit :
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Angular and

Branching fractions

Dependance on

Hadronic input ?

See Bernat Capdevila’s talk yesterday

B→K μμ

B→K*μμ

Bs → Φμμ



Amplitude of B → K(*)ll decays:

Local

Non-Local

Diagrams by Javier Virto
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Parametrized with local Form Factors



C9-C10 Global fit :
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Angular and

Branching fractions

Dependance on

Local F.F?

See Bernat Capdevilla’s talk yesterday

B→K μμ

B→K*μμ

Bs → Φμμ



Fit of BR of B→K*μμ at low q²:

7

Impact of B→K* Local Form Factors

[1] 1503.05534 : Bharucha, Straub and Zwicky



Fit of BR of B→K*μμ at low q²:
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Impact of B→K* Local Form Factors

[1] 1503.05534 : Bharucha, Straub and Zwicky

[2] 1811.00983 : Gubernari, Kokulu and van Dyk



Fit of angular observables of B→K*μμ at low q²:
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Impact of B→K* Local Form Factors

[1] 1503.05534 : Bharucha, Straub and Zwicky



Fit of angular observables of B→K*μμ at low q²:
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Impact of B→K* Local Form Factors

[1] 1503.05534 : Bharucha, Straub and Zwicky

[2] 1811.00983 : Gubernari, Kokulu and van Dyk
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Remaining deviations in FCNC B-decays – both BR and 

angular observables- are sensitive to local form factors

The Wilson Coefficient fits are impacted ! 

How are these form factors computed?

Local Form Factors computation:



At high-q² :  computed on the lattice

At low-q² : (mostly) Light-Cone Sum Rule (LCSR)

Local Form Factors computation:

q²

F.F

LCSR Lattice QCD
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At high-q² :  computed on the lattice

At low-q² : (mostly) Light-Cone Sum Rule (LCSR)

Local Form Factors computation:

q²

F.F

LCSR Lattice QCD

Challenging systematic

uncertainties
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Procedure for Light-Cone Sum Rules :

B to vacuum correlation function

B

Express it in function of the 

non-perturbative quantities

of interest

(here form factors)

Compute it perturbatively
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Procedure for Light-Cone Sum Rules :

B to vacuum correlation function

B

Express it in function of the 

non-perturbative quantities

of interest

(here form factors)

Compute it perturbatively

Match both expression
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Procedure for Light-Cone Sum Rules :
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Procedure for Light-Cone Sum Rules :

Hadronic unitarity

relation

+

Dispersion relation Density of continuum 

and excited stated
α F.F
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Procedure for Light-Cone Sum Rules :

α F.F Density of continuum 
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Procedure for Light-Cone Sum Rules :

α F.F Density of continuum 

and excited states

HQET

→ Light-Cone OPE

In growing twist (dimension – spin)

Non perturbative input : B-meson LC 

distribution amplitudes
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Procedure for Light-Cone Sum Rules :

α F.F Density of continuum 

and excited states

HQET

→ Light-Cone OPE

In growing twist (dimension – spin)

Non perturbative input : B-meson LC 

distribution amplitudes
What we want What we haveWhat is this?

Hadronic unitarity

relation

+

Dispersion relation

12



Estimating the density:
At leading twist: 
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Estimating the density:
At leading twist: 

Borel transform
M² : Borel parameter

Supress higher states of

unknow contribution
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Estimating the density:
At leading twist: 

Borel transform
M² : Borel parameter

Supress higher states of

unknow contribution

Semi-Global Quark Hadron duality s0 : duality threshold
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Setting the parameters:

Borel parameter M² : compromise 

between supression of higher twists, and 

continuum and excited states contribution 

Duality threshold s0 : Independence of 

F(q²) w.r.t  M² :

Daughter Sum Rule : 
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(Preliminary) results:

Following a very similar

procedure to Gubernari et al 2018

Results in agreement with

previous calculations
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➢ Remaining deviations in FCNC B-decays – both BR and angular observables-

are sensitive to form factors

➢ LCSR can be used to predict form factors at low q² but suffer from large 

uncertainties

➢ Coming results : B→K(*), D(*) local form factors

Conclusion :



Backup:



C9
μ-C10

μ fit :

Angular and

Branching fractions



Angular and BR at low q²:
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Impact of B→K* Non-Local Contributions

[1] 1006.4945 : Khodjamirian, Mannel, 

Pivovarov, Wang



Angular and BR at low q²:
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Impact of B→K* Non-Local Contributions

[1] 1006.4945 : Khodjamirian, Mannel, 

Pivovarov, Wang

[2] Mahmoudi



Angular and BR at low q²:

9

Impact of B→K* Non-Local Contributions

[1] 1006.4945 : Khodjamirian, Mannel, 

Pivovarov, Wang

[2] Mahmoudi

[3] 1707.07305 : Bobeth, Chrzaszcz, van Dyk, 

Virto
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List of Form Factors used

B → K : 2018 Gubernari et al

B→K* : 2015 BSZ

Bs→Φ : 2015 BSZ
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BR at low q²:
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[1] 1703.04765 : Khodjamirian and Rusov

Impact of B→K Local Form Factors



BR at low q²:

6

Impact of B→K Local Form Factors

[1] 1703.04765 : Khodjamirian and Rusov

[2] 1811.00983 : Gubernari, Kokulu and van Dyk



BR at low q²:

6

Impact of B→K Local Form Factors

[1] 1703.04765 : Khodjamirian and Rusov

[2] 1811.00983 : Gubernari, Kokulu and van Dyk

[3] 2207.13371 : HPQCD



List of b→sll operators
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Full and Soft approach:

Full : using the whole set of form factors

Soft : using the symmetry relations between form factors to eliminate form factors ratios 


