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Model it
Theory model
Fit QCD
Allow for CP violation

JHEP 09 (2024) 026,   
arXiv:2405.17347
and arXiv:2605.07582 

Parametrise it
“Weak” theory model

LHCb-PAPER-2026-023

 

Different measurements of the same thing
Bin it

No theory model
Allow for CP violation

PRL 137, 021802 (2026), 
arXiv:2512.18053

 

https://arxiv.org/abs/2405.17347
https://arxiv.org/abs/2605.07582
https://arxiv.org/abs/2512.18053
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Data
● Full run 1 and run 2 data from LHCb used
● Efficiency corrections and fit are performed in the variable (q2, θK, θl,φ)

– The mKπ dependence is integrated out in region
796 < mKπ < 996 MeV

– Almost full q2 region, 0.1 < q2 < 18.0 GeV2
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Fit local, non-local and WCs simultaneously
● Usual expression for amplitudes
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Local form factors
● Form factors use the combined LCSR+LQCD fit

● Implemented in fit as Gaussian constraint on α parameters, including 
correlations

Gubernari, Reboud, van Dyk Virto, arXiv:2206.03797
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Fit anomalies and QCD simultaneously
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Fit anomalies and QCD simultaneously
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Fit anomalies and QCD simultaneously

Rescattering terms
not implemented
Ciuchini et al,
Phys.Rev.D 107 (2023) 5, 055036

Isidori, Polonsky, Tinari
Phys.Rev.D 111 (2025) 9, 093007
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Dispersion relation
● The non-local terms are expressed through dispersion relation Bordone, Isidori, Mächler, Tinari

arXiv:2401.18007]
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Phases and amplitudes of resonances
● The full fit is normalised to the branching fraction of B0→J/ψK*0

– This BF is taken from Belle paper only (arXiv:1408.6457) to ensure 
consistent treatment of S-wave and Tcc contamination.

● Phases for J/ψ and Ψ(2S) are defined such that δ0 is relative to local 
phase, while δ∥and δ⟂ are relative to δ0

● For all other resonances the phases are all relative to local phase
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Shift in C7
● The signal model also include a helicity dependent complex valued shift in 

C7 for the amplitudes
● For the real parts, this is

degenerate with constant
term in form factor 
parametrisation
– Fit implements this by

leaving those fixed
● Side effect is that         have

no sensitivity to C9
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S-wave component
● A separate set of Wilson coefficients are added as nuisance parameters 

for the S-wave
– This avoids that uncertainties in the form factors pollute the P-wave 

measurement.
● Non-local form factors treated in same way for S-wave as for P-wave, but 

includes only J/ψ and ψ(2S) resonances
● No ΔC7 components
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Resolution function
● As fit is unbinned and include the 

extremely narrow charmonium 
resonances, understanding the 
smearing in q2 is extremely important
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Fit provides a very good description of data
● An unbinned analysis in the dimuon mass - In total 150 parameters

JHEP 09 (2024) 026

https://doi.org/10.1007/JHEP09(2024)026
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Observables
● Observables can be calculated from fit, and separated in local and non-

local effects
JHEP 09 (2024) 026

https://doi.org/10.1007/JHEP09(2024)026
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Observables
● Observables can be calculated from fit, and separated in local and non-

local effects
JHEP 09 (2024) 026

https://doi.org/10.1007/JHEP09(2024)026
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Wilson coefficients
● Shift in C9 as in all other

analyses
● Some of difference absorbed 

into non-local component
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Cross checks
● The unbinned fit can be extended to allow for an unphysical change of 

Wilson coefficient as function of q2

● For vector current (C9), uncertainty is
quite large due to resonances

Δ

JHEP 09 (2024) 026

https://doi.org/10.1007/JHEP09(2024)026
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Cross checks
● The unbinned fit can be extended to allow for an unphysical change of 

Wilson coefficient as function of q2

● For vector current (C9), uncertainty is
quite large due to resonances

● For axial-vector, we see agreement with 
no slope at 2.2σ level
– Similar type of disagreement in

B→Kμμ unbinned analysis

Δ
C

10

JHEP 09 (2024) 026

https://doi.org/10.1007/JHEP09(2024)026
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CP-violating fit
● CP violation is allowed for in fit by allowing C9 and C10 to have a weak 

phase
● Not allowed in C9’ and C10’ as CP conserving fit showed they were 

insignificant
● T-odd symmetries require both strong and weak phase differences

– We get this between the penguin amplitude and the vector resonances
● T-even symmetries are sensitive across all q2

– This also has interference terms between C9 and C10

– Would cancel out if only fitting in q2
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CP-violating fit

● A weak phase of arg(VcbV*
cs/VtbV*

ts) between penguin and cc resonances 
expected in SM
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CPV fit results
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CPV fit result
● Direct CP violation
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CPV fit result
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Weak phase comparison

SM
No

CPV
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Correlations
● Using correlation matrix we 

can investigate influence of 
ΔC7 parameters

● Setting all to zero is 
disfavoured by 2.6σ
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Correlations
● Using correlation matrix we 

can investigate influence of 
ΔC7 parameters

● Setting all to zero is 
disfavoured by 2.6σ

● Shift in WCs is very small for 
real part

● Insignificant for imaginary part
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