
  

Current and expected precision in the 
determination of the CKM triangle

Luiz VALE SILVA
(U. CEU Cardenal Herrera, València-Spain)

LHCb FIP Physics (CERN), 05/02/2025



  

Flavor in the quark sector

● Goal is testing the SM, and possibly point out tensions
● Many flavour observables enjoy the status of precision physics, 

thanks to progress in different fronts (e.g. QCD inputs)
● Flavor transitions pattern is likely to change in the presence of NP
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Measuring the CKM matrix 2



  

Theo. inputs: hadronic effects 3



  

Progress over the years 4



  

Inputs

[LVS, 2405.08046]

[CKMfitter]

http://ckmfitter.in2p3.fr/


  

Current status of flavour
● A single phase must be responsible for CP 

violation across distinct flavour sectors
● Observables of very different natures

Bd Unitary Triangle
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Consistency among observables

● If NP in loop: extraction of ρ, η degraded
● Overall agreement w/ the SM, but some 

existing tensions

loop

tree
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New era of flavour ahead

● LHCb Upgrades [1812.07638]; Belle II [1808.10567]
● Phase I: LHCb-upgrade I 50/fb, & Belle II 50/ab
● Other later phases (more uncertain) left in back up
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Experimental inputs

● Sizes of 1σ relative uncertainties [HL-LHC 1812.07638; Belle II 1808.10567]
● Important role played by LHC in extracting quantities above
● |Vub/Vcb|: lattice determination of Λb form factors [Detmold, Lehner, Meinel ‘15]; 

extraction from Bs carries currently similar uncertainty (but larger)
● β and ϕs: penguin pollution, various estimates (QCDF, SU(3), etc.) w/ small 

central values and uncs. in the range |∆β|~<1° [Boos, Mannel, Reuter ‘04; 
Ciuchini et al. ‘05; De Bruyn, Fleischer ‘14; Frings, Nierste, Wiebusch ‘15; ...]
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Other experimental inputs

● Sizes of 1σ relative uncertainties [Belle II 1808.10567]
● |Vub| and |Vcb| exclusive: assumptions about lattice improvements; only 

exclusive extractions considered for projections (“Current” includes inclusive)
● α: limitation from neutral modes, main experimental improvement expected 

from Belle II; need to account for isospin breaking corrections [Charles, 
Deschamps, Descotes-G., Niess ‘17]

● Strangeness: presently small role in extracting ρ and η
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Other experimental inputs

● |Vud|, |Vus|: no expected exp. change from (semi-)leptonic decays, only from lattice inputs
● |Vcd|, |Vcs|: would need substantial exp (and theo) improvement from the charm sector
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Lattice inputs

● Sizes of 1σ relative uncertainties [1812.07638]
● Ratios: better control of chiral extrapolations to light quark masses
● Isospin and QED corrections for leptonic and semileptonic decays: 

known and around 1% effect for K; will be needed for B (and D)
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Impact of LHCb + lattice

LHCb 300/fb
   + lattice

LHCb 2018 LHCb 23/fb
   + lattice

[1808.08865]

Illustrative purpose: only including LHCb
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CKM metrology [Preliminary!]

● Sizes of 2σ relative uncertainties
– “Current” uncertainties follow Rfit scheme
– “Full agree”: central values adjusted to have perfect agreement among the 

constraints, and total theo. unc. treated as Gaussian
– Future uncertainties treated as Gaussian

● A and λ extractions driven by |Vud|, |Vus|, |Vcb| inputs
● Improvement of ρ, η by factor of 2-3
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Reach to New Physics (NP)
● Low-energy observables: probe energies much beyond the reach of direct searches
● The bounds on non-SM contributions shape NP candidates
● If deviation seen, possible NP manifestation!
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NP in B meson mixing

[CKM fits w/ NP: UTfit; Descotes-G., Falkowski, Fedele, Gonzalez-A., Virto '19; Biswas, Mukherjee, Nandi, Patra '23]
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Status of NP in B meson mixing
● Status as of Summer ‘19: 

outdated, but conclusions 
should be similar

● Agreement with the SM 
(hd=hs=0) at ~1σ

● Allowed size for NP at the 
level of O(20%)!

● Extractions of ρ and η 
(Wolfenstein parm.) 
degrade by factor ~3

Black dot: best fit point; 𝛔d and 𝛔s are unconstrained

[See also: De Bruyn, Fleischer, Malami, van Vliet '23]

    [Charles, Descotes-G., Ligeti,
Monteil, Papucci, Trabelsi, LVS ‘20]
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Future improvements
● SM reference: shift the central values
● Compared to Current, improvement by factor >3

Current
     2019

Phase I
LHCb U. I + Belle II
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Conclusions
● Global fit of a rich variety of processes sensitive to CP 

Violation and SM predictions in agreement
● We are then able to extract accurate values for the 

fundamental parameters describing the CKM matrix
● The mechanism of CP Violation in the SM (still) gives an 

accurate picture of nature: no clear indication of NP
● One example of the impact of NP: B meson mixing
● Exciting future prospects for Belle II, LHC, NA62,...
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20CKMfitter Collaboration



  

BACK UP



  

Benchmarks for the future
● Phase I: LHCb-upgrade I 50/fb, & Belle II 50/ab
● Phase II: LHCb-upgrade II 300/fb, & Belle II upgrade 250/ab
● Phase III: Phase II + FCC-ee

FCC-ee: initial phase of FCC; operates at different EW thresholds:
5x1012 Z bosons, 108 WW pairs, >106 Higgses, >106 tt pairs

[FCC Physics Opportunities, Conceptual Design Report]

[Flavour cases: EPJPlus 136, 837 arXiv:2106.01259,
and EPJPlus 136, 912 arXiv:2106.12168]

https://cds.cern.ch/record/2651294
https://arxiv.org/abs/2106.01259
https://arxiv.org/abs/2106.12168


  

Experimental inputs: Phases II & III



  

Lattice inputs: Phases II & III



  

CKM metrology [Preliminary!]

Other projections are found in the CKMfitter webpage; see also CERN courier

1σ

2σ

https://cerncourier.com/a/lhcb-looks-forward-to-the-2030s/


  

Experimental and theoretical inputs
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“Current”: 2019, 
used only for NP 
in |∆B|=2

https://arxiv.org/abs/2006.04824
https://arxiv.org/abs/2106.01259
https://arxiv.org/abs/2106.12168


  [Hoecker et al. ‘01,  Charles et al. ‘04]



  

2019 status plots



  

Different representation



  

Future improvements

Phase II
LHCb U. II + Belle II U.

Phase III
Phase II + FCC-ee
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