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Motivations
12. CKM quark-mixing matrix 15
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Figure 12.2: Constraints on the ρ̄, η̄ plane. The shaded areas have 95% CL.

ρ̄ = 0.124+0.019
−0.018 , η̄ = 0.356 ± 0.011 . (12.26)

These values are obtained using the method of Refs. [6,104]. Using the prescription
of Refs. [111,128] gives λ = 0.22496 ± 0.00048, A = 0.823 ± 0.013, ρ̄ = 0.141 ± 0.019,
η̄ = 0.349 ± 0.012 [129]. The fit results for the magnitudes of all nine CKM elements are

VCKM =

⎛

⎝
0.97434+0.00011

−0.00012 0.22506 ± 0.00050 0.00357 ± 0.00015
0.22492 ± 0.00050 0.97351 ± 0.00013 0.0411 ± 0.0013
0.00875+0.00032

−0.00033 0.0403 ± 0.0013 0.99915 ± 0.00005

⎞

⎠ , (12.27)

and the Jarlskog invariant is J = (3.04+0.21
−0.20) × 10−5.

Figure 12.2 illustrates the constraints on the ρ̄, η̄ plane from various measurements
and the global fit result. The shaded 95% CL regions all overlap consistently around the
global fit region.

October 6, 2016 11:46

‣ Search new physics through the SM flavour structure



‣ Light CKM coefficients: percent level reached. 
‣ Inclusion of isospin breaking effects required to progress.
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Motivations



‣ Nice theory & lattice work by RM123 

‣ New challenge here: physical point calculation.
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Current lattice status

[RM123, arXiv:1904.08731, 2019]  
[RM123, PRL 120(7), 072001, 2018]  
[RM123, PRD 95(3), 034504, 2017]  
[RM123, PRD 91(7), 074506, 2015]



‣ Euclidean space-time construction 

‣ Lattice implementation 

‣ Preliminary physical point data 

‣ Outlook & Perspectives



Euclidean space-time construction



‣ Full width (rest frame)  
 
 

‣ Tree-level matrix element (factorisable final state) 

‣ Width first-order isospin breaking (IB) corrections

 8

Full width IB corrections
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‣                     : strong IB corrections 

‣          : quark QED corrections 

‣          : lepton QED corrections 

‣             : quark-lepton QED corrections
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IB corrections classification
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Factorisable

Non-factorisable

Absorbed in renormalisation
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‣ “Standard” axial-pseudoscalar 2-point analysis 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Factorisable corrections
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‣ Amputated operator and matrix element  
 
 

‣ Euclidean 3-point function  

‣ Asymptotic behaviour (                and               )  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Non-factorisable correction
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‣ Finite-volume (FV): IR regulator. 

‣ FV effects                     , infinite-volume regulator       . 

‣ FV subtraction: swap     and       . 

‣ Add                          : swap       and experimental cut. 

‣ Performed in the point-like approximation.
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Infrared divergences
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Lattice implementation



‣ Physical point Möbius domain-wall fermions. 

‣                    ,                   ,               ,               .  

‣ Valence light: physical mass z-Möbius              . 

‣ 98 configurations (20 trajectories spacing). 

‣ 2000 eigenvectors/conf for the light red-black 
preconditioned matrix.
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Gauge ensemble
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‣ QEDL theory. 

‣ Interaction vertices     inserted on quark propagators 
using sequential solves. 

‣ EM field Gaussian distributed from QEDL action. 

‣ Local current vs. conserved: no new divergences for 
this process.
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QED implementation
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‣ 2-point function: all-to-all with LMA.  
J. Richings talk 

‣  
 
 
 

‣     ,               fixed, 96 translations.     integrated. 

‣ DWF lepton with twisted BC for energy conservation.
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Correlation functions
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Preliminary physical point data
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Non-factorisable corrections
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Leptonic decays

IB corrections Leptonic decay rates

⌅ Connected QED isospin breaking corrections to the decay rate: (A.Portelli’s talk)

Lepton coupling Diagram Exchange Diagram Self-energy Diagram

⌅ Disconnected QED isospin breaking corrections to the decay rate:

Tadpole Diagram Specs Diagram Burger Diagram

⌅ Strong Isospin breaking corrections:

Strong Diagram

I

Strong disconnected Diagram

James Richings (Lattice 2019) Disconnected 19/06/2019 5 / 16

8 configurations, 96 translations/conf.  
16 consecutive translations binned
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Non-factorisable corrections
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Outlook & Perspectives



‣ Isospin breaking corrections to weak decays are 
necessary for sub-percent CKM coefficients. 

‣ Working setup for pion and kaon leptonic decays 
directly at physical quark masses. 

‣ Low-statistics results encouraging.
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Outlook



‣ Same setup using an all-to-all approach? 

‣ Soon: higher statistics and full analysis. 

‣ Renormalisation of the weak Hamiltonian. 

‣ Semi-leptonic decays.
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Perspectives



Thank you!


