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Light-meson leptonic decay rates from lattice 
QCD+QED calculations

New Physics Signals 
(NePSi —       )
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Indirect searches of new physics using CKM matrix unitarity constraints

in the Standard Model:
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Matrix elements can be extracted e.g. from leptonic and semileptonic decays of mesons
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Possible         tensions in the            plane 

(best fit vs CKM unitarity, leptonic vs semileptonic, ...)
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Experimental and theoretical control of these quantities 
is of crucial importance to solve the issue

[V.Cirigliano et al., 2208.11707]
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Experimental

• clarify situation with new measurements of leptonic 
and semileptonic decay rates (e.g. at NA62)

• improve predictions including radiative corrections 
and isospin-breaking effects

theoretical
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Some lattice QCD results
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         and            determined from  
lattice QCD with sub percent precision!
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Current level of precision requires the inclusion of isospin breaking (IB) corrections 

strong effects 

electromagnetic effects

Isospin-breaking effects on the lattice
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Different ways to include them on the lattice...

RM123 perturbative approach 

In this calculation:
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     V. Lubicz et al., PRD 95 (2017) 
     D. Giusti et al., PRL 120 (2018) 

     MDC et al., PRD 100 (2019)

Possible extensions: 

➤  compute structure-dependent real photon emission on the lattice  

 

➤  nice progress also on virtual photon emission: see G.Gagliardi's talk @11.50

G.M. de Divitiis et al., [1908.10160]         A. Desiderio et al., PRD 102 (2021)  
R. Frezzotti et al., PRD 103 (2021)  C. Kane et al., [1907.00279 & 2110.13196] 

D. Giusti et al., [2302.01298]

G. Gagliardi et al., PRD 105 (2022)
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• ratio  /  

• Domain Wall fermions 
• single volume and lattice spacing 
• physical quark masses

Γ(Kμ2) Γ(πμ2)
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�RK⇡ = �0.0112 (21)PT:χ
MDC et al., PRD 100 

(2019) 

V. Cirigliano et al., 
PLB 700 (2011)

this work (w/o FVE)

this work

χPT

RM123-Soton

−0.02 −0.015 −0.01 −0.005 0

δRKπ

• Our new result is compatible with previous lattice 
calculation (RM123S) and with PT 

• The error is dominated by a large systematic 
uncertainty related to finite-volume effects

χ
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�RK⇡ = �0.0086 (3)stat.(
+11
�4 )fit(5)disc.(5)quench.(39)vol.

Solid evidence that          can be computed from first principles non-perturbatively on the lattice!
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Including QED:  photon zero modes require a regularisation 
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MDC et al., PRD 105 (2022)
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Finite volume scaling should be carefully studied!
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• Using our new result                                
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• New results for radiative virtual correction           from lattice calculation with Domain Wall 
fermions at the physical point 

• Finite volume effects have to be carefully studied, including order  
(looking forward to seeing results with different QED prescriptions:                              )
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QEDC, QEDm, QED1

• Current tensions in the first row CKM unitarity can be only solved (or confirmed) by a 
combined effort of theory and experiments
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... and future prospects
<latexit sha1_base64="wPputJysIDp4MnU85XPQXOnrBbI="></latexit>

lim
a!0

lim
L!1

repeat calculation on 
different ensembles

<latexit sha1_base64="dudDkVm5lKqAqh4F2zbOYvzqV1c="></latexit>

�' g(L) =

 
1

L3

X

k 6=0

�
Z

d3k

(2⇡)3

!Z
dk0
2⇡

G(k0,k)
k20 + |k|2

investigate & tame effects 
due to non-locality of QEDL

K0 ⇡�

`+

⌫`

study semi-leptonic 
kaon decays



Thank you


