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• experiment + theory 
Γ = Weak + EM + QCD

PT PT PT+nonPT
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Flavour-Experimental landscape

KL → π0νν̄

, inclusive  decays, 
,  physics

B → K(*)νν̄ B
B → ℓν τ

charm threshold, meson/baryon  
decays, mixing
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τ−
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pions:
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• 
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π → ℓν
π+ → π0e+ν
|Vud |

[115] PIONEER

kaons: 
•  mixing

•  (rare) L/SL decays  

( , )

• rare hyperon decay 

•  interference,


•

K − K
K
K → πℓℓ(νν) K → ℓℓ

KL − KS
|Vus |

[55] Kaon community 
[81] LHCb Upgrade II 
[155] KOTO(-II)

charm: 
•  mixing

•  (rare) decays 

( , , …)

•  hadronic decays

• charm baryonic decays

•  

D − D
D
D → πℓℓ D → hhℓℓ
D

|Vcd | , |Vcs |
[81] LHCb Upgrade II 
[188] LEP3 
[196]  FCC 
[205] Belle-II/Super KEK B 
[223] ATLAS, Belle-II, CMS, LHCb 
[231] STCF

bottom: 
•  (rare) L/SL decays  

( , ,  
, , …)


•  SL/radiative decays  
( , )


•  mixing

• hadronic decays

• inclusive/exclusive

• 


Bu,d,s,c
B̄0

s → Kℓν B → D**ℓν̄
B0

(s) → μ+μ− B0 → K*0μ+μ−

Λb
Λb → pℓν Λ0

b → Λγ
B(s) − B̄(s)

|Vub | , |Vcb |
[81] LHCb Upgrade II 
[188] LEP3 
[196] FCC 
[205] Belle-II/Super KEK B 
[223] ATLAS, Belle-II, CMS, LHCb

Submissions for flavour for the Update of the European Strategy for Particle Physics 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With  -bosons FCC-  will 
be a formidable flavour factory.  

Fingers crossed for a positive decision 
in 2028!

6 × 1012 Z ee
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Matrix-element classification

⟨B |OΔB=2 | B̄⟩

⟨P′￼|Heff |P⟩
e.g. 
• tree-level leptonic and semileptonic decay 
• short-distance contributions to 2nd-order  

processes (rare decays, mixing, …)

⟨0 |Aμ |K⟩

⟨π |Vμ |B⟩

Minkowski  Euclidean↔

1st order EW:

“ ”s and signsi

5

Weak gauge bosons so heavy that we can replace them by point-interaction described by an Effective 
Hamiltonian   compute their expectation values in QCD(+QED) Heff →



Matrix-element classification

e.g. 
• hadronic decay  
• long-distance effects in rare decays 
• meson mixing
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Hamiltonian   compute their expectation values in QCD(+QED) Heff →



Part I — 1st order EW 
(decay constants, form factors, LECs, …)
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Precision quantities discussed 
in FLAG24

http://flag.unibe.ch
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Phys.Rev.D 113 (2026) 1, 014508

Lattice-QCD results increasingly 
hitting 1%-error barrier.
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∝ M2
π

Quark Masses and decay constants
• light-and strange masses following 

[ALPHA EPJC 80 (2020), EPJC 86 (2026)] 

and decay constants [Conigli, Frison, Sáez  et al. EPJC 86 (2026)] 
•  CLS,  Wilson and TM mixed valence,  
five values of , ,  

• Edinburgh consensus 
• quark masses SF-renorm. and running 
• decay constant SU(3) PT extrapolation and NLO FVE 

 ( ) 

Nf = 2 + 1
a ≳ 0.38 fm tr(Mq) = 2ml + ms ≈ const . Mπ ≳ Mphys

π

χ
fK /fπ = 1.1872(59)stat(84)χ−cont ∼ 1 %

Talk by Fernando Perez Panadero

0.000 0.002 0.004 0.006 0.008
a2 [fm2]

1.16

1.18

1.20

1.22

f K
/f

º

Wilson valence

Wtm valence

ChPT ° inspired fit, O(a2) cutoÆ eÆects
Ø = 3.40

Ø = 3.46

Ø = 3.55

Ø = 3.70

Ø = 3.85

[Conigli, Frison, Sáez  
 et al. EPJC 86 (2026)]

Talks by Andre Walker-Loud 
and 

Zack Hall

[Hudspith et al. arXiv:2605.06560]

•  MDWF,  

 
• Edinburgh consensus 
• NNLO SU(3) PT extrapolation with   

discretisation terms and NLO FVE 
•  ( )

Nf = 2 + 1 + 1 a ∼ 0.05 − 0.12 fm
Mπ ∼ 0.135 − 460 MeV

χ O(a4)

fK /fπ = 1.1962(34) ∼ 0.3 %

8
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Kaon semileptonic decay K → πℓνℓ

PACS collaboration based on [PRD 101 (2020), PRD 106 (2022), PoS (LATTICE2024)]

• , Wilson , ,  

• PDG input:  
• NLO PT fits 
• IB corrections NLO ChPT smaller than stat. error 
• sea-charm effects smaller than stat. error

Nf = 2 + 1 & 2 + 1 + 1 Mphys
π a ∼ 0.04, 0.06, 0.08 L ∼ 10 fm

π−, K0, Ξ0

χ

Talk by Takeshi Yamazaki

cl of  & 

 data

Nf = 2 + 1
2 + 1 + 1

determination of LECs and |Vus |

• FNAL/MILC HISQ  ensembles 
• multiple PQ light and strange masses: 

,  
• fit ansatz with terms NLO PQSChPT, NNLO PQChPT, 

analytic terms  

•   + PQChPT-const. 
• also updated  analysis correlated with LECs

Nf = 2 + 1 + 1

ml = (1/20, …, 1/5)mphys
s ms = (1/10, …, 3/5)mphys

s

O(αSa2, αsa2m, m2)
→ F0, B0, L4, L5, 2L6 − L4, 2L8 − L5

f+(0)

FNAL/MILC Collaboration 
(Material from Ramón Merino)

decay-constant data

 form factorK → πℓν̄ℓ

Talk by Ramón Merino
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 form factorK → πℓν̄ℓ

I am not aware of a fully developed or executed 
strategy for the inclusion of IB/QED corrections 
for this quantity (and any semileptonic decay 

with charged leptons final states).  
See [Christ et al., arXiv:2402.08915]Talk by Ramón Merino
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 semileptonicDs
 [Fan et al.arXiv: 2510.14478] 

• seven  CLQCD Wilson Clover ensembles 
,  

• Measured by BaBar, CLEO, BESIII 
• scalar-function analysis [Tuo et al. PRD 105 (2022)] 

only connected contributions 
• ground-state fits (various src-sink seps. up to ) 

(long time-range, but maybe an ES analysis would still be  
helpful to ensure GS correctly identified)

Ds → ϕℓνℓ
NF = 2 + 1

a = 0.052 − 0.105fm Mπ = 210 − 320MeV

1.6 − 2.0 fm

 determination|Vcs |

wall src.@−tspt. src.@0
cs

s

ϕ(x)
JW

μ

t

determination of |Vcs |
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, a ≈ 0.078 Mπ ≈ 300 MeV

https://arxiv.org/pdf/2510.14478
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.054518


 semileptonicsB(s)

•  FNAL/MILC HISQ,  
• two projects in parallel: 

• physical  HISQ on finest ensemble 
(size of discretisation effects: for  on 

 ensembles ) 

•  and  Fermilab action (less advanced, working 
on large number of channels simultaneously 
( , , , ,  

, , )

Nf = 2 + 1 + 1 a = 0.03 − 0.09fm

b
Bs → Ds

a = 0.03, 0.04fm δ(amin) ∼ 1 − 2σ

b c

B → Dℓν Bs → Dsℓν B → D*ℓν Bs → D*s ℓν
B → πℓν B → Kℓν Bs → Kℓν
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Physical point

Talks by Nicholas Cassar 
and Akhil Chauhan

determination of , rare decay|Vub | , |Vcb |
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I am eagerly looking forward to these new results 
coming out.  

Tensions amongst form factor computations for SL 
 and  decay discussed already in Tobi Tsang's 

Liverpool talk still persist and need to be resolved 
urgently!

D B(s)
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Baryon transitions
 [Bacchio, Konstantinou PRL 135 (2025), Alexandrou et al.  PRD 114 (2026) ] 

•  transition   (not yet competitive) 
• experimentally measured at BESIII and LHCb  
• single ensemble  
• ES: summation method and ES-fits 
• Good agreement with experiment, with relatively large errors

Λ → pℓν
s → u → |Vus |

Nf = 2 + 1 + 1, a = 0.08fm, Mphys
π

12

,  [Farrell, Meinel PRD 111 (2025)], [Farrell, Meinel PRD 113 (2026)] 

• , RHQ  dark 

• ‘chiral-continuum-kinematic’ fit based on BGL-type -expansion  
• rare  transition complementary to 

 , , where tensions seen 
• initial state polarised, plenty of Dirac structure,  

angular observables 
• being analysed by LHCb, thus LQCD results are proper prediction

Ξ+
b → Ξμμ Ξb → Ξγ
Nf = 2 + 1(DWF), a = 0.002 − 0.01, Mπ > 230MeV b

z
b → s

B → K(*)μμ Bs → ϕμμ
Talk by Stefan Meinel

https://inspirehep.net/literature/2945864
https://inspirehep.net/literature/3146359
https://inspirehep.net/literature/2910449
https://inspirehep.net/literature/3131487
https://indico.global/event/16565/contributions/161724/


[Bordone, AJ, Ollie Heald et al. arXiv:2606.23410]

 angular analysisB → D*ℓνℓ

Some remarks on Part I
Data representation: 
We need better access to th. & exp. data for 
reproducibility and data comprehension. Experiment 
and theory should 
• provide data in digital format (e.g. Zenodo, HEPdata) 

together with code (e.g. fit functions with 
parameters) 

• central values + covariance matrix is not always 
enough — we need histograms or resampling data

[Belle PRL 133 (2024)]
These data points are not 
usable for a CKM analysis —  
the observables should be  
strictly positive.
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• required information hard/possible to extract  
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benchmark quantities (e.g. , , … ) 
see [Della Morte, Tsang EPJST 233 (2024)]
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Some remarks on Part I
We need to extend set of observables 
for which we control QED/IB corrections

Talk by  Erik Bäskeinclusive  decay 

radiative decays 

systematics

τ

Talk by  Xin-Yu Tuo

Talks by Davide Giusti,  
Alessandro Cotellucci 

David Albandea

a lot of activity in context of (g − 2)μ

14

[Christ, Lundstrum arxiv:2606.26336]ϵ′￼/ϵ
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Some remarks on Part I

wide priors narrow-width priors 
including free , Nπ Nππ

Two good fits for , 
two different results

σπN
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]

Excited-state effects in form-factor analysis 
[Tiburzi  PRD 91 (2015)], [Bär et al. EPJC 83 (2023), PRD 103 (2021), 
 PRD 101 (2020), PRD 100 (2019), PRD 99 (2019)]

• NME community has long recognised ES effects  
as significant and challenging systematic effect 

• EFT can provide excellent guidance 
• loads of work in NME community 

see talk by [Lorenzo Barca at CERN 2026, also PRD 112 (2025)]

We need to extend set of observables 
for which we control QED/IB corrections
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[Bär et al. EPJC 83 (2023)]. [D’Anna et al. POS 2026 246]

Two analysis methods: 
1. ratio with overlaps from 2pt-fit 

 

HM PT predicts large ES state contamination 
 

 

2. GEVP for 2pt determines ground-state EV  

ℳμ(tπ, th; p) =
4Eπ(p)C(3)

μ (tπ, th; p)

⟨0 | 𝒪̂π |π⟩⟨B | 𝒪̂B |0⟩
eEBtheEπ(p)tπ

χ
ℳk(tπ, th; p) = pkh⊥(p)(1 + δh⊥(tπ, th; p) + …)
δh⊥(tπ, th; p) = − e−Eπ(p)th + NLO + …

v0,j(t, t0)
ℳμ(tπ, th; p) =

eEBth/2

λ0(th, t0)
R1(th)

⟨0 |𝒪π |π⟩
C(3)

μ,j (tπ, th; p)v0,j(th, t0)

preliminary results by Oliver Bär, Antoine Gérardin, Simon Kuberski, Rainer Sommer

Excited states in B → πℓνℓ
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• multi-hadron interpolators required to see  states 
• large ES in  as predicted in HM PT 

• removing the  state reduces excited state 
contamination substantially 

• enforcing naive 1st ES from 2pt in 3pt induces bias
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HM PT predicts large ES state contamination 
 

 

2. GEVP for 2pt determines ground-state EV  

ℳμ(tπ, th; p) =
4Eπ(p)C(3)

μ (tπ, th; p)

⟨0 | 𝒪̂π |π⟩⟨B | 𝒪̂B |0⟩
eEBtheEπ(p)tπ

χ
ℳk(tπ, th; p) = pkh⊥(p)(1 + δh⊥(tπ, th; p) + …)
δh⊥(tπ, th; p) = − e−Eπ(p)th + NLO + …

v0,j(t, t0)
ℳμ(tπ, th; p) =

eEBth/2

λ0(th, t0)
R1(th)

⟨0 |𝒪π |π⟩
C(3)

μ,j (tπ, th; p)v0,j(th, t0)

preliminary results by Oliver Bär, Antoine Gérardin, Simon Kuberski, Rainer Sommer

• multi-hadron interpolators required to see  states 
• large ES in  as predicted in HM PT 

• removing the  state reduces excited state 
contamination substantially 

• enforcing naive 1st ES from 2pt in 3pt induces bias
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•  crucial input to highly sensitive SM probes

• relevant question even on time scale of FCC- 

• also relevant for , , , …

Vcb
ee

B → μμ KL → π0νν̄ ΔMd,s

 puzzle|Vcb |
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NEW: Inclusive decay in Lattice QCD
• inclusive  results to date based on perturbation theory/OPE  
• new ideas leading to first pheno-relevant lattice computations

|Vcb |

[Barata, Fredenhagen, CMP 138 (1991)], [Hashimoto PTEP 53-56 (2017)], [Hansent et al. PRD 99 (2019)], [Bailas et al. PTEP 43-50 (2020)], [Gambino and Hashimoto PRL 125 32001 
(2020)], [Gambino et al. JHEP 07 (2022) 083], [Barone et al. JHEP 07 (2023) 145], [Barone et al. PRD 112 (2025) 1], [De Santis et al. PRD 112 (2025) 5], [De Santis et al. PRL 135 (2025) 12], 
[Tantalo, Patella, JHEP 01 (2025) 091], [Kellermann et al. arXiv:2604.22201], [De Santis arXiv:2607.01116]17
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∼
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F |Vcb |2
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leptonic tensor

hadronic tensor

1)
Inclusive differential decay rate 
Leptonic tensor , hadronic tensor L̃ W
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Cμν(t, q) = ∫
∞

ωmin

dω Wμν(ω, q) e−ωt2)
Euclidean 4pt function is Laplace transform 
of hadronic tensor

Wμν(pB, q) =
1

2EB ∑
Xc

(2π)3δ(4)(pB − q − pXc
)⟨B(0) | (J̃μ(q2))† |Xc(pXc

)⟩⟨Xc(pXc
) | J̃ν(q2) |B(0)⟩
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Inclusive Ds → Xℓν̄ℓ

•  DWF (JLQCD),  

, no disconnected 
• Chebyshev 
•  transition 
• full systematic-error budget

Nf = 2 + 1
mud > mphys

ud

c → s

talk by Ryan Kellermann

18

[Kellermann et al. PRD 112 (2025), arXiv:2604.22201]
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https://arxiv.org/abs/2504.03358
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•  DWF (JLQCD),  

, no disconnected 
• Chebyshev 
•  transition 
• full systematic-error budget

Nf = 2 + 1
mud > mphys

ud

c → s

talk by Ryan Kellermann

Ds → Xs,dℓν̄ℓ

[De Santis et al. PRL135 (2025), PRD 112 (2025)]

•  TM, ,  
, multiple volumes, disconnected 

• Backus-Gilbert — Hansen-Lupo-Tantalo 
• both  and  transitions 
• full systematic-error budget

Nf = 2 + 1 + 1 a ∼ 0.05 − 0.08 fm
mphys

q

c → s c → d

error budget of  
diff. distribution

18

[Kellermann et al. PRD 112 (2025), arXiv:2604.22201]
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[Kellermann et al. arXiv:2604.22201]

[De Santis et al. PRD 112 (2025), PRL 135 (2025)]

Γ
|Vcs |2 = 0.856(46)(+0.050

−0.048) × 10−13 GeV

Γ
|Vcs |2 = 0.853(46)(30) × 10−13 GeV

[Kellermann et al. PRD 112 (2025), arXiv:2604.22201]
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Inclusive Bs → Xcℓν̄ℓ

ETMC [De Santis et al. arXiv:2607.01116] 

•  ETM, , multiple  

• simulations for  with ,  

 with constant   
(constant phase space) followed by interpolation to  
exact static result (OPE) 

• substantial variance reduction (see r.h.s.) 
• Hansen-Lupo-Tantalo

Nf = 2 + 1 + 1 a ∼ 0.05 − 0.08 fm L
Γ(Mi, Mf) Mi = 2 − 4.33 GeV

Mf = 0.72 − 1.6 GeV Mf /Mi

a) keep  fixed and vary  
b) vary  and keep  distances fixed

ΔT t
ΔT B − j

ΔT

a)

b)
b)

a)

talk by Alessandro De Santis19
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Inclusive Bs → Xcℓν̄ℓ

CERN-KEK-Mainz-Soton-[in preparation] 

•  DWF with physical RHQ  quark,  

, multiple  
• adopted variance reduction 
• Chebyshev reconstruction

Nf = 2 + 1 b
a ∼ 0.07 − 0.11 fm L

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
a!

°0.2

0.0
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0.4

0.6

0.8
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1.2

a2
K

(0
)

00

Kernel a2K(0)
00 (q, !) q2 =0.26 GeV2

CHEB N=9 !0 = 0

CHEB N=9 !0 = 0.9!min

BG N=9 !0 = 0

BG N=9 !0 = 0.9!min

One idea they use: 

• Leptonic kernel sometimes hard to reconstruct with low-order polynomial 
 reconstruct only ES:   reduced statistical noise and systematics→ X = (X − XGS)

Chebyshev

+ XGS⏟
3pt

→
talk by Ryan Kellermann

20
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Summary Bs → Xcℓν̄ℓ
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Lattice predictions for  
differential decay rates

21
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[De Santis et al. arXiv:2607.01116]

[CERN-KEK-Mainz-Soton, to appear]

[Carvunis JHEP 01 (2026)]

[HFLAV PRD 113 (2026)]• first-ever lattice results for inclusive  
semileptonic  and  decay  

• two independent analyses, largely different 
approaches in agreement 

• plenty of ideas for how to improve calculation

Ds Bs
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B →
μμ

KL
→ π0 νν̄

ΔMd,s

 is the new HVP!|Vcb |
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Part II — 2nd order EW 
(hadronic decay, long-distance effects, …)
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long-distance contributions to

rare kaon decay


[Boyle et al. PRD 2023] 
[Hodgson et al., arXiv:2501.18358] 

[Di Palma et al. arXiv:2605.22742, arXiv:2605.22727]  
[Tuo et al, PRD 105 (2022)], [Gagliardi et al. PRD 105 (2022)]  

long-distance contributions to  
charm mixing


image arXiv:1701.05916

[Di Carlo, Erben, Hansen arXiv:2504.16189]

QCD+QED for semileptonic decays

[Christ et al. arXiv:2402.08915]

rare hyperon decay

[Erben et al. JHEP 07 (2025)]



[Bai et al. PRD 2024] 

[Christ et al. arXiv:2606.26336]

ϵK, ϵ′￼/ϵ, ΔMK

illustration arXiv:2404.02297

illustration LHCb

long-distance contributions to

radiative decays, e.g.  

[Frezzotti et al., PRD 2024] 
Bs → μμγ

long-distance effects in 
rare leptonic decays


e.g. 

[Chao et al. PRD 2024]

K → ℓℓ

2nd order EW / finite-
volume techniques

charming Penguin contributions to 
rare semileptonic decay 

e.g. , 
B → K*ℓℓ D → πℓℓ
[Frezzotti et al. PRD 108 (2023), PRD 113 (2026)] 

[AJ 2603.15487]

G. Isidori ESPP

SL decay into unstable 
mesons/resonances

[Erben et al. arXiv:2603.17900],  
[Leskovec et al. PRL 134 (2025)]

π

K
K* B

Radiative meson decay

[Frezzotti et al. PRD 103 (2021)], [Giusti et al. PRD 107 (2023),  

PRD 112 (2025)], Di Palma et al PRD 111 (2025)],  
[JLQCD and UKQCD 2603.19960]

24

Talks by Jonas Hildebrand 
Masaaki Tomii
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long-distance contributions to

rare kaon decay


[Boyle et al. PRD 2023] 
[Hodgson et al., arXiv:2501.18358] 

[Di Palma et al. arXiv:2605.22742, arXiv:2605.22727]  
[Tuo et al, PRD 105 (2022)], [Gagliardi et al. PRD 105 (2022)]  

long-distance contributions to  
charm mixing


image arXiv:1701.05916

[Di Carlo, Erben, Hansen arXiv:2504.16189]

QCD+QED for semileptonic decays

[Christ et al. arXiv:2402.08915]

rare hyperon decay

[Erben et al. JHEP 07 (2025)]



[Bai et al. PRD 2024] 

[Christ et al. arXiv:2606.26336]

ϵK, ϵ′￼/ϵ, ΔMK

illustration arXiv:2404.02297

illustration LHCb

long-distance contributions to

radiative decays, e.g.  

[Frezzotti et al., PRD 2024] 
Bs → μμγ

long-distance effects in 
rare leptonic decays


e.g. 

[Chao et al. PRD 2024]

K → ℓℓ

2nd order EW / finite-
volume techniques

charming Penguin contributions to 
rare semileptonic decay 

e.g. , 
B → K*ℓℓ D → πℓℓ
[Frezzotti et al. PRD 108 (2023), PRD 113 (2026)] 

[AJ 2603.15487]

G. Isidori ESPP

SL decay into unstable 
mesons/resonances

[Erben et al. arXiv:2603.17900],  
[Leskovec et al. PRL 134 (2025)]

π

K
K* B

Radiative meson decay

[Frezzotti et al. PRD 103 (2021)], [Giusti et al. PRD 107 (2023),  

PRD 112 (2025)], Di Palma et al PRD 111 (2025)],  
[JLQCD and UKQCD 2603.19960]
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Matrix-element classification
There is increasing activity on 2nd-order EW processes, often requiring development of exciting and new 
techniques.

e.g. 
• hadronic decay  
• long-distance effects in rare decays 
• meson mixing

⟨K |T[ jemO1,2] |B⟩

⟨B |T[OΔB=1OΔB=1] | B̄⟩

“ ”s and signs 
 AND 

depending on kinematics: 
Lüscher or spectral  

reconstruction

i1st order EW: 
 

2nd order EW: 
⟨P′￼P′￼′￼|Heff |P⟩

⟨P′￼|T[Heff,1Heff,2] |P⟩

⟨B |OΔB=2 | B̄⟩

⟨P′￼|Heff |P⟩
e.g. 
• tree-level leptonic and semileptonic decay 
• short-distance contributions to 2nd-order  

processes (rare decays, mixing, …)

⟨0 |Aμ |K⟩

⟨π |Vμ |B⟩

Minkowski  Euclidean↔

1st order EW:

“ ”s and signsi

Reminder
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a12: a0/a = 1.22(16), ¬2
∫ [20] = 0.341, pvalue = 0.997

GEVP

FV formalism

mD/mK = 4.6137(16)

•  — LHCb  
“Observation of CP violation in charm decays”  
[LHCb PRL 122 (2019)] 

• difficult due to contaminations by  
higher-multiplicity final states 

• simplify  symmetric point  
wt. stabilised Wilson fermions (OpenLat)  
•  just above 4  threshold  suppressed 

• concentrate on Cabibbo-favoured  
(no penguin & flavour-singlet contributions) 

• Lüscher finite-volume technique 
• despite simplifications still useful for pheno!

ΔACP = ACP(D → K+K−) − ACP(D → π+π−)

SU(3)F Mπ = MK ∼ 410MeV

D π →
D+ → K̄π+

scattering length cl.

 correlators 
(different state separations )
D → Kπ

tKπ

GEVP finite-vol. spectrum 
on one ensemble 

Talk by Max Hansen

Material sent to me by Matthew Black
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Rare semileptonic  and  decaysB D

quark-loops (  in  or  in )  
so far only computed in factorisation, disp.-rel., LCSR, … 
no 1st-principles prediction of strong phase

cc̄ B → K(*)ℓ+ℓ− dd̄, ss̄ D → πℓ+ℓ−

[LHCb PLB 724 (2013) 

D → πℓ+ℓ−

LHCb 2512.18053

B → K*ℓ+ℓ−

BK*

c, c̄

ℓ+

ℓ−

×

Challenge 1:  final state unstable 
 to date treated in narrow-width approximation

B → K*ℓ+ℓ−

Challenge 2: long-distance contributions

BK*

c, c̄

ℓ+

ℓ−
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, B → K*(Kπ)μμ B → ρℓνℓ

[Erben et al. PRL 134 (2025) PRD 111 (2025)]

• single lattice-spacing/volume 
• results in agreement with experiment 
• can now be systematically improved

• first step: lattice calculation of resonances  and  ρ(770) K*(892)
Challenge 1
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, B → K*(Kπ)μμ B → ρℓνℓ

[Erben et al. PRL 134 (2025) PRD 111 (2025)]

• single lattice-spacing/volume 
• results in agreement with experiment 
• can now be systematically improved

• first step: lattice calculation of resonances  and  ρ(770) K*(892)

• second step: transition matrix element with unstable final state  
(work on  and  under way) [Agadjanova et al., NPB 910 (2016)], [Leskovec et al. PRL 134 (2025)], [Erben et al. arXiv:2603.17900]B → ρℓν̄ B → K*ℓ+ℓ−

• how bad is narrow-width approximation? 
• for narrow resonance expect 5% shift between narrow-width 

approximation and full treatment [Briceño, Hansen PRD 92 (2015)] 

• Plots: Leskovec et al. find significant differences of the 
expected size 

• They now also extend their existing work including 
ensembles with  and  Mπ = 174, 320 MeV a = 0.07, 0.11 fm

(aq)2
0

1

2

V
R
(q

2 )

N1M0+BWI

6.0 6.2 6.4 6.6 6.8

(aq)2

0
2
4
6
8

æ
V
/V

[%
]

stat sys (nwa)(aq)2
°0.2

0.0

0.2

0.4

A
R 12

(q
2 )

conF3N1M0+conA0+a+n1m0++BWI SH

6.0 6.2 6.4 6.6 6.8

(aq)2

0
5

10
15

æ
A
/A

[%
]

stat sys (nwa)

(aq)2
°0.2

0.0

0.2

0.4

0.6

A
R 1
(q

2 )

conF3N1M0+conA0+a+n1m0++BWI SH

6.0 6.2 6.4 6.6 6.8

(aq)2

0
5

10
15

æ
A
/A

[%
]

stat sys (nwa)(aq)2
0

1

2

3

A
R 0
(q

2 )

conF3N1M0+conA0+a+n1m0++BWI SH

6.0 6.2 6.4 6.6 6.8

(aq)2

0
5

10
15

æ
A
/A

[%
]

stat sys (nwa)

difference between  
narrow width and full

talk by Luka Leskovec

Challenge 1

28

https://arxiv.org/abs/2406.19194
https://doi.org/10.1103/PhysRevD.111.054510
https://scoap3-prod-backend.s3.cern.ch/media/files/16368/10.1016/j.nuclphysb.2016.07.005.pdf
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.134.161901
https://arxiv.org/pdf/2603.17900
https://inspirehep.net/literature/1345034
https://indico.global/event/16565/contributions/161657/


, B → K*(Kπ)μμ B → ρℓνℓ

[Erben et al. PRL 134 (2025) PRD 111 (2025)]

• single lattice-spacing/volume 
• results in agreement with experiment 
• can now be systematically improved

• first step: lattice calculation of resonances  and  ρ(770) K*(892)

• second step: transition matrix element with unstable final state  
(work on  and  under way) [Agadjanova et al., NPB 910 (2016)], [Leskovec et al. PRL 134 (2025)], [Erben et al. arXiv:2603.17900]B → ρℓν̄ B → K*ℓ+ℓ−

• how bad is narrow-width approximation? 
• for narrow resonance expect 5% shift between narrow-width 

approximation and full treatment [Briceño, Hansen PRD 92 (2015)] 

• Plots: Leskovec et al. find significant differences of the 
expected size 

• They now also extend their existing work including 
ensembles with  and  Mπ = 174, 320 MeV a = 0.07, 0.11 fm
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• long-standing uncertainty due to  
narrow-width approximation in  
hadronic form factors now being addressed 

• relevant for central NP searches at e.g. LHC
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Then integrate Euclidean 4pt correlator over time:
• In Euclidean signature resonance states with   

lead to divergent contributions under time integration 
• naive lattice calculation not feasible

En − MB < 0
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spectral-reconstruction methods required conventional methods sufficient
Talk by  Shoji Hashimoto

Then integrate Euclidean 4pt correlator over time:
• In Euclidean signature resonance states with   

lead to divergent contributions under time integration 
• naive lattice calculation not feasible

En − MB < 0 • time-integral convergent
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Bs → ηsℓℓ

Charming penguins in B → Kℓ+ℓ−
• paper contains comprehensive computational strategy for reconstruction of amplitude   
•  ETMC, OS valence with , ensemble with 

H
Nf = 2 + 1 + 1 mphys

l , mphys
s , mphys

c = mb/2 a ∼ 0.08 fm

[Frezzotti et al. PRD 113 (2026)]

|q | = 2π/L ≃ 250MeV

• onset of resonances visible in studied channels 
• gray band (bottom right) is resonance model 
• smearing limited by volume and resonance widths:  

 (  is scale over which  varies a lot) 

taking  limit not currently possible.  
Instead:

1/L ≲ ϵ ≪ Δ Δ Hμ

ϵ → 0
A. reconstruct in tail region 
B. fit model to lattice data and deduce 

physical resonance structure

Also: Renormalisation poses challenges:

Talk by Gregoris Spanoudes
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Hν
1,2(q) = i∫ d4x eiq⋅x⟨K(p′￼) |T[ jν

EM(x)O1,2(0)] |B(0)⟩amplitude

Hν+
1,2(q) =

∞

∫
E*+

dE
2π

ρν+
1,2(E, q)

E − MB − iϵ

=
nmax

∑
n=1

gn(MB, ϵ)e−aEKnCν+
1,2(an, q)

reconstruction
[Bruno, Hansen JHEP06(2021)] 
[Frezzotti et al. PRD 108 (2023)]

Barata, Fredenhagen, CMP 138 (1991), Hansen et al. PRD 96 (2017),  Bulava, Hansen, PRD 100 (2019) , Hansen, Lupo, Tantalo PRD 99 (2019), Bailas, Hashimoto, Ishikawa, PTEP 2020, Bruno, Hansen JHEP 06 (2021), 
Bergamaschi, Jay, Oare PRD 108 (2023), Frezzotti et al. PRD 108 (2023), Huang, Liang PRD 109 (2024), Fields, Christ arXiv:2510.12136, Bruno, Giusti, Saccardi, PRD 111 (2025), Patella, Tantalo JHEP 01 (2025),  
Di Carlo, Erben, Hansen, JHEP 07 (2025), Frezzotti et al. PRD 113 (2026)
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• Shown to work for processes  
• linear in amplitude: e.g. rare SL decay interference  (e.g.  or )∼ Im[H*SD(q2 + iϵ)HLD(q2 + iϵ)] B → Kℓℓ D → πℓℓ

 

reconstructed from 4pt function in terms of  
combined energy-momentum smearing

2Mi ∫
∞

ωth

dω
ρT(ω2 − p2
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More general: Devise convenient observables 
that can be computed more easily, are accessible 
to experiment, but still allow for determining SM 

parameters and searches for NP!
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KL → μμ
• measured at BNL E871  [E871 PRL 84 (2000)] 
• at 2nd order mediated by either  or  

SD contributions known at NNLO   [Gorbahn & Haisch PRL 97 (2006)] 

•  3rd order  ( )-exchange crucial but nonperturbative 

• unresolved sign between SD and LD2  part  only lattice can resolve 
• exploratory calculation:  DWF, ,  

(no GIM  renormalisation [Chao, Chist, Hu arXiv: arXiv:2607.14077]) 

• amplitude  
with exponentially growing (in time) terms 

 explicit subtraction of  intermediate state 
(  state kinematically not allowed in simulation (10% effect)) 

• section titled “Using lattice QCD to compute analytically  
continued Minkowski-space Green’s functions” is  
entertaining to read!

ℬ = 6.84(11) × 10−9

2W 2W + 1Z
ℬ|SD = 0.79(12) × 10−9

→ GFα2 W + 2γ
γ →

Nf = 2 + 1 243 × 64, a−1 ≈ 1 GeV Mphys
π

→
∼ Lμν(u − v)⟨T{Jμ(u)Jν(v)ℋW(0)K(−tsep)}⟩

→ π0

ππγ

[Chao, Christ, PRD 110 (2024)] 
[Boyle et al. PRD 112 2026]

 
subtracted amplitude as 
function of integration range 
shows independence to long- 
distance 

Talk by Norman Christ 
and 

Ceran Hu32

https://doi.org/10.1103/PhysRevLett.84.1389
https://inspirehep.net/literature/717293
https://arxiv.org/pdf/2607.14077%5D
https://doi.org/10.1103/PhysRevD.110.054514
https://inspirehep.net/literature/2966581
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 ( )KL → ℓ−ν̄ℓ ℓ′￼+ℓ′￼− ℓ, ℓ′￼ ∈ {e−, μ}
[Di Palma et al. arXiv:2605.22742, arXiv:2605.22727]  
earlier  work [Tuo et al, PRD 105 (2022)], [Gagliardi et al. PRD 105 (2022)] 

•  TM, physical  , 

multiple , including quark-disconnected 

• rare in SM  
• alternative CKM determination, test of LFU, NP 

experimental constraint for  (BNL E865, NA62) 
•

Nf = 2 + 1 + 1 u, d, s a ∼ 0.05 − 0.08 fm
L

∼ O(G2
Fα2

em)

ℓ ≠ ℓ′￼

Hμν
W (k2, k, p) = ∫ dtγeiEγtγ ∫ dyeik⋅yγ⟨0 |T[ jν

W(0)jμ
em(yγ)] |K(p)⟩

= Hμν
pt (Eγ, k, p) + Hμν

SD(Eγ, k, p)

diagram b):  

                                            standard methods

tγ < 0 : Hμν
W (Eγ, k, tW) =

∞

∫
−∞

dtγC
μν
W (tγ, Eγ, k, tW)

→
diagram c):   intermediate states   
                                   spectral reconstruction required 
                                   feasible off peak ( )

tγ < 0 : ππ →

1/L ≪ ϵ

Talk by Francesco Sanfilippo
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Summary
Rich experimental landscape for at least 20 years, if not longer 
• provides for plenty of motivation for lattice flavour physics  

(in fact, experimentalists and phenomenologists are counting on us!) 
• now is a good time for getting involved and help determining  

future experimental directions

34

Workshop series to support flavour case 
at FCC before 2028 decision making 

Get in touch if interested!!!!
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There is more material that I couldn’t cover in the backup slides.  
meson life times — D-meson mixing — LECs — radiative meson decays
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Further material



Radiative decays P+ → ℓ+νℓγ

xℓ =
2p ⋅ pℓ

M2
P

xγ =
2p ⋅ k
M2

P
d2RRC

γ (xγ, yℓ)
dxγdyℓ

∼ A(xγ, yℓ) +
α
2π

(Le − 1)ARC(xγ, ye)
fP, FV, FA

Hμν
E (k, p) = − i∫

∞

−∞
dt∫ d3 ⃗x ek0t−ik⋅x ⟨0 |T{Jμ

em(x, t)Jν
W(0)} |P(p)⟩ ∼ R1, R2, FV, FA, fP

diff. BR

• CKM determination and sensitive probe for potential BSM contributions via non-SM currents 
• structure dependent contrib. relevant for real-photon emission and LQCD for QED corrections to  
• , measured at PIBETA, KLOE, E36, ISTRA, OKA, E787 — tensions! 
• NEW: at  collinear radiative corrections can be sizeable, 

 leading to enhancements  and  [Boyle PRD 114 (2026)] 
• IR div. cancels between virtual-loop+real photon emission and emission of two real photons 

P → ℓνℓ
P = π, K

O(α2)
ln(M2

P/m2
e ) ln(2E*γ2,max/MP)

Recent work by [Frezzotti et al. PRD 103 (2021)], [Giusti et al. PRD 107 (2023), PRD 112 (2025)], [Di Palma et al PRD 111 (2025)], [JLQCD and UKQCD 2603.19960] 
Here: [Boyle PRD 114 (2026)]

(conventional methods sufficient)

lattice analytical

[Kuraev et al. PRD 69 (2004)]

 photon energy→

 lepton energy→

37

Talk by  Xin-Yu Tuo

https://journals.aps.org/prd/abstract/10.1103/qvwy-zmtp
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.053005
https://arxiv.org/abs/2302.01298
https://arxiv.org/abs/2505.11757
https://journals.aps.org/prd/abstract/10.1103/r55k-cnqg
https://arxiv.org/abs/2603.19960
https://journals.aps.org/prd/abstract/10.1103/qvwy-zmtp
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.69.114004
https://indico.global/event/16565/contributions/161048/


 real photon emission 

Radiative decays P+ → ℓ+νℓγ
• new results for ,  

•  DWF (RBC/UKQCD), ,  
• specifics of experimental treatment of collinear 2nd  

photons (inclusive or energy cut) relevant! 
• treatment of inner-bremsstrahlung photons in   

differs between KLOE and E36  
(KLOE one electron with 20MeV cut in lab frame, E36 inclusive) 

• cut can have geometry dependence (detector geometry and response) 
 — assume angle-independent cut

FA FV
Nf = 2 + 1 a−1 ∼ 1.7, 2.4 GeV Mphys

π

K → eνeγ

[Boyle PRD 114 (2026)]
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 — assume angle-independent cut

FA FV
Nf = 2 + 1 a−1 ∼ 1.7, 2.4 GeV Mphys

π

K → eνeγ

[Boyle PRD 114 (2026)]

Including collinear photons removes tension encountered before. 
 Radiative corrections need to take into account experimental details! 

This is something we have to engage with. With increasing precision, 
details of experimental will be much more relevant for what precisely 

theory needs to predict.

→

38
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Other radiative decays/transitions
[JLQCD and UKQCD 2603.19960]

•   real radiative decays 
• access to internal meson structure, 

part of QED corrections in , 
alternative route to CKM 

•  DWF, ,  

• computational strategy similar to 

D(s), B(c) → ℓνℓγ

D(s), B(c) → ℓνℓ

Nf = 2 + 1 a > 0.04fm Mπ > 280MeV
π/K → ℓνℓγ

, ,  D*+ → D+γ → gD*+D+γ D*0 → D0γ → gD*0D0γ D*s
+ → D+

s γ → gD*s +D+
s γ

[CLQCD PRD 113 (2026)]

ℬ(D*+ → D+γ) = 0.30(7)this work % ↔ 1.68(5)CLEO1998 %

, hc,b → ηc,bℓ+ℓ− χc1 → J/ψℓ+ℓ−
[Bečirević et al. PRD 112 (2025), PLB 868 (2025), arxiv:2604.15256]

• study of internal structure of mesons and their dynamics 
as heavy-heavy bound states 

•  ETMC, , no disconnected 

• Total decay rates agree with experiment for  for 
 decay, but  tension found for 

Nf = 2 + 1 + 1 a ≥ 0.06fm
ℓ = e, μ

χc1 3σ hc → ηce+e−

•  CLQCD Wilson Clover,  
• strong couplings relevant in HMChPT 
• experimentally measured 
• tension in branching fraction?

Nf = 2 + 1 a ≥ 0.05fm
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https://arxiv.org/abs/2603.19960
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https://inspirehep.net/literature/2937151
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Meson life times
• experimentally measured  lattice computation 
• here life-time  within HQET expansion 
• total rate 

 

where  with  ops. 
• concentrate on dim-6 matrix elements: 

 

• operators mix under renormalisation 
• work in the  limit where no mixing with lower-dim. ops 
• consider only life-time ratios, where no eye-diagrams contribute 

• six  RBC/UKQCD DWF ensembles, 

→
τ = 1/Γ

ΓH = Γ3 + … + 16π2 [Γ6
⟨𝒪6⟩
m3

Q
+ Γ7

⟨𝒪7⟩
m4

Q
+ …]

⟨𝒪d⟩ = ⟨H |𝒪d |H⟩/2MH ΔQ = 0

𝒪1 = (Q̄γμ(1 − γ5)q)(q̄γμ(1 − γ5)Q)

T1 = (Q̄γμ(1 − γ5)TAq)(q̄γμ(1 − γ5)TAQ)

𝒪2 = (Q̄(1 − γ5)TAq)(q̄(1 − γ5)TAQ)
T2 = (Q̄(1 − γ5)TAq)(q̄(1 − γ5)TAQ)

Nf = 2 + 1 a−1 ∼ 1.8, 2.4, 2.8 GeV

[Suzuki et al. PRD 102 (2020)] 
[Black et al. arXiv:2603.28516 arxiv:2603.28517]

ø(D+)/ø(D0) ø(D+
s )/ø(D0)had

1.00

1.25

1.50

1.75

2.00

2.25

2.50 NNLO+Lattice+GF

NNLO+Sum Rules

[Moretti et al. arXiv:2604.24841]

good agreement 
with experiment

• aiming at full error budget for  
• procedure:  

• cont. limit for bag parameters at fixed flow-time  
• apply inverse matching matrix  

 

(done at various  and then RG-run to ref. scale ) 
• extrapolate 

Ds

τ
ζ(τ, μ)

⟨Õn(τ)⟩ = ∑
m

ζn,m(τ, μ)⟨𝒪MS
m ⟩(μ) + O(τ)

μ μ0

τ → 0

Talks by Andrea Shindler 
Oliver Witzel
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(done at various  and then RG-run to ref. scale ) 
• extrapolate 

Ds

τ
ζ(τ, μ)

⟨Õn(τ)⟩ = ∑
m

ζn,m(τ, μ)⟨𝒪MS
m ⟩(μ) + O(τ)

μ μ0

τ → 0

Talks by Andrea Shindler 
Oliver Witzel

would be nice to also have  and  mixing 
bag parameters where there are tensions 
(see FLAG)  (could it be renormalisation?)

K B
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Combined experimental and lattice analysis: 
•  computed from  

• lattice form factors 
• normalised differential decay rate 
•  life time 
• total branching fraction 

•  puzzle persists with new lattice 
and experimental data 

• all components in the error budget can 
and will be improved 
(e.g. above discussion of  transitions) 

|Vcb |

B

|Vcb |

b → c

Related work: Fedele et al. PRD 108 (2023) 5, 5 , Flynn, AJ, Tsang JHEP 12 (2023), Martinelli et al. EPJC 85 (2025) 3, 242, PRD 111 (2025) 1, 013005, EPJC 84 (2024) 4, 400, PRD 106 (2022) 9, 
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relative-error budget:|Vcb |

Error on branching fraction  
and lattice dominate error budget
[Bordone, AJ, Ollie Heald, arXiv:2606.23410]
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Other  observablesB → D*ℓν̄ℓ

C
B
A

JLQCD 23

HPQCD 23 FNAL/MILC 21

[Bordone, AJ, EPJC 85 (2025)]
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Other  observablesB → D*ℓν̄ℓ

C
B
A

[Bordone, AJ, EPJC 85 (2025)]

analysis reveals tensions amongst 
lattice as well as amongst experimental  

data sets, but  analysis not sensitive to tensions|Vcb |
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-meson mixing — long-distanceD
Material sent to me by M. Di Carlo, F. Erben, M. T. Hansen and R. Hodgson 
[Di Carlo et al. JHEP 07 (2025)]

First exploratory and preliminary results on  
, three volumes  

a−1 = 1.73 GeV
Mπ ≈ 275 MeV {20,24,32}3x64

43

spectral reconstruction 

https://arxiv.org/pdf/2504.16189


-meson mixing — long-distanceD

signal-to-noise deteriorating  will 
spectral reconstruction produce a signal?

→ sign-change indicating non-positive-
definite spectral density (as expected)

negative-parity positive parity

τ

PRELIMINARY

PRELIMINARY
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LECs
[Bonanno et al, PRD 113 (2026)]

•  staggered, ,  

varying , fixed  

•  scheme and scale-independent —  strong-IB effects 

e.g.  

• currently least-well determine  LEC 
• axion mass, self-coupling and  scattering   
• Here: compute it from pion mass splitting 

[de Divitiis et al. JHEP 04 (2012), Giusti et al. PRD 95 (2017),  
Frezzotti et al. PRD 104 (2021)] 

• Extrapolations: SYMEFT-based cl, NNLO PT 
(but no S PT ansatz)

Nf = 2 + 1 a ∼ 0.08 − 0.15 fm

Mπ > 260 MeV mphys
s

l7
M2

π+ − M2
π0 =

1
4

(md − mu)2 8B2

F2
l7[1 + 𝒪(ml)]

SU(2)
aπ → l7

χ
χ

45

https://inspirehep.net/literature/3091714
https://doi.org/10.1007/JHEP04(2012)124
https://doi.org/10.1103/PhysRevD.95.114504
https://doi.org/10.1103/PhysRevD.104.074513

