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[NPL et al, 2025]

Main decay products ( )





J = ℓ = 1

K*(892) → Kπ, Kγ, Kππ, …

ρ(770) → ππ, πγ,4π, … [PDG, 2024]

≲ 0.1 %
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Phase-shift model

δ(E𝖼𝗆(L)) = nπ − ϕΛ(E𝖼𝗆(L), L), n ∈ ℤ
QC reminder:

i ≡ (n, Λ, flavour)

Allows computation of , but poles inaccessibleδ1(Ei
𝖼𝗆)
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Minimise correlated 

χ2
𝖯𝖲(α𝗆𝗈𝖽) = ∑

i,j
[Ei

𝖼𝗆 − ℰi
𝖼𝗆(α𝗆𝗈𝖽)](Cov−1)ij[Ej

𝖼𝗆 − ℰj
𝖼𝗆(α𝗆𝗈𝖽)]

to constrain δ𝗆𝗈𝖽

Normalized residuals by Ei
cm



Resonance pole
II-sheet
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Substitute and 
analytically-continue

find  complex poleT𝗆𝗈𝖽
1

find root  cot δ𝗆𝗈𝖽 − i{

aM

°a°

Resonance  sheet-II → → Im p < 0

If not possible exactly, numerically 
minimise  and ensure it’s root|T−1 |2

T

T−1( s𝗋𝖾𝗌)s(p𝗋𝖾𝗌) = M −
i
2

Γ

, sheet-IIs𝗋𝖾𝗌
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Akaike information criterion (AIC)


• probabilities for different models


• model comparison


• spread of weighted distribution

w ∝ exp −
1
2
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Model Averaging
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1
2 [

AIC

χ2 + 2n𝗉𝖺𝗋]

Different   different models [ti
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𝖼𝗈𝗋𝗋(𝖿i) = exp −

1
2
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intermediate
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Importance Sampling

Proposal dist.

w𝖼𝗈𝗋𝗋(𝖿) = ∏i
w(i)

𝖼𝗈𝗋𝗋(𝖿i)

w1
𝖼𝗈𝗋𝗋(𝖿1)
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next frontier:  
continuum limit

[Green et al, PRL, 2021] 
[Peterken & Hansen, 
2408.07062, 2024]
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Outlook I
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• Heavy-flavour weak decays into resonant scattering states [Erben, et al]



Domain-wall fermions

Supercomputer time for 2025 

mπ = 230 MeV
⟨n, P |Jμ(0,q) |B, pB⟩

B(s) → K*ℓ+ℓ−

B → ρℓν
e.g. see [Erben, Lattice2024 plenary] 
[Leskovec et al, PRL, 2025]

good chirality
⋮

3pt-functions

• Hadronic  decays at  pointD → Kπ SU(3)f

["Charming Lattice QCD, 2025" talks: 
M. Black, R. Mukherjee]

[Hansen, Black, Mukherjee, et al]

{



Conclusions

 and  at 


Data-driven systematics via sampling method in finite-volume analysis

K*(892) ρ(770) mπ ≈ 139 MeV{

19

0 ← a

0.11
a (fm)

0.08

Important towards precision

analysis systematics 

improve operators,  3-body, …

✓
⇒ ≥{

• continuum limit


• reliable errors



Conclusions

 and  at 


Data-driven systematics via sampling method in finite-volume analysis

K*(892) ρ(770) mπ ≈ 139 MeV{

Thanks for the 
attention!

Use data/code/infrastructure

• hadronic decays

• heavy flavour weak decays

D → Kπ, …

B(s) → K*ℓ+ℓ−

B → ρℓν

19

0 ← a

0.11
a (fm)

0.08

Important towards precision

analysis systematics 

improve operators,  3-body, …

✓
⇒ ≥{

• continuum limit


• reliable errors



Extra

20



Uniform vs wcorr
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Spectrum-scattering consistency
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