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σ̃2
En

N = 4 N = 3

En



Bigeng Wang (University of Kentucky) Nucleon Excited States with BR

Multi-exponential fit
• To extract the finite-volume spectrum


• Two-point correlation functions

9

=
∞

∑
n=0

Wne− tEn

CN,2pt(t) = ∑
n=0

Wne−Ent
N

χ2 ≡ ∑
ij

(Di − D̃i)C−1
ij (Dj − D̃j)

Constraint 1

Cij(t) = ⟨χi(t)χ†
j (0)⟩

+Add priror

G. P. Lepage et al., arXiv: hep-lat/0110175

χ2
prior ≡ ∑

n

(Wn − W̃n)2

σ̃2
Wn

+ ∑
n

(En − Ẽn)2
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quantum numbers as the hadron state
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of ’s with the maximum 
overlap to the states ’s?

χ†
i

n
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P[ρ |D, m]

posterior*

= P[D |ρ, I]

likelihood

× ∏
l

∫ dαlP[ρ |α, m]P[α]

prior*

/P[D |m]

evidence

P[ρ |α, m] = exp[ −
Nμ

∑
l=1

αlΔμ(1 −
ρl

ml
− log[

ρl

ml
])]

Q = L − S + . . .

χ2 ≡ ∑
ij

(Di − D̃i)C−1
ij (Dj − D̃j)

Marginalize  with  αl P[α] = 1

A. Rothkopf, “Bayesian inference of real-time dynamics from lattice QCD,” Front. Phys., arXiv:2208.13590

e−Q e−L eS
ρ(ω)

ω

default model

fitted spectrum

Yannis Burnier and Alexander Rothkopf, Phys. Rev. Lett. 111, 182003
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Finite-volume spectrum with BR preliminary
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m(ω) = const .
Default model

T. Blum et al., Phys. Rev. D 93, 074505 
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Finite-volume spectrum from lattice QCD
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Finite-volume 
2pt Correlation 

Functions

CN,2pt(t; ⃗p)
En

?

Constrain 3pt/4pt 
correlation functions to 

extract form factors, etc.

Finite-volume 
spectrum

Near-threshold bound 
states & 

Resonances

Estimate spectrum in 
the infinite volume with 

 En

!
Scattering matrix 

 T(Ecm)

Ep
cm = mR +

1
2

iΓ

M. Luscher, Nucl. Phys. B, 354, (1991)

δ

Ecm

Strongly stable hadrons 
(bound states): 

 
Find  for 

π, K, D, . . . , n, p, . . .
E0 t ≫ 0

Luscher formalism 
En ↔ T(Ecm)

Wilson et al.,Phys. Rev. D, vol. 92, no. 9, p. 094502, Nov. 2015 
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Constrain 3pt/4pt 
correlation functions to 

extract form factors, etc.

Finite-volume spectrum from lattice QCD with BR
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Conclusion and outlook
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ρ(ω)

ω

•  Extraction of finite-volume spectrum is 
important in lattice QCD for various 
physics topics.


•We don’t always have to use  
many interpolating operators with  
high computational cost.


•Theories can help us choose the basis 
of interpolating operators wisely/
efficiently. 

•  The Bayesian Reconstruction (BR) 
method can be used to extract the finite-
volume spectrum  .


•More on-going tests of BR


•To be continued …

ρ(ω)

qqq
qqq

qqq + q̄q

 qqq + q̄q
+q̄q

qqq
 qqq + q̄q

+q̄q + . . . .

{ }χ†
i ∈

Constrain 3pt/4pt 
correlation functions to 

extract form factors, etc.

Near-threshold 
bound states & 

Resonances

Strongly stable hadrons 
(bound states): 

 
Find  for 

π, K, D, . . . , n, p, . . .
E0 t ≫ 0

Smeared spectral 
functions from BR 

Talk by Liang

M. T. Hansen et al.,  
Phys. Rev. D 96, 094513 
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Thanks for your attention!
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