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Generation 2L

(2+1) flavour

 


as ~ 0.112 fm

Gauge Action: 
Anisotropic,

Symanzik-improved 

Fermion Action: 
Wilson-clover,

tree-level tadpole,

stout-smeared links

FASTSUM Approach: 
Lattice Parameters
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Tc(𝜇) curve from mesonic spectrum
Antonio Smecca FASTSUM  arXiv: 2412.20922
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Curvature:

Taylor expansion of mesonic correlation f’ns in 𝜇

GV/A(τ; μq) = GV/A(τ) +
1
2

μ2
qG′ ′ V/A(τ)Vector & Axial Vector: (No odd terms)
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Lτ = 1/T

+ve -ve 

No parity doubling in (T=0) Nature: 
  
 +ve parity:    GeV  
 -ve parity:     GeV 

Question:   What happens as T increases? 

Lattice:   Parity operation:                                              
  

• Use this to construct correlation f’ns 

Charge conjugation 
(zero density): 

Chiral symmetry:  

m+ = mN = 0.939
m− = mN* = 1.535

Parity in the Baryonic Spectrum

P𝒪(τ, ⃗x)P−1 = γ4𝒪(τ, − ⃗x)

PRD 92 (2015) 014503 [arXiv:1502.03603]

JHEP 06 (2017) 034 [arXiv:1703.09246]

Phys.Rev. D99 (2019) no.7, 074503  [arXiv:1812.07393]

Eur.Phys.J.A 60 (2024) 3, 59 [arXiv: 2308.12207]

G±(τ) = − G∓(1/T − τ)

G+(τ) = − G−(τ)

G+(τ) = G+(1/T − τ)}

Ryan Bignell



Lattice Nucleon Correlator: G+
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T=0  Spectrum Results
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Results  — “Reconstructed” Correlators

G(τ; T) = ∫
∞

−∞

dω
2π

KF(τ, ω; T)ρ(ω, T)

Following: H. T. Ding et al, Phys. Rev. D 86 (2012) 014509, [arXiv:1204.4945]

KF(τ, ω; T) =
e−ω/T

1 + e−ω/T
where the fermionic kernel is:

KF(τ, ω; 1/Nτ) =
e−ωτ

1 + e−ωNτ
=

m−1

∑
n=0

(−1)n e−ω(τ+nNτ)

1 + e−ωmNτ
=

m−1

∑
n=0

(−1)n KF(τ + nNτ, ω; 1/(mNτ))

1 + e−ωmNτ = (1 + e−ωNτ)
m−1

∑
n=0

(−1)n e−nωNτwe write where  N0 = m Nτ  and m is odd

Grec(τ; 1/Nτ; 1/N0) =
m−1

∑
n=0

(−1)n G(τ + nNτ; 1/N0)Suppose ρ(ω) was indept of T :



Results - “Reconstructed” ratio: 

1 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64

ø/aø

0.9

1.0

1.1

1.2

1.3

1.4

1.5

r r
ec
(ø

;T
;T

0)

Nø = 128

Nø = 64

Nø = 56

Nø = 48

1 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64

ø/aø

0.95

1.00

1.05

1.10

1.15

1.20

1.25

r r
ec
(ø

;T
;T

0)

Nø = 128

Nø = 64

Nø = 56

Nø = 48

1 4 8 12 16 20 24

ø/aø

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

r r
ec
(ø

;T
;T

0)

Nø = 48

Nø = 40

Nø = 36

Nø = 32

1 4 8 12 16 20 24

ø/aø

0.9

1.0

1.1

1.2

1.3

1.4

r r
ec
(ø

;T
;T

0)

Nø = 48

Nø = 40

Nø = 36

Nø = 32

Σc (udc)

cool

warmwarm

+ve parity -ve parity

cool

0.1

0.1 0.1

0.1

Grec/G

+ve parity sector less thermally sensitive than -ve parity



Parity doubling in the correlators
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Generation 2L results - 
Comparison with J=1/2 light hadrons



Generation 2L results - 
Comparison with J=3/2 light hadrons
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Maximum Likelihood}
Direct Method - “no” fit

} Bayesian Approaches

Linear Methods}
}

Many Approaches to Extract Spectral Information

1. Exponential (Conventional  f’ns) 
2. Gaussian Ground State (+  f’n excited) 

3. Moments of Correlation F’ns 

4. Backus Gilbert 
5. HLT 
6. HMR 

7. Maximum Entropy Method  
8. BR Method

δ
δ

Ben Page 
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CMS

Infamous  Inverse Problem
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Studying Thermal Effects via Spectral Functions 

Correlation Function’s Spectral Representation:

Kernel 
(Geometry / 
Periodicity)

Spectral 
F’n 

(Physics)
Two sources of

Thermal Effects:

G(τ; T) = ∫
∞

0

dω
2π

K(τ, ω; T) ρ(ω; T)

ρ(ω; T )

ω

Kernel:

Spectral

F’n:

K(τ, ω; T) = exp(−ωτ)NRQCD:



Linear Methods: Backus Gilbert & HLT

̂ρ(ω0) = ∫
ωmax

ωmin

Δlin (ω, ω0) ρ(ω) dω

Δlin (ω, ω0) = ∑
τ

gτ(ω0) e−ωτ

̂ρ(ω0) = ∑
τ

gτ(ω0) G(τ)

G. Backus and F. Gilbert, Geophysical Journal International 16 (1968) 169
M. Hansen, A. Lupo and N. Tantalo, Phys. Rev. D 99 (2019) 094508, [arXiv:1903.06476]

Define a smeared spectral f’n:

smearing f’n

Express smearing f’n in terms of kernel:

Obtain smeared spectral f’n

in terms of coeffts

kernel

coefts

Aim is to get Δlin (ω, ω0) → δ(ω, ω0)
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Bayes Theorem

Need to maximise P(F |D)

Bayes Theorem:

P(F |D)P(D) = P(D|F )P(F )

i.e. P(F |D) =
P(D|F )P(F )

P(D)

But P(D|F ) ⇠ e��2
�! minimising �2

6= maximising P(F |D)

�! Maximum Likelihood Method wrong??

No! Since for simple F (t) = Ze�Mt , P(F ) = P(Z ,M) ⇠ const

Bayesian Methods
Fitting a f’n  F   to Data   D

P(F)  contains Prior Information encoded by “Entropy”


Battle between Data  P(D|F)  and  Prior P(F)



Preliminary

Υ
χb1

BR (Bayesian Reconstruction)
Y. Burnier and A. Rothkopf, Phys. Rev. Lett. 111 (2013) 182003, [arXiv:1307.6106],
A. Rothkopf, Front. Phys. 10 (2022) 1028995, [arXiv:2208.13590]

SBR[ρ] = ∫ dω (1 −
ρω

m(ω)
+ ln

ρ(ω)
m(ω )BR Entropy:
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SMEM[ρ] = ∫
dω
2π (ρ(ω) − m(ω) − ρ(ω) ln
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m(ω) )MEM Entropy:

Asakawa, Hatsuda, Nakahara, Prog.Part.Nucl.Phys. 46 (2001) 459

T = 0
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Summary
FASTSUM approach

• Anisotropic 

Tc(𝛍) curve from mesonic spectrum
• Curvature agrees with thermodynamic approaches 

Charm Baryons and Parity Doubling
• +ve parity less T dependent than -ve 
• Signs of approx parity doubling 

Spectral Functions for NRQCD mesons
• Comprehensive study in progress!
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Generation 2L

a-1 = 6.079(13) GeV from HadSpec calculation of 𝝮 baryon, 
D. J. Wilson, et al., Phys. Rev. Lett. 123 (2019)

c  32.46(7)  

  [am]

Tc ~ 167 MeV


