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Introduction Mass of the proton Finite temperature QCD transition Summary

Lattice Lagrangian: gauge fields

U (x+e )µΨ (x)

a

µ

Plaquette

µνP

µ

ν

L = �1
4F a

µ⌫F aµ⌫ +  ̄(Dµ�µ + m) 

anti-commuting  (x) quark fields live on the sites
gluon fields, Aa

µ(x) are used as links and plaquettes

U(x , y) = exp (igs
R y

x dx 0µ Aa
µ(x 0)�a/2)

Pµ⌫(n) = Uµ(n)U⌫(n + eµ)U†
µ(n + e⌫)U†

⌫(n)

S = Sg + Sf consists of the pure gluonic and the fermionic parts

Sg = 6/g2
s ·

P
n,µ,⌫ [1� Re(Pµ⌫(n))]

Z. Fodor Ab initio calculations in lattice QCD
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JLab Advanced Study Institute

a correlator

37

so we actually obtain an ensemble

one entry for each gauge-field configuration

... how do we relate this information to the mass of the pion ?
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two-point correlators & the spectrum

39

at large times 

only the ground state survives

can be seen in an ‘effective mass plot’
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at large times 

only the ground state survives

can be seen in an ‘effective mass plot’
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Few-body interaction in a box:

No asymptotic states 

Stationary solutions instead of scattering solutionsChallenges:

Discrete energies
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 Extracting Two-body dynamics from discrete energy levels

Lusecher formula-like QC as result of factorization of long-range effect and 
short-range dynamics
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NN controversy:

Lusecher formula and HAL QCD collaboration potential method disagree on whether 
or not two-nucleon form a bound state with pion masses as heavy as 800 MeV

Two-Nucleon correlation function suffer Signal-to-noise ratio issue:
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R(t)
t!1⇠ e�(mN� 3

2m⇡)t

Lusecher formula face difficulties at large volume limit due to increasing density of states



Alternative to Lusecher formula method:

The difference of integrated correlation functions between interacting and non-interacting 
systems approaches rapidly to its infinite volume limit which is related to scattering phase 

shift
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where

Two-particle creation operator

• 	e-Print: 2402.15628 [hep-lat]

https://arxiv.org/abs/2402.15628
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Alternative to Lusecher formula method:

Monte Carlo simulation test with square well 
potential in harmonic trap:
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Alternative to Lusecher formula method:

Relativistic extension for complex scalar lattice field theory model
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Alternative approach to Lusecher formula method 
Summary

The difference of integrated correlation functions between interacting and 
non-interacting systems converge rapidly to its infinite volume limit that is 

related to scattering phase shift through an integral;

Inelastic effect may be important in some cases, and need to be build in;

Good candidate to overcome Lusecher formula method at large volume limit;

May have potential to overcome S/N problem.
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Integrated correlation function approach to scattering phase shifts
Outlook

Including coupled-channel effect:

3+1 relativistic lattice model test (on-going) and real QCD test;

Quantum simulation (coming soon).


