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What is Lattice 
QCD ?

Lattice QCD is a computational method 
in quantum physics that discretizes 
spacetime onto a grid or lattice. By doing 
this, it enables numerical solutions for 
the non-perturbative regime of Quantum 
Chromodynamics, which describes the 
strong force interactions between quarks 
and gluons to form hadrons.
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What is Two point 
Correlation function  ?

A two-point correlation function measures the 
probability amplitude for a particle to propagate from 
one point in spacetime to another. Mathematically, it 
represents the expectation value of the product of two 
field operators, separated in time. By studying how 
this function decays with time separation, one can 
extract the mass (like a proton or a pion) associated 
with the quark fields.
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Spectral Decomposition 
of Correlation Functions

We can look at the spectral decomposition to see the 
time dependence gives the energies. The two-point  
correlation function can thus be expressed as a sum of 
exponentials, where each exponential term corresponds 
to a specific energy state. This expression enables the 
isolation and identification of both the ground and 
excited states. By examining the behavior of the 
correlation function at different time separations, one 
can target specific states.
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The spectral decomposition of a two-point correlation 
function is given by

Source:Amparo, Elena, "Spectral Analysis of Lattice QCD 
Two-Point Correlation Functions" (2018). Undergraduate
Honors Theses. Paper 1229.



Spectral Decomposition of Correlation Functions
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Let’s Talk about the Data 

The simulation is performed on 𝑁f = 2 + 1 + 1open source gauge 
ensembles from MILC collaboration

The data I have is of the pseudo  -Two Correlation point Function 



So how do we fit?

Y = 𝐴𝑒−𝑚(𝑥)+ B𝑒𝑚(𝑥−𝑛)Step 1

Step 2

Step 3

Using graphing calculators or platforms, like Desmos, to 

visualize the equation. 

Identify and derive the required mathematical equation that 

represents the behavior of the system or process to be 

modeled.

Translating the mathematical equation into Python code
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After Hundred Lines Of Code And 
A Thousand Errors Later.

Translating abstract mathematical concepts into executable
code can frequently result in small, yet frustrating mistakes.
These seemingly trivial errors can consume an unexpectedly
large amount of debugging time. I will give a clearer picture,
here about some challenges and issues I've grappled with
during such conversions:



Fit Result

Is this really the final result ?? 

How can we improve it??

How do we remove bias 
and other errors??
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The jackknife method involves systematically 
leaving out one observation at a time from the 
sample set and calculating the estimate over 
n-1 observations. 

By doing this for all observations in the 
sample and examining the variation among 
the results, one can estimate the bias and 
variance of the estimator. 

Jackknife Resampling
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Bootstrap estimation is a powerful resampling 
technique used to infer the distribution of a 
statistic (like the mean or variance) by 
repeatedly sampling subsets of the observed 
data with replacement. 

The key idea is to simulate the process of 
obtaining new sample sets by drawing from the 
original dataset. By doing this many times (say 
thousands or even millions), you can build an 
empirical distribution of the statistic and 
estimate its variance, confidence intervals, and 
more.

Bootstrap Resampling

13Source: Ming Cui et al (2017)



Jackknife
- Simpler formulation
- Deterministic results
- Bias correction

Bootstrap
- Greater versatility
- Accurate error estimates
- Useful for complex statistics

Jackknife VS Bootstrap
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Newer Result

Bootstrap Jackknife



Future plans
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Generalized Eigenvalue Problem 
The Generalized Eigenvalue Problem (GEVP)is a 
mathematical approach used to derive energy levels of 
hadronic states from the numerical data. By analyzing 
matrices of correlation functions with various operators 
over different time separations, the GEVP produces the best 
linear combination of the operators that project to a 
particular state. These eigenvalues represent the 
exponential decay rates of the correlation functions, which 
are directly linked to the energies of the particles under 
study.

Consider a diagonal Correlator ,where 

Is a linear combination of operators. 

Then it can be decomposed as 

Given a matrix of correlation functions, we would 
like to extract the energies of the eigenstates. Using a 
variational approach to find the linear combinations 
of operators which best approximate the eigenstates 
leads to a generalized eigenvalue problem.

Source:Amparo, Elena, "Spectral Analysis of Lattice QCD 
Two-Point Correlation Functions" (2018). Undergraduate
Honors Theses. Paper 1229.



Future plans

17

Three Point Correlation Function

A three-point correlation function evaluates the 
interaction amplitude when a particle transitions 
from one state to another, mediated by an external 
current or operator at an intermediate spacetime 
point. Mathematically, it is the expectation value 
of the product of three field operators, where two 
are typically separated in time and the third 
represents the transition operator. 

Source:Onishchenko, Andrei. (2000). Exclusive 
decays of Xi(QQ') baryons in NRQCD sum rules. 



Future plans
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One Ring To Rule Them All
The idea of this project is to design and implement a
versatile software layer that can effectively perform
fits and solve linear systems of equations. By
building upon existing frameworks in lattice QCD,
this software layer will enable researchers to
extract multiple form-factors with ease and
efficiency.

Source:  The Lord of the Rings: The Fellowship of the Ring
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