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In quantum field theory, quantum 
chromodynamics (QCD) describes the 
interactions between quarks and gluons 
that we can observe experimentally. 
However, we cannot extract physical 
observables analytically from hadrons, such 
as the mass. Lattice quantum 
chromodynamics provides a computational 
framework to overcome this obstacle by 
turning spacetime into a grid and to have 
fields live on lattice points. QCD is still a 
complicated system, and thus we start with 
a simpler system, the Ising Model.

Motivation

The 2D Ising model is a grid of spins. Each 
spin value lies on a lattice point , and 
takes values . Each such 
collection of spins constitutes a 
configuration. The action S is the sum of 
products of nearest-neighbors spin 
interactions. 

(t, x)
s(t, x) = ± 1

Model

At small t, noise is produced from higher 
energy states. To ensure our errors are 
reliable, we perform binning and jackknife 
resampling to calculate errors using 
covariance matrices. This model is exactly 
solvable and its mass is given by 

We selected a constant , which 
corresponds to a correlation length 

. The stability plot illustrates how 
our calculated mass does not depend on the 
chosen fit range.

K = 0.38

𝛿 = 3.935

Results and Analysis
The two-point correlation function  is a measurement of how 
the spins at time  influence another at time t. We perform the 
Metropolis algorithm and Markov Chain Monte Carlo approach to 
create an independent and decorrelated configuration space after 
random walk. 

To obtain the mass, we first compute the effective mass. In an ideal 
case, the effective mass would be equal to the mass of the system. 
In reality, it is only so in a plateau. 
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Data and Methodology

We successfully extracted the mass from the 
system that falls within the error range of 
the theoretical mass for a 16 x 32 lattice 
using the 2D Ising model. This extraction 
demonstrates how our lattice methods 
provide a foundation for computing 
observables in interacting systems. This 
approach can provide a way to obtain the 
full QCD spectrum, and test the validity of 
the standard model.
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