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RESULTSABSTRACT
This paper seeks to examine several extended SUSY Yang-Mills Theories on the 0-Brane by 
obtaining the L and R matrices, generate the corresponding adinkra, and studying their 
correlators. The transformation laws of the on-shell 10D, N=1 Super Yang-Mills Theory are given, 
and the SUSY algebra is shown to exhibit closure when the equations of motion are satisfied. The 
closure of the algebra for the 4D N=4 theory was calculated using new computational methods. 
The resulting adinkra matrices and SUSY algebra structure are investigated for these theories, and 
from this comparisons are made. 

SUPERSYMMETRY
Supersymmetry is an idea from subatomic particle physics that predicts 
interactions that change bosons into fermions and fermions into bosons. In other 
words, fermions have supersymmetric boson partners. 

Bosons and fermions are two different kinds of particles. One difference is in 
their spin. Fermions have angular momentum and spin at a rate that is a half-
integer. Bosons have angular momentum and spin at a rate that is an integer. 
Another (perhaps more notable) difference is that fermions obey the Pauli 
Exclusion Principle, whereas their counterpart bosons do not. 

Supersymmetry has solved many problems since its inception (1970s), including 
computational problems (i.e., the hierarchy problem) of the Standard Model. The 
Standard Model consists of a list of all the known particles (and their properties) 
in our universe. 

Ultimately, the goal of supersymmetry is to help us gain a better sense of the 
quantum mechanics of atoms and subatomic particles. 
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Figure 1: Examples of on-shell and off-shell adinkras [3].

Yang-Mills theory is a non-Abelian gauge theory, which means particles interact with each other through gauge bosons 
(or specific boson particles that act as force carriers). We use Yang-Mills theory to describe the behavior of elementary 
particles using non-Abelian Lie groups. Super Yang-Mills theory is Yang-Mills theory equipped with a supersymmetric 
structure.

In this research project, the goal was to generate a series of adinkras in several dimensions and study their properties.
To do so, we started with Super Yang-Mills Theory in higher dimensions, performed closure on the D-algebra, reduced it
to 1D, obtain the L and R matrices, and generate the Adinkra.

Thus far, we have only completed this story in 10 dimensions. In 10 dimensions, we consider 2 fields: the gauge and
gravitino. Indeed, that from this, we closed the D-algebra on 2 fields. Because we are in 10 dimensions, the L and R
matrices are huge: 16 x 16.

Upon generating an Adinkra, we then examine its correlators. Since an Adinkra is a graph, it comprises of vertices and
edges. The correlators on an Adinkra are its edges. By studying its correlators, we can discuss a whole host of other
things, like other adinkras that are isomorphic to it, how supersymmetry transforms the particle it acts upon, and so
forth.

Figure 3: 1D, N=10 Super-Yang Mills Theory Adinkra

In order to generate an adinkra, we must first describe certain transformation laws (following 0-Brane reduction) as a set
of vectors, from which these vectors are thought of as matrices. Only then may we obtain the L and R matrices, which we
use to generate adinkras. The adinkra that is generated from a set of adinkra matrices in Super Yang-Mills Theory is
shown below:

Adinkras are graphical tools used to study representations of
supersymmetry algebras. They contain information about the
transformation laws of supermultiplets.

- Black nodes = fermions, 
white nodes = bosons

- Colored lines = SUSY 
operator, 𝐷, applied to 
the fermion.

- Solid lines = real 
transformations, 
dashed lines = 
imaginary 
transformations.

- Colors correspond to 
spinor index in the 
transformation

When we talk about Adinkras, what we’re after is
the garden algebra. The reason being is because the
garden algebra is believed to be highly related to 1D
supersymmetric algebra. That is, if the L and R
matrices that are used to generate an adinkra satisfy
a garden algebra, then a supersymmetry occurs
within a given system of particles.

Recall that the garden algebra is as follows:

For the adinkra we generated, the first equation is 
satisfied, that is, when only bosonic nodes are left. The 
second equation however is not satisfied, that is when 
only fermionic nodes are left. The number of fermionic 
fields in the on-shell theory is greater than the number 
of bosonic fields, and every particle can only have one S-
partner. This means that not all fermions will have a 
bosonic counterpart for each color in the SUSY group. 

Figure 1: Supersymmetric universe


