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Quantum Chromodynamics

* Modeled after Quantum
electrodynamics, QCD is the theory
that describes the interaction of
quarks and gluons, and the
behavior of the strong force.

The Strong force holds quarks
together to form hadrons like
protons and Neutrons.

It also holds protons and neutrons
together inside atomic nuclei.

The source if the strong force is color charge. Whereas in QED particles are
either positive or negative in QCD there are three charges: red, blue, and
green.

Quarks exchange gluons which can in turn exchange further gluons due to
their inherent color charge.

This property makes isolating quarks an impossibility. If they are separated
then a new quark anti-quark pair is created.




Lattice QCD

In order to deal with to complexity of the strong
interaction theorist use supercomputers and a method
known as Lattice QCD to calculate the interactions of
quarks and gluons.

[t is a non-perturbative method that treats space-time as a
series of discrete points on a grid (lattice).

In this method quarks exist at these lattice points and
gluons exist in the links between them.

In these calculations quarks are placed on the lattice
points and their movements and interactions are then
simulated according to the rules of QCD.

This method is time consuming and computationally
expensive but also widely applicable.




Lattice QCD

28x64

20 Source Files of
different configurations

Each file corresponds to
a different path

6 hrs to generate on 128
cores simultaneously

Athena Cluster at .
CENPA




Lattice QCD

Can be used to calculate the mass of various hadrons.

There exist various methods with varying degrees of
accuracy

Can also be used to predict the existence of other
unknown particles such as hybrids and glueballs .

Used to calculate the mass of the Pions as well as the
probability of their locations over time.
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My Project

DB: MassdataAtT3cfgsland2 . dat
Cycle: 0

Volurms
air: 0.43 158555 14 1394807
it — 1.205

Max: 1295
Mir: -1.629




Manipulating the Data

& Applications  Actions %'\‘ ® o ThuAug21, 1630 Q
5 Jintjusersfymathews/Data/DataReaderlworking.nb * W) -

B The Data consisted of 20

dataAtT32[[c]] = Table[Table[Table[{x, v, z, datal[[x, v, z, 32]]}

large files that needed to

o {x, Ns}l, {v, Ns}], {z, Ne}];

.
dataAtT40[[c]] = Table[Table[Table[{x, v, z, datal[[x, v, z, 40]]}
€ read 1n anda average

dataAtT44[[c]] = Table[Table[Table[{x; v, z, datall[x, v, 2, 44]]}
o {x, Ns}l, {v, Ns}], {z, Ne}];

dataAtT48[[c]] = Table[Table[Table[{x, v, z, datal[[x, v, z, 48]]} O I l C e t I I e | 11‘ S W‘ I"
o+ {x: Ns}]s {y, Ns}], {z, Ns}];

datahtrs2[[c]] - Table[Table [Table[{x, v, zs datal[[x, v, 2, 52]]} L3
T received the data wou
out.xnl dataAtTs6([c]] = Table[Table (Table[{x, v, 7, datal[[x, v, 7, 5611}
merer—- + (0 Ne}ly {ys Na}lo (20 Ne): e,
out.xnl.dat
datahtT60([<]] - Table[Table Table({x, v/ 2, datall[x, vs 2 601} I I ee O e I I I a I I 1 l l a e
. o {xi Ns}ly (v, Ns}ly {z, Ns}li
dataAtT6d([c]] = Table[Table [Table[{x, v, 7, datal[[x, v, 7, 641}

e N, (e Wl G2 M) again tO be Fead y the

+ {er 1, Neonfigs)]
Inf7]= dataRtT4[[2, 2, 3, 4]] ° f
o= [4, 3, 2, 3.28084 x10°] grap I ] lng SO tware
Mean[Table[dataAtT3[[c, 2, 3, 4]], {cs 1, Neonfigs}]]

l ' e .
{4, 3, 2, 6.050930156931145" #A-8} Slng M at E . tl C
.

niso)~ dataAtTI6cfgslands = Partition[Flatten[Table[Table [Table[Mean [Table[dataAtTL6([c, %, v, 211, {c, 1, 6}11, (xs Ne}l, {v, Ns)], {z, Ne}l,s r t t rl

~TW-TW-T-- 3

—rw-rw-r—- MassdataAtT3cfgslandd =

[ymathewsnuc Mean[Table[dataAtT3[[c, X, v, 2, 411, {4 1y 2)]] e x C e S S Varla e s an

]}. [t Ns)], W Ns]], (= Ns)”, 4];

Partltlun[Flatten[’l‘ahle[’l‘able[Tahle[{x, Yoz Lug[
lean[Table[dataAtt[[c, % v, 2, 4114 (cs 1, 2)]]

average the Conﬁgurations

Partition[Flatten[Table[Table [Table[Mean[Table[dataAtT64[[c, x, v, 2], {c, 1, 20111, {x, Ns}], {v, Ns}], {z, Ns}]], 4];

in order to gEt the desired
data set in a usable format.

[l

B Teminal |;y [Gmail - Inbox (921{ ¢ /mr/users/ymamm“\")







Graphs and Plots

The colors indicate the
probability of a Pion
existing at the given points
for a specific time.

Red is the highest
probability

Blue is the lowest
probability

As the number of
configurations increase,
the more accurate the
data.

This results in smoother
hlots
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