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The Computing Sector

I spent this summer working in the computing sector
under my mentor James Simone. The computing sector
plays a role in almost every major experiment here at
Fermilab. For example...

My first task was to figure out what "Lattice Quantum
Chromodynamics" was, so I hit the books, one word at
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Notes

I spent this summer working in the computing sector
under my mentor James Simone. The computing sector
plays a role in almost every major experiment here at
Fermilab. For example...

My first task was to figure out what "Lattice Quantum
Chromodynamics" was, so I hit the books, one word at
a time.




Quantum Chromodynamics

Protons and neutrons (as well as other subatomic particles collectively
known as hadrons) are made up of smaller particles called quarks,
which are in turn held together by particles called gluons. QCD is a
theory that describes the strong force interactions between the quarks

and gluons.
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Quarks come in six different
varieties, as given in the
standard model of particle
physics.
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YEH!!

Physicistsat Fermilab today annou nced
the discovery of a subatomic particle
known as the top quark, the last undis-
covered quark of the six predicted to
exist by currentscientific theory. Scien-
tistsworldwide had sought the top quark
since the discovery of the bottom quark
at Fermilab in 1977.

Twwo rescarch papers, submiteed simul-
tancously on Friday, February 24, to
Physical Review Lertersby the CDFand
DZero experiment collaborations re-
spectively, describe the observation
of top quarks produced in high-energy
collisions berween protons and anti-
protons, their antimatter counterpares,
at Fermilab’s Tevatron, the world’s
highest energy particle accelerator. The
collaborations, each with about 450
members, will present their results at
seminars held at Fermilab today.

“Last April, CDF announced the first
direct experimental evidence for the
top quark,” said WILLIAM
CARITHERS, JR., cospokesman for
the CDF experiment, “but at that time

| In this artist’s representation of a particle collision, & proton and antiproton

| collide at nearly the speed of light. | |
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we stopped short of claiming a discov-
ery. Now, the analysis of about three
times as much data confirms our previ-
ous cvidence and establishes the dis-
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The CDF & DZero preprints,
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. 4:00 p.m., 1 West Conference Room
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the top quark press

covery of the top quark.”

The DZero collaboration has discov-
ered the top quark in an independent
investigation. “The DZero observation

release and background

information is available via WWW on the Fermilab home page. The URL is

huep:/ www.fnal.gov/ Paper copies of the preprints can be

Publications Office, WH155W.
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TRAC TEACHER BRINGS HIGH-ENERGY

PHYSICS TO CLASSROOM

Jeff Rylander's physics classroom at
Main East High School in Park Ridge,
Tlinoislookslike many laboratory class-
rooms in the U.S.—rables and chairs
are scartered abour along with some lab
equipmentand a computer ortwo. But
if you look closer in his room, you can
see something not many other high
schools have. Adjacent to a personal
compurerisa 4'%3'x1" box, or “coffin,”
as [eff calls it.

This “coffin” is not for bidding labora-
tory mice adieu, rather it's used for a
sophisticated experiment to measure
the lifetime of a muon, a charged par-
ticle produced when cosmic rays col-
lide with atoms in the carth’s upper
atmosphere. Modeled after similar
equipment at Fermilab, this box will
offer Jeff and his students a unique
opportunity—an opportunity 10 x-
plore high-energy physics much in the
same way as it is done ar Fermilab and
other high-encrgy physics labs.

Jeff, a junior honors
and introduction to
physics rteacher,
built this muon de-
tector while ar
Fermilab last sum-
mer as part of the
Education Office’s
Teacher Research
Associates Program
(TRAC). He re-
ceived help from
DANE SKOW of
the Physics Section
as his program men-
tor and KAREN
KEPHART, also of
the Physics Section.

Aspartofthe TRAC
program, participat-

Jeff Rylander (lower ) with five students from his junior honors

physics cless and Dane Skow (lower r) in front of their snuon detector.
“JefF browughs bis students to the Lab in December for the test run of the
equipment. "It was exciting for the students to see an experiment fake
its farst data, " said Jeff:

ing teachers are

given a stipend to purchase equipment
to help them bring their “research ex-
perience” back to their schools. After

BE SAFE THIS SPRING:
TORNADO AWARENESS TIPS

some consideration, Jeff and Dane de-
cided on building a muon experiment.
They modeled it after a similiar lab

continued ty page seven

The week of March 6, 1995 has been
designated as Tornado Preparedness
Week by the Illinois Emergency Man-
agement Agency. As we approach the
tornado season, it is important to be-
come familiar with the unique charac-
ter and weather terms that will be used
throughour the season.

Atornadoisaviolent storm with whirl-
ing winds of up to 300 miles per hour.
It appears as a rotating, funnel-shaped
cloud, from gray to black in color, that
extends toward the ground from the
base of a thundersrorm. A tornado
spins like a rop and may sound like a

roaring airplane or train. These short-
lived storms are the most violent of all
atmospheric phenomena, and over a
small area, the most destructive.

According to the Narional Oceanic
and Armospheric Administration
(NOAA), the peak month for tornado
activity in linois is April. However,
tornadoes have occurred as late as No-
vember.

The National Weather Service issues
two types of tornado-related alarms, a
tornado watch and a tornade warning.
For your safety, familiarize yoursclf

with both alarms.

A tornado WATCH means that condi-
tions are favorable for tornadoes to
develap. Listen to local radio, televi-
sion or NOAA weather radio. Be alert
for changes in the weather and be pre-
pared 1o move to a place of safery
quickly.

A tornado WARNING means that a
tornade has been sighted and confirmed
in the area. When a warning is issued,
take cover immediately in a designated
shelter. Stay away from outside walls
and windows.
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Jeff Rylander (lower 1) with five students from his junior honors

physics class and Dane Skow (lower r) in front of their muon detector.
Jeff brought his students to the Lab in December for the test run of the
equipment. “It was exciting for the students to see an experiment take

its first data,” said Jeff.
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P: 2U+1D=1 U=2/3
N:1U+2D=0 D=-1/3



neutron




P: 2U+1D=1 U=2/3
N:1U+2D =0 D=-1/3
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In addition to the six
varieties, quarks possess one
of three different "color

charges": red, green, or blue.

{

This is not color in the visual since, but rather a
handy classification system.

Just like the +1 and -1 charge of protons and
electrons cancel out when combined, the three
quark colors cancel out (turn white) when

combined.

Any hadron with three
quarks will always consist
of one green, one blue, and
one red quark. Thus, all
hadrons are colorless.
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Any hadron with three
quarks will always consist
of one green, one blue, and
one red quark. Thus, all
hadrons are colorless.







Anti-protons &
antl-neutrons are
composed of

up anti-quarks &
down anti-quarks.




Anti-quarks are
colored anti-red,
anti-blue, and
anti-green.






Hadrons made up of 3
quarks (such as protons
and neutrons) are called
baryons.



Some hadrons are
comprised of one quark
and one anti-quark.
These are known as
mesons.




For example, there
are the four pions:
p+ . U*D'
p0: U*U' or D*D'
p- : D*U'



Even mesons are
neutral 1n color:




Gluons

Gluons are the force
carriers that transmit
the strong force
between quarks and
hold them together

The gluo
field line
magneti
between

O
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In additic

force The gluons follow color
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magnetic 1ield lines)
between quarks.
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In addition to being much
stronger than gravitational
and electromagnetic

forces, it also gets stronger
as distances increase, like a
spring or a rubber band.




Lattice Quantum Chromodynamics

That all explained the "QCD" part
of Lattice QCD.

Next, it was time to figure out
what the "Lattice" portion meant.



Instead of treating the
space-time the quarks
and gluons inhabit as
continuous, 1t 1S
divided into a lattice of
regularly-spaced
points 1n space time.



A single slice of the lattice for a particular
point in time would look something like this:
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A single slice of the lattice for a particular
point in time would look something like this:
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In 4D, the lattice
looks more like this:

https://mail-attachment.googleusercontent.com/
attachment/u/1/?
ui=2&ik=941a89ec7e&view=att&th=1403fae2534
74d01&attid=0.1&disp=inline&realattid=f hjvk3
701 fe=1&zw ie=AG9B_P9gNgwdzk
OszrnbSWTtl1b&sadet=1375458797903&sads=v0O
S7elEE8ag]Aodgd7wjBz0239k
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The benefits of such a discretizations of space time are

- Analyzing on the continuum is hard to impossible
because of the non-linear nature of the string force.

- The spacing between the lattice can be allowed to
approach zero, allowing the lattice to approach
continuity.

- The methods used to analyze discretized space-time
are very similar to those used in regular statistical
analysees.

s 1 WIsSh I could say more about Lattice QCD, but
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The methods used to analyze discretized space-time
are very similar to those used in regular statistical

analysees.

[ wish I could say more about Lattice QCD, but
unfortunately, the first equation in a book titled
"Basics of Lattice Quantum Chromodynamics"
looked like this:
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Analyzing data

I used the R programming language to analyze data,
both real and theoretical, and comparing the results.

r
§ ) Rstudio

File Edit Code Wiew Project Workspace Plots Tools Help
[+ R * |

| diamondPricing.R* @] formatPlot.R diamonds Workspace  History

Source on Save Q 72 -% A% _HSource - TLload- [J Save- t* Import Dataset - " Clear All
library{ggplot2 Data
source("plors/formarrlot. R™) diamonds 53940 obs. of 10 variables

view(diamonds Values
summary(di amonds avesize 0. 7479

S W T

summary (di amonds Sprice clarity character [8]
a\_;esi_ze round '-magn 'diamorcs_;arat , 4 P ggplot [8)
clarity Tevels(diamondsSclarity
Functions
4] gplot (carat, price, format.plot{plot, size)
ata=diamonds, color=clarity,
, ylab="price",

Files Plots Packages Help

B ZToom | E Export- | @ * Clear all

Diamond Pricing

) ¥ z
1 0.000 Min. 0. 000 Min. T 0,000
1st Qu.: 4.720 1st Qu.: 2.910
Median : 5.710 Median : 3.530
Mean 5.735 Mean 3.539
3rd Qu.: 6.540 3rd Qu.: 4.040
Max. 38. 900 Max. 131,800
> summary{diamonds$price)
mMin. 1st qu. Median mean 3rd qu. Max.
326 950 2401 3933 5324 18820
avesize =- round{mean(diamondsfcarat), 4)
- clarity <- Tevels(diamonds$clarity)
p <- gplot(carat, price,
data=diamonds, color=clarity,
xlab="carat"”, yl Price"”,
main="piamond Pricing”)

> format.plot(p, size-24)
| Carat
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Any

questions?
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