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The Physics Department Sticks Together
By Aidan Carter ‘21
Even while the global pandemic continues to interrupt normalcy in our lives,
Drew’s Society of Physics Students is making
the most of the unfamiliar online learning
platform. During the Fall Semester, the SPS
hosted two great events as well as meeting
weekly in the “Virtual H-Bar.” The first
event was an alumni meeting where students, faculty, and alumni connected, and
students got a taste for the career paths taken by other Drew physics students. With
close to twenty alumni, a diversity of interesting careers was represented. Among them
were professionals in industry, academia,
education, and a few graduate students. The
alumni fielded questions from the students
and gave advice and personal stories about
their path to success. It was great to meet so
many interesting and successful physics students, and for faculty to reconnect with
some of their former students.

A photo of all the alumni, students, and faculty at the alumni meeting.

The SPS also hosted Dr. Jay Tittman,
the oldest Drew physics alum, from the
graduating class of 1944. Dr. Tittman regaled students and faculty with stories of
Drew during the second world war, and
about pursuing an education in physics during that time. Hosting Dr. Tittman was a
pleasure and his experiences inspiring.

Not only is the SPS still having fun and hosting events during the global pandemic, but these events would
not have been possible without the virtual platform. We got to interact with alumni from all over the country
in the virtual H-Bar. Just like the H-Bar brings physics students together on campus, the virtual H-Bar
brought the Drew physics community together during an otherwise isolating time.

Page 1

An Introduction to Particle Physics
By Katelynn Fleming ‘21
If you’ve made it this far, you probably know that atoms are made of protons, neutrons, and electrons, and
that electrons are fundamental, which means that as far as we know, they are not composed of smaller pieces.
Meanwhile, protons and neutrons are made up of quarks, which are also fundamental. You may have heard of
particle colliders, huge machines used to accelerate small particles to extremely high energies and smash them
together to precisely measure what comes out of the collision. Until this summer, that was as far as my
knowledge of particle physics went. Through my Research Experience for Undergraduates (REU) working with
a team based at the University of Oklahoma using data from the ATLAS Detector at the Large Hadron Collider
(LHC) at CERN in Switzerland, I got a primer in this fascinating field and dug into some research of my own.
In this article, I’ll condense some of the things I learned in the first few weeks and describe my own project.
The Standard Model
Though not frequently discussed in undergrad physics,
the Standard Model of Particle Physics (SM) underlies
much of our understanding of interactions on the scale of
subatomic particles. It is often claimed to be the most precisely tested and confirmed theory in science, as its predictions have been verified time and time again through experiments with increasingly high precision. It uses one
long equation, the Standard Model Lagrangian, to describe
the particles and interactions that run the world around us.
The SM states that matter is composed of six “flavors”
of quark and six types of lepton. You may recognize the
lightest two quarks, up and down, as the components of
protons and neutrons, and of course the lightest lepton is
the electron. Two other elusive particles that permeate pop
culture but are little understood by the public can also be
found on the chart: the neutrino and the Higgs boson. AcFrom: https://en.wikipedia.org/wiki/
cording to the SM, three of the fundamental forces that we
File:Standard_Model_of_Elementary_Particles.svg
know and love, the electromagnetic, strong, and electroweak
forces are mediated by the rapid exchange of force carrier bosons between the matter particles that are interacting. Just like throwing a basketball back and forth between two boats on a lake would cause the boats to exchange momentum and float apart, the force carrier particles cause the repulsive and attractive forces that we
see between particles. The electromagnetic force is mediated by the photon and the strong force by the gluon,
both of which are massless particles. The weak force is mediated by the W and Z bosons, which have mass – a
lot of mass, in fact, for a fundamental particle. The Higgs is different because it is a scalar boson (it has spin 0).
It is believed to be responsible for giving other particles mass.
Despite the rigorous corroboration of the SM during the nearly 50 years of its existence, it still has some
gaping holes. The most obvious: it does not include gravity in any way. String Theory, the leading candidate for
a theory of quantum gravity, postulates an additional force-carrier to mediate gravity, a boson with spin 2
which has been dubbed the graviton, but no such particle has been observed and String Theory has not yet
been confirmed empirically. Another issue is that the SM predicts the neutrino to be massless, but a nonzero
mass has been confirmed experimentally. It also fails to explain dark matter, dark energy, and the expansion of
the universe. While it contains a corresponding antiparticle for each matter particle, it cannot explain why
there is more matter than antimatter in the universe. Experimental and theoretical physicists alike relentlessly
poke and prod at the Standard Model, trying to find a repeatable measurement that differs from the SM prediction or a connection to a broader theory like String Theory or Supersymmetry to address those issues.
...Continued on Page 6
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Virtual Physics from Two Perspectives
By Professor Minjoon Kouh and Amelia Abruscato ’24
Professor Kouh and first year student Amelia Abruscato write about their experiences with virtual
learning from their respective perspectives.
Professor Kouh:
Traditionally Drew's electronics course, PHYS 255, has
included many hands-on laboratory activities (see the Fall
2019 issue of the Dilated Times, Vol 30, No 1), but because of
the COVID-19 pandemic, the students in this year's electronics class could not be on campus and were not able to use the
power supplies, oscilloscopes, and function generators in the
electronics lab (Room 206 in the Hall of Sciences). Instead,
the class took advantage of an array of online resources and
simulation software. For example, the screenshots shown
here illustrate the frequency-dependent response of an AC
RC circuit modeled with 2 different software packages: MultiSim Live from NI (https://www.multisim.com) and VirtualScope (http://expphys.com/public/scope_intro.htm). In
addition, students used GNU Octave, an open-source alternative to Matlab, with compatible syntax and features to analyze circuits and make plots.
A recent physics alum, Alexa Daly (CLA ’16), visited the
online class one day and gave an excellent talk on the physics
of photovoltaics, the solar energy industry, and her career
trajectory. She currently works at Pure Power Engineering as
an electrical engineer.
Despite the lack of hardware access, the students in this
year's electronics course diligently explored core principles
in analog electronics, by building and simulating virtual circuits with computational tools. Online learning presents
challenges, but also new opportunities and interesting venues for exploration.
Amelia:
As a freshman planning to major in Physics, I was not too thrilled to have my first ever college physics
class through my computer screen. Taking courses online is not an easy task to complete, and I assumed that it
would also be hard on the professors. My expectations due to the state of everything were set extremely low. I
was not excited to sit down in my chair all day long.
Luckily, taking University Physics I with Doctor Jim Supplee was beyond delightful! Even though I was
just learning physics via my computer screen, the vibrant energy from Doctor Supplee made the class feel like
it was in a true classroom. I actually enjoyed learning physics virtually rather than just tolerating it. Everything
was enjoyable.
I am overall pleased with my very first physics course, even though it was taught online. My advice to future students taking PHYS 150 remotely would be to be ready to engage in class discussion, and never fret
about asking the professor for help. Doctor Supplee always helped me when I needed it, and your professor
will help you too!
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Famous Physicist: An Unsung Hero
By Camila Lopez Perez ‘21

Writing this article was harder than I thought it would be. I spent days thinking about who I should write
about. As a Latin woman, I could not help but realize that there has never been a woman (or a minority) in the
Famous Physicist section of the Dilated Times. Therefore, I knew I wanted to write about a woman. But which
one? There have been so many talented and overlooked women in physics, and we just do not talk about them
enough, or at all. I did not want to write about Marie Curie because she is the one woman we do talk about.
Among the many renowned names like Lise Meitner, Maria Göppert Mayer, and Emmy Noether, I decided to
write about Chien-Shiung Wu.
I should note that while searching for the subject of my article, I realized how much harder it is to find the
stories of women and minorities in physics than to find those about white men. Role models for women and
minorities in science should be celebrated and more visible to young people. Lastly, I send a shout-out to Dr.
Bjorg Larson who spoke about a woman in physics almost every Friday in the Math Physics class of Fall 2019.
Chien-Shiung Wu
Dr. Chien-Shiung Wu was the first woman president of the American Physical Society, the first female
physics instructor at Princeton University, the recipient of the first honorary doctorate awarded to a woman at
Princeton, and the first woman to be awarded the Comstock Award from the National Academy of Sciences,
among many other firsts.
She was born in Taicang, Jiangsu, China, the 31st of May 1912. She attended the first school for girls in
her area, founded by her father, an outspoken advocate for women. Dr. Wu went on to study physics at the
National Central University and after graduating she became a research assistant. It was her supervisor who
encouraged her to go to the United States to pursue a PhD. In 1940, she earned a PhD in physics from the
University of California, Berkeley.
After having various teaching positions at Smith College, Berkeley, and Princeton, she was hired in 1944
during World War II by the Division of War Research at Columbia University. More specifically, she joined
the Manhattan Project at the Substitute Alloy Materials Lab where she was involved in the research of radiation detection and uranium enrichment. After the war, she was offered a position at Columbia.
...Continued on Page 8
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This Year’s Nobel Prize in Physics
By Aidan Carter ‘21

The 2020 Nobel Prize was awarded to Andrea Ghez, Reinhard Genzel, and Roger Penrose. The prize recognized both the theoretical predictions of Penrose, and the experimental observations made by the teams led
by Ghez and Genzel. Since both parts of the award were given for developments in astrophysics it may be interesting to review some astrophysics so we can really get to the science behind the award.
Problems in astrophysics have preoccupied physicists for hundreds of years, as early as Copernicus. The
first huge development which increased understanding of the universe outside Earth was Newtonian mechanics, which made predictions about the revolutions of the planets around the Sun with remarkable accuracy.
These were not without flaw however, with the most glaring example being the precession of Mercury’s orbit
around the Sun. This means that Mercury orbits the Sun in an ellipse, just as the other planets do, however
the ellipse rotates a little bit with each revolution. If one were to observe the revolution of Mercury around
the Sun several hundred years apart, one would determine that someone had gone and shifted the position of
Mercury’s orbit in the sky! This problem was observed in the mid 19th century by Urbain Le Verrier and its
implication spelled doom for Newtonian mechanics.
Even earlier than Le Verrier’s observations, theoreticians Laplace and Michell wrote papers describing
the possibility of a planetary mass so dense that its gravitational field cannot be escaped. For the interested
reader their calculation is a PHYS 150 problem! We want to solve F= ma for a planet and a test mass, and we
want the planet to be so massive that the particle cannot possibly escape. The trick is to set the gravitational
potential energy equal to the kinetic energy of the particle, and then set the particle's velocity to c. These calculations imply that there is a minimum radius such that if the planet of mass m had a smaller radius, a surface dweller could never leave, even in principle.
These developments set the stage for a more modern approach to observational astrophysics. If a planet
is so massive that no object with mass can leave, then light cannot leave either! Well how can we see a star
that doesn't shine? If you are up on your General Relativity then you might say that the star should emit socalled “Hawking radiation,” but no one knew about that in the 16th century. The solution is that if a “dark”
star has bodies orbiting it then the clever astrophysicist can glean information about the mass and position of
the star by observing the motion of the orbiting bodies.
Continued on page 7…
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PARTICLE PHYSICS…Continued from Page 2

Collider Physics: E = mc2 Machines
These fundamental particles are way
too small to be seen with a microscope (if
they have any three dimensional shape at
all, which is unknown). Even more troublesome: most of them, especially the heavier
ones, decay quickly and can’t be found hanging around in the modern universe due to its
comparatively low energy density. How can
we produce these rare heavy fundamental
particles in enough abundance to measure
them? Answer: E=mc2. If we supply massive
amounts of energy, we can produce massive
particles. Particle accelerators use superconducting magnets to accelerate small charged
particles like protons or electrons to nearly Rendering of a particle collision: Particles traveling toward each other from
the speed of light (.999999991c at the LHC, the beam pipe going out to either side of the detector collide. Different parts
of the detector measure different output particles through their trajectory
according to Symmetry Magazine), then
crash those particles together. The collisions
Fun facts about the LHC from the CERN Webpage:
combine the rest energy and kinetic energy
Circumference 26,659 m
of the two colliding particles into a momenOperating temperature 1.9 K (-271.3ºC)
tary pocket of high energy density, and that
No. of magnets 9593
pool of energy can be converted to mass, creNominal energy, proton collisions 13 TeV
ating the massive particles that we wish to
No. of bunches per proton beam 2808
study. The more massive the particle you
No. of protons per bunch 1.2*10
want, the higher the energy you must supNo. of collisions per second 1 billion
ply.
Data recorded and stored per year 30 petabytes
11

Search for New Physics in the WWγ
Decay Mode

From: home.cern/resources/faqs/facts-and-figures-about-lhc

My research group is attempting to officially discover the W W γ decay mode and the probability that a
given collision will produce those three particles: a positive and negative W boson and a photon. But there’s
another wrench in the works: after the collision, the W bosons decay to lighter matter particles in about 10
seconds. These lighter particles arrive in our detector. Unfortunately, some other particles decay to similar
signatures of electrons and muons. To remove some of that background, we make selection cuts on our data,
for example requiring that the particles have more than a certain amount of momentum and that they go
through the central part of the detector where our resolution is most precise. Although we get rid of a lot of
our background, we also lose some of our signal, which throws off the probability we are trying to calculate.
To find out what portion of signal is lost, we use a probabilistic simulation technique called Monte Carlo to
generate hundreds of thousands of WWγ decays and pass them through our selection cuts. Then it tells us the
percentage of WWγ events that made it through all cuts into the final dataset, known as the “acceptance.” We
can then apply a correction to our probability, making our results independent of our detector and therefore
repeatable by another research group.
+

-

-25

Over the summer, I calculated the acceptance for the WWγ paper. It was a great project to help me get
into the field without being overwhelmed by the pace of the experienced grad students and postdocs in the
group doing the main analysis. Through it, I learned to code in C++ and Root, the software framework that
CERN uses. I can now navigate a Linux system through a remote connection to the terminal and write scripts
to do it for me. I also strengthened my skills in Python. The experience gave me a lot more confidence in my
ability to leverage my physics knowledge for research and analysis, which is critical to my future career. I
formed relationships with new mentors and contacts to help me along the way. The OU REU ...Continued on Page 7
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PARTICLE PHYSICS… Continued from Page 6

program chooses students with a strong interest
in grad school, so the summer was filled with programming that informed us on possible research
areas, what grad school is like, and other options
to help us make the best decision going forward.
My Trajectory Forward

In the image above, the red line traces the path of the LHC ring underneath the French and Swiss countryside. Beneath is a simulated
image of the beam pipe opened to show the sensitive equipment inside. From: http://cms.web.cern.ch/news/cms-experiment-cerns-lhc

I really enjoyed this summer project, so much
so that I extended it into my Specialized Honors
Thesis. This fall I have been using a similar Monte
Carlo simulation which allows me to set small deviations from the Standard Model based on some
alternate theories. My goal is to put limits on how
far the new theories can differ from the Standard
Model prediction and still land within our error
bars. This allows us to constrain future theories,
helping theorists and future experimentalists to
create a more complete model of physics.
Resources for Undergraduates

I would highly encourage every upperclassman to do an REU. Most of the time you do not need a background in the specific field you apply for, so it is a great opportunity to try topics and environments not found
at Drew. It gives you a more diverse and competitive background and helps you get a feel for grad school and
careers in research. REU programs are competitive, but with enough applications and good letters of recommendation from professors and/or DSSI mentors, it is feasible to get one. REUs are funded by the National
Science Foundation (NSF), so US citizens receive a stipend for their 8-10 weeks of work during the summer. If
you are an international student, a few programs offer alternate sources of funding for you. If you need any
type of accommodations, don’t be afraid to contact directors of programs that interest you.
If you want to learn more about the Standard Model and the field of High Energy Particle Physics,
https://particleadventure.org is a great primer. If collider physics piques your interest, check out the CERN
webpage at https://home.cern/science. If you want to look into REUs for next summer, the NSF webpage,
https://www.nsf.gov/crssprgm/reu/, lists them all. Most applications are due between late December and early February. Our professors and our upperclassmen are also great resources.
NOBEL PRIZE… Continued from page 5

The final piece of the puzzle came together in 1915 when Einstein published his theory of General Relativity. The new theory presented a radically new interpretation of the gravitational interaction, but the most important thing for us is that it solved the problems we discussed earlier. The new theory of gravity made correct
predictions for the precession of Mercury’s orbit, and also predicted a black hole, or a massive body so dense
that particles and light could not escape from it.
Now that we have a nice foundation in astrophysics we can make sense of this year’s award-winning developments in physics. Firstly, Ghez and Genzel observed the existence of a compact supermassive body at the
center of our galaxy. They were able to achieve this not by looking directly at the star, but by using the principle of analyzing the movement of the surrounding bodies. The other half of the prize was awarded to Penrose
for his theoretical prediction that the formation of black holes is a serious prediction of General Relativity, and
not purely mathematical.
While the science of the Nobel Prize is impressive, we should also note that Andrea Ghez is only the
fourth woman in history to win this prize. This exciting and depressing fact emphasizes the disparity between
the appreciation of men and women in science, but also serves to illuminate the way forward in science.
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Notes from the Inside: Doing Research
During the Pandemic
By Matheus Macena de Carvalho ’21
As an international student from Brazil my options were limited while in the midst of the worldwide
Covid-19 pandemic. After the spring semester of 2020, I could either spend the summer home and be stuck
in Brazil, as there is a travel ban in place, or I could stay on campus and be stuck here at Drew. As I wanted
to pursue an experimental thesis in my senior year, I decided to stay at Drew. I worked during the summer
of 2020 on campus, for the Facilities Service Response Center, as an office assistant and an electrician assistant, and for the New Jersey Governor’s School in the Sciences as a counselor.
I have been at Drew throughout all summers since my freshman year, but the summer of 2020 was the
emptiest I have ever seen. Multiple departments were closed, or were working remotely from home. The only departments regularly working on campus were the Facilities and Residence Life departments. The Facilities Department hired 9 students for the summer, so we created our own small bubble on campus. We
cooked together, played soccer three days a week, and had multiple barbecues throughout the summer. We
made the most of this awful situation we are all stuck in.
It was good to see more people moving in when the fall semester began. Only three residence halls are
being used and less than 200 students are on campus. Campus does not have the same lively feeling as it
usually does, but during this crisis, seeing more people has been a breath of fresh air. Living on campus and
having to do classes online is a weird routine. I miss waking up and seeing everyone walking on The Path
going to and from their classes. In the spring for my last semester at Drew, I hope that we will have classes
in person, and campus will be more lively again.
One of the main reasons I decided to stay at Drew was to pursue my thesis. I have been able to work at
Facilities, take my classes, and work in a lab a couple of days a week. I have kept myself busy and that in my
opinion, is one of the best things to do to keep your mind off of everything going on in the world. The topic
of my thesis is “applications of single-laser optical tweezers.” The project was initiated by Gabriel Mohideen,
Aidan Carter, and me in Dr. Larson’s optics lab during DSSI in the summer of 2019. I go to the Hall of Sciences every Tuesday and Thursday to work on my project, which has been, so far, very rewarding. It is weird
being one of the only people in the building, but I’m lucky to have this opportunity and I’m lucky to be on
campus.
FAMOUS PHYSICIST…Continued from Page 4

In the 1950s, physicists Tsung-Dao Lee and Chen Ning Yang (from Columbia and Princeton, respectively)
approached Wu to ask her to design and conduct an experiment that would prove their theory that conservation of parity did not hold for weak nuclear reactions. Using the laboratory at the National Bureau of Standards, Wu confirmed Lee’s and Yang’s theory by placing cobalt-60 in a strong electromagnetic field and observing that more particles flew off in the opposite direction to the spin of the nuclei. Lee and Yang shared the 1957
Nobel Prize in Physics "for their penetrating investigation of the so-called parity laws which has led to important discoveries regarding the elementary particles." Wu’s work was not acknowledged.
She continued to be an influential physicist until her retirement in 1981, and she died in New York on February 16, 1997. This is just one of the many stories of talented women who have helped in the advancement of
physics but have been relegated to a second plane, often overshadowed by their male counterparts. We, as part
of the STEM community, should strive for an equal recognition of all scientists.
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Frontiers in Physics: A New Kind of
Particle Collider
By Matt Gronert ‘21
Last year, funding was officially approved for the Electron-Ion Collider (EIC) at Brookhaven National Laboratory (BNL) on Long Island. The EIC will collide electrons and polarized ions to probe the internal structure of the proton. BNL is currently the home of the Relativistic Heavy Ion Collider (RHIC), one of only two
operating ion colliders in the world, and at the end of its 20 year nuclear science mission. As the name implies, RHIC collides heavy ions (such as protons, Gold, and Uranium nuclei) at high energies, causing the protons and neutrons to break apart into their constituent quarks and gluons, briefly creating quark-gluon plasma, the predominant state of matter after the Big Bang. BNL is replacing one ion ring with an electron ring.
The Big Questions are: “What is the internal structure of the
proton?”, and “Where is all the spin?” The latter question is really
vexing. If you add up all of the spins of the constituent particles of
the proton, you find that you are short by more than a little bit!
Why is the first question so hard? Two reasons. First, we cannot directly observe individual quarks and gluons. These particles carry a
“color” charge related to the Strong Nuclear force. The principle of
color confinement says that we always observe particles with no net
color. Therefore we cannot see individual quarks and gluons, only
the effects of the interactions with each other. The second reason is
that our current method for finding the internal structure of the
proton is really sloppy.
Dr. Abhay Deshpande, physics professor at SUNY Stony Brook,
described limits of current colliders. Imagine you want to find out the internal structure of a watermelon. So
what you do is take two watermelons and throw them at each other really, really, really hard, and then look at
where all of the exploded watermelon bits went and do some math to figure out where those bits started. We
are trying to cut open a watermelon with another watermelon. This seems like it is not the best way forward.
This is what happens at colliders. At RHIC, protons and neutrons are collided and the momenta of resultant
particles are recorded to figure things out. It is clear then, that if we want to better understand the internal
structure of the proton, we don’t need a more powerful collider. We need a more precise collider. We need
something smaller than a watermelon to look inside one. We need a knife. This is the idea behind the EIC: use
point-like electrons to cleanly break apart the much larger protons.
So why haven’t physicists been doing this all along if it's so smart? It
is really hard. The physics, engineering, computer science, and mathematics to support this project have just arrived in the last decade, and
are legitimately interesting in their own right. Magnetic cloaking uses
superconducting magnets to hide the spray of electrons backscattering
to the detector. These need to be cooled which is a great engineering
challenge. Machine learning algorithms characterize particle trajectories. Advances in statistics allow for physicists to pluck out results. A future scalable quantum computer will have a profound impact on computer modelling of strong force interactions.
There are going to be a ton of projects related to the EIC over the next 20 years, especially for math, physics, and computer science students. To learn more about these projects go to www.bnl.gov or check out Science Undergraduate Laboratory Internships with the Department of Energy.
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Send The Physics Department Your Business Card!
We’re very proud of our alums and want to share your paths with current students. Let us know
what you are up to and where you are working. Send us your business card for our display. Please
send your card or cards to:
Dr. Minjoon Kouh
Department of Physics
Drew University
36 Madison Avenue
Madison, NJ 07940.
Visit the physics department website at:

https://www.drew.edu/physics-department/

Drew University
Department of Physics
Madison, NJ,
07940
Address Correction Requested

Inside…
The Physics Department Sticks Together, Notes From the
Inside: Doing Research During the Pandemic, Famous Physicist:
an Unsung Hero, and more!

Contributors…
Katelynn Fleming, Matt Gronert, Matheus Macena de Carvalho,
Aidan Carter, Camila Lopez Perez, Professor Minjoon Kouh,
Amelia Abruscato

