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Every year, 13,000 high school students from across 52 countries attend a local university or
research laboratory to participate in a workshop to learn fundamental particle physics, that is,
how matter behaves at its most fundamental level. During the International High Energy Physics
Masterclass, spearheaded by the International Particle Physics Outreach Group (IPPOG), the
students have the opportunity to become particle physicists for an entire day and analyze real data
from the Large Hadron Collider in the CERN laboratory using authentic research tools. These
tools expose students to the cutting-edge research that today is being carried out collaboratively
around the globe. During the Masterclass, students have the amazing opportunity to reconstruct
from the data fundamental particles such as the Higgs boson which was discovered on July 4th 2012.

This year, with the help of the IPPOG and two universities in Peru, Estefania Coluccio
Leskow, a particle physicist and professor at Northern Virginia College and Alejandro de la Puente,
also a particle physicist and fellow at the National Science Foundation in the United States, brought
the Masterclass to Trujillo and Lima. They exposed close to 110 students to particle physics and
to the international community working to make the fundamental science breakthroughs that have
allowed our species reconstruct our universe up to a fraction of a second after the Big Bang. In this
report we will summarize the activities that took place during the first week of March, the work
we did with the local institutions, and how outreach events like this help in the development of a
more informed citizenry as well as a more prepared student body.
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I. TRUJILLO - THE LAND OF ETERNAL SPRING

Our journey began on Thursday March 1st as we landed in Trujillo - Peru after almost 18 hours
of travel. Ivet Cuba from the National University of Trujillo had arranged everything for us and this
was clear from the warm welcome we received as we exited the airport. The hotel transportation
waited outside and took as to a lovely hotel in the historic center of Trujillo. Trujillo is a mayor
city in Pert, located on the Pacific coast 726 km north of Lima. It has a population of close to
one million people living within its metropolitan area, and it is home to the National University of
Trujillo which was founded in the year 1824. The university has approximately 19, 000 students and
12 academic departments, making it one of the largest in the country. It has a physics department,
even though the funding systems have not made a doctorate degree possible. There is, however, a
masters program and a range of sub-disciplines with cutting-edge research activities, particularly
in optics and materials.

On the evening of March 1st we met up with Ivet and Miguel Angel Valverde, both members
of the organizing committee. We had been planning the event for close to three months but a
series of changes forced us to reach out to a second academic institution, the Universidad Privada
del Norte (UPN), in order to have a classroom with the 40 computers that we would need to
conduct the Masterclass. The organizing committee secured the collaboration with the UPN and
the resources made available worked great for the logistics of the event. The classroom was well
equipped and everything was going according to the plan. Our event in Trujillo was not just to
bring the Masterclass on March 3rd, but to begin on the 2nd with two outreach talks for the uni-
versity community and the public, and a closing ceremony on March 5th, the day of the scheduled
videoconference with three other institutions conducting Masterclasses in Germany, Italy, and the
United States. The schedule of activities can be found as a supplement to this report.
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Convocatoria - Masterclass de Fisica de Particulas -

Trujillo 2018

E12y 3 de marzo del 2018, La Universidad de Trujilo, en colaboracién con la Sociedad de
Estudiantes de Fisica y la Fundacién PachaKaipi, participara del Intenational High Energy Physics
Masterclass organizado por el Grupo Intemacional de Divulgacién de Fisica de Particulas
(htte://ippog.org)-

Los convocados exploraran durante dos dias, siendo el 3 de marzo el dia central, los misterios de la
fisica de particulas y aprenderan sobre los métodos que usan los fisicos experimentales para
investigar la materia a su nivel mas fundamental. Los participantes harén sus propios experimentos
con datos reales provenientes del Gran Colisionar de Particulas (Large Hadron Collider), LHC. Al
culminar el dia, los convocados participarén e una video-llamada para comparar y combinar
resultados con muchos otros estudiantes en Alemania, Italia y Estados Unidos. En la fisica de
particulas trabajan en conjunto miles de fisicos e todo el mundo con el fin de entender nuestro
universo de manera mas profunda cada dial

Durante el Mastercass los alumnos en Trujilo podran también aprender sobre la carrera de Fisica y
tendran la oportunidad de charlar con estudiantes universitarios y profesores.

El Masterclass nos dara una oportunidad para conocemos todos, compartir nuestra pasion por la
ciencia y dar un primer paso a una carrera que apoyara al crecimiento de nuestra region y Pais.

ESTASOLICITUD CIERRA EL 20 DE FEBRERO DEL 2018 y esta abierta para estudiantes de cuarto
de media hasta primer afio de universidad.

Treinta alumnos seré elegidos para el primer Masterciass. Para poder particiar de esta experiencia
dnica, los int escribir un ensayo de como méximo, en el cual describan
su interés por a ciencia, exphquen cuél creen que es su relevanua dentro del contexto social del
paisy y arg. porq participar del Mast
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FIG. 1: High Energy Physics Masterclass
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6. Cuéntanos en 500 palabras como méximo, de tu interés por la ciencia, explica cual crees
que es su relevancia dentro del contexto social del pais y argumenta porqué desearian
participar del Masterclass. *
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In order to get as ample participation as possible, the local committee and us decided to create
a solicitation that students interested in participating in the Masterclass had the opportunity to
complete online. A copy of the solicitation is shown in Figure [I] and it was open to anyone using
Google forms. The dissemination and the outreach work was carried out by the local committee
who visited local schools before the event. As you can see in the solicitation, we wanted to gauge
how interested students were in science and what they thought was the relevance of science in the
social development of the country. We closed the solicitation when a maximum of 41 students was
reached. This was done in order to align our vision of a Masterclass with how the local institutions
carried out their educational pedagogy. We wanted not just to share the exciting world of particle
physics, but use our resources to be effective in our teaching practice.

The two outreach talks, one with an experimental focus and the other more theoretical, were
well received on March 2nd, as the event was opened not just to the Masterclass participants, but
also to university faculty and administrators, and to parents. As part of the organization, the
society of physics students of the National University of Trujillo volunteered to help with all of the
logistics and together with the local institutional funds, delivered snacks and refreshments to all
attendees. We were given a very warm welcome from the dean of the sciences and he highlighted
the importance of the scientific endeavor for the advancement of society and the development of
Pera. By the end of the first day we had the opportunity to talk to the attendees, answer questions
and also meet the entire cast of volunteers. We were then taken to lunch and a tour of a coastal
city near Trujillo, a famous beach called Huanchaco.

The official Masterclass took place on March 3rd. The day began with an introductory talk
about the mission and goals of the Masterclass and our introductions to the students. We kicked-
off the day with a talk on accelerators and detectors, on how these incredible machines allow us
to see the tiniest particles making-up matter. We were asked to emphasize on the engineering
components given that a lot of students had expressed interest in pursuing these careers. What is
wonderful is that this was really easy given that at the LHC, engineers and physicists work very
closely in the design and functioning of the accelerators and detectors. It is also a fact that there
are as many as 10 times more engineers than physicists working at CERN. We also emphasized the
many technological advancements, from cryogenics to more powerful superconductors, that have
been developed at CERN, and how the laboratory continues to push the boundaries of these tech-
nologies. We then talked about the zoo of particles that we know exist today and how, after years
of research, we have been able to determine an organizing principle that allows us to experiment
with them and observe them at the LHC. We also talked about how it is that we observe particles
from the data collected in the detectors at the LHC and discussed with the students the concept
of invariant mass and how it relates to momentum and energy conservation.

After the talks and a small break we gave the students a tutorial on how to use HYPATHIA,
the software used in the Masterclass to reconstruct Z and Higgs bosons. We then went over 10
example events, highlighting how is it that we can differentiate between electrons, muons, and
photons, and how to distinguish these from showers of hadrons, called jets. It was very useful to
do this tutorial as students were able to ask questions before the analysis began. This was a very
interactive session since students were also able to identify and share with others what they thought
they were observing. After the tutorial, we took a longer break and walked to a local restaurant
to have lunch. We decided to provide lunch for the attendees and the local committee. They had
done so much for us that we thought this would be a small gesture of our gratitude. The lunch
gave us the opportunity to interact with the students in a more informal fashion, and learn about



their academic interests.

After lunch we began the analysis part of the Masterclass. Each student received 50 events.
During this session we answered questions, and provided guidance to students so that they could
potentially independently analyze their events. Our interest was not on analyzing each event accu-
rately, but help students learn how to see the fundamental particles that lead to the reconstruction
of Z and Higgs bosons. We wanted them to become experts at seeing electrons, muons, and photons.
This expertise allowed them as a class to reconstruct the bosons, particularly the Z, as can be seen
from Figure
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FIG. 2: Combination of results from students in the Trujillo Masterclass.

We finalized the day with a discussion, the importance of large amounts of data, and how obser-
vation of particles follows a statistical logic. The students were really shocked since even though,
individually, the resonances in the invariant mass distributions in many cases did not have an
obvious particular characteristic, their entire combination did. Given the difference in time, the
videoconference with scientists at CERN and three other Masterclass events in the United States,
Germany, and Italy took place on March 5th.



The students returned once more on March 5th, but now to the campus of the Universidad
Nacional de Trujillo. We were already in Lima but connected remotely with them. We went over
what we had done for the two days we were together, answered as many questions as they had and
went over the results obtained from the combination of results between Trujillo and three other
international Masterclasses. These results are shown in Figure [3] One can see not only a great
reconstruction of a Z boson, but also of a heavier Z-like boson, a hint of new physics. We explained
that this Z-like particle had not been discovered at the LHC but many theoretical frameworks
predict it. The students learned that even though the data they had analyzed was real data, this
heavy Z-like events were spurious in order to illustrate how new physics would look like in an
invariant mass distribution. We also observed that the analysis of a larger set of data began to hint
at a 125 GeV invariant mass peak in the 4-lepton distribution and the di-photon distribution.

OPIloT — MasterClass — Combination for all institutes on 2018-03-05

Start Student Moderator  Tutor  Administrator Saturday, April 21st 2018 - 14:29:09 CEST
Events Dilepton invariant mass B Electrons B Muons Plot type:
Il+4l+yy overview %
599
Dilepton statistics
2095
0 - - - Region R1 R2 R3 R4 R5
! 1 100 1000 Ml [GeV] Events 31 46 447 40 17
Mean  3.04 939 89.76 998.26 1,497.0!
o Width 041 1.14 368 3085 11.71
Events Four lepton invariant mass HM4el Mamu W2el+2mu
14 ] Muons
7 Region R1 R2 R3 R4 RS
- L e - Events 39 53 562 36 8
0 .= = LI el EmlE=E | .— o] Mean 303 971 9056 987.91 1,483.4:
60 %0 120 150 180 210 240 270 300 0 360 Width 025 0.68 365 5131 57.54
M(4) [GeV]
Number of events
Events Diphoton invariant mass M Data Student distribution Expected
29 n 1815 1820
4l 244 40
145 w 579 840
. Sum 2638 2700
80 85 ) 95 10 105 110 15 120 125 130 135 140 145 150 155 160
M(yy) [GeV]
Bins:
Update plot I Reset I

FIG. 3: All-around combination of results.

By the end of the interactive session each student received a certificate of attendance and completion
of the Masterclass. This certificate was signed by the committee at the Universidad Nacional de
Trujillo and helped solidify the impact that we had. For many of these students, this is more than



participating in an outreach experience, this is learning how to use a new software tool and learn
cutting-edge physics research from scientists actively working in the field. For many, this is a first
exposure to a new exciting career that they might choose to pursue. A photograph of the certificate
is shown in Figure [4]

CERTIFICADO N

UNIVERSIDAD

s & PRIVADA
W DEL NORTE

Universidad Nacional

de Truiillo FACULTAD DE CIENCIAS FISICAS Y A\l;\'l‘li‘\l;'\"l‘l(‘,;\s
J ESCUELA ACADEMICO PROFESIONAL DE FISICA

Otorgado a:

Por haber participado satisfactoriamente en calidad de ASISTENTE del taller:
“Masterclass de Fisica de Particulas Trujillo - 2018”, realizado en conjunto por
la Universidad Nacional de Trujillo (UNT - FCFYM) y la Universidad Privada del Norte (UPN),
los dias 2,3 y 5 de Marzo en las instalaciones de ambas sedes.

Gilberto Amado Méndez Cruz Henry Rojales
Decano de la Facultad de Ciencias Fisicas y Matematicas Director del Departamento de Ciencias
Universidad Nacional de Trujillo Universidad Privada del Norte

FIG. 4: Certificate of Masterclass completion. Given to each attendee after successfully
completing the International High Energy Physics Masterclass in Trujillo.

The Masterclass in Trujillo was the second time the International High Energy Physics Masterclass
was conducted outside of Lima. In June 2016, thanks to Instituto Apoyo and IPPOG, a Latin
American Masterclass was organized together with Colombia, Argentina, Chile and Venezuela.
The event was very successful with close to 100 students participating in the city of Piura - Pert, as
well as a full day with high school teachers and college students who learned how to analyze particles
using HYPATHIA. The idea is to communicate the Masterclass to as many people as possible so
that it can eventually happen in all major cities in Perti. We would like this to take place every
year, and this kind of exposure helps convince institutions about the importance of science outreach
and how little investment and time can have a huge impact and a long-lasting effect.



II. LIMA 2018

The organization of the Masterclass in Lima was very different than in Trujillo. We had well
established connections that had helped bring the Masterclass to Lima for the first time in 2015 as
part of a mayor educational event, the National Forum for STEM education. The Masterclass took
place more as a pilot that year, with a small group of selected students. However, it helped convince
Instituto Apoyo that it was an important initiative for Peruvian students, and so they gave us their
complete support the following year with the Masterclass in Piura. This year, Instituto Apoyo’s
role was different. They helped us connect with the Peruvian University Cayetano Heredia where
every year various summer academic events for high school students take place. The university
selected close to 60 students from their summer participants to be part of this year’s Masterclass.

We arrived at 8:30 in the morning on March 8th to the town of the Molina, to one of the university
campuses. The students were already in the two classrooms where we would simultaneously give
the introductory lectures. Estefania gave the theory lecture in one room while Alejandro gave the
accelerator and detector lecture in the other. We then changed classrooms and after the lectures
the university organizing committee led by Hugo Flores invited us and the students to lunch.
The interactions at lunch were very similar to those in Trujillo, we had the opportunity to get to
know the students a little better since in the morning everything happened so fast that we went
straight into lecture-mode. After lunch we headed this time to a single classroom where we gave
a tutorial on how to do the W-path. We decided for the W-path since the last two years we had
focused entirely on the Z-path. We though it was important to change the approach and focus
also on how missing energy is reconstructed experimentally and what is its source. The W-path is
more complex than the Z-path and it also has a slight focus on jets. Jets are a difficult concept for
students to understand, many of them ask what all the small energy deposits in the electromagnetic
and hadronic calorimeters are. The tutorial was again very successful since we followed an inter-
active approach and many students were very engaged with questions and identification of particles.

For the remaining two hours each pair of students conducted their analysis of 50 events. We
went around the classroom answering questions and guiding students through some of the most
difficult event displays. There was a lot of excitement every time a team found a pair of W bosons
that appeared to come from a Higgs boson. It was great to see students learn about the difference
between the electron and muon as well, something that most of them did not know prior to the
event. The Standard Model is still an obscure concept for high school students, unlike the periodic
table of chemical elements, that almost every student knows about. We feel confident that the
students who participated in the Masterclass will most likely go back to their schools and talk
about what they learned. They will share their knowledge and expose more people to fundamental
particles and the Standard Model.

By the end of the day, many students came up and asked questions about what a career in
particle physics is like. We love when they ask these questions; many students have an interest in
the sciences, but not many understand what type of work physicists do. We always love explaining
the way physicists study the frameworks that explain natural phenomena, and how they extend
these frameworks every time new physics is observed. We highlight how physicists follow the
scientific method to empirically sustain or discard new models. How they do this in an iterative
manner to eventually arrive at a set of laws that govern all natural phenomena. In fact, the only
limit to our fundamental theories thus far are computational, and so we have developed effective
theories to explain natural phenomena at scales larger than those of fundamental particles. This



is mind blowing for the students, and we are sure they think about this and investigate further
after an outreach event like this takes place. Even if they choose another field of study, this is
knowledge that gives them breadth. They are humbled with the realization that we are all just an
agglomeration of fundamental particles behaving in patterns based on a few fundamental principles
such as conservation of energy and momentum, and reactions to four fundamental forces. At the
conclusion of the event we took some photographs with the students and each received a certificate
of attendance, a copy which can be found with the attached documents.

The High Energy Physics Masterclass is an incredible effort by the particle physics community;
it brings particle physics to people all around the world. It is a great way to share with them
the discoveries that are taking place today which have validated centuries of scientific work to
understand how nature works, how we function in the universe. During the Masterclass in Lima,
a group of students from the National Mayor University of San Marcos (UNMSM) who we work
closely with in our Campos y Cuerdas initiative [I], had the opportunity to attend. They wanted to
volunteer and learn about the logistics of how the Masterclass is organized. This group of students
has also established a connection with Carlos Sandoval, a high energy physicist from Colombia
who was part of the organizing committee of the Latin American Masterclass of 2016. Carlos and
the students form UNMSM are organizing the Latin American Masterclass again this year in Peru.
We are excited to see that now students and professors in Peru can carry on with the Masterclass
and continue to make this an every-year activity of science outreach and communication. Public
engagement with science is crucial if we want to increase public participation in the basic sciences.
It is critical if Pert is to increase its funding not just for more outreach activities, but to support
students who wish to pursue a career in the basic sciences.

[1] Campos y Cuerdas,
Campos y Cuerdas Y outube Physics Education Channel


https://www.youtube.com/channel/UCRBn9imEoKhonXOju5zhfiw/videos
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