
Report on Particle Physics Workshops and Cosmic Ray Studies in Chile 

with Pontificía Universidad Católica  

Kenneth Cecire, University of Notre Dame  Rodolfo Capdevilla, University of Notre Dame 

Mitchell Wayne, University of Notre Dame 

 

Introduction 

This report is on the activities resulting from the fourth Masterclass Institutes Collaborating in the 

Americas (MICA-IV) project funded under a Luksburg grant for 2017-18. The grant covers the May 2018 

workshops in a number of locations in Chile, an ongoing cosmic ray experiment, and collaboration with 

the Faculty of Physics at Pontificía Universidad Católica (PUC) in Santiago, Chile. 

In previous MICA collaborations, the particle physics outreach and education components were key 

features. The main part of those were International Masterclasses in particle physics. As a result of these 

efforts, Notre Dame and PUC were collaborators in International Masterclasses videoconferences from 

2014 on. In MICA III, workshops at schools were added to bring particle physics to more students in 

Santiago. QuarkNet donated a cosmic ray detector for MICA III and a teacher workshop was added to 

educate the high school physics teachers group formed around MICA on its use. 

The research components of MICA I-III centered on each group informing the other on their own 

projects and on theory. As Notre Dame and PUC are on different experiments in the Large Hadron 

Collider, experimental collaboration was not possible. PUC physicist and MICA leader Ben Koch came up 

with the idea of a joint cosmic ray experiment focused on the South Atlantic Anomaly (see below) for 

MICA IV. He and his colleagues also noted that high school physics teachers and students had been 

unable to benefit from MICA in previous iterations because of distance. 

The plan for MICA IV, then, was to visit schools in Santiago but also far enough south to spread the 

benefit of MICA outreach further and to enable a study of possible effects of the South Atlantic Anomaly 

on cosmic ray rates. The PUC group identified and contacted schools in Curico, Chillan, Villarrica, and 

Valdivia for workshops and cosmic ray measurements. A workshop was added in Junin de los Andes, 

Argentina, due to an inquiry from a science coordinator there and two more workshops were added in 

Santiago. 

A team was formed to travel and conduct the workshops and the experiment in South America: German 

Gomez-Vargas and Sebastian Olivares of PUC, Daniela Gayoso, physics teacher at Colegio Etievan in 

Santiago and leader of the PUC-MICA teacher group, Rodolfo Capdevilla, a Notre Dame graduate 

student in particle physics, and Kenneth Cecire, QuarkNet National Staff Teacher at Notre Dame and 

author of this report. In addition, Jeff Chorny of Lakeshore Senior High School in Michigan and Jeremy 

Wegner of Winamac Community High School in Indiana were asked to perform a parallel cosmic ray 

study in the northern hemisphere as a control. All activities took place between May 1 and May 16, 

2018. 



 

 
Travel route and stops in Chile and Argentina. This route afforded the group the chance to visit a diverse set of 

schools as well as take cosmic ray data at varying latitudes and altitudes. 

 

MICA-IV Cosmic Ray Experiment in Chile and the U.S. 

The main cosmic ray study in MICA-IV is to measure the effect of changing latitude on cosmic ray rates. 

Primary cosmic rays are charged particles such as protons that travel in space; some of these encounter 

the atmosphere of Earth and, interacting with nuclei of atoms in atmospheric gases, create showers of 

particles that can reach the surface. These particles comprise secondary cosmic rays, which we can 

measure with our cosmic ray detectors. The average flux of these secondary cosmic ray particles at the 



surface of Earth is about one per square centimeter per second. We sought to see if that flux changed 

with latitude.  

In particular, the magnetic field of the Earth is distorted in the southern hemisphere, the South Atlantic 

Anomaly, which stretches roughly from South Africa to Chile.  

 
The range of the South Atlantic Anomaly, shown in red. (Source: Wikipedia.) 

Does this affect cosmic ray rates? We searched for an effect by forming a Notre Dame – Catolica team to 

take data from Santiago and south. We used two QuarkNet cosmic ray detectors: one is on permanent 

loan from QuarkNet to Catolica, while the author brought the other with him to Chile. As a control, a 

pair of Notre Dame QuarkNet teachers, Jeff Chorny and Jeremy Wegner, traveled between Indiana and 

Alabama with a cosmic ray detector to take latitude data in the northern hemisphere.  

 
Notre Dame graduate student Rodolfo Capdevilla explains cosmic rays to high school students in Valdivia, Chile. 

The QuarkNet traveling cosmic ray detector is in the foreground. The PUC cosmic ray detector is in the white box. 



 
Notre Dame QuarkNet teacher Jeff Chorny is working with cosmic ray detectors on the U.S. side of the experiment. 

 

Because Chile is mountainous, we needed to take cosmic ray data related to altitude as well, so that we 

will be able to correct for it when analyzing the data. We were able to establish a strong altitude effect 

and a lesser, but still significant, effect due to absorption by the structures of the buildings in which we 

took our measurements. Finally, there is a weaker effect on cosmic ray rates due to barometric 

pressure. These all need to be worked into building a set of corrections to compare rates at the different 

places we took data. Analysis efforts are ongoing. 

 
Early results of measurements in Chile comparing altitude and cosmic ray rates for the two detectors. The data for 

the PUC detector is in blue and for the QuarkNet traveling detector is in red. 



 

 

MICA-IV Workshops in Chile, Santiago and South 

Workshops (W) and Cosmic Ray (CR) measurements were conducted at the following locations: 

• Orchard College, Curico (W, CR) 

• Colegio Seminario Padre Pedro Alberto Hurtado, Chillan (W, CR) 

• Universidad del Bio-Bio, Chillan (W, CR) 

• Volcan Villarrica (CR) 

• Colegio Maria Auxiliadora, Junin de los Andes (Argentina)( (W, CR) 

• Pucon (CR) 

• Colegio Aleman, Villarrica (W, CR) 

• Liceo Bicentenario de Valdivia, Valdivia (W, CR) 

• Pontificia Universidad Catolica, Santiago (CR) 

• Colegio Etievan, Santiago (W, CR) 

• St. George’s College, Santiago (W). 

 
Workshop schedule for Chillan, Chile. Almost all of the high school workshops followed this pattern, with a few 

variations. 

 

The main elements of the workshops were a simple cosmic ray experiment, an introduction to particle 

physics, and a masterclass-type measurement using authentic data from the Large Hadron Collider at 

CERN. During the bulk of most workshops, the detectors were set to take data for our main experiment 



while we worked. In all, we worked with approximately 125 students and 25 teachers at 8 locations in 

the workshops. 

 

 

 
Students in Junin de los Andes, Argentina, working on the Rolling with Rutherford activity, in which they were 

introduced to how physicists use projectiles hitting a target and statistics to measure particle too small to see or 

measure directly. 

 

 

 
Students in Colegio Aleman in Villarrica work with “particle cards” to find patterns in the characteristics of 

fundamental particles. Sebastian Olivares, PUC physicist (blue shirt, L) and Daniela Gayoso (white shirt, R) look on 

and assist. 

 

Results 

The workshops went very well. Students were able to take and analyze data and got good results. Using 

the cosmic ray detector, they measured how the rate varies with the direction the detector is pointed, 

with the most cosmic rays coming from the zenith and the fewest from the director of the horizon. In 

Rolling with Rutherford (“Canicas de Rutherford”), students were able to measure the sizes of targets by 

rolling marbles at them, just as physicists might measure an atomic nucleus by bombarding it with 

electrons. Most got results that were a little over the actual target diameter, as was expected due to the 

non-zero sizes of the marbles themselves. The main event was the masterclass, in which students 



analyzed data from the Large Hadron collider using event displays to learn about how particles are 

scattered in the beamline or to find the masses of particles. Students and teachers were very positive 

about the workshops and asked many good questions. 

 

 
Students at St. George’s College in Santiago examine CMS data in the form of event displays. 

 

 
CMS masterclass result from Valdivia: in the plot, the students found signals to indicate the masses of the J/Psi 

particle at about 3 GeV, the Upsilon particle at about 10 GeV, and the Z particle at about 91 GeV. 

 

In measuring cosmic rays, we were able to get readings from 33.4 degrees down to almost 40 degrees 

south latitude and between 71 meters and 1174 meters above sea level. Both German Gomez-Vargas 

and Pedro Ochoa of PUC are working with undergraduate students to analyze the data. The author plans 

to work with QuarkNet teachers Jeff Chorny and Jeremy Wegner in the coming months to do our own 

analysis. 



 
The Café at the Villarrica volcano, where we hoped to take high-altitude cosmic ray measurements, was 

unexpectedly closed. The team stopped and asked for help at the home of Samuel Cabrera just a few meters below. 

Sr. Alarcon, right, fired up his diesel generator and we were able to take data in his house at 1174 m altitude. 

 

If the grant can be extended to the end of 2018, the author would like to make a follow-up visit to 

compare data and take further measurements. The idea of the measurement has taken hold in Chile. 

The science outreach program LabMovil Conciencia in Chile is interested in repeating the experiment 

over a longer baseline in Chile. There is $6399.25 remaining in the budget; this is enough for such a trip, 

if used carefully. 

 

Finally, students and teachers were exposed to the science done at Notre Dame and PUC through 

personal interactions with physicists and through presentations; more were engaged through social 

media. The author featured several of the workshops in the International Masterclasses twitter account. 

Video blogger Ricardo Garcia came on part of the expedition to capture some of what we did for an 

upcoming documentary on particle physics in Chile. He made a YouTube video in Spanish that captures 

some of the great moments in the expedition. It is the author’s hope that we can create English subtitles 

for this. The video is less than 8 minutes and worth watching, even for those who do not follow Spanish. 

It is referenced below. 

 



 
International Masterclasses tweet showing students at the cosmic ray detector in Curico. 

 

 
Students in Curico help to set up the PUC cosmic ray detector in the astrovlog YouTube video. 

 



 

MICA IV Collaboration 

Notre Dame: 

• Mitchell Wayne 

• Rodolfo Capdevilla* 

• Kenneth Cecire* 

• Jeremy Wegner** 

• Jeff Chorny** 

PUC: 

• Benjamin Koch 

• Marco Aurelio Diaz 

• Pedro Ochoa 

• Sebastian Olivares* 

• German Gomez-Vargas* 

• Daniela Gayoso* 

• Daniela Hernandez 

 

  *Indicates member of traveling team, Chile and Argentina. 

**Indicates member of traveling team, U.S. 

 

 

 

Web references 

• MICA IV website, https://quarknet.org/content/mica-iv-en-chile-y-argentina-mayo-2018 

• International Masterclasses, http://www.physicsmasterclasses.org 

• Pontificía Universidad Católica LHC Masterclass Facebook Community, 

https://www.facebook.com/LHCMasterclassChile  

• Article from Universidad del Bio-Bio, http://noticias.ubiobio.cl/2018/05/08/investigadores-de-

quarknet-brindaron-master-class-sobre-particulas-fundamentales-y-rayos-cosmicos-en-la-ubb/  

• Article from St. George’s College, http://www.saintgeorge.cl/2018/05/18/taller-de-fisica-con-

miembro-del-programa-quarknet-de-la-universidad-de-notre-dame/  

• Astrovlog YouTube video, https://www.youtube.com/watch?v=GCBKALgCaa4  
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