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Introduction

This report is to explain the work done by the author as part of the African School of Physics 2018 (ASP
2018) in Windhoek, Namibia. The ASP 2018 is a three-week course for selected physics graduate students,
mostly from Africa, to help them attain world-class data analysis and other skills. The author was leader of
the outreach portion of the School: a one-week workshop for Namibian high school physics teachers and
eight high school learner workshops in four days. The was also an international conference, the first African
Conference of Fundamental Physics and Applications (ACP). The report will show that significant numbers
of Namibian high school teachers and an even greater number of Namibian high school students benefited
from exposure to learning activities in particle physics and masterclasses. It will also show the level of
collaboration that we built in order for this to occur.

Purpose of Travel

The purpose of the travel to Namibia was to support the outreach program of the African School of
Fundamental Physics and Applications (ASP) through masterclasses and related particle physics learning
activities for high school teachers and learners. This is to encourage the spread of International



Masterclasses and foster an environment in which teachers can introduce particle physics topics and data
to their classes, and students can pursue scientific inquiry.

Masterclass Activities

A cohort of 63 Namibian teachers had a one-week professional development workshop with a full schedule
of activities (see https://indico.cern.ch/event/667954/timetable/#all.detailed). The workshop culminated in
an ATLAS Z-path masterclass and a CMS Virtual Visit. Both were well accepted and the quality of human
interactions in these was high. The ATLAS Z results were good, owing to the preparation the teachers had.

OPloT — MasterClass — Combination for Windhoek on July 06 2018
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Dilepton results of teacher masterclass.

Teachers in CMS Virtual Visit.


https://indico.cern.ch/event/667954/timetable/#all.detailed

What is your rating of the CMS Virtual Visit?
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What is your rating of the masterclass activities on Friday?
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Results of survey of teachers on CMS Virtual Visit and masterclass. Highest rating
is 5 and lowest is 1. Please see Appendix for full results of the survey.

The reporter also facilitated a CMS masterclass for ASP students. These were mostly graduate students in
physics and related fields and most were from Africa. The time for the masterclass was limited, so not all of
the results were completed, but it was a great opportunity for the students to be able to visually examine
and interpret LHC events. As they did so, they learned or reinforced particle physics concepts that are
important to understanding W, Z, and Higgs production in the LHC as well their decay processes.



ASP students examine CMS events in the masterclass.

Finally, at least one small group of high school learners did the World Wide Data Day measurement in their
workshop. Generally, the learner workshops did not allow time for masterclass-type activities.

H/gh school learners do a paper-and-protractor version of the W2D2 measurement.



The local organizers of ASP 2018 were well disposed to the masterclasses and expressed interest in

continuing them in the coming year. The reporter will make the first push toward this for World Wide Data

Day (15 November 2018), which is simpler and thus a good entry-level event. Also, for the southern
hemisphere, the timing may be more ideal.

Other Workshop Activities

The reporter facilitated a variety of other activities in support of masterclasses and to provide learning
experiences in particle physics. All of these can be used as standalone activities by teachers to introduce

learners to particle physics concepts in ways that reinforce and enhance physics in the curriculum. Some of

the activities employed are shown in the table below. Where appropriate, the activities are linked to the
QuarkNet Data Portfolio.

demonstrations

operation; particle
decay and
daughter particles

Used in Used in
Teacher Learner Particle Physics Additional Curricular
Activity Workshop (X) Workshop (X) Concept(s) Concept(s)
Particle Cards X X Standard Model Scientific taxonomy
Rolling with X X Fixed target Indirect
Rutherford experiment; use of | measurement;
statistics and histograms
probability
Z mass X Event display intro; | Conservation of
particle decay energy and
momentum; vector
addition
Cosmic ray X X Cosmic rays; Basic experimentation
detector measurement of to learn
demonstration unseen particles characteristics
Cloud chamber X Visualization of
demonstration unseen particles
Human X X Accelerator

In addition:

e Milind Diwan facilitated the use of Mathematica on Raspberry Pi computers over two intensive

sessions.

e Heather Gray and Albert van de Roeck gave presentations on contemporary physics.
e Mario Campanelli introduced the Cosmic Pi cosmic ray detector.

e Other ASP lecturers assisted in various activities; David Bertsche was active in almost all phases of

the teacher and learner workshops.



https://quarknet.org/data-portfolio/activity/shuffling-particle-deck
https://quarknet.org/data-portfolio/activity/rolling-rutherford
https://quarknet.org/data-portfolio/activity/rolling-rutherford
http://atlas.physicsmasterclasses.org/en/zpath.htm

Learners roll marbles at hidden targets (under card) and use the probability of hits to determine
target size in Rolling with Rutherford.



ATLAS Physicist David Charlton explains the Z mass measz)rement to a teacher.



Results

This expedition resulted in:

Over 60 Namibian teachers introduced to the activities that they can do with high school learners
to cover basic physics concepts, introduce contemporary physics, and prepare learners for
International Masterclasses.

A high degree of satisfaction by high school teachers with the teacher program. (See Appendix.)
Over 1,200 Namibian high school learners in the Windhoek area participated in workshops that
introduced them to particle physics and prepared them for International Masterclasses. There was
a high degree of enthusiasm among the learners.

Approximately 60 graduate student participants in ASP 2018 exposed to a masterclass in which
they learned about some aspects of particle physics not previously covered in their other work.
Collaboration with ~15 international physicists plus members of the LOC on IMC-, IPPOG-, and
QuarkNet-related activities.

Members of the LOC aware of and interested in International Masterclasses and education in
contemporary physics, including particle physics.

Expected Outcomes

The expected longer-term outcomes of the IMC/IPPOG/QuarkNet work in ASP 2018 are:

Participation by learners and teachers in Namibia in World Wide Data Day and International
Masterclasses.

Greater dissemination of World Wide Data Day, International Masterclasses, and particle physics
education in Africa.

Long-term collaboration between IPPOG, IMC, QuarkNet, and the African School of Fundamental
Physics and Applications.
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Appendix: Results of Survey of Teachers in ASP 2018 Teacher Workshop

Highest rating = 5. Lowest rating = 1.

What is your rating of your time in the African Conference of Physics at
NUST?

R
P =1 R | ]
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14 (51.9%)
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5
4(14.8%)
0 (0%) 0 (0%)
0
1 2

What is your rating of your time working with Raspberry Pi computers?

L4 responses
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14 (51.9%)

10 1 (40.7%)

5
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0 (0%)
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What is your rating of the lectures?

L/ responses

15
14 (51.9%)
10 11 (40.7%)
5
0 (0%) 0 (0%) 2 (7.4%)
0
1 2 3 4 5

What is your rating of the activities on Tuesday morning (like particle
cards and rolling marbles)?

L/ responses

15 15 (55.6%)
10 11 {40.7%)
5
0 (0%) 0 (0%
0
1 2

11



What is your rating of the cosmic ray activities on Thursday?

23 responses

15
10 11 (44%)
5
0 (0%) 0 (0%)
]
1 2

What is your rating of the CMS Virtual Visit?

26 responses

12.5

10.0
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What is your rating of the masterclass activities on Friday?

26 responses

20
15 16 (61.5%)
10
0 (34.6%)
5
0 (0%) 0 (0%)
0
1 2

What is your overall rating of the Teacher Workshop this week?

L/ responses

15

12 (44.4%) 12 (44.4%)
10
5

3 (11.1%
0 (0%) 0 (0%) (11.1%)
0
1 2 3 4 5
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Please add any comments.

S
L e

Mext time, please try to involve topics related to the new Mamibian grade 11 and 12 syllabus as we are facing lot
of challenges. this will definitely help us in our teaching and leaming. *

Thanks
Kunene Region

teachers workshop should be based on different topics in physics and the different effective methodologies to
be used .

[t was so interesting, valuable and excellent. it was so fruitful and it will benefit the entire nation of Mamibia in
ane way ar another.

The content of the workshop was extremely beyond our curriculum and level of understanding.

[t could have been interesting if one had a theoretical background of what was being discussed.

it was well organised and i learnt a lot on the fundamental physics which can be used to introduced matter to
the learners.

[t would have been more exciting if the content of the curriculum reform have been incorporated.

it was very a successive workshop and useful hope 1o be repeated every year

ASP should be invalved in the curriculum reform for Phvsics education in Africa

i think there a need for further Worksop of this kind to equip teacher with advanced knowledge and skills.
David iz a best lecturer

A follow up workshop will be nice since the content is new and a lot to take in. this will be nice if it can be
incorporated into the new syllabus especially for gradel2. it is a whole new world for us Teachers. Presenters
are excellent and great expertise in they fields. being here was a privileged and | learnt a lot, gain knowledge, got
muotivated and inspired to further my studies.

Such types of workshops are more needed to update us on new development(discoveries) in physics.
We appreciate the ministry of Education to involve teachers in a such conference because it has been observed
that teachers are been left out.

There is a need for the aspects of Namibian curriculum to be also included in the program, for the teachers toin
the last two days of the workshop.

Dr Kenneth Cecile was really good in his presentations and kept the class lively at all time, 50 | wish him a safe
journey back to the state together with all other presenters and all the best in his future endeavours.

it was a wonderful experience to share ideas with the educators from all over the world. Thanks ASP and every
ane.

| was initially overwhelmed with all the new terms and topics but as the workshop continued It started to grow
an me and | really enjoyed learning new things throughout the week.
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*This criticism comes up sometimes for workshops on contemporary topics such as particle physics. While
the aim of the workshop is not to respond directly to the curriculum but rather to enhance teacher
knowledge and the learner experience, we do try to show how activities that use contemporary research
and data must address the fundamental concepts that are central to all physics courses.
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