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Physics class: we’ll get to
the good stuff in June
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Ken, me:

« High School physics teacher
for about 20 years - private
and public

* QuarkNet staff member for
20 years - Hampton
University, then Notre Dame

« Married, 5 children (sort of

grown), 4 grandchildren so My avatar on https://quarknet.org.
far

- Co-Coordinate International * Active in AAPT, current
Masterclasses (more on chair of COCP

that)
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Personal note.

v

Dad, recently. Inside my brain, 1974.
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Awesome physics.

CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000
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*Aside from some details, like relativity and quantum mechanics.

QuarkNet is about:
« Particle Physics
* Physics education reform
* Modeling best practices
* Professional development
« Connecting 215t century forefront physics to students and
teachers by means of
* Actual physics in the curriculum
* Authentic data

« Encountering exciting physics and physicists
« Particle physics is our model!
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For we teachers...
Event horizon of a black hole:

event horizon

vESCz “
1 5 _ GMm
E mve = - R
1 M
2 R
2G6M
R=— Black hole of mass M
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Black hole
Sag A
M108
M85

CID 947

NGC 1281
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Supermassive black holes
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black hole diameter = 2 x 13000 AU = 26000 AU = 39 billion km

Rohadow = 2.5 Rs = 33000 AU = 50 billion km
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But, really, we do particle physics.
With activities from our Data
Activities Portfolio, teachers and
students can:

Calculate the mass of the top quark
or Z boson using vector addition.
Find the size of a proton using wave
diffraction.

Find muon lifetime from student-
taken data,

Use histograms to model data
analysis done by physicists.

Find it at https://quarknet.org.
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It Is great to be part of QuarkNet!
Centers:

Notre Dame

Purdue

Purdue Northwest

Cincinnati

You do not have to be in QN for:
 The Data Activities Portfolio v

« World Wide Data Day

* International Masterclasses
 e-Labs.

Find out more at http://tiny.cc/gninl19.
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http://tiny.cc/qnin19
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« Simple measurement with real CERN data, ~90 min

* Discuss with physicists, other students in videocons

* One 24-hr “shift” each autumn

« Do from your school, connect worldwide

« Use histograms to model data analysis done by
physicists. (Did we say that already?)

* Results: simple but profound!
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What is a masterclass?

“Particle physicist for a day”

e [ntro

* Tour

- Analyze authentic particle data.
* Videoconference

International Masterclasses 2019 and beyond
« > 50 Countries

> 104 Students

4 CERN experiments

1 new Fermilab neutrino experiment
More on the way
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e-Labs

Axes
Selectors.

175

Plot Bin Width: |1

LogX L/LogY| Reset X Selection

Select events with muons/electrons of opposite-sign charge | Select events with two global muons

dimuon events with an invariant mass between 2-5 GeV: M : 2000 entries

150

Home: Join an international collaboration of high school students to study CMS data.

» View News Alert

Project Map: To navigate the CMS e-Lab, follow the path; complete the milestones. Hover over ea

3 4

The invariant mass [GeV] of the two leptons (electrons or mi

uons)

spot to preview; click to open. Along the main line are milestone seminars, opportunities to check
your work is going. Project milestones are on the four branch lines. Getting Around the e-Lab

Pre-test Cool Science %= —es 'ﬂ. Get Started Figure it Qut Tell Others Post-test
The Basics {Optianal)
Lagand M YA thebig Choase <
i EASUNSMENT 1 Researc a sty S O Assess Discuss
Milestene e ____:O Plan questions Mot resutls sults
Seminar . Satisfied?
: H Know Apply
O Milestona Y A your consanvation
H H
Research Choose
- A * . - Azsemble y
Calculations ™= S 4 Question Frewiew Intarprat Salect data analysis tools  Eidence Publish Results
Plots/Graphs partiche types data

(Scatter Plots)

Milestones (text version)

Your team may use the milestones above, or your teacher may have other plans. Make sure you know how to record your
progress, keep your teacher apprised of your work and publish your results.
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Two flavors:

e CMS (data from
CERN)

* Cosmic ray (data
from classroom
detectors)

All in the browser!

Use it anywhere!
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Stay in touch

« Kkcecire@nd.edu

« 574-631-3343

Visit

* 929 North Eddy Street,
South Bend (but we are
moving in August)

Try it out:

 http://tiny.cc/gqninl9

* | will help. It's my job.

« Anyone want to develop the
black hole measurement?

Ask questions.
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