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Who are we? 
What do we do?

J. Smith, JHU, July 2017



HEP is super-interesting!
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What My Students Think: 

Particle physics is very 
cool but very difficult.



HEP is hard!

J. Smith, JHU, July 2017

What My Students Think: 

Particle physics is very 
cool but very difficult.

The Reality:

Particle physics is very 
cool but very difficult.



…Particle physics can be accessible to students!

But...

J. Smith, JHU, July 2017



…Particle detectors can live in your classroom!

And...
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The basics

J. Smith, JHU, July 2017



The models
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The quantum
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The particles
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The fields
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The new periodic table
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The detectors
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Modern detectors
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The “compact” muon solenoid
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So how do we do it?

• Web

J. Smith, JHU, July 2017

https://www.i2u2.org/elab/cms/graphics/CMS_Slice_elab.swf


(All praise to Tom McCauley!)

Event Display

J. Smith, JHU, July 2017

http://ispy-webgl.web.cern.ch/ispy-webgl/


Focus on the 
Conservation Laws:

● Energy
● Momentum
● Charge

So how do we do it?
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Get into the data
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ROOT has a steep learning curve.

And these files are YUGE.

Completely unsalable skills

From the CMS 
OpenData 
website:
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ROOT is not accessible for most physics teachers and 
students.

But we can use spreadsheets. 

Workarounds?

J. Smith, JHU, July 2017



How well do the teachers do?

Sample 
teacher 
work 
from 
QNet 
Data 
Camp 
2016:

3 days 
prior, 
they 
didn’t 
even 
know 
what a 
W 
boson 
is!
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How well do the students do?

Sample high 
school 
student work, 
2017:
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…Particle detectors can live in your classroom!

The CRMD
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The CRMD
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The CRMD
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Project Types Available:

● Flux (simple “vary X, observe Y” studies – 
weather, angle, shielding, etc.)

● Shower (how far apart are the daughters of an 
event? How common are the big ones?)

● Time of Flight (just how fast are they moving?)

● Lifetime (how long do muons live?)



The CRMD

J. Smith, JHU, July 2017

You don't even need a 
detector to use the e-lab!

Example: upcoming solar 
eclipse



Coding is important in 
science! High schools 
are finally starting to 
understand this.

So: can we get 
students to use 
particle physics as a 
context for writing 
code?

Alternative?

J. Smith, JHU, July 2017

Web

https://hub.binder-beta.omgwtf.in/user/c8a9d002-5ae9-4c18-9f54-a7265a95197a/notebooks/CMS_leptonic_decays.ipynb


Jupyter: no need to reinvent wheel!
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Make plots and tweak them!
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Adapt and repurpose!

Same code, 
adapted for a 
dataset from 
the USGS 
earthquake 
database:
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In summary

J. Smith, JHU, July 2017

QuarkNet does a lot of things:

● Teacher Workshops

● Masterclasses

● CMS e-lab support

● Cosmic Ray e-lab support (and detectors)

● Trips to CERN, Fermilab, etc.

● Leadership opportunities

● (in works) Coding in K-12

● (in works) Neutrino stuff
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