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What is QuarkNet?

NSF-funded physics teacher professional 6 e "“’s“‘onQQ
development program since 1999. CQ - QMQ g (‘ 6

e quarknet.orqg

9

e 50+ centers across US, 500+ teachers i

e Partnership between HEP physics and high pFsawess—r:
school physics/science teacher communities P 2

e Connects current physics and physics
research to high school classroom

e Tevatron —» LHC — Neutrino — new physics



http://www.quarknet.org

We're excited!

e New bleeding edge tech
e Compelling physics
e Compelling physics education

From great to small...

e Muon lifetime in lab frame
e Accelerator size in muon frame!




QuarkNet Events

Center workshops

Data Camp @ FNAL
Coding Camp 1 (virtual)
Coding Camp 2 @ FNAL

Particle Physics
Masterclasses
(CMS, ATLAS,
MINERVA, NOVA,

Others...




QuarkNet Resources

quarknet.org

Cosmic ray detectors & cosmic
watches

Data Activities Portfolio

CMS & Cosmic Ray e-Labs
Friday Flyer newsletter

Coding support

Particle physics masterclasses
Others...

e

Rarticle Therapy.

International Particle
Physics Outreach Group

About Resources Activities News Calendar

Pierre Auger Observatory

Student Home

At CERN near Geneva, Switzerland, the Large Hadron Collider (LHC) collides protons at the highest energies ev|
the laboratory to reveal new knowledge about matter and energy. Giant detectors make careful measurements fre
collisions. One of these detectors is CMS, the Compact Muon Solenoid.

Physicists working on CMS and its sister detector, ATLAS, first their by ing the
Standard Model. They added to that picture in 2012 with the discovery of the Higgs boson, the long-sought key t¢
understanding the masses of fundamental particles. Yet physicists know that the Standard Model does not explail
The search for new physics continues beyond the Standard Model.

CMS e-Lab Student Home provides a guide with resources to create a research project, access to authentic CM:
analysis tools for conducting that research, and ways to collaborate. The Teacher Home has learner objectives, &
rubrics, standards, management tools, and more.

Join our learning community built around the CMS e-Lab and the QuarkNet CMS data thread as we probe the ph)
uncovered by CMS. What are the elementary constituents of matter? What are the fundamental forces that contre
behavior at the most basic level?

for all e-Labs
Check out our online resources



http://www.quarknet.org

Data Activities Portfolio - Mass of the Z

CMS: Z > up events for 2-dimensional analysis

Run 148031 Event 267892947

-

o

& DAP Copy of Z_Mass_Coding_Extension.ipynb % &
File Edit View Insert Runtime Tools Help

Q Commands + Code + Text

v Z Mass Analysis

To get started,

« You won't hurt anything by experimenting. If you break it, close the tab and open the link again to start over.
« Is this your first time with Jupyter and Python? Need a refresher? Try the 5-minute Intro to Jupyter activity and come back here
« Your edits here will NOT SAVE automatically, unless you save a copy to your drive

There are two ways to run the code below:

« press SHIFT and ENTER at the same time
« click on the play button (») to the left of the code

Click “run anyway" on the popup window. It happens the first time you run this code telling you it loads from GitHub (it's totally safe, 1
we use it).

Run each block of code to see what it does. Look for hidden messages, too. They're called comments and they start with #.
[ 1 # Import needed modules
import pandas as pd # for creating datatables

import numpy as np # for quick math calculations
from matplotlib import pyplot as plt # for making histograms

v Load in your dataset



Particle Physics Masterclasses

High school students (13k+/year) come to
a research lab to be “scientists for one
day”

e Intro to particle physics

e Analyze authentic data from
experiments

e [nternational video conference with
other groups + CERN / Fermilab /
KEK / GSI...

Like a masterclass in the arts but in
particle physics!




Particle Physics Masterclasses @ Rice - 03/29/2025

2-Lepton Events
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World Wide Data Day . e

High school teachers and
students make simple
measurements of dimuon
events in LHC

e All done in school

e Combination of results
and videocons all on
one day each autumn

e About 2 hr, soup to nuts!




Let's explore some more...

QuarkNet Contacts:

Kenneth Cecire, QN National Staff,
kcecire@nd.edu

Mitchell Wayne, QuarkNet PI,
mwayne@nd.edu

Shane Wood, QN National Staff,
swood5@nd.edu

We want to learn more about the Muon
Collider and hope we can help the effort.



mailto:kcecire@nd.edu
mailto:mwayne@nd.edu
mailto:swood5@nd.edu

Extra slides...
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Particle Physics Masterclasses @ Rice - 03/29/2025

https://star.rice.edu/outreach/quarknet/mastercl
ass2025/

Local organizers: Frank Geurts, Darin Acosta
(in collaboration with QuarkNet teachers)

Agenda:

e Lecture on Introduction to Particle
Physics

e Lecture on Introduction to detectors,
accelerators and how to detect particles

e Lecture on Instructions on how to use
CIMA and iSpy

e Physics demonstrations

o Including cloud chamber

A day as a particle physicist!!!



https://star.rice.edu/outreach/quarknet/masterclass2025/
https://star.rice.edu/outreach/quarknet/masterclass2025/

Particle Physics Masterclasses

CMS Experiment at the LHC, CERN %
% Data recorded: 2012-Aug-02 06:43:52.413225 GMT

Run/Event/ LS: 200091 / 1605749984 / 1481

How is simplified analysis
performed by the high school
students?

iISpy: Event Display
(Link)

Back  Events Table (Group 10.1)  Mass Histogram (Houston_29mar25)  Results (Houston_29mar25) # Event Displa

Masterclass: FNAL-29Mar2025

Location: Houston_29mar25

Group: 10.1

Select Event Final State Primary State Enter Mass
= O ev O pv Charged Particle: GeVic?
CIMA- CMS Instrument for Event index: (46| S oo o [t oW+ O W Wi
@ @ O Neutral Particle
= Event number: 10.1-46 ®) L O 4 Next
N Z.H)
asterciass Analysis D 2
D Zoo
Link
(L) Event index Event number Final state Primary state Mass

6045 10.1-45 uv W+
6044 10.1-44 4p 200
6043 10.1-43 ev W+
6042 10.1-42 uv W+
6041 10.1-41 2e neutral 213
6040 10.1-40 2e neutral 9.67
6039 10.1-39 v W+


https://ispy-webgl-masterclass.web.cern.ch/
https://www.i2u2.org/elab/cms/cima-wzh/

