Physics Masterclass Lesson Plan http://www.learnaboutenergy.org/masterclass/
http://quarknet.us/library/index.php/Masterclass_Library
Particle physics is : Studying the smallest things in the universe. These things are the building blocks of everything around us: seen and unseen. 

Figuring out how the universe started, and how it got to look like it does now. 

Figuring out all the forces in the universe. Forces are what makes things happen! 

Predicting the future behavior of small particles and how they merge into bigger objects or transform into smaller ones. 

Knowing what's inside everything. 

Understanding how Energy (E) and matter (m) are related (Like in Einstein's formula!)

Student Activities

Day One:  Introduction to Particle Physics
Principles covered:

1.  physicists make inferences from indirect observations.
2.  protons and neutrons are made of smaller particles called quarks.
3.  the most fundamental “periodic table” for matter is the standard model.
4.  particle physicists learn about the structure of matter through particle collision experiments.
· Show video:  CMS Particle Hunters (20 minutes)  http://cdsweb.cern.ch/record/986717
Or Video Fermi-Lab “A Sense of Scale” 28 minutes

http://vmsstreamer1.fnal.gov/VMS_Site_03/VMS/ASenseOfScale/index.htm
· How do we detect these particles? (skip)
· CERN/HST Bubble Chamber website  (20 minutes)

http://teachers.web.cern.ch/teachers/archiv/HST2006/bubble_chambers/BCWebIntro.htm

http://teachers.web.cern.ch/teachers/archiv/HST2005/bubble_chambers/BCwebsite/index.htm
PowerPoint notes
http://www.learnaboutenergy.org/masterclass/particlephysics.ppt
· Particle Physics Powerpoint slides 1-14   (20 minutes) http://www.learnaboutenergy.org/masterclass/particlephysics.ppt
· What are the building blocks of matter?

· Beyond the protons and neutrons…

Student Homework reading assignment to facilitate understanding

Students should read and complete the interactive exercises on the “Hands-On-Cern” website. Hands-on-CERN (HoC) is an educational project at the scientific frontier of physics. It is aimed at teachers and high school students studying natural sciences. 

The purpose of this project/course is to increase understanding of the most fundamental processes inside matter, and to explain modern research about particle collisions. http://www.physicsmasterclasses.org/exercises/hands-on-cern/hoc_v21en/index.html
THE STANDARD MODEL
 Matter particles Force carriers Fireworks Higgs Summary 
Day Two/Three:  Baryons and Mesons 

Print out chart  http://www.learnaboutenergy.org/masterclass/quark_and_lepton_properties.doc
Principles covered:

1.  quarks combine to make hadrons

2.  baryons and mesons are different types of hadrons

3.  quarks have charge, color, and spin

4.  quarks can combine to make baryons and mesons.

· Baryons-Particle Physics Powerpoint slides 15-28  (35 minutes)
http://www.learnaboutenergy.org/masterclass/particlephysics.ppt
· Quark Applet:  Make the hadrons using an applet program

1. http://www.lon-capa.org/~mmp/applist/q/q.htm
complete- http://www.learnaboutenergy.org/masterclass/baryons.doc
· Mesons- Particle Physics Powerpoint slides 29-38  (20 minutes)
http://www.learnaboutenergy.org/masterclass/particlephysics.ppt
complete- http://www.learnaboutenergy.org/masterclass/meson.doc
Day Four:  Leptons and Neutrinos

Principles covered:
1.  electrons, muons, and taus and they’re corresponding neutrinos belong to leptons.

2.  muons and taus are similar to electrons except heavier.

3.  leptons, like quarks, are believed to be fundamental.

4.  all matter is made of quarks and leptons.

5.  the majority of matter is made of the first generation of matter.
· Review work on Hadrons  (10 minutes)
· Particle Physics Powerpoint slides 29-37  (10 minutes)
· Show video:  ATLAS  (20 minutes)
· http://www.atlas.ch/multimedia/feature_atlas.html
Day Five/Six:  Accelerators and Detectors

Student Homework reading assignment to facilitate understanding
ACCELERATORS
 CERN LEP   LHC    Summary 
Video Fermi-Lab “Anatomy of a Detector” 6 minutes

http://vmsstreamer1.fnal.gov/Edu/aod.htm
Upon Completion of this section, student should go to Fermilabyrinth website and complete the interactive accelerator assignment called Push,Push the Particle
DETECTORS
 Track detectors   Calorimeters    Muon detectors  DELPHI ATLAS  Summary 

Upon Completion of this section, students should go to Fermilabyrinth website and complete the interactive detector assignment called Particle Detectors
Day Seven:  The Conservation Laws

Principles covered:
1.  conservation of momentum and energy apply to both collisions and decays.

2.  charge is conserved in collisions and decays.

3.  what baryon and lepton number are.

4.  baryon and lepton numbers are also conserved in collisions and decays.

· Particle Physics Powerpoint slides 38-56  (35 minutes)
· Conservation of charge, baryon number, lepton number, energy, momentum 
· Teach the numbers and how to use them 
· SKIP-There are a lot of particles that we know about, what are the rules that govern their behavior? (30 minutes)

· Conservation Law Inquiry Investigation:  http://cosm.hamptonu.edu/tirpwiki/doku.php?id=start:part:class:laws
1. Working in groups of 3 or 4

2. How many rules can your students come up with?

· HW:  If necessary, complete Part 1 of Investigation
1) Complete Student handout -Particle Decays and Reactions
2) Complete Student handout - Particle reactions 2 

Day Eight:  The Fundamental Forces

Principles covered:
1.  there are four known fundamental forces and what they are.

2.  what interactions the forces cause.

3.  the concept of force carriers, known as bosons.

· Review Conservation Law Investigation  (10 minutes)
· Particle Physics Powerpoint slides 56-67  (15 minutes)
Upon Completion of this section,

Students should go to Fermilabyrinth website and complete the interactive detector assignment called Particle Graffiti 

Student Homework reading assignment to facilitate understanding
PICTURE ANALYSIS
 Wired help   Particle identification  Collision types 

This last exercise is the major assignment of the Physics Masterclass Collaboration. Measuring Z branching ratios and the Strong Coupling Constant. We will not be completing the WW-exercise at this time.

PARTICLE COLLISIONS
 Z-exercise 1   Z-exercise 2   WW-exercise Collision library 
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