Lesson Plan for Henrico 21 Awards

Teacher Name: Laura Akesson, Mike Fetsko, Tom Gallo
Collaborators: Justin Cole
Lesson Title: Particle Physics Masterclass
Target Grade/Subject: 11th and 12th grade Physics and Honors Physics Students
Length: 
Six to nine 45 minutes class blocks + 1 hour after school national video conference

(4 instructional days, 2-5 activity days, Event Analysis Day)
Additional (optional) Saturday fieldtrip to Hampton University 8 hour Masterclass

Summary: In this unit students will have the opportunity to learn about cutting edge, pushing the scientific frontier, high energy physics.  Through the use of inquiry investigations that put the student directly in the role of experimenter and the use of authentic data the students will experience what it means to actually be a particle physicist.  Students will perform their own research and develop their own research studies utilizing recently released particle data from the largest experiment ever created, the Large Hadron Collider in Geneva, Switzerland.  They will be analyzing histograms and event displays trying to determine the particles and rules that create the structure of all known matter in the universe.  In the process of their work, they just might discover never before known physics…the data they are analyzing is real data!  They are actually doing the work that the physicists are doing right now all over the world.  Since, particle physics research is on a global scale students will have the opportunity to share their teams findings with the world, either through posting their research to a website used by students, teachers, and physicists focused on sharing research findings or through two videoconferences that the students will have the opportunity to share their findings with students all across America or the world.
Essential questions or objectives:   
General statement of purpose:

What exactly happened the moment after the Big Bang? No one knows this answer. If our conception of the universe and the laws of physics are true, energies, masses, charges, and momenta are conserved. Also there must be equal quantities of matter and anti-matter, and we should not be here due to annihilation. So why are we here? What are we made of? Why did matter win over anti matter? What holds us together? And where are we headed? No one knows these answers either.

The explanation to these queries has been pursued by physicists for decades. High energy particle accelerators, the world’s most powerful microscopes, have been smashing high energy atoms and subatomic particles to find the answers. The European Organization for Nuclear Research (CERN) houses the world’s most complex scientific instruments capable of colliding protons at record energies and detecting fundamental masses, energies, charges, relationships, components, and nature of our universe.

Student will gain:

· A valuable perspective on the origins of matter and that knowledge of particle physics can explain where we came from, why we are here and where we are going.

· An understanding of particle accelerators: production and control of high energy particle beams; purposes of differing designs to meet differing objectives.

· An understanding of particle physics detectors: their capabilities, design considerations depending on the particle detected, and their limitations 

· An authentic data analysis experience, using the same methods as modern-day particle physicists.

· Experience in internet video collaboration and sharing of scientific observations and conclusions.

· An increased appreciation for the nature of scientific investigation, and existence of current worldwide scientific collaborations.

At the end of the two-week lesson, students will be able to:

· Describe conservation laws, behavior of particles in a magnetic fields and energy-mass conversion as they apply to particle physics. 

· Identify specific particles and particle decays by their signatures. 

· Identify, describe, and explain the main concepts and components of particle accelerators.

· Identify the main systems of a collider detector and explain their functions. 

· Describe features of the Standard Model—which particles are which and how they relate to one other. 

At the end of the Masterclass, students will be able to:

· Compare and contrast event displays from the Large Hadron Collider. 

· Discriminate and characterize even displays as evidence of different subatomic particles.

· Calculate and interpret frequency of certain events (branching ratios), and compare them to currently accepted values.

· Compare data and defend conclusions regarding certain events within their small group, and again with the remotely-linked group.

· Organize and present a group result, and devise an organized method of presentation to outside groups with similar objectives.
Resources: The culminating activity for the entire 2 week unit is the Particle Physics Masterclass.  The highlighted resources below are for that activity.
Technology Used: 
-Student Laptop

-Microsoft Powerpoint

-Internet Explorer
-Web access to CMS eLab: http://www.i2u2.org/elab/cms
-Web access to Quark Applet: http://www.lon-capa.org/~mmp/applist/q/q.htm
-Particle Tracks Tutorial Powerpoint
-Atlas event display software (Minerva) *from: http://atlas-minerva.web.cern.ch/atlas-minerva/
-Teacher laptop 

-Web-Camera

-Noise-cancelling microphone

-Microsoft Excel

-Video conference software (EVO) *from: http://evo.caltec.edu/evoGate/
Other Required Resources:

-Masterclass Results Tabulation Sheet

-Quark and Lepton Properties table

-Background powerpoint lecture notes

-Previously completed student activities
(CMS eLab, Baryons WS, BubbleChamber WS, Conservation Laws WS, Particle Reactions)
Lesson Development:  SOL’s:  PH. 1, PH. 2, PH. 3, PH. 4, PH. 6, PH. 14
Overview:  QuarkNet is an international collaboration, comprised of 50 centers in universities and laboratories with high-energy physics experiments. The mission includes involving students and teachers in developing a deeper understanding of physics content and appreciation for the machinery of modern science through inquiry-oriented investigations. QuarkNet involves about 100,000 students in over 500 high schools in: web-based analysis of real data, collaboration of students worldwide through virtual conferencing, and visits by researching particle physicists. We (Fetsko, Gallo, and Akesson) are members of the QuarkNet group based at Hampton University, and this has given us confidence to cover particle physics with our students.
We treat the entire 2 week lesson, including instruction and activities, as a parallel to the discoveries of modern physics through the 30’s, 50’s, 70’s, 90’s and into the present and future.  It is our experience that students are inspired and enthusiastic about modern physics, as it does not lend itself to black and white answers.  Students have said that they appreciate the relevance of the material, as it is not a set of rules that was written (and well-understood) 400 years ago.  Students learn the value of classical physics as it applies to the study of modern particle physics, lending value to the material studied through the first semester.  In this sense, they use the same knowledge that modern high-energy physicists use today, to explore particle physics in an authentic and relevant scientific experience.
Content and Delivery:  Direct instruction is required to prepare students for the various inquiry activities and to lend perspective to the big picture of modern particle physics as it relates to classical physics learned over the entire first semester.  Teachers employ Socratic dialogue and quality questioning to convey essential particle physics concepts.  During direct instruction students will ask questions and participate in small group discussions, while taking notes and learning the background information necessary to complete various inquiry activities.  At the conclusion of each lesson description, the supporting investigation activities will be listed.  These activities will be described later in the document.

Introduction to Particle Physics: Used as an attention grabber for the students, discussing current events in modern physics including the work at National (FermiLab) and International (CERN) particle physics locations.  There is value in learning that the atomic world is more complicated than protons, neutrons and electrons because students tend to get more excited about learning things that are unfamiliar to them.  This is mostly to entice them into wanting to learn more, but additionally it serves as an opportunity to discuss what methods we could use to see objects that we cannot observe directly.  Supporting investigations: CMS eLab Research Project, Quark Applet Inquiry Activity, BubbleChamber Detectives

Standard Model: After completing the Bubble-Chamber activity students should be concerned with the organization of some of the particles discovered in the investigation.  It appeared to historic particle physicists (and to the students as they discover new particles) that there should be some sort of organization (like the periodic table of elements) to the growing assortment of particles, such as the Kaon and Pion.  The instruction on the Standard Model fills this role and leads the students through the organization of quarks, leptons, force carriers, and accompanying anti-matter particles which is known today as the Standard Model.  Supporting investigation: Hadrons Worksheet

Fundamental Forces: A 20-minute instructional period discussing the interactions between the particles learned on the previous day.  The accepted theory is that there are four fundamental forces of nature, many of which are studied classically throughout the year.  The lesson on the fundamental force carriers describes how the Standard Model attempts to explain the interaction of quarks and leptons.  This prepares the students for work on the in-class conservation laws group activity.  The lesson will be followed by a Q&A session on the modern physics learned so far, including string theory and micro-black holes. Supporting investigation: Conservation Laws Inquiry Exercise
Conservation Laws: A 20 minute instructional period summarizing the pertinent conservation laws as compiled by the various groups during the conservation laws inquiry activity.  As discovered by the students in the activity, certain reactions occur regularly while others are forbidden.  By drawing on previous knowledge and through the lesson students (with instructional support) will determine some of the important conservation laws required to understand particle interactions.  Supporting investigations: Elementary Particle Reactions Group Inquiry Exercise and Individual Reactions Exercise

Accelerator / Detector Physics:  The purpose of this discussion two-fold:  First, students are introduced to the how, what and why of modern particle accelerator-detectors.  Second, students are introduced to the Atlantis visualization software as a means of analyzing data from the LHC at CERN – a primary objective of the Masterclass activity. Supporting investigation: Masterclass Preparatory Exercise
Particle Physics Activities:  The purpose of the daily activities is ultimately to prepare the students for the Masterclass one step at a time, utilizing the skills and knowledge learned during direct instruction.
CMS (Compact Muon Solenoid) eLab Research Project: From the CMS elab website:  The CMS elab provides students with an opportunity to analyze data to calibrate the detector and participate in discovery science (as particle physicists do). Calibrating the detector to "rediscover" previous measured results is an important part of the early scientific activity at CMS. Later students will probe data where physicists expect to find answers to questions at the heart of 21st century particle physics.

Before the investigation begins, students will need to take an online pretest in order to determine their preliminary understanding of particle physics.  At the end of the investigation, the students will take the same test again to allow for a determination of how much the student learned as a result of completing this investigation.  Students will progress through a flowchart of particle physics instruction and detector design.  During this section the students, working in collaborative teams, will answer a series of questions in a logbook.  The [image: image1.wmf]
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purpose of these questions is to allow the students an opportunity to develop an understanding of particle physics through their own research investigations. The answers to these questions will be found on the internet via hyperlinks within the website. Students will also be directed to locate alternate resources, such as online search engines, databases, and related to help formulate their responses to the questions.  The logbook acts as their lab journal; the students are able to enter their thoughts, data, and answers to the prompts in this electronic journal, just like actual scientists.  The teacher is then able to access the logbook and provide feedback to the students.  (Below is a picture from the eLab site(
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Dataset Selection - Detector Exploration Studies


Thu, 10 Feb 2011 16:01:19 UTC dataset: 
Thu, 10 Feb 2011 16:01:19 UTC runs: 
Thu, 10 Feb 2011 16:01:19 UTC expr: 
Thu, 10 Feb 2011 16:01:19 UTC plots: 
Thu, 10 Feb 2011 16:01:19 UTC commbine: 
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You can use this tool to explore CMS data. Like CMS physicists, you can determine that the CMS detector is working properly by confirming measurements (such as mass) of well-known particles. Start by confirming the masses of the J/Psi and Z particles using data with two muons (dimuons). Do the events in these runs confirm the detector's ability to make accurate measurements? What kind of results do you get when you look at dimuons with the opposite signs (μ+μ-) and same sign (μ-μ- and/or μ+μ+)?
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After the preliminary research is done, students will now be given the task of creating their own research study utilizing the analysis tools and real data from the CMS detector at CERN.  They will be asked to perform a detector calibration study and to continue entering all of their data and research in support of their study in their logbook.  The teacher will access and comment on the logbook entries daily in order to provide feedback and to allow for an open line of communication.   The detector calibration study is an important first step for particle physicists to perform in order to ensure that all parts of the detector are functioning correctly.  During this time, the students will need to interpret and analyze various histograms that the software creates from the data that the students have selected.  The histograms can be edited and adjusted to allow the students to analyze the displays in greater detail.  Through their detailed analysis of the histograms, the students will come to a conclusion about the calibration of the detector or some other aspect of detector physics that they were able to interpret from their data and research.  The students will be performing the same crucial step that the CMS physicists did with the exact same data.  It is possible, although unlikely, that a team of students could actually find “new” physics in their research, since it is, after all, authentic data from an ongoing experiment.

At the culmination of their research study the students will be directed to create a presentation of their research on Z-boson or J/Psi decay events.  Students are given the task of presenting their findings to the international community.  They must determine how they will compile their data.  What tool will allow them to effectively communicate globally and allow for feedback?  In what format should their presentation be?  The students should select a presentation tool that will allow them to reach a global audience and share (via the online particle physics internet community under the umbrella of FermiLab) with other students, teachers, and professor participants in the CMS eLab.  Students will be asked to comment and provide feedback on the posters using the “view or add comments”  collaboration feature within the site.
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Quark-Applet: An at home inquiry activity to fall in between the Intro and Standard Model lessons.  Students use an applet to try to develop an understanding of fundamental particles and to determine some of the basic rules about composite particle formation before learning them in class.  Essentially, they learn that particles such as the proton and neutron are, in fact, NOT the most basic components of matter.  The also will learn that the quarks that make up these familiar particles can also combine in many other ways to create various other particles, called Hadrons.
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Bubble-Chamber: After the Intro powerpoint, students can use their knowledge of classical physics (from first semester), their knowledge of basic chemistry and periodic classification (from a previous class) and a simple tutorial to access and analyze historic bubble-chamber pictures.  By exploring the particle physics world through the use of a historically vital and authentic particle physics tool, students learn the basics of elementary pattern recognition and gain perspective on the big picture of seeing scientific discovery as an analysis of what is interesting as opposed to what is common.  It’s important to note two essential characteristics of this activity: 1. The images that the students will be working with are archived photos from one of CERN’s earliest particle physics experiment; they are using real data to formulate their own knowledge in the same way particle physicists did just 40 years ago.  2. Students form their own teams and collaborate with minimal instruction to achieve a brand new understanding of particle interactions.
[image: image10.png]Cool Science

Saminar

(o=,

GetStarted Figure Tt Out
The Basics (Optional)
YA e
s Y heseacn thetlo pie ..
esssment Yo" auesions tudy GO
st
oo Aovly
o CEfekcton
ftcron ity
O, O researcn Choose
o ¥ Damion ¢ O NN sengun. 4iiaed
PorXtapns parieloes s

(Scatter Plots)

Tell Others Post-test

oices
ssemble s
Josemble publsh Resul



Conservation Laws Activity: An inquiry investigation of conservation laws is the final piece to the puzzle; students have learned the basic particles and the rules for their combination, but now must learn why certain interactions occur and others do not.  Using previously learned knowledge of energy, momentum and mass conservation, the task is to compare and contrast observed and not-observed reactions.  By way of essential scientific process, students will determine a few additional conservation laws that govern particle interactions and decays in the same method used by particle physicists.  After completing this activity at home and writing their own list of conservation laws, students will share their results in small groups.  The students must communicate, comparing and contrasting their thought processes from the previous night, and come to a consensus on the conservation laws.  Finally, by way of teacher-facilitated classroom discussion, each group presents their own list of conservation laws and the entire class decides on a final list of rules for particle interactions and decays.
Particle Reactions WS: This is a final in-class individual or partner activity in which students use their knowledge of the standard model and the conservation laws to identify the missing particle in a series of particle interactions and decays.  This is mostly a preparation for the more open-ended (culminating) Masterclass activity, described below.  Students are given two assignments of increasing difficulty which solidify their problem solving skills as they relate to particle physics.

Masterclass: The in-class Masterclass activity is an authentic experience where students can apply what they’ve learned over the two week lesson.  They will apply their knowledge of the Standard Model, which is the framework for particle physics research.  Further, the activity serves as a review of classical physics concepts learned earlier in the year.  Students will work in teams of two to four to analyze data collected recently by the large particle collider experiments at CERN, the European Center for Nuclear Research.  They will examine the collisions of elementary particles traveling at close to the speed of light, racing through a 27-kilometer-circumference accelerator.  They will use an authentic computer program created by particle physicists for actual particle physics research to analyze data from particle collisions, and attempt to find the appropriate (known) branching ratios for Z boson decays, a force carrier important for the potential discovery of the Higgs Boson, which is theorized to give all particles mass.  By doing so, they are participating in particle physics research using the same tools and methods currently being used world-wide by modern particle physicists.  It is important to note that during this culminating activity students learn first-hand how physicists use indirect evidence to explore phenomena.  Via after-school videoconference, they will then compare and discuss their results with participants at other schools in other states – just like actual particle physicists do in international collaborations.
Masterclass Video Conference: After school, students will be invited to attend a video conference with other participating schools and other classes in the same school.  They will hear a talk about experiences in particle physics at the college level from a former Godwin student who is now participating modern particle physics research.  Additionally, a high-energy physicist from a leading research institution will give a talk on current particle physics research.  After this, a student representative from each class will have a chance to share their data and branching ratios.  A teacher representative will lead a discussion about interesting events and experiences with the Masterclass.  Finally, students’ branching ratios will be compared to the currently accepted standard as a form of genuine assessment.
*Please see the attached video of the Masterclass experience, recorded on 2-17-2011.

Optional University Masterclass: For a select group of interested students, there will be an opportunity to experience another Masterclass at an off-site location – this year that location will be at Virginia Commonwealth University.  Students will have a repeat of the in-school Masterclass activity, with all the above experiences, but this time with a different program and a different set of data.  The day will include an international video conference with participating Quarknet members at CERN and a tour of the university labs.  During these experiences, student will have an opportunity to discuss with professors the possibilities of physics research at the college level.
Evaluation Procedure:

For the following exercises, Quark Applet, Bubble Chamber Detectives, Hadrons, Conservation Laws, and Particle Reactions, the students will be given the preliminary instructions as to how to complete the assignment and how they will be evaluated.  The evaluation simply involves a check for accuracy.  All of these assignments are attached to this submission for review.

The CMS elab investigation will be explained to the students during a 10-15 minute presentation.  The students will receive a handout explaining and two teacher rubrics.  The students will first complete a pre-test that is used to measure their learning through the use of the e-lab exercise.  A post-test will be completed by each student at the culmination of the investigation.  The two rubrics, one for the logbook and one for the poster, will be explained and then used by the teacher to evaluate the students work.  The handout, rubrics, and examples of student work are all attached.

The Masterclass exercise is an open ended, inquiry in-class exercise with no formal assessment.  The students are instructed that they are going to work as a team to identify particle events and determine the branching ratios for the Z boson.  Classes are then challenged to see what class can get the closest to the accepted ratios. The class analyzes events and submits their results to their teacher who then organizes the individual group spreadsheets into a class results spreadsheet.  These results are then shared with the other  classes and discussed as a focus of the afterschool videoconference.  An example of the spreadsheet and introductory information are attached.

Formal assessment involves an end of the unit Quiz.  This quiz involves examples from all of the exercises and a few other items from in class lessons. 

TIPC Assessment:  For all aspects of each of the four categories, the Particle Physics Unit and Masterclass reaches the Target (4) level. Evidence of each is listed below, taken verbatim from the Lesson Development description.
Research and Information Fluency:

CMS e-lab:  Students will progress through a flowchart of particle physics instruction and detector design.  During this section the students, working in collaborative teams, will answer a series of questions in a logbook.  The purpose of these questions is to allow the students an opportunity to develop an understanding of particle physics through their own research investigations. The answers to these questions will be found on the internet via hyperlinks within the website. Students will also be directed to locate alternate resources, such as online search engines, databases, and related to help formulate their responses to the questions.  The logbook acts as their lab journal; the students are able to enter their thoughts, data, and answers to the prompts in this electronic journal, just like actual scientists.  The teacher is then able to access the logbook and provide feedback to the students.

After the preliminary research is done, students will now be given the task of creating their own research study utilizing the analysis tools and real data from the CMS detector at CERN.  They will be asked to perform a detector calibration study and to continue entering all of their data and research in support of their study in their logbook.  The teacher will access and comment on the logbook entries daily in order to provide feedback and to allow for an open line of communication.   The detector calibration study is an important first step for particle physicists to perform in order to ensure that all parts of the detector are functioning correctly.  During this time, the students will need to interpret and analyze various histograms that the software creates from the data that the students have selected.  The histograms can be edited and adjusted to allow the students to analyze the displays in greater detail.  Through their detailed analysis of the histograms, the students will come to a conclusion about the calibration of the detector or some other aspect of detector physics that they were able to interpret from their data and research.  The students will be performing the same crucial step that the CMS physicists did with the exact same data.  It is possible, although unlikely, that a team of students could actually find “new” physics in their research, since it is, after all, authentic data from an ongoing experiment.
Communication and Collaboration:
CMS e-lab:  At the culmination of their research study the students will be directed to create a presentation of their research on Z-boson or J/Psi decay events.  Students are given the task of presenting their findings to the international community.  They must determine how they will compile their data.  What tool will allow them to effectively communicate globally and allow for feedback?  In what format should their presentation be?  The students should select a presentation tool that will allow them to reach a global audience and share (via the online particle physics internet community under the umbrella of FermiLab) with other students, teachers, and professor participants in the CMS eLab.  Students will be asked to comment and provide feedback on the posters using the “view or add comments” collaboration feature within the site.

Conservation Laws:  By way of essential scientific process, students will determine a few additional conservation laws that govern particle interactions and decays in the same method used by particle physicists.  After completing this activity at home and writing their own list of conservation laws, students will share their results in small groups.  The students must communicate, comparing and contrasting their thought processes from the previous night, and come to a consensus on the conservation laws.  Finally, by way of teacher-facilitated classroom discussion, each group presents their own list of conservation laws and the entire class decides on a final list of rules for particle interactions and decays\

Critical Thinking and Problem Solving:
Bubble Chamber Detectives:  After the Introduction powerpoint, students can use their knowledge of classical physics (from first semester), their knowledge of basic chemistry and periodic classification (from a previous class) and a simple tutorial to access and analyze historic bubble-chamber pictures.  By exploring the particle physics world through the use of a historically vital and authentic particle physics tool, students learn the basics of elementary pattern recognition and gain perspective on the big picture of seeing scientific discovery as an analysis of what is interesting as opposed to what is common.  It’s important to note two essential characteristics of this activity: 1. The images that the students will be working with are archived photos from one of CERN’s earliest particle physics experiment; they are using real data to formulate their own knowledge in the same way particle physicists did just 40 years ago.  2. Students form their own teams and collaborate with minimal instruction to achieve a brand new understanding of particle interactions.
Creativity and Innovation:
Masterclass:  Students will work in teams of two to four to analyze data collected recently by the large particle collider experiments at CERN, the European Center for Nuclear Research.  They will examine the collisions of elementary particles traveling at close to the speed of light, racing through a 27-kilometer-circumference accelerator.  They will use authentic computer program created by particle physicists for actual particle physics research to analyze data from particle collisions, and attempt to find the appropriate (known) branching ratios for Z boson decays, a force carrier important for the potential discovery of the Higgs Boson, which is theorized to give all particles mass.  By doing so, they are participating in particle physics research using the same tools and methods currently being used world-wide by modern particle physicists.  It is important to note that during this culminating activity students learn first-hand how physicists use indirect evidence to explore phenomena.  Via after-school videoconference, they will then compare and discuss their results with participants at other schools in other states – just like actual particle physicists do in international collaborations.
Student Testimonials:  Student participants were asked the following questions about their Masterclass experience and the influence it had on their learning:

What is your name, your University, and your current academic course of study?

OR: What is your current plan for college next year?

What was your impression of the Masterclass experience and what was your favorite part?


AND: What effect did the study of particle physics have on your future?

Describe any recent relevant experience in the physics field.

*Please see the attached student testimonial video
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