CMS Masterclass 2012: Guide for Mentors 

[image: image7.jpg]




Introduction

This guide is a compendium of information from other sources to help a mentor understand what needs to be done before and during the CMS masterclass in 2012. It is based on the W/Z measurement, which is what will be examined in the videoconferences. It is roughly sequential and goes through all of the major steps.

Three additional resources are particularly useful. First, there is the CMS Masterclass website at http://www.physicsmasterclasses.org/exercises/CMS/cms.html. Mentors, tutors and teachers should focus on the Introduction, W/Z path, and Events buttons. The other is the Masterclass Library starting at http://quarknet.us/library/index.php/Mentors_and_Teachers_2012. This is written from the point of view of the U.S. QuarkNet program and should be understood as such. However, it contains information that is useful to all mentors, tutors, and teachers. Finally, the slides for moderators explain the basics of the CMS measurement: http://leptoquark.hep.nd.edu/~kcecire/mclib/files2012/CMSAnalysis2012_moderators.pdf. 
The idea behind CMS Masterclass 2012 is for students to look at a large number of events in the iSpy-online event display (100 events for every pair of students) and then sort muon events from electron events, W candidates from Z candidates (or zoo events), and W+ from W-. The latter measurement is made by examining the curvature of the visible lepton to determine charge. Mentors combine the data to get e/ and W+/W- ratios and collect the Z candidate invariant masses to create a Z mass plot. What they will get is multiple peaks. A significant number of the events, which will look like Z candidates to the students, are in fact more likely J/or  events. Thus, it is important that students not reverse decisions on events based on not having the “correct” invariant mass. The “discovery” of additional peaks should be an important point for discussion with the students.
It is important for mentors to examine the results with students, talk about the significance, and discuss questions such as uncertainty and significance. They should also field questions about the masterclass, CMS, and particle physics in general. The videoconference is meant as an enhancement to the masterclass day, not as a time for learning the physics. Students will enjoy the videoconference much more if they go into it confident that they understand their results and what the measurement was all about.
Finally, students get excited about particle physics in the masterclass and want to know, “What is next?” There is a follow-on built into each spreadsheet: after the Results tab, there are tabs with l and ll momentum data that the students can explore by creating different histograms and scatter plots. There is also a CMS e-Lab at http://www18.i2u2.org/elab/cms/. This is designed for ongoing investigation of CMS data by students from anywhere. It runs entirely in a web browser.
Finally, thank you for being a mentor. It is a lot of work and time on your part, but it has great impact on many students around the world. Perhaps your best graduate student working on CMS data after the upgrade will be someone you meet in the masterclass.
Preparation for the Masterclass Day
There are certain things you will need ready when students arrive. 
Physical Requirements:

· Computer access for participants with Internet (2 students : 1 computer) or sufficient DVDs, or both
· Ability to connect to Vidyo and sustain a videoconference, with IT support 

· Cloud chamber and/or E/M apparatus ( or other “gateway activity” 

· LCD projector for presentations

· Black/white board & markers

· Data analysis and videoconference may be in the same or in separate rooms, depending on your facilities.

Print out:

· CMS "Masterclass-at-a-glance" sheet (one per pair of students, as needed)

· Evaluation sheet, one per student; teacher survey, one per teacher (U.S. program only)

Other Venue Considerations:

· Set-up and clean-up of room

· Name tags (optional but helpful)

· Tables, outlets, lighting, space, etc.

· Notebooks/pens/markers (participants bring?)

· Venue passes if necessary

· Food-related: coffee, tea, drinks, snacks?

· LUNCH: place, where/how to get food, physicists to eat and talk with students

Important Human Elements:

· Physicists, teachers, and others to give presentations, help students, etc.
· Continued communication before and after the masterclass (See Facebook page.)

Please think about and act on:

· Lab tour(s)

· Preparation of any demos (e.g., cloud chamber or e/m apparatus)

· Available lab or university literature (and people?)

· Publicity
Educational Goals
The CMS masterclass is designed with these goals in mind for student learning.
Enduring Understandings from the Masterclass:
· Particle physics research requires the use of indirect evidence to support claims.

· The Standard Model is the current theoretical framework for our understanding of matter.

· Conservation laws and mass-energy conversion govern the behavior of particles.

Learner Objectives for Masterclass:
· These are educational goals for students participating in the masterclass.

· Describe/show how conservation laws, behavior of particles in a magnetic field and energy-mass conversion apply to particle physics.

· Explain that a general-purpose collider detector is made of a number of subsystems and describe what they are designed to measure.

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

· Identify specific particles and particle decays by their signatures.

· Give examples of how hadrons or force carriers can decay into different types of leptons.

· Give examples of conservation of charge in particle decays.

· Express an increased appreciation for the nature of scientific investigation.

Schedule for the Day
This is not a final schedule but an outline for most institutes.

· Arrival/Registration (~30 min)

· Cloud chamber, e/m apparatus, or other "gateway experience" apparatus setup for students to inspect

· Start and Ice-breaker activity (~30 min)

· Mentor presentation (Standard Model, CMS, etc.) (~60 min, including Q&A)

· Tour of facilities/labs/cool stuff (~45 min)

· Lunch with a physicist (~60 min; students may use some of this time to finish analysis and/or transmit results.)

· Analysis preparation talk plus guided practice with discussion (~60 min, including Q&A)

· Data Analysis (~90 min)

· Combination of Results (See below.)
· Pre-conference (~30 min)

· Students and mentor discuss meaning of analysis results.

· Students and mentor discuss questions for moderators.

· Designated IT expert preps video connection.

· Videoconference (~30-60 min)

Measurement

Students will examine events in iSpy-online at http://www18.i2u2.org/elab/cms/event-display/ or iSpy-DVD (see below). Each set of 100 events is labeled mc_x where x = 1, 2, 3, . . . 19. The tabs in the spreadsheets have the same corresponding labels. Two students should examine a set of 100 events together.
Combination of Results

There are three ways for students to record results and then combine them on an institute spreadsheet. 
Special note for those using the DVD:

· There are two issues with using iSpy-DVD to which mentors must pay attention:

· There is a small error in iSpy-DVD that prevents it from working properly with the latest version of Firefox. One method to work around this is:

· Download the updated version of iSpy-DVD from http://leptoquark.hep.nd.edu/~kcecire/compressed_files/dvd2012/event-display-v2.zip. 
· Distribute to each machine students will use and unzip onto the desktop.
· Have students use the DVD as before, except that when it comes time to use the event display, direct them to the version on the desktop.
· Students should browse to the DVD for events according to the path > exercises > CMS > mc2012-wz > events.

· The order of events is somewhat different in the DVD data than online. Thus, you must use the "General Method" or the "Local Method" below for combination of data described below with the special notes for DVD users.

PreferredMethod (for iSpy-online only): 

· Get a spreadsheet specifically for your masterclass institute (U.S. program institutes will have this on their Indico page) at http://quarknet.us/library/index.php/Spreadsheets_2012.
· Each pair of students follows the instructions in the Instructions tab and enters measurements in their data tab; data entry is simultaneous online.
· When all students are done, the mentor should export the spreadsheet as Excel or other program to a local machine and then move all results to the Results tab. (It is cumbersome online.)

· Mentor and students then analyze combined results together:

· e/μ ratio

· W+/W- ratio

· Z candidate mass plot (including "surprises")
· Find Data Upload Spreadsheet at http://quarknet.us/library/index.php/Spreadsheets_2012.
· Send the following to moderators at least 30 minutes prior to videoconference:

· Final tally of e, mu, W+, W-, Z, and zoo on upload spreadsheet

· List of all Z candidate masses (including events that are not near Z mass) on upload spreadsheet

· Mass plot - U.S. Masterclass can upload to Indico page; all others must share on Vidyo desktop.
General Method: 

· Use a "general" EditGrid spreadsheet (student Internet access needed)
· Mentor goes to general W/Z spreadsheet on EditGrid.
· If using iSpy-online, go to https://www.editgrid.com/qn-nd/qnmasterclasses/CMS_WZ_general_1.
· If using iSpy-DVD, go to https://www.editgrid.com/qn-nd/qnmasterclasses/CMS_WZ_general_1_dvd.
· If this is being used, change number in URL to 2, 3, 4, or 5 and refresh until you find an empty spreadsheet; direct students to this spreadsheet.
· Data entry is simultaneous online.
· When all students are done, the mentor should export the spreadsheet as Excel or other program to a local machine and then move all results to the Results tab.
· Mentor and students then analyze combined results together:

· e/μ ratio

· W+/W- ratio

· Z candidate mass plot (including "surprises")

· Find Data Upload Spreadsheet at http://quarknet.us/library/index.php/Spreadsheets_2012. 

· Send the following to moderators at least 30 minutes prior to videoconference:

· Final tally of e, mu, W+, W-, Z, and zoo

· List of all Z candidate masses (including events that are not near Z mass)

· Mass plot - U.S. Masterclass Institutes upload to Indico page; all others must share on Vidyo desktop.
Local Method: 

· Use the Excel spreadsheet. (Copy to each student computer.)
· If using iSpy-online, download from http://leptoquark.hep.nd.edu/~kcecire/mclib/files2012/wz_events_online.xls. 
· If using iSpy-DVD, download from http://leptoquark.hep.nd.edu/~kcecire/mclib/files2012/wz_events_dvd.xls. (There is also a spreadsheet on your DVD at > Exercises > CMS > wz_events_DVD.xls. You can use this, but the online spreadsheet is updated and a little better.)

· Students each fill out their data in their tab.
· Students must then enter results (in their Results tab) to Results tab of a master spreadsheet.
· Mentor and students then analyze combined results together:

· e/μ ratio

· W+/W- ratio

· Z candidate mass plot (including "surprises")

· Find Data Upload Spreadsheet at http://quarknet.us/library/index.php/Spreadsheets_2012. 
· Send the following to moderators at least 30 minutes prior to videoconference:

· Final tally of e, mu, W+, W-, Z, and zoo

· List of all Z candidate masses (including events that are not near Z mass)

· Mass plot - U.S. Masterclass can upload to Indico page; all others must share on Vidyo desktop.
Explanatory Figures
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‘Once all students have gotten this far, the mentor or  teacher should use "Export as.

Mentors:

4 Find the file i 15py_online or ispy_dvd that corresponds to this tab.
2 Startwith the first event.
3 Make sure Event Nos. match on the display and in the spreadsheet row.
4 Determine if the tracks are electron or muon. 15 S
5 Place a 1 under electron or muon, as appropriate.
6 Ifthe event is a W candidate, determine if it is W+ or W-.
7 Place a 1 under W+ cand or W- cand, or under W cand if you cannot determine charge.
8 the event is aZ candidate, puta 1 under Z cand instead.
9 if you indicate Z cand, a mass will appear in green under Z mass.

10 If you cannot tell what the particle is, put a 1 under "200".

11 Go to the next event. Repeat Instructions 3-10 until this tab is done.

12 Manually copy numbers under Z mass to under Zmass list w/no spaces.

to download the spreadsheet to a local machine.

Sz MR o +-
13 For each tab, you willfind the sums in line 102 in blue.
14 Find the row corresponding to the tab on the Results page (your tab number under me_no).
15 Copy the sums onto the Results page under electron-->"200" in your row.
16 Totals for your Institute will update in purple on Results line 21.
17 Return to me_xx tab on which you are working.
18 Copy the Zmass list (numbers only).
19 Go to Resilts thb. Find Z cand masses (line 21, left).
20 Find the [ast number entered in the column under Z cand masses.
21 Paste the list under that last number.
22 Repeat steps 13-21 until all tabs with data are complete.
23 Create a histogram: hittp:/freyr phys nd edu/~karmgard/histogram/
http:/funaw. shodor orginteractivatel actvties/Histogram/





Figure 1: Spreadsheet Instructions. These appear in the “Instructions” tab of each spreadsheet. Mentors or tutors should make students aware of this.
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Figure 2: Elements of a student tab in data spreadsheet. Students ought to have retyped Z masses under “Z mass list” as shown.
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Figure 3: Combined results tab in downloaded Excel version. Note that Z masses are recorded in a single list with no spaces to be copied and pasted into a histogram tool such as those linked under “To make mass plot.”
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Figure 4: Copying data from the Excel spreadsheet into the ND histogram tool and creating a mass plot. The online tool is at http://freyr.phys.nd.edu/~karmgard/histogram/. For the last step, one needs to enter the new max and number of bins and then click the mass plot itself to create a change.
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Figure 5: Data Upload Spreadsheet. Note that you need to paste in the Z candidate masses from your institute into the list so that moderators can create a mass plot from all the data from that day.
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Figure 6: Sharing on the Vidyo desktop. Choose the downward pointer at the circled icon and then pick what you want to show (for example, your mass plot). If you do not see it, use the downward pointer on the toggle icon to the right (the two computer monitors) to find your desktop item. Once a desktop item appears on Vidyo, you may double-click it so it will open in a new, larger, more legible window.
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