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Introduction


This project or “Data Challenge” will allow you to access Monte Carlo sumulated particle physics data from a hypothetical detector called SRCH (Solenoid Radial Calorimetric Hodoscope).  It simulates data from collisions between positrons and electrons in a 4.0 Tesla magnetic field environment.  The name of the facility using the SRCH detector is EPCF, the Electron/Positron Collider Facility.  Your mission, (should you decide to accept!) is to take the given data and make interpretations and predictions of particles which are produced from the interactions of positrons and electrons.  The data represent calorimetry (energy) and tracking (momentum) information for decay products from interactions within the SRCH detector in the electron positron collider.  Test data from the beam (which includes beams of pions, electrons & muons at energies of 10, 20 and 50 GeV) will be provided so that one can understand detector response prior to reducing and analyzing the actual Run Data.  You will need to apply the conservation of momentum and energy to the data to make your determinations of what is being produced as a result of the interaction of the positron and electron.  


Modern particle physics experiments can only see some energetic particles indirectly.  In other words, the particle physicists look for information that would signal a certain particle must have left behind.  In this experiment, the colliding accelerator beams have sufficient energy to create very high energy particles which you will determine!  These particles are more than likely created at rest and quickly decays into other particles that the detector can observe.  This challenge gives information collected on these “daughter” particles so that one can reconstruct the particle that must have decayed.  Knowing a particle’s momentum and energy allows us to uniquely determine it’s mass.  Applying the conservation of charge to the observed particles allows one to determine the charge of the parent particle.  These two descriptors allow for a fairly complete description of the unobserved particle. 


Particle physicists typically work in huge collaborations on smaller portions of a large experiment.  This project models that in that there is too much for a single person to do.  While the project does not attempt to emulate the design portion of the experiment, it realistically models the off-line data reduction and analysis.  Group members can (and should!) divide up the work in the following categories…

· Test-beam and Callibration:  use test-beam data to understand the response and resolution of the detector sub-systems.  (efficiency …)

· Central Tracking:  use the tracking data to determine the momentum of each particle.

· Electromagnetic Calorimetry:  use the emergy sampled by the electromagnetic calorimeter to determine the energy of particles that interact in that region.
· Hadronic Calorimetry:  use the energy sampled by the hadronic calorimeter to determine the energy of particles that interact in that region.
· Muon detection:  detemine if there was a hit in the muon detectors (simple task!)
· Topology:  use integrated data to determine the decay modes present in these events.  This is a very sophisticated step which may or not be able to be accomplished in our short time for this exercise!
Goals and Objectives


We hope that y ou will learn about physics, teamwork, and teaching during the week’s activities.  Here are a few specific goals we’d like for you to keep in mind.

Particle Physics

· Strengthen and reinforce your understanding of the relationships among energy, momentum, and mass and of the behavior of charged particles in a magnetic field.
· Understand and check the performance of the major components of the SRCH particle detector.
· Probe the colliding beam data in order to identify and study particles produced in beam collisions.
· Present your findings to the entire group, if time.
Pedagogy

· Reflect on how this activity either does or does not reflect scientific inquiry, and how it affects you as a student and as a teacher.

· Develop and practice teamwork norms that you can use in your classroom.

· Reflect on how this or a similar activity would need to be modified for use in your classroom.

· Share and discuss your findings in the sharing time together—if we have time!

Learner Outcomes

· Learners will know and be able to perform calibration studies.

· Learners will know and be able to explore applications of the Conservation of Energy.

· Learners will know and be able to explore applications of the Conservation of Momentum.

· Learners will know and be able to make judgements on data that seem to contradict known conservation laws.

· Learners will know and be able to make and interpret a number of plots.

· Learners will know and be able to indirectly determine the mass of a “new” particle.

Research Questions

Based upon your analysis of particle physics data, learners will answer the following questions:

· What is the response and resolution of the calorimeters in this detector?

· What modes of decay are evident in the data?

· What are the characteristics of any particles created in the electron-positron collision?

THE MISSION


Each of you will pretend to be a staff physicist working at EPCF on the SRCH collaboration, either assigned to the Red Team, Blue Team, or the White Team.  You will report to the sometimes-helpful and usually-demanding Level-3 Project Managers, who have scheduled an all-hands conference later this week to discuss current Red, White, and Blue Team results.


The first step in this process is to read your SRCH memo, which just arrived today from the Level-3 managers.  The memo gives your team its charge for the remainder of this activity!

SRCH MEMO

Week of June 20, 2005

TO:  All SRCH collaborators

FROM:  Level-3 Project Managers (Dan and Mark)

Date:  June 20, 2005

Re:  Testing and analysis of beam data

The SRCH (Solenoid Radial Calorimetric Hodoscope) collaboration has started data collection again after recent upgrades at the EPCF (Electon/Positron Collider Facility).  There are three teams independently analyzing the early data:  The Red Team, the White Team and the Blue Team.  This affords us a unique opportunity for confirmation of results.

In order to undersand the performance of the detector during the colliging beam run, we have proficed test beam data collected earlier this year.  The detector is comprised of three major subsystems:  Ecal (electromagnetic calorimetry); Hcal (hadronic calorimetry); and SiDet (silicon detectors) for tracking.

Each team should form smaller working groups to calibrate these major subsystems.  The Working Groups will calibrate their systems by using data collected with test beams comprised of known particles at known energies.  The teams will then use these calibration results to identify and study unknown particles produced during the colliding beam runs.

Please continue to refer to the project milestones as you work.  We will visit your team during your milestone seminars as you feel ready.  We all look forward to learning about your discoveries and insights later this week at the all-hands conference as time allows.

Finally, we would like remind you that you are free to use any resources which you learned about last week which focused on the following topics:  relationships among energy, momentum and mass; conservation laws, and the bahavior of charged particles in magnetic fields.  The resources also include diagrams of the detector and its geometry.

SRCH MILESTONES

June 20-24, 2005

Work as a team to meet these milestones.  The Level-3 Project Managers will visit your group to participate in brief Milestone Seminars after you’ve reached milestones A & B.  There will be an all-hands conference discussing milestone C.

A.  Foundations for Data Analysis

Completing this milestone gains the team access to the test beam data. Each team member can:

1. Explain the functions of each of the four detector components: tracking, electromagnetic calorimetry, hadronic calorimetry, and muon catcher.

2. Describe the effect of a magnetic field on the trajectory of a charged particle and how this may be used to determine the momentum of the particle.

3. Describe the distinction between the momentum and energy of an observed particle.

4. Describe the purpose of using test beams, including parameterizing detector response to known input.

5. Determine the total energy of a particle when using a sampling detector.

6. Calculate the mass of a particle given its energy and momentum.

7. Participate in a milestone seminar.

B.  Test Beam Analysis

Completing this milestone gains the team access to the run data. Each team member can:

1. Recognize that each event in the run data is described by two lines of data.

2. Determine the sampling fractions for the Ecal and Hcal subdetectors.

3. Calculate the total momentum (3 space) of particles in the collider run.

4. Explain the process of collision, production, decay, observation that occurs in colliding detectors.

5. Participate in a milestone seminar.

C.  Run Data Analysis

Completing this milestone finishes the project:

1. Study the run data (data from the colliding beam) to identify and study particles and decay modes.

2. Draw mass plots and identify any particles resolved in the data.

3. Find branching ratios (percentages of different decay modes).

4. Define and investigate any other milestones or questions you find necessary.

5. Present your findings at the all-hands conference.

