PARTICLE DECAY SIMULATOR

Purpose:  This activity will simulate the process by which particle physicists work backward from the data produced in synchrotron collisions, to reconstruct the masses and thereby identify the particles produced in the collision.  

Theory:  The decay of a particle like “Top Quark” produces daughter particles whose energies and momenta can be measured in a particle detector.  The total energy of these daughter products implies the total energy of the particle from which they evolved, and this total energy can be converted into an amount of mass by Einstein’s mass-energy equivalence equation (E =mc 2).  The value of the mass calculated in this way provides evidence of the identity of the particle that decayed. 

In this simulation a ball bearing will accelerate down a ramp and experience a horizontal collision with one or more balls placed at the bottom of the ramp.  The balls will depart from the ramp horizontally and freefall along curved trajectories until striking a sensitized grid on the floor.  The raw data will consist of the locations where the balls strike the two dimensional grid, and since the grid has a known origin (directly below the departure point) this will allow the construction of displacement vectors and velocity vectors in the horizontal plane of the grid.  When combined with the mass of the balls, these velocity vectors are easily converted into momenta representing the “output” of the collision.  This will be analogous to the momenta of the daughter products in a decay. Momentum conservation requires that the sum of all the product momenta must equal the starting momentum of the original ball just before collision.

The momentum of the original ball can be used to calculate its kinetic energy just before collision, which must equal its potential energy at the top of the ramp before it is released.  Students will use this calculated potential energy to predict the height from which the marble was released.  

 By analogy, the potential energy of the original marble represents the mass (or relativistic energy equivalent) of the decayed subatomic particle.  In real-world particle physics research, many millions of events are analyzed to determine the mass of the particle that decayed.  The results from these many events are plotted as a histogram to statistically determine the best estimate of the particle’s mass and thus its identity.

Particle Decay Simulator

Materials:

· Carbon paper

· Computer paper

· Masking tape

· 4-5 ½” diameter steel ball-bearings (or similar)

· foam pipe insulation tubing (5/8” I.D.)

· ball holder

· 2” long x ¾ “ wide steel flat stock

· storm window thumb screw (1” size)

· 2 nuts for thumb screw

· 1 small eye hook (1/2” diam. hole or similar)

· nylon thread

· ring stand and clamp

· 2 meter sticks

· large piece cardboard (enough to cover ramp)

Directions:
1. Students construct a landing “grid” using 4-6 sheets of plain paper, each backed with a sheet of carbon    

paper oriented carbon side up.

2. Draw a mark on the sheets directly below the ball-holder as indicated by the crew eye plumb bob.  This will be the “origin” of the landing grid.

3. Students place one steel ball on the holder and align it vertically with the center of the ball that will roll down the ramp by adjusting the height of the thumbscrew.

4. Students set the horizontal position of the holder to obtain the desired alignment with the rolling ball (a direct hit or offset hit will work).

5. The teacher releases the rolling ball from a known height that he/she records; students must not know this value!  

6. The rolling ball collides with the stationary ball and both fly off the device and strike the landing grid.  The impact of landing will form a dot on back of the white paper at the hit location.  (Take care not to allow the balls to bounce and form multiple impact dots.)
  

7. Students will draw horizontal displacement vectors from the origin point to the hit marks.  

8. The vertical distance the balls fall from will allow students to calculate the time in flight.

9. Using the displacement vector and the time, students can determine the horizontal velocity vector for each ball.

10. These velocity vectors can be converted into horizontal momentum vectors by multiplying V horizontal times mass.

11. Students will then find the total horizontal momentum of the balls after collision by determining the vector sum of these momentum vectors.

12. Since momentum is conserved, we can assume that the horizontal momentum of the rolling ball just before collision equals this momentum vector sum.  Use this relationship to calculate the kinetic energy of the rolling ball just before collision.  (The energy of the rolling ball just before collision represents the energy of the “particle” that decayed into the two particles that flew out.)

13. Now calculate the potential energy of the ball relative to the bottom of the ramp.

14. From this potential energy, finally you can determine the height above the bottom of the ramp from which the initial ball was rolled.
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