QUARKNET Workshop 

Final Thoughts and Conclusions and Revisions for the Linac Lab:  Hmmmmmm…..

(These are my own opinions and are not necessarily those of any of the group members)

The following are some revisions, thoughts and experimental trials that I attempted with the current form of this lab.Workshop Model depends on Logger Pro software, Vernier Probeware, Air compressor or alternate propellant sources, use of power tools to assemble Linear Accelerator. The lab concepts are  wonderful, however I have real concerns about the cost (cost to build and cost to replace damaged equipment )and especially the safety of the students in this type of learning environment.

I tried these attempts with household materials at home: The following are Lyman’s Losers or Lyman’s Lemons: (however I think some still have potential):

1. Since students love to drop eggs I went in my garage and stood about a meter over a black plastic garbage bag and dropped it. It made primarily one big glob and did produce several “tracks” of egg white. This would probably be more successful at a greater height. I did not try another drop as my dog started eating the “particle trail”. I thought this would be similar to using water and flour during a lab of forming meteorite impact craters by dropping marbles, etc… and measuring the ejecta paths.

2. I then placed the plexiglass  box I made on the floor and dropped another egg into it from about a 2 meter height. I thought that the splatter marks would show up on the sides of the glass “detector”. It basically made a glob of egg at the bottom, however Liquid Nails (which I thought at first was liquid Nells…I was wondering who Nell was…..duh) does appear to be resistant to egg as the egg did not appear to be causing it to dissolve. I washed and dried the box. I used my supply of eggs.

3. I now wanted to see if colored “beads” would work in a “particle collision”. I took some 9x6mm barrel pony beads (different colors) and placed them in a soft drink bottle cap and let the cap fall downward through a paper towel roll into a “layer of fairly hard” pancake mix placed in a pizza pan. I tried this at about 0.5m, 1.0 m and 1.5 m heights (standing on a chair) but the “force was not great enough to cause the beads to “bounce out” of the cap. …too much energy absorption by the pancake batter. (also lost a bead down the disposal when I was washing the pancake mix off of it…oh no..)   Soooo….

4. I repeated the above attempts at shorter heights using a layer of Play-Doh spread in an aluminum pie plate.(Forgot to put the pizza pan up while I got the Play-doh and my dog….Christa McAuliffe Lyman also started eating the pancake mix) These attempts worked somewhat but pretty sporadically as some beads “stuck” in the Play-Doh while others rolled off….then

5. I got some long spaghetti strands and straws and used  the straw as my “beam pipe accelerator” with the “injection port” at one end and let them fall through the straw  and contact the Play-doh in the pie plate and the pancake mix in the pizza pan. Pretty messy….but getting closer…The rim of the pizza pan and the rim of the pie plate is causing an extra “bounce to the falling spaghetti” Also tried dropping chopsticks…however……
EUREKA!  (Lyman Mfg, Inc. – Back in Business )

Lyman’s Accelerator and Collider (LYMANAC) Simulation:

[image: image2.wmf][image: image3.wmf]I got some long spaghetti strands and straws and used  the straw as my “beam pipe accelerator” with the “injection port” at one end and let the spaghetti “bundle” fall through the straw  and contact the Play-Doh. The Play-Doh was now placed flat on the floor on about 2 sheets of notebook paper. Approximately 5 spaghetti strands fit in a straw.   This is no longer “messy”. I could break the initial strands into different lengths, mass them before and after. I am dropping them through the accelerator as a “grouped bundle” and then upon impact they fall into a spread arrangement radiating outward from the center of my “Target Play-Doh Detector” (with practice and correct elevation) One drop is one “event” in the LYMANAC. If  I am letting these represent Momentum vectors then I believe it is legal to move them a little so they all emanate from the center  and take angle measurements with either a protractor or a “transparency with a circular protractor” placed on top. I can easily “see the tracks” .  I can then mass the individual pieces after the “collision”.  I did not have “Pick Up Stix game” at home…I think this would be pretty nice…because you could  have different colors and it would be more “permanent than spaghetti”…. I also tried dropping a small bundle of straws and groups of chopsticks down the PVC beam pipe we made…but I was more pleased with the spaghetti results.
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Things I like about my design….

· There really is a “field present” influencing the particle travel direction.   It is a gravitational field rather than a magnetic, however it is going in the same direction as the particles. I would have to explain the Right Hand Rules for the actual generation of the Magnetic Field in a true accelerator.

· It is not messy.

· It is made cheaply.

· It is made quickly.

· Play-Doh does not break unless it dries in the air…..but you do need to keep it moist!

· Students can make all types of measurements from this method and I can control levels of difficulty. I can use it as an excellent AP review of kinematics equations, N2L, vector resolution using either i,j,k component ,graphing method (head to tail), momentum conservation…% error, % difference….etc. 

· This could be done individually or in groups of various sizes.

· It is safe….Goggles  should be worn in case of  “flying spaghetti” strands…The Lyman Mfg. Plant has an  excellent safety record. 

References for Calculations and Observations:

Topics in Modern Physics Fermi – Web site:

http://www-ed.fnal.gov/samplers/hsphys/tmp.html 

Calculating the Mass of the Top Quark (Note…comments of teachers that I did this lab with agree that it needs some revision…watch your units)   This is how data can be analyzed. 

http://www-ed.fnal.gov/samplers/hsphys/activities/top_quark.html
Using this experiment and using paper and pencil methods only we established the Missing Momentum of the Neutrino. 
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http://www-ed.fnal.gov/samplers/hsphys/activities/graphics/event_vectors_small.gif
The following HW problems were assigned in the NTEN course I just took and are very relevant to this lab in Particle Physics  (Instructor : Anna Hagenston NTEN) http://btc.montana.edu/nten/home.shtml
Exercise #1 - Particle Physics HW exercise #1 – Asked to calculate and show quantitatively why the muon is able to “make it to earth”

In muon's frame of reference it travels

x' = vt' = (2.2x10^-6sec)(.999)(3.0x10^8 m/s) = 659 meters  before it decays.

In earth frame time is dilated  t = t' / ((1-(v2/c2))^1/2

                                                   = (2.2x10^-6sec) / ((1-(.999c)^2/c^2))^1/2





    = 4.92x10^-5 sec

therefore in earth reference frame it travels farther before decaying:

      x(earth) = vt' / ((1-(v2/c2))^1/2

                    = x'  / ((1-(v2/c2))^1/2


        = 659m  / ((1-(.999c)^2/c^2))^1/2

                    = 1.47 x 10^4 m

                    = 14.7 km
Exercise #2 : 

Problem – A neutral “kaon”(mass = 498 MeV/c^2), initially at rest, decays into two charged “pions” each with mass = 139 Mev/c^2. What is the momentum of each of the pions?
Using   E2 = m2c4 + p2c2

Distribute half the energy to each pion = 498/2 = 249 GeV   

Momentum of each pion   p  = [(E2/c2) - (m2c4/c2)]^1/2




           = [(249^2)/(c^2) - (139^2c^2)]^1/2

                                          p   = 207 MeV/c

Exercise #3 : Read the Teacher Notes and Student Worksheet for the E = mc^2 activity in the Teacher Resource Materials from Fermilab.

http://www-ed.fnal.gov/samplers/hsphys/activities/top_quark_intro.html
Do the student exercise  using two or more of the END-View D0 Event Displays from the color plates. Identify the events by event number. What is your missing neutrino momentum(magnitude and direction): How does your result for the top-quark mass agree with the accepted value of about 175GeV?

End View Run # 14022

http://www-ed.fnal.gov/samplers/hsphys/activities/graphics/gifs_students/pix_92704_14022_caltks_end.gif
The following are some of my numerical results. I also did this graphically head to tail method and obtained results similar to those shown in the following diagram (solution given on web)

Run 14022  Graphical Results neutrino momentum = 36 GeV/c direction approx 182 

                    Degrees (3rd quadrant)

                    Mass of top quark = 165 GeV/c^2

                    % error = (175 - 165)/175  x 100 = 5.7%

Run 126     Graphical Results neutrino momentum = 97 GeV/c direction 89 degrees

                   (first quadrant)

                    Mass of top quark = 164 GeV/c^2

                    % error = (175 - 164)/175  x 100 = 6.3%

Run 153        Graphical Results neutrino momentum = 192 GeV/c direction 297 degrees

                    (fourth quadrant)

                    Mass of top quark = 251 GeV/c^2

                    % error = (175 - 251)/175  x 100 = 43.0% pretty bad

I did all of these by i,j,k component method and graphically. I did run 14022 and 126 two times graphically to compare with component method. I did not re-do run 153. I was quite far off in my graphical computation compared to component method.

 I was finally satisfied with results for trial 14022...but I would have liked to get the final momentum vector in the same quadrant graphically as I show using components. However I was within a couple of degrees....between the 2nd and 3rd quadrants.

Sample calculations run 14022 :

61.2 cos 18 i + 61.2 sin 18 j

17.0 cos 53 i + 17.0 sin 53 j

54.8 cos 128 i + 54.8 sin 128 j

95.5 cos 188 i + 95.5 sin 188 j

58.6 cos 289 i + 58.6 sin 289 j

7.3  cos 290 i  + 7.3 sin 290 j

----------------------------------------

Rx = -38.33i     Ry = .113 j

Pythagorean theorem

R = 38.33 Gev/c

Theta = 180 degrees      graphical results gave about 182 degrees

The following are some of my comments concerning this activity:

Comments:  I actually showed the transparencies to my AP physics class yesterday and attempted to explain what my hw assignment was....but I think I lost them. Mainly because it was a pep rally day. 

I told them I was taking the course so that when I get to the units on magnetic fields I would be able to be more knowledgeable on particles and accelerator types.

I think this would make an excellent activity for just getting students to really see a true application to vector graphing. For the more advanced ...have them use components i, j,k method.  I need to have more background info to feel real comfortable with explaining this. I do not currently know all these particle classifications....but that is why I am here. The biggest difficulty is "guesstimating" where the angle measurements should be made.

Live Collisions from CDF and D0

http://www.fnal.gov/pub/inquiring/live_events/index.html
Lyman – Montana State University – Particle Physics NTEN
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