Measuring the Mass of the Top Quark



Name ____________

In 1995 Fermilab announced that they had found the sixth and final quark. You will use conservation of momentum and the relationship, E = mc2, to find the mass of the top quark. 

1) Fermilab created top-antitop pairs by smashing accelerated protons and antiprotons together. Was mass conserved?


a) Yes, mass is always conserved


b) Yes, top quarks and protons have the same mass


c) No, the kinetic energy of the protons was turned into the mass of the top quarks
2) Is momentum conserved in the collision?
3) Is this a two or three-dimensional collision?
4) Sketch the arrows for the six momenta below.

5) Carefully add all the vectors together. (Show your steps.) What do you get?

6) Why didn’t the momenta add to zero?

a) Momentum isn’t conserved at these speeds.

b) We haven’t included the momentum of the neutrino

c) This really wasn’t a 2-D collision

d) Our measurements have limited accuracy.

7) What is a GeV? 

8) What is the mass of the top quark? Show your steps. 

9) The mass of a proton is 1.673 x 10-27 kg. What is its rest mass-energy in J? in GeV?

10) The top quark is 179 times more massive than a proton. Therefore proton has to be going really fast to have enough energy to make a top quark. How fast is it? The relativistic energy is given by mc2 /sqrt(1 –v2/c2)? 

11) The particles have to go faster than this because most of the energy does not get turned into mass. The protons were in fact given energies of up to 900 GeV. How fast is this?

12) The physicists at Fermilab have to do this analysis in 3-D. here is a simple example for you to analyze. Suppose one particle had momentum that could be represented by an arrow in 3-D going from the origin to (-4, 4, 4) as shown below. 

a) Another particle had the momentum (3, -5, -2). Add this arrow onto the diagram.

b) The initial momentum was zero and a third particle was formed in the decay. What was its momentum? Give the coordinates and sketch the arrow on the diagram.


