PC4245 PARTICLE PHYSICS

HONOURS YEAR

Tutorial 1

1. What is the Gell-Mann-Nishijima formula?   Can it be generalized? 
[ 2Q =  A + U + D + S + C + B + T ] 
2. The Gell-Mann/Okubo mass formula relates the masses of members of the baryon octet (ignoring small differences between 
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 Using this formula, together with the known masses of the nucleon N (use the average of p and n ), 
[image: image8.wmf]S

( again, use the average), and  
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(ditto), “predict” the mass of the 
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. How close do you come to the observed value?

[Answer: 
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(observed) = 1116 MeV/ 
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3. The mass formula for decuplets is much simpler –equal spacing between the rows:
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Using this formula (as Gell-Mann did) to predict the mass of the 
[image: image14.wmf]-
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. (Use the average of the first two spacing to estimated the third.) How close is your prediction to the observed value?


[Answer: 
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4. A pion traveling at speed v decays into a muon and neutrino,
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. If the neutrino emerges at 
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 to the original pion direction, at what angle does the ( come off ?

[Answer: tan ( = (1-m
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5. Particle A (energy E ) hits particle B (at rest), producing particles C1,C2,(: A + B ( C1 + C2 + (+ Cn. Calculate the threshold ( i.e., minimum E ) for this reaction, in terms of the various particle masses.

[Answer: E =
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6. Particle A, at rest, decays into particles B and C (A (B + C).

      a.   Find the energy of the outgoing particles, in terms of the various masses.

[Answer: EB =
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       b.   Find the magnitudes of the outgoing momenta.

Answer:    
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Where ( is the so-called triangle function:

            ((x,y,z) ( x2 +y2 +z2-2xy- 2xz –2yz.

c.   Note that ( factors: ((a2, b2 c2) = (a + b + c) (a + b – c) (a –b + c) (a –b – c). Thus 
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goes to zero when 
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. Explain.

7. In reactions of the type 
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(in which particle A scatters off particle B, producing 
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, there is another inertial frame [besides the lab (B at rest) and the CM (P​​​TOT = 0 )] which is sometimes useful. It is called the Breit, or “brick wall,” frame, and it is the system in which A recoils with its momentum reversed (Pafter = - P before ), as though it had bounced off a brick wall. Take the case of elastic scattering (A +B ( A + B); if particle A carries energy E, and scatters at an angle 
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, in the CM, what is its energy in the Breit frame? 

Find the velocity of the Breit frame (magnitude and direction) relative to the CM.
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