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Elementary Particle Physics: Assignment # 2
Due TUESDAY Feb 9th at 11:30 pm (before starting class)

The momentum expansion of a free scalar complex field
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a, and b, verify: {ap, } {bp, b(ﬂ (27)38%(p — q) and all other commutators vanish.

The propagator is defined
iAp(z—y) = (0|7 [2(x)2*(y)] 10) = O(20—10){0|P(x) ©*(1)[0)+O (yo—0)(0|®(y)* ©(x)|0)
Using the expansion of the fields and the commutation relations above show that
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where A, comes from the term (0]a,af|0) and A_ comes from the term (0]b,b}|0)

Fip(z—y)

In the chiral representation the 4-spinors for a fermion with momentum
P = |p|(sin @ cos ¢, sin O sin ¢, cos §) with positive and negative helicity are:
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and the corresponding 4-spinors for the anti-fermion are: v2(p) = v* ( PLE )
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Using these expresions evaluate by direct calculation

uw®(p)v"(—p) for the four helicity combinations

The Lagrangian and momentum expansion for the free Dirac field are
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where ¢ and d} verify: {cp, CZT} = {d;, d;*} = (2%)353(]3 — ¢)0™ and all other anticom-
mutators vanish.

L= N[I@ o, —my@] v = [ G

4.1) Derive, starting from the Lagrangian above, the expression of the Hamiltionian and
3-momentum operators in terms of the fields ¢ and ).

4.2) Use the expansion of ¢ above (and the corresponding for 1)) and the anticommutation
relations of d’s and ¢’s to show that
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4.3) What would you get if the fields ¢, and d; verified commutation (instead of anticom-
mutation) relations?




