Problem set #1, Physics 571 Due Tuesday 1/14/2013

1. Compute:
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where 4 = a,7". Do not use a particular basis for the gamma matrices, but just the anti-commutation
relations {y*,v*} = —2n*, {y5,7"} =0, 72 = 1.

Hints: For some of these objects it is useful to use the cyclic property of a trace; for others it can help
to insert (v5)? = 1 and make use of {v5,7*} = 0. The trace of four 7’s and a 5 will involve the totally
antisymmetric € tensor: €123 = 1 = —ey193. Note that the 4-index e tensor (in contrast to the 3-index

version) is anti-cyclic, e?¢4® = —eabed,
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2. Define the sixteen matrices I';, = {1, 75, v*, v#v5, 0"} witha =1 ..., 16, accounting for all the different
values of the p and v indices. Show that Tr I‘};I‘b = 46,;. You can assume +° is Hermitian, while 4* is
anti-Hermitian, which is consistent with {y*,~+*} = —2n*¥. Explain therefore why a complete set of
bilinears on can make from ¥ and ¥ are the sixteen quantities ¥T',¥. How do these tensors transform
under the Lorentz group? (eg as scalar, four vector...).

3. Consider the spinors in the chiral basis in which 5 is diagonal:
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where o = {1,5} and 7" = 09(c*)T oy = {1, —5}, and

1 0
_ —p+m |0 " -p+m |1
ul(p) - 2(m+w) 1 ’ 2(p) 2(m+w) 0 (2)
0 1
0 -1
_ p+m 1 ; _ p+m 0
v(p) = 2(m + w) 01 o vap) = 2(m 4+ w) (1) ®)

where p° = w = \/m?2 + |p|? with p being the 3-momentum, and p = p,y*. Also define spinors
U, = uly® and 7, = vi4°.



(a) Show that
(p+m)ur(p) = (= p +m)v(p) =0 (4)

(b) Define the spin operator S, = o2, where o#” = %[y#,4”]; show that in the particle rest frame
(p=0)

1 1 1 1
Szul(()) = §U1(0) y SZUQ(O) = —5712(0) s 52’01(0) = —5’01(0) s SZUQ(O) = 5’02(0) . (5)
(c) Prove Srednicki eq. (38.21):
g (P)y"us(p) = 2p"0ss , Vs (P)Y'vs(P) = 2p"dsrs (6)

(d) Prove Srednicki eq (38.23):

Y usP)use)=—p+m, > v (p)u(p)=—p-m (7)



