Ph 135b: Solution Set 5

February 26, 2004
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a)
@b+ Bd = a"b’(y*y" + ") (1)
= a"b”(29"") (2)
= 2a-b (3)

b)
YWY = yur*(29°F — y#yP) (4)
= 29%9% — 5, (29" — AHy*)yP (5)
= 290y 4 dyyf — 2y (6)
= 4g°° (7)

c)
Tr(v*) =0 (8)

by definition. Consider 3 gamma matrices with different indicies (if two are the same we just get the case
above),

Tr(ytateyhe) = Tr(yMakaye(y%)?) (9)
= Tr(y°y"1y"24#345) by cyclic permutation (10)

= —Tr((v°)*7*17#24*%), by commuting (11)

= —Tr(y"9"+") (12)

0. (13)

For higher numbers of indicies two or more of these must be the same and so the trace just reduces to one
of the above. d)

TT‘(’}/M’YHZ’YHS’)/““) — TT(’YM’)/“Q (29H3H4 _ 7#47113)) (14)

= 8gltrghert — Tr(yf (29121 — yMiyt2)y1) (15)

= Bglukeghens — ghuke ghais 4 Tr((2gMH1H — Aty )ytigke) (16)

— 89#1#29#3#4 _ 89#1#39#2#4 + 89#1#49#2#3 _ TT(7“17“2’7#3’7#4) (17)

= TT‘(’)/M ,yuz,yus,ylhx) — 8gM1M29M3M4 _ ngusguzm + 8gH1H4gH2H3 (18)

e) Using the above result and the fact that v° o< 7/2v1v2+3 we see that Tr(y°) = 0.
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a)
L VZIX = iR 5/ + [P /1 19
S = ihwa(—pd/h + |7%/1) (19)
- 0 (20)

as the photon is a massless particle.
b)

Al = A+ 9 (21)

SO
A, = ae " e"(p) + ihkae (—ip" /) (22)
= A, = ae— 7 (e"(p) + p"K) (23)

as required.
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a)Using the Feynman rules and going backwards along the fermion lines of the figure on pg 260 we get,

4 —i
—i@m) (o1 4 po— ps — pOM = / (;lT‘;[mpz)igeWu(pl)] S fap)iQoolps)] (24)
x (2m)45% (p1 + p2 — @) (2m)*6* (p1 + p2 — q) (25)
12
=M = (plfiiz)g[U(p2)7uu(p1)][U(p3)%v(]94)] (26)

where in the second vertex we included a factor of @ to account for the quarks charge and there is an overall
irrelevant minus sign.

b)Summing over final states and averaging over initial states we have,
2 Qg2 ’
<MP> = | Y el aa oo a7

spins

—0o2 2
|| Eton utpn s nealatn o] (25)

using using the fact that

[B(a)y"u(®)]* = a)y’(*)" v(a) (29)
= a(b)y"v(a). (30)
With 3 u(p)u(p) = p + mc and Y v(p)u(p) = p — mec we get,
2 2
<IMP> =[] T, 4, - Ty, — Mty ] 61



¢) Now we use the fact that Tr(y#~") = 49", TT(W”pw”) = 0 as the trace of an odd number of gamma
matrices vanishes and finally,

Tr(v"p,7"p,) = 4(pi'P5 — 29" p1 - p2 + piDh) (32)
so we get
< IMP > = [Qfgz] 2 [—4(me)?g"” + A(pi'ps — 2p1 - p2g™” + piph)] (33)
4(p1 + p2)?
X [—4(Mc) g + 4((p3)u(pa)y — 2P3 - Paguw + (p3)u(P1),1)] (34)

which when simplified gives the required answer.

d)We go to the c.o.m. frame and choose

p1 = (anvoap) b2 = (anvoa_p) (35)
p3 = (E,ksind,0, kcosb) ps = (E,—ksind,0,—kcos6) (36)
with p?c? = E? — m?c* and k2c? = E? — M3?c* so,
Qg2 1
<MPP> = 8 [(25‘;2} [(E? — *pk cos0)® + (E? + c*pk cos 0)? (37)
+(me?)? (B + k) + (M*)2(E? + p?) + 2¢(me)*(Mc)?] (38)
m2ct M2t m2ct M2
= [Qg¢%)? {1 + (1 5 ) (1 T >60829+ 2 + N (39)
which is the required answer.
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We have the formula
do o (he) IMP i) (40)
ds) 8w ) (Ey+ E2)? |pi]
he\ 2 m2c? M2t m2ct M3t
= (g) [Qg?)? [1 + <1 ~ > <1 - )cos29—|— 2 + F] (41)

now we want to integrate over all angles. The part of the expression indepentdent of cos 8 just gets an overall
47 and we have that [ cos® fd(cos #) = 2/3 giving

he 2 204 pf204 2.4 M2
o= <8—;> [QgZ) {zm(l + mE—QC + E—;) +4m/3 (1 - %) <1 - E—zc)] (42)

which now simplifies to the correct answer.
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u(@) = uy(2) + s(x) (43)
a(zr) = s(x) (44)

SO fol dz u(z) —u(z) = fol dx uy(z) = 2.Similarly fol dz d(z) — d(x) =1 and fol dx s(x) — §(x) = 0.



