Homework 5 Solutions Ph 205b Baoyi Chen

1. Srednicki 48.5

48.5) Let g = ¢1GF fr; the vertex factor is then (ig)(iku )y* (1—75) = —gk(1—75), where k is the four-
momentum of the pion. Thus we have i7T = —gu) f(1—5)v2, where p; is the muon momentum
and py is the antineutrino momentum. We now use ¥ = gy + py, #o(1—75) = (1475)p,
U1y, = —myT1, and Pyvp = 0 to get 7 = —igm, U1 (1—7s5)ve. Then T = +igm, U2 (145 )u1,
and |T)? = gzmiTr[ulﬁl(l—%)vgﬁz(l—l—fys)]. Summing over final spins yields

(ITP) = g°m Tr[(—p+mp) (1—s) (—#2) (1475)]
= g*mi, Tr[(—f+mp.) (—#,) (14+75) (1+75)]
= 2g°m, Tr[(—p+my) (—#) (1+75)]
= 292mi Tr[?lf?‘z}
= 2¢°m’, (—4p1p2)
= 4g°m}, [—(p1+p2)* + pi + 3]
= 4g*m’, (K + p} + p3)
= 4gzmi (m2 — mﬁ +0). (48.60)

We then have ' = (|T|?)|p:|/8wm2, and |p:| = (m2 — m2)/2m2, so

2
I'= E(m2 —m?2)?. (48.61)

Using T' = hc/er = (1.973 x 10714 GeV cm)/(2.998 x 1010 cm/s)(2.603 x 107%s) = 2.528 x
1017 GeV, we find g = 1.058 x 1076 GeV, and so f, = 93.14; after including electromagnetic
loop corrections, the result drops slightly to fr = 92.4.



2. Srednicki 52.3

(a) Since dg/dlnp = byg®/167* and d\/dinp = (cog*+c1 Ag*+caA?) /1672, for p = N/ g?
we have (by the chain rule)
dp ¢
ding 1672
2

g £ *
= Tgmzc2p =P (p—p2),

(CO + (¢1 — 2bo)p + 02p2) (1)

where pf = [2bp —c; + \/(cl — 2bg)? — 4coca]/2co. Working with g and p is better
because the beta function for p is now separable. For our case, by = 5,¢cg =
—487 C1 = 8, Co = 3.

(b) dp/dinu = 0 gives two solutions, pi = (1 +/145)/3 = 4.32 and —3.68.

(c) Since g is small, we can treat it as approximately constant. For p = 0, 8, is
negative, and so p increases as p decreases, and approaches p% from below; p
decreases as p increases, and approaches p* from above.

(d) When p =5, 8, > 0, p flows to p% in the IR (low energy limit), and runs off to
infinity in the UV (high energy limit).

(e) When p = =5, 8, > 0, p flows to p* in the UV, and runs off to negative infinity
in the IR.

(f) We have dp/dg = B3,/8, = (ca/bo)(p— p*.)(p— p=)/g*. This can be separated and
integrated to get

/ dp _ e [dg @)
(p=p)p—p=) boJ g’

1 p—pL| o

” *ln - = —In|g/q0|, 3
P paay s 19/ 90 (3)

which yields the claimed result with v = by/[c2(p% — p* )] = 0.208. The RG flow
diagram is shown in Figure. 1.

(g) As energy increases, RG flow runs away from p?, thus p* is a IR fixed point; RG
flow runs to p*, thus p* is a UV fixed point.



Figure 1: RG flow diagram in p — ¢g plane. Arrows are directed towards where energy is
increasing.



