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1. The Lagrangian density for the Weinberg-Salam theory with gauge fields W, B,,,
a complex scalar field ¢ and fermion fields ¢ may be written as

L = _%L]E‘W Fu — iBWBWj‘ (D) Dyt — AN(67¢ — 30%)? + iy Dy,
— (Y20 2(1 4+ 7°)ths + Y19 3(1 4+ 7°)4p1 + hermitian conjugate)

where o are the usual Pauli matrices, I'y and I'y are Yukawa couplings, and
F,=0W,-0W,-gW,xW,, B, =00B,—-0,DB,,

o= () 0= (D). o imer. Do=0,0+ilgWydo + B0,

Dy =0 +i(gW 50 + g'Buy)5(1 =) +ig'Bu(y + Yo3)5(1 +9°).
Identify the gauge group of £ and show how each term in £ is gauge invariant (note
that Y only enters in the product ¢'Y so that its value is essentially arbitrary).
Show that a mass term for the gauge fields of the form

1
maWHW, + 3 myZ"Z,

is produced where W, = \% (Wh,, —iWy,) and Z, = cos Oy Wy, — sinfy B, for a
suitable choice of the angle fy,. How is my/my related to 0y 7 Explain why it is
impossible to introduce mass terms for the fermion fields into £ compatible with
gauge invariance. What are the fermion charges which give the coupling to the
photon?

2. Show that the decay rate of a Higgs boson to a £/ pair is given by

Gplmg

3
Chog = —= 5 (M — 4mj)?
0= 5 G, :
assuming mpgy > 2my.

3. For two generations of quarks with masses mgy, mg, m,,, m., suppose the Lagrangian
contains mass terms is given by L, = —(§+m+%(1—l—v5)q+ —i—G_m_%(l +75)q— +h.c.)

with
u’ d 0 a 0 ¢
Q+—(C/) ) __<s’) ) m+_(a* b) 3 m__<c* d) , (b,dreal).

where u/,d',/,s" are quark fields (the prime indicates they diagonalize the weak

cosf sinf
—sinf cos 9)’ define 6 by

oo ()= 2

1

charged current interaction). Given R(6) = (



and define #_ similarly for mg; and my. Show that after suitable rephasing of quark
fields, one can use R to diagonalize m.. Hence, from the mixing matrix so-generated
in the quarks’ weak charged-current interactions, show that the Cabbibo angle in
this case is given by

O =0_ —0, =tan! —tan" ",/ — .

1d
mS mC
. In the p decay process,

p(p) = e (k) + ve(q) + vuld)

suppose the initial p is polarised. The spin polarisation may be represented by
a 4-vector s, with s-p =0, where in the muon rest frame s* = (0,s), and the
corresponding Dirac spinor then satisfies w,(p)u,(p) = (v - p + myu)3(1 +7°7 - s).
Show that if M is the matrix element of Ly, (0) for this process then

Z IMPP=64G2q -k q- (p—m,s) .
spins e,ve,Vy
Hence obtain, neglecting the electron mass, for the differential decay rate in the p

rest frame for the final electron of energy E. emitted into a solid angle dQ (k) about
the direction k

GRm’ ) )
E0 02(3 - 22 + (20 — 1)k - 5) dz dQ(K)

dr' = 24(2)

~

where © = 2E./m,, 0 < x < 1. Explain why this decay distribution is a direct
indication of the breakdown of parity invariance.

CIf Al(z) is AS = AQ = 1 weak hadronic current then the kaon decay constant Fi
is defined by
(0140 (0) K~ (p)) = iV2Ficpa -

Use the theory of weak decays to show the decay rate for a kaon decaying to a muon
and antineutrino is

2

2702 i 2 2\ 2

_ GpFgsin0c L
——————mymg | 1— .
mi,

FK*—m*—s—ﬁM = e —

. Show that the interaction of the Z boson with a lepton field ¢ can be written as

g Db 5
L= —— YW (v—ay)lZ,
I 2 cos Oy YH( 77) @
where for the electron v = 2sin’ Oy — %,a = —% while for v, then v = a = %

Calculate the decay rate I',_, ;; neglecting the lepton mass.



7. Show that including the Z as well as the photon the differential cross section for
eet — 00 where ¢ = e, u, T has the form, neglecting lepton masses,

d 2
d_g = %{(1 + cos” 0) (1 + 2v°D + (v* + a®)*D?) + 4 cos 0(2a°D + v2a2D2)} ,
q
G 2 2
where v = 2sin® Oy — 5,0 = —5 and D = 8 Mz 5 S [The differential
V2 ¢ —mj >

cross section here is the cross section per unit solid angle, dQ2 = sinfdfd¢.] For
q? ~ m2 the total cross section behaves like

L'z se-et Fz-m?
(¢ —m2)? +m2T?

Oe—et—it ™ 127

where I is the total decay width. Show that the formula for the differential cross
section is compatible with the result for I',_, 5.



