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Exercise 1 Electroweak charges and currents

Define the left handed SU(2) isospin doublet x = < VL ) .
€L

The weak current may then be expressed as j!' = yv# 7 x1, where the 7; shall denote Pauli

matrices.

i) Show that the current is conserved, i.e. d,j!" =
Hint: You may just assume a globally invariant free massless SU(2) doublet xz which
satisfies Diracs equation @y = 0.

ii) Show that the conserved charge related to this current is given by
Qi = /dgﬂUXTLTiX-
iii) Further show that these charges satisfy

(Qi, Q] = i€ Qk

and that they are therefore generators of SU(2).
Hint: Use the equal time anti-commutation relations of xp,

{XTL(X7 t)lv XL(y7 t)k‘} = 5lk53(x—3’>7 {XL(Xa t)l? XL(}'U t)k} =0= {XE(Xa t)l? XE (y7 t)k}
iv) Compute the conserved charges corresponding to

I =XV rexe, 35 = xeY*msxe.

+

where 7 = 71 £ im9. Do their charges also generate SU(2)?

Exercise 2 Higgs couplings in the standard model
The Higgs part of the Standard model Lagrange density may be written as

L= (Du¢)"(D"¢) - V(¢)

where
i¢4_

- rara Y
Du = au — 19T W,u - Zg/*Bua V((ZS) = M2¢2 - 1
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The electroweak symmetry is broken by expanding the Higgs field around its vacuum expec-

1 0
¢:\/§<v+h(:c) )

In what follows You will explicitely work out the gauge boson mass terms and the
MWW hhWW , hZZ and hhZZ interaction terms.

tation value v, i.e. let

i) You may start by substituting Y =1, 7% = %T“ and the explicit pauli matrices into the

kinetic term.

ii) Diagonalise the quadratic terms by introducing the physical fields

1
+ 1 - 2\ —
Wu - E(Wu_lwu)_(WM)T (1)
W2 —4¢B
z, = 97 2“ 2)
Vgi+yg
Ay = —FA— (3)

Vg +g”
iii) Identify the coefficients of mass and interaction terms in the following expansion

1
(Dud) (Dud) = (9uh)* + MyWiw—+ + §M%ZMZ“ — iViwwhW,Fw =+
—iVinwwhhWIW ™ — iVygzhZ, 2V — iV g zhh Z, 2P

and “derive“ the corresponding Feynman rules.



