u(1)

£Dirac = &(7”7“8” - m)ﬂ)

Global U(1) symmetry:

Y=y = ey
Lhirac = e (740, —m) (")

= e e (iytd, —m)y

Want local U(1) symmetry: 6 — 0(z). 9,0 # 0.

by =ity
8, (e"%¢) = 0,(e")¢ + €'°9,1)
= iq(@uﬁ)eiqew + eiqeﬁuw

= eiqﬂ(au +1iq0,,0)p

D,:=0,+1iq4,
A, — A, =A,-0,0
D, (€)= eiq"(a“ +14q0,0 +iqA} )¢
= eiqe(au +1iq0,0 +iqA,, —iqd,0)Y
=¢"%(9, +iqA, )Y
_ €iq9Du¢

£ =(ir*D,, —m)i
& = e (D), — m) ()
= @Ee’iqeeiqe(iy“DM —m)y
= (v D, —m)p = £
Add kinetic term for A by hand:

F,,=90,A4,-9,A,

F,=0,4,-90,0)—0,4,—09,0)
=90,A,—-0,0,0—-0,A,+0,0,0
=0,A,—-0,A,=F,,

- 1 5
’CQED = ¢(’L’7HDM - m)w - ZFNUFM

- 1
= ¢(17M8M - q’YMAp, - m)¢ - ZFMUFMV



General Covariant Derivative

Assume transformation ¢ — ¢" = Utp. Want D/ (¢) = D} (Uy) = UD,,(¢) with D, =
9, + X,,. Goal: find X/

( ¥) = (8,U)¢ +U(8,¢)

Us) =0, (UY) + XUy
(U)¢+U( ¥) + X, Ut
=UD, () =U@ ) +UX ¢

UX, = (0,U) + XU
=UX, U~ (9,0)U

SU(2),y and U(1)y

SU2)y:
U= eing‘zH“(x)
X = —ig, W}
D,=0,—1ig,7"Wy
ULy
U = e'9sY ()
X =—ig,YB,
D,=9,—1i9,YB,
Higgs

D, =9,+19,7"Wj +1ig,Y B,, where the T are the o-matrices but in weak flavor-space,
and Y = 1 for the Higgs-field. We investigate the case of a non-zero vacuum expectation
value, which we can arbitraryly choose to be a scalar isospin-down state: a global phase
cancels out and the choice of isospin-down simply picks out a specific but arbitrary

direction, which we will consider to be aligned with W3. We will use ¢, = (2) Note

that 70y = impg, T30 = —¢o, 7'1T =T1 SD(T)TlSDo =0, SDT@ = |<P|2'

DMSOO = 8;&00 + ing“W‘l(po + igyBMSoo

= 0,00 + 9, (i Wi0o + i1, Wiy + imsWio) + 9, B, (i)

= 0,0 + 9, (W, (“’1900) +W (T1¢0) +W (—iwg)) + 9,B,.(ivg)

= MSOO + gw(ZW1 + W2 )T1p0 +i(g, B, — wa )®o

(Do)t = 0,00 + 9u(Wi(—iiiny) + W2(phm) + Wiigh) + 9,B,.(—ivy)
(—

= 0,00 + 9, (—iIWL + W2)plr —i(g,B, — 9,W3)p}



Because the W' and W? terms are orthogonal to the o] W3 and B terms, a lot of the
products become zero, and some cancel out.

(Do) (D) =(8,00)(0"¢y)
+ galeo 2 (W +iW ) (W —iw2)
+ |eol* (9, W} — 9,B,) (9, W — g,B")
=(3,00) (%)
+ Ga o PWL W+ g2 o P22
+ 9120‘800|2W3W3“ + 912,‘900|2Bu3# - 29w9y|800’2WEB#

Where the W1/2 terms have been multiplied by (—i)(i) to give the W+ and W~ bosons.
For the W3 and B terms we first rotate them into a superposition by angle 6, :

W3\ ([ cos@, sinb,\ (Z
B ) \-—sin6, cosf,) \A
wai’ -9,B,, =9,c080,2, +g,sin0,A, +g,sinb,2, —g,cos6,A,
= (g, 8in0,, — g, cos0,,)A, + (g, cosb,, + g,sinb,)Z,

For tanf,, = s—y the A term vanishes and we can rewrite (g,, cos8,,+g,sin6,,)* = g2 +g..

w

Wt = — (W' +iW?)

Hg\H
[\

W~ ::\ﬁ

(D,00) (D q) =(8,00)(0%00)
+ 2| Pge W IW—H
+ leol* (92 + 92) 2, 2"

(W —iW?)



