from the previous lectures ...
The Higgs mechanism

Complex scalar field with continuous U(1) symmetry — ¢(x) — e/ *X)g(x)

invariance requires 9, — 0, — ieA, and the gauge field A, transforms as
1
AN — Au —+ g@ua
The gauge invariant Lagrangian is

L= (0, + ieA,)d* (0" — ieA")p — 12 ¢* b — N(¢*¢)? — %FWF‘“’

For ,U2 < 0 expand o(x) = \/—(V—I-T]( X)+i¢(x)) = % (v + n(x)) ei%

= [ = %(auh) —Av2h? + 2e 2v2 A, AR — Avh® — %)\h“

1 1
+5e* AuAUh® + ve? Ay Al — 2 F FH



The Goldstone boson disappeared altogether

— The Goldstone boson is absorbed as the longitudenal mode of A,
— only 2 physical fields h and A*.



We are ready to see how the Higgs mechanism operates in the Standard Model.

L =(0,0)1(0"d) — p?(dTd) — A\(dTd)?

. 1 [o1+ig2
h o¢=—
RV <¢3+ i¢4>

The Lagrangian is invariant under the gauge transformation

[QXaTa

- o = 20
The covariant derivative D, = 0,+ ig% W: a=1273
, a-T
under ®(x) —» d'(x) = (1+ IT)CD(X)
. L1 .
W, — Wu—gauo‘i—o?x W,
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The gauge invariant Lagrangian is

1 - 1 b 1 — —
L= (0u®+ig5T W, )T (0 + ig5 7 W) — V() = 2 W, - W
where WW =0, VT/V -0, WH — gVT/u X VT/V

Take p2 <0 , A>0
The potential has a minimum at
80 = L6+ 63+ 3+ ) = Lo
2 2\
Expand about a minimum. Choose
2
P1=¢2=¢s=0 @bg:—%:VZ
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1 (0
Expand ®(x) about the vacuum(®y) = — ( )

V2 \v

1 0
*b) = ﬁ <v+ h(x)>

The three additional degrees of freedom are absorbed as the longitudenal

components of W{', W} W' The mass term

3 1 "\N/2
(s "))
Wu —|—qu _Wu v

= &7 (W12 + (W2)? + (W2)?] — 3 massive vector bosons

2
2 2
g

8
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Now consider the Lagrangian of the SU(2)y x U(1)y of the Standard Model

coupled to ®

e

¢+
b = <¢0> with o —(¢1+l¢2)

¢° = E(% + iha)

The Lagrangian density of the Higgs field is given by:

L Y 2
L= ‘(8“— igT - W, — ig’58“> o)

- V(o)

V(®) = p2dTd + ) (¢T¢)2
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The relevant term for the gauge boson masses

g5 W, +hB,) o -
(I g e
ot )4 )

10
+ & (0 1) Bu> )
. 2
<gw,;°j+g B, g(Wg—,W3)> (o)
v

MHl

2

Sl

2
0
g(Wj + /Wﬁ) —ng +g'B,
_ g (Wi — jw2n
(o g+ ) o+ o) (* U )

_1
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2V2 v
= £ (WL + (W2)?] + %5 (8B — gW,.)(g'B" — gW*)

—_oW3 'B 2
= %g2V2W+”W_” + %v2(g2 + g’%M

(Verraz)
1. \2 1 +i—n o 1,2(8°+e?) [ —eWite By ? 3, p )2
= (38v)" WiWr+5v3e— SR +0 (gW; +g'By)
Verte
2 - 102 72 1 2
My, - WJW B4 sMzZ; + s MaA,
The first term is the mass term for W+, W,
1
Mpy+ = —gv
w= 2g
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Recalling that

g’ g’
tanfy = = ; sinfy = ————
g /g2 +g/2

the normalised A, and Z,, field combinations are

_ g'W? +gB,
- /g2 | g

'W3 — gB 1
ZMZM with MZZEV‘/gz—Fg’z

which gives

M
w_ £ = cos Oy

Mz = Vgt a?

which is verified experimentally to high precision
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