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The Electroweak Theory

@ 1896 Henri Becquerel: § decay

@ 1899 Ernest Rutherford: distinguishes « and g rays

@ 1914 James Chadwick: the § decay has a continuous
spectrum

1930 Wolfgang Pauli: postulates the neutrino (ballroom)
1933 Enrico Fermi: contact interaction

1953 Frederick Reines: g +p — n+ et

1956 Lee, Yang, Wu, Garwin et al: Parity violation

1961 Glashow, Salam, Weinberg, Higgs, EBKGH

1973 Lagarrigue, Faissner: neutral currents (Z° t-channel)
1984 Rubbia, van der Meer : W*, Z°
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@ 1896 Henri Becquerel: § decay

@ 1899 Ernest Rutherford: distinguishes « and g rays

@ 1914 James Chadwick: the § decay has a continuous
spectrum

1930 Wolfgang Pauli: postulates the neutrino (ballroom)
1933 Enrico Fermi: contact interaction

1953 Frederick Reines: g +p — n+ et

1956 Lee, Yang, Wu, Garwin et al: Parity violation

1961 Glashow, Salam, Weinberg, Higgs, EBKGH

1973 Lagarrigue, Faissner: neutral currents (Z° t-channel)
1984 Rubbia, van der Meer : W*, Z°

2012 discovery of the Higgs?
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n — p+e +ig
Tp ~ G([:)Wn)(éwu)_
~ G(p'}’“n)qz_lmz (e’YuV)

DyM)  vector \Y;
2 1
o . = —_— - | .
QED:m*=0— 92 YyH~s1p  axial vector A
@ if m? > g neglect g
@ constant in momentum
space — Dirac function in
space-time: contact
interaction

@ G~ 107°GeV 2 « agy
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The Electroweak Theory

" piein
T~ G(py*n)(€yuv) _

~ G(F_)'Y“n)qz_lmz(é’my) 1/_}¢ scalar
Dyt vector
Poteh  tensor
YyHsy  axial vector

> <0

©

QED:m2:0—>q—12

@ if m? > g neglect g Yysyy  pseudoscalar PS
@ constant in momentum
ggazteai Dirac(): ftfncfzon in QIERE Y
EW:V — A

space-time: contact
interaction

@ G~ 107°GeV 2 « agy

V — A violates parity
(experiment)

V — A quark/lepton level, not
hadron level
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Chirality is the handed-ness of
the particle:

(2

P Y + Pry
= YL+ Yr
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Higgs

Chirality

Chirality is the handed-ness of
the particle:

v = PLY+Pry
= YL+ Yr

@ Helicity: 7 - p
@ m = 0: Helicity = chirality

@ m = 0: ¢ and ~s1) solve
DIRAC
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The Electroweak Theory

Chirality Weyl basis

Chirality is the handed-ness of

the particle: v = i7%yy2R
2 - 1
5
¥ = Pup+Pry 0 = Y+
= 1/}L + wR _ -1, 0
B = 0 1,
. _ (01
T 7 1, o
@ Helicity: 7 - p 2
- o ot _ .0
@ m = 0: Helicity = chirality v . v
@ m = 0: ¢ and s solve LW T J

DIRAC

v
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Fermi
Left and Right

The Electroweak Theory grangien

Higgs

Left and Right chirality

PL 2(1—s)
P = i1
R 5(1+1s)

P+Pr = 1

= = 2(1-)3(1—s)
= z(1- 75)(1 Y5)
= 2(1—5—15+72)
= 1-vs-15+1)
= 3(1—1s)

PLPR = 2(1—15)3(1+s)
= - 75)(1 + 75)
= 11l-+15-73)
= 0
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Left and Right chirality

(0

Py 3(1— 35) o= ()
Pr = 3(1+15) =
PL+Pr = 1 YPL = (Py%)
P? = Sl — gl =) = Uk

= 7(1—5)(1 )

= (- —1+2)

= 11-m-1+1)

= S{il—9)
PLPr = 3(1—5)3(1+1s)

= (2 —75)(1+75)

= 31 —25+15—18)

=0
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@ particle (p) — anti-particle —p: 0 — —0o
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@ m = 0 helicity conserved — o - p good QN
@ particle (p) — anti-particle —p: ¢ — —0¢

@ YR right-(left)handed (anti-)particle

@ Y left-(right)handed (anti-)particle

EM current

#o= ety
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@ m = 0 helicity conserved — o - p good QN
@ particle (p) — anti-particle —p: ¢ — —0¢

@ YR right-(left)handed (anti-)particle

@ Y left-(right)handed (anti-)particle

EM current

= —eyy"y)
= —ey(PL+Pr)Y*(PL+ Pr)¥

j#
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The Electroweak Theory et et (R

Lagrangien
Higgs

@ m = 0 helicity conserved — o - p good QN
@ particle (p) — anti-particle —p: ¢ — —0¢

@ YR right-(left)handed (anti-)particle

@ Y left-(right)handed (anti-)particle

EM current

j#o= ety

—ey(PL+ Pr)y"(PL + PRr)¥ ) B

= —eYP Py — eyYPrY'PrY) — eypPrY*PLY — ey P y#PRrYy
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The Electroweak Theory et et (R
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Higgs

@ m = 0 helicity conserved — o - p good QN
@ particle (p) — anti-particle —p: ¢ — —0¢

@ YR right-(left)handed (anti-)particle

@ Y left-(right)handed (anti-)particle

EM current

o= —eyy

—ep(PL+Pr)Y(PL+Pr)Y _

= —eyYPY'PLY — eyYPrY'Pry) — eyYPRrYPLi) — eyYP /PRy
= —eyYy'PrPLY — eyy'P Pry) — eyYPrY"PLi) — eyP #Pry
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@ m = 0 helicity conserved — o - p good QN
@ particle (p) — anti-particle —p: ¢ — —0¢

@ YR right-(left)handed (anti-)particle

@ Y left-(right)handed (anti-)particle

EM current

"= —eyyy

—ey(PL + Pr)y"(PL + Pr)Y _ B

= —eyYPY'PLY — eyYPrY'Pry) — eyYPRrYPLi) — eyYP /PRy
= —eP"PrPLY — eYyP PryY — eyYPry"PLY — eyYP PRy
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Fermi

The Electroweak Theory et et (R

Lagrangien
Higgs

@ m = 0 helicity conserved — o - p good QN
@ particle (p) — anti-particle —p: ¢ — —0¢

@ YR right-(left)handed (anti-)particle

@ Y left-(right)handed (anti-)particle

EM current

"= —eyyy

—ey(PL + Pr)y"(PL + Pr)Y _ B

= —eyYPY'PLY — eyYPrY'Pry) — eyYPRrYPLi) — eyYP /PRy
= —eP"PrPLY — eYyP PryY — eyYPry"PLY — eyYP PRy
= —eYPry'PLy — eyYP 'Pry

Perfect symmetry under parity: p — —p
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The Electroweak Theory

@ weak interaction: Left is not equal to Right
@ use vector bosons
@ ask for local gauge invariance

@ remember that U(1)gy is QED and was extremely
successful
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The Electroweak Theory Lt (Rt

Lagrangien
Higgs

weak interaction: Left is not equal to Right
use vector bosons
ask for local gauge invariance

remember that U(1)gy is QED and was extremely
successful

@ unify electromagnetic and weak interactions
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use vector bosons
ask for local gauge invariance

remember that U(1)gy is QED and was extremely
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unify electromagnetic and weak interactions
@ SU(2) xU(1)
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weak interaction: Left is not equal to Right
use vector bosons
ask for local gauge invariance

remember that U(1)gy is QED and was extremely
successful

unify electromagnetic and weak interactions
SU(2) x U(1)

SU(2): three generators (gauge bosons)
U(1): one generators (gauge boson)

Dirk Zerwas Particle Physics: The Standard Model



Fermi

Left and Right
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The Electroweak Theory

weak interaction: Left is not equal to Right
use vector bosons
ask for local gauge invariance

remember that U(1)gy is QED and was extremely
successful

unify electromagnetic and weak interactions
SU(2) x U(1)

SU(2): three generators (gauge bosons)
U(1): one generators (gauge boson)

SU(2) vector bosons must be massive (Fermi-contact
interaction)
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Fermi

Left and Right
Lagrangien
Higgs

The Electroweak Theory

weak interaction: Left is not equal to Right
use vector bosons
ask for local gauge invariance

remember that U(1)gy is QED and was extremely
successful

unify electromagnetic and weak interactions
SU(2) x U(1)

SU(2): three generators (gauge bosons)
U(1): one generators (gauge boson)

SU(2) vector bosons must be massive (Fermi-contact
interaction)

@ massive vector bosons lead to a non-renomalizable theory
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The free Lagrangian (£p) Remember QCD:
GaugeGroup SU(3)
Gaugebosons 8
Lorentz — Vectors Gﬁ(x)
Field — Tensor = 9, G3(x ) 8,G2(x) — gsfanc Gh(X)GE(x)
Structure [ 2, 2] = ifape 3¢

SU(2).:
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The free Lagrangian (£p) Remember QCD:

GaugeGroup SU(3)

Gaugebosons 8

Lorentz — Vectors Gﬁ(x)

Field — Tensor = 9,G3(x ) 8,G2(x) — gsfanc Gh(X)GE(x)
Structure [ 2, 2] = ifanc 3
SU(2).:

GaugeGroup SU(2)

Gaugebosons 3

Lorentz — Vectors W 2(x)
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The Electroweak Theory

The free Lagrangian (£p) Remember QCD:

GaugeGroup SU(3)

Gaugebosons 8

Lorentz — Vectors Gﬁ(x)

Field — Tensor = 9,G3(x ) 8,G2(x) — gsfanc Gh(X)GE(x)
Structure [ 2, 2] = ifanc 3
SU(2).:

GaugeGroup SU(2)

Gaugebosons 3

Lorentz — Vectors W 2(x)
Field — Tensor W2, = 9,W2(x) — 9,W2(X) — Gzcanc W2 (X)WS(
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Left and Right
Lagrangien
Higgs

The Electroweak Theory

The free Lagrangian (£p) Remember QCD:

GaugeGroup SU(3)

Gaugebosons 8

Lorentz — Vectors  GF(x)

Field — Tensor G2, = 9,G3(x) — 9,G3(x) — gsfapnc GE(X)GE(X)

Structure [2e, 2] = ifapc A
SU(2).:
GaugeGroup SU(2)
Gaugebosons 3
Lorentz — Vectors W 2(x)
Field — Tensor V¥3,,T: a“\.N’?(XT) — O, W2(X) — G2€apc W (X)WE()
Structure [, 2] = icapc$
0
(Ta)axs < %a 0 >

Dirk Zerwas Particle Physics: The Standard Model



Fermi

The Electroweak Theory Lt (Rt

Lagrangien
Higgs

SuU (2)|_:
GaugeGroup SU(2)
Gaugebosons 3

Lorentz — Vectors W2 (x)
Field — Tensor WE, —8 L W2 (x ) O WE(X) — geach (X)W (x
Structure [2 2] = i €apc S 5

U(1)y Y weak hypercharge:
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GaugeGroup SU(2)
Gaugebosons 3

Lorentz — Vectors W2 (x)
Field — Tensor WE, _8 L W2 (x ) O WE(X) — geach (X)W (x
Structure [2 2] = i €apc S 5

U(1)y Y weak hypercharge:

GaugeGroup u(1)
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GaugeGroup SU(2)
Gaugebosons 3

Lorentz — Vectors W2 (x)
Field — Tensor WE, _8 L W2 (x ) O WE(X) — geach (X)W (x
Structure [2 2] = i €apc S 5

U(1)y Y weak hypercharge:

GaugeGroup u(1)
Gaugeboson 1
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SuU (2)|_:
GaugeGroup SU(2)
Gaugebosons 3

Lorentz — Vectors W2 (x)
Field — Tensor WE, _8 L W2 (x ) O WE(X) — geach (X)W (x
Structure [2 2] = i €apc S 5

U(1)y Y weak hypercharge:
GaugeGroup u(1)

Gaugeboson 1
Lorentz — Vector B, (x)
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Fermi

Left and Right
Lagrangien
Higgs

The Electroweak Theory

SuU (2)|_:
GaugeGroup SU(2)
Gaugebosons 3

Lorentz — Vectors W2 (x)
Field — Tensor WE, _8 L W2 (x ) O WE(X) — geach (X)W (x

Structure [2 2] = i €apc S 5

U(1)y Y weak hypercharge:

GaugeGroup u(1)

Gaugeboson 1

Lorentz — Vector B, (x)

Field — Tensor B = 0,Bu(X) — 0,BL(X)
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Left and Right
Lagrangien
Higgs

The Electroweak Theory

Free Lagrangian Gauge Fields SU(2). x U(1)y

Lo = —%BWBW - %Wﬁ,,wwa
= —ZB#,,B“” — 3Tr(W,, WH)
W = WEV%

Dirk Zerwas Particle Physics: The Standard Model



Fermi

Left and Right
Lagrangien
Higgs

The Electroweak Theory

Free Lagrangian Gauge Fields SU(2). x U(1)y

Lo = —3BuBW —FW2wWma
= —2BLB" — 3Tr(W, WH)
W = WEV%

Organize the Dirac Fields

a(x) = PreXx)

a(x) = (°PLe(x))!
Ve (X)

Ux) = e.(x)
er(x)

No right-handed neutrinos
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The Electroweak Theory

Fermi

Left and Right
Lagrangien
Higgs

Free Lagrangian Gauge Fields SU(2). x U(1)y

Lo — 3B B — FW2 Wrrd
= —7BuB" 1Tr(WWW“”)
W = ij%

Organize the Dirac Fields

a(x) = PreXx)

a(x) = (°PLe(x))!
Ve (X)

Ux) = e.(x)
er(x)

A\

No right-handed neutrinos

Dirk Zerwas Particle Physics: The Standard Model

Define the weak Hypercharge

hypercharge left # right:

-2 0 O
— 0 -3 O
0 0 yr

SU(2) x U(1): yr to be chosen

ot



Fermi

Left and Right
Lagrangien
Higgs

The Electroweak Theory

Free Lagrangian Dirac

Fields

Lo = T (X)iv"Ouve (X)
+ & (X)iv*oueL(x)
+ &R(X)iv"0.er(X)

= I(X)ir"9,4(x)
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Fermi

Left and Right
Lagrangien
Higgs

The Electroweak Theory

Minimal Substitution

Free Lagrangian Dirac
Fields

Oy — Oy +igeW2 TR +ig:B,Y

Lo = Vg (X)iv 0uve (X)
e (x)iv"o.e(x)
&R(X)iv"0,er(X)

= I(X)ir"9,4(x)

+ o+
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Fermi

Left and Right
Lagrangien
Higgs

The Electroweak Theory

Minimal Substitution

Free Lagrangian Dirac
Fields

Lo = Vg (X)iv"Ouve (X) B = i Y
+ a(x)iv"oue(x) Interaction Lagrangian
+ &R(X)iv"0uer(X)
= I(X)iy"0,L(x) L = —ly"(g2W2% +091B,Y )
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Left and Right
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Higgs

The Electroweak Theory

Investigate the Interaction

L= —IyM(gW22 +01B,Y )

-
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Fermi

Left and Right
Lagrangien
Higgs

The Electroweak Theory

Investigate the Interaction

E/

— Iy (9oWR R +01B,Y )l
= —OM[g2(WiF +WEE +W2R) +g1B, Y]

-
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Fermi

Left and Right
Lagrangien
Higgs

The Electroweak Theory

Investigate the Interaction

L= —y"(gW22 +91BLY )L
= —Oy"[ga (WL + W22 + W32) +g:B,Y]¢

e
+%91Q’Y“BMVGL + 291€7“Buq - nglaf)’“BueR

= —Qo(Te, @ (W3 + W3+ W33 < o >

-
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Fermi

Left and Right
Lagrangien
Higgs

The Electroweak Theory

@ use form of Pauli matrices and W = 2-(W; FiW}?)

1
7

Investigate the Interaction

L= —y"(gW22 +91BLY )L
= —Oy"[ga (WL + W22 + W32) +g:B,Y]¢

= —Qo(Te, @ (W3 + W3+ W33 < 2 >

+30174 7B + 301607BeL — YROI1ERYBeR

-
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Fermi

Left and Right
Lagrangien
Higgs

The Electroweak Theory

@ use form of Pauli matrices and W = 2-(W; FiW}?)

1
7

Investigate the Interaction

L= —y"(gW22 +91BLY )L
= —Oy"[ga (WL + W22 + W32) +g:B,Y]¢

= —Qo(Te, @ (W3 + W3+ W33 < 2 >
+30174 7B + 301607BeL — YROI1ERYBeR

= —AWieyre + Woe ve)

1(92W3 91B,)Te Y1

2
+2(92W2 + 91B, e e — yrU1B &Ry er

-
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Lagrangien
Higgs

The Electroweak Theory

Identify the gauge bosons

@ charged bosons: W = %(W‘} Fiw?)
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The Electroweak Theory

Identify the gauge bosons

@ charged bosons: W = %(W1 Fiw?)
\/ngg(QZ ngu)

@ neutral boson: Z,, =
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Left and Right
Lagrangien
Higgs

The Electroweak Theory

Identify the gauge bosons

@ charged bosons: W = %(W1 Fiw?)
\/ngg(QZ ngu)

m(gl 3 + gZBu)

@ neutral boson: Z,, =

@ neutral boson: A, =
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Fermi

Left and Right
Lagrangien
Higgs

The Electroweak Theory

Identify the gauge bosons

@ charged bosons: W = %(W1 Fiw?)

\/ngg(QZ ngu)
m(gl 3 + gZBu)

@ A, and Z, are orthogonal

@ neutral boson: Z,, =

@ neutral boson: A, =
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Fermi

Left and Right
Lagrangien
Higgs

The Electroweak Theory

Identify the gauge bosons

@ charged bosons: W = %(W1 Fiw?)

B
\/ngg(QZ — 01 u)
m(gl 3 + gZBu)

@ A, and Z, are orthogonal

91
Vo?+g3’

@ neutral boson: Z,, =

@ neutral boson: A, =

@ weak angle: sinfy = COS Oy =

92
V92+93
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Fermi

Left and Right
Lagrangien
Higgs

The Electroweak Theory

Identify the gauge bosons

@ charged bosons: W = %(W1 Fiw?)

\/ngg(QZ ngu)
m(gl 3 + gZBu)

@ A, and Z, are orthogonal

@ neutral boson: Z,, =

@ neutral boson: A, =

@ weak angle: sinfy = —2—, cosfy = —2

e S = Vet TP T Vel
Bus = m(ng -01Z,) = C?S@WAM—SInHWZM
W, = m(glA +02Z,) = sinbwA, +cosbwZ,
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Higgs

—3(92W2 — 91B,)Tg Vv + 5(92W2 + 91B, ey e
—YrO1 Bu@'}’“&?
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Fermi

The Electroweak Theory Lt ] [REf

Lagrangien
Higgs

—3(92W;} — 01B)7a " ve + 5(92W) + G:1B)EY e
—YrO1B,ERY'eR

= —%[gzﬁ(gmu +02Z,) — glﬁ(gzp\“ — 01Z,)]7a 1 v,
+3[ga(sinOwA,, + cosbw Z,,) + g1(cos fw A, — sin by Z,) e e
—YrO1(cos Oy A, — sin by Z, )ery"er
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Fermi

The Electroweak Theory Lt ] [REf

Lagrangien
Higgs

—3(92W3 — 91B, )7 7ve + 3(92W; + g1B, )& e
_nglBuafyan
- _%[927/3'2(91Au + gZZ,u) - 91%(92/0\‘u — glzu)]ﬂ'yul/a_
.gl+gz V91 19; )
+%[gz(sm OwA, +cosbwZ,) + gi(cosbwA, —sinbwZ,)|ery"e
—YrO1(cos Oy A, —sinby Z,)ery"er
= —\/0f + 93Z.[37a " ve — FEY e
—sin® Oy (—&"'e. + YrERY€R)]
_ 91092 A (—a~H* =g}
Jo2+0 L~y el + yrERYHER)
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Fermi

The Electroweak Theory Lt (Rt

Lagrangien
Higgs

—3(92W3 — 91B, )7 7ve + 3(92W; + g1B, )& e
_nglBuafyan

= —3[02——=—=(91AL + 92Z,,) — 91— (92A, — 91Z,,)|Pe V"' v,
+3[92(sin OwA,, + cos b Z,,) + g1(cos b A, — sin by Z,,) ey e
—YrO1(cos Oy A, —sinby Z,)ery"er

= —\/92+93Z,[3Ve " ve — 38"
—sin® by (~87""e. + YrER7"€r)]
- Lglzgjng,,,(—qwq + YRERY/€R)

deduce —2%2_ — g, cosfhy = gy Sinby =e

V 91 +92
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Fermi

The Electroweak Theory Lt (Rt

Lagrangien
Higgs

—3(92W3 — 91B, )7 7ve + 3(92W; + g1B, )& e
_nglBuafyan

= —3[02——=—=(91AL + 92Z,,) — 91— (92A, — 91Z,,)|Pe V"' v,
+3[92(sin OwA,, + cos b Z,,) + g1(cos b A, — sin by Z,,) ey e
—YrO1(cos Oy A, —sinby Z,)ery"er

= —\/92+93Z,[3Ve " ve — 38"
—sin® by (~87""e. + YrER7"€r)]
- Lglzgjng,,,(—qwq + YRERY/€R)

deduce \/Zlgng = (1C0Sfhy =gy Sinby =e
1 2
deduceyg = -1
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Fermi

The Electroweak Theory Lt (Rt

Lagrangien
Higgs

L= e (WiTene + W ey ve )
_sinewios&,\, u[iﬂ'y Ve — EQ’Y“EL
—sin® fy (&M el — &Ry er)]

—eA,(—a'e. —&ryMer)

@ photon couples to charged particles only
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Lagrangien
Higgs

L= e (WiTene + W ey ve )
_sinewios&,\, u[iﬂ'y Ve — EQ’Y“EL
—sin® fy (&M el — &Ry er)]

—eA,(—a'e. —&ryMer)

@ photon couples to charged particles only

@ charged gauge bosons ensure transition between charged
leptons and neutrinos
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Lagrangien
Higgs

L= e (WiTene + W ey ve )
_sinewios&,\, u[iﬂ'y Ve — EQ’Y“EL
—sin® fy (&M el — &Ry er)]

—eA,(—a'e. —&ryMer)

@ photon couples to charged particles only

@ charged gauge bosons ensure transition between charged
leptons and neutrinos

@ a neutral gauge boson is predicted
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Fermi

The Electroweak Theory Lt (Rt

Lagrangien
Higgs

L= e (WiTene + W ey ve )
_sinewios&,\, u[iﬂ'y Ve — EQ’Y“EL
—sin® fy (&M el — &Ry er)]

—eA,(—a'e. —&ryMer)

@ photon couples to charged particles only

@ charged gauge bosons ensure transition between charged
leptons and neutrinos

@ a neutral gauge boson is predicted
@ all gauge bosons are massless
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Fermi

Left and Right
Lagrangien
Higgs

The Electroweak Theory

Introduce a complex scalar
doublet:

o= ( 260 )

Free Lagrangian

Lo = (9,07 (0*¢) —V(¢p) | The ground state is not unique:
V(9) = roTo+A(o7¢)? 0
. . Ta
Theory must be stable: A > 0 ¢ = eXp('E%‘) < % )
Minimum not at 0: k = —u? < 0

Choose ¢ = 0 — SU(2)
symmetry is broken
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Fermi

The Electroweak Theory Lt (Rt

Lagrangien
Higgs

Ly = _Ye§¢Jr < V;__ >

h.c. —Ye(7q , &) PR
= —Ye (Eqﬂ Vg + $¢£eL
—Ye (7o 016R + BLO2€ER

ot
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Fermi
Left and Right

The Electroweak Theory grangien

Higgs

— _v.eot [ P
Ly = —Ye€r9o < N >
h.c. —Ye(7a, 8L)¢eR
= —Ye(Rolva +RobEL
—Ye (Vg P16r + EL2€R

Deduce the hypercharge:

& — e+
-3 = yut-1
Yo = %

ot
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Fermi

Left and Right
Lagrangien
Higgs

The Electroweak Theory

Vinimal Subsitution

_ = Ve au‘b = u‘b + 'gzwaTa
Ly = —Ye&Ro' < N > Fioi
h.c. —Ye(ﬁ,a_)(beR au‘bT — 0 ¢T ¢T|g WaTa
= —Ye(Rolva +RobEL _¢T|ngMYH
—Ye(Vgq 18R + ELP2€R) -

Deduce the hypercharge:

& — e+t
I = yut-1
YH = %

v
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Fermi

Left and Right
Lagrangien
Higgs

The Electroweak Theory

Vinimal Subsitution

_ Ve, 0,0 — 0,0+IigoWax
b = _yeeR‘bT( a > ’ Fi0iB Yo
h.c. —Ye (e, €L)0€R ot — 90! — ¢ligaWaAZ
= —Ve(Rolve +TRoLEL —¢1ig1B,yn
—Ye(Va $16r + BLP2€R) -

Calculate the interaction terms

Deduce the hypercharge: ) S
¢ (—ig2W2% —ig1B,yn)

a6 — er+o (+Hig2W2 2 +i91ByH)9
1
-3 = yt+-1
[.,2

v
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Fermi

The Electroweak Theory Lt (Rt

Lagrangien
Higgs

o

(0, \/55)(~i02W2F — 101B,yh) (+192W2 S +i91B )

N
y‘:
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Fermi

The Electroweak Theory Lt (Rt

Lagrangien
Higgs

(0,1/45)(—igaW2% — ig1B,yn)(+ig2W2%E +igiBuyn) | /2
2\
0
= (0,\/52)(@2W2 3 + 91Byn)(0W2 % +91Buyn) | /i
2X
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Fermi

The Electroweak Theory Lt (Rt

Lagrangien
Higgs

0
2 . ra . Ta )
(0,/55)(—192W2% —i91B,Yn)(+ig2W2 S +i91Buyn) | /2
2\
,uz aTa aTa o
= (0,y/55)(92W2 2 +091B,yH)(92W2 2 + 91B,yH) 2
2\
29291A,+(95-9%)Z, 9\ +
—(0,4/) 2,/0}+03 va n
TV o2 B2\ - _7ng+g§Z
V2 Tk 2 12
29291A.+(92-92)Z,, 92\ + 0
2\/07+03 v2 K -
/2 2
%Wu_ - glz+gz Zu 5_)‘
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Fermi

The Electroweak Theory Lt (Rt

Lagrangien
Higgs

0
2 . ra . Ta )
(0,/55)(—192W2% —i91B,Yn)(+ig2W2 S +i91Buyn) | /2
2\
,uz aTa aTa o
= (0,y/55)(92W2 2 +091B,yH)(92W2 2 + 91B,yH) 2
2\
29291A,+(95-9%)Z, 9\ +
—(0,4/) 2,/0}+03 va n
TV o2 B2\ - _7ng+g§Z
V2 Tk 2 12
29291A.+(92-92)Z,, 92\ + 0
2\/07+03 v2 K -
/2 2
%Wu_ - glz+gz Zu 5_)‘

VA vt (934g5)v2 "
= 2w owet 4 SRR 7,7
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Fermi

The Electroweak Theory Lt (Rt

Lagrangien
Higgs

0
2 . ra . Ta )
(0,/55)(—192W2% —i91B,Yn)(+ig2W2 S +i91Buyn) | /2
2\
,uz aTa aTa o
= (0,y/55)(92W2 2 +091B,yH)(92W2 2 + 91B,yH) 2
2\
29291A,+(95-9%)Z, 9\ +
—(0,4/) 2,/0}+03 va n
TV o2 B2\ - _7ng+g§Z
V2 Tk 2 12
29291A.+(92-92)Z,, 92\ + 0
2\/07+03 v2 K -
/2 2
%Wu_ - glz+gz Zu 5_)‘

VA vt (934g5)v2 "
= 2w owet 4 SRR 7,7

The weak bosons have acquired a mass!
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Fermi

Left and Right
Lagrangien
Higgs

lepton masses

The Electroweak Theory
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Fermi

The Electroweak Theory tig;ﬂgiz{?m
Higgs
Ly = —Ye(Rojve +8Re5A) — Ye(Ta d16r + Ehoer)
= VYe(&R50) — Ye(@ 56R)
= —VYe5(ReL + &)
= _Ye%(ée)
Me = Ye s
-2
m2 _ 9V _ e?y?
wE ‘; s T 4sin?6y
2 _ (97+95)v _ e?y?
mzzo B 4 ~ 4sin? 6y cos2 by £ —EQM
m
—m‘gi = cos2 6y

~
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Fermi

Left and Right
Lagrangien
Higgs

The Electroweak Theory

@ Quantum Wy Y
Numbers 1 3 ( uL > ( cL > ( t >
weak Isospin 2 1 do S br
SU(2), of
fermions

NI
L e
NI
7N
® o
N—————
N
X
FE
N————
N
X
A 3
N————

0 0 UR Cr tr
0 0 dr SR br
0 0 €r UR TR
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Fermi

Left and Right
Lagrangien
Higgs

The Electroweak Theory

@ Quantum Wy Y
Numbers _ 1 % 1 ( uL > ( cL > ( t, >
weak Isospin 2 1 6 d. s b,
SU(2), of .
fermions % 71 _% ( Ve, > < Vi > < Un )
@ weak 2 & HL L
hypercharge 0 0 2 UR Cr tR
0 0 -3 dr SH br
0 0 -1 €r MR TR
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Fermi

Left and Right
Lagrangien
Higgs

The Electroweak Theory

@ Quantum W w Y
Numbers gi
. 1 2 1 UL CL i
weak Isospin z 1 6 ( d. > ( s > ( b >
SU(2), of .
fermions ! 2, -1 ( Ve, > < Vi > < n >
@ weak 2 & i ™
hypercharge 0 0 2 UR Cr tr
0 Q=1 +v 0 0 -3 . br
0 0 -1 er MR TR
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Fermi
Left and quhl

The Electroweak Theory

& = (1°PLe)f = €'P[10 = €/P 10 = ef1°Pg = &P
The interactions
L = fsme (W Ta el + W, &/ ve )
_siné)w oS Oy #[EK’Y“VGL - QQ_’)’“Q_
— sin® 6y (—&7 e — &ry"er)]
—eA,(—ae. — &ryMer)
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Fermi

Left and Right
Lagrangien
Higgs

The Electroweak Theory

& = (1°PLe)l = e/P[10 = /P10 = e!10Pg =Py

The interactions
ro_ e 4+ —=
L=~ anne WiTan e + Wiary v )
1— 10
~ sin 0\,\,?:059\,\, Zu[iy“l'yuy“l - EeL’YMeL

— sin® 6y (&7 e — &Ry"er)]

—eA,(—ae. —&ryMer)

Electromagnetic Current

L = —eAu(—éPR'y“PLe—éPL'y“PRe)
= —eA,&"Qe= —eA, &y (1Y +Y)e
= —eAjgy

-
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Fermi
Left and Right

The Electroweak Theory agrangien

Higgs

& = (1°PLe)l = P[0 = e/P 1 = ¢!1°Pr = &PR

The interactions

L= i (Wiveye + W, e ve )

\/EsinOW
e zialo—n, 1l
Sin By cosewzu[z’/aﬂ Vg — 38776

—sin? 6y (—8 e, — &Ry eRr)]
—eA, (-8 e — &RY'eR)

ot

Charged Current

L= —Jaman Wi Tay"Pre+ W, 8Pr7/vq )

= ~Toanon (WiTenPLe+ W, &/ PLre )
_ : ot
=~ Vzsmam Wilee +Wylee')
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Fermi

Left and Right
Lagrangien
Higgs

The Electroweak Theory

& = (1°PLe)f = €'P[10 = €/P 10 = ef1°Pg = &P

The interactions
ro_ e 4+ —
L= gy WaiTa v e + W, a0 )
1 1—
"~ sin GWeCOSGW ZH[EVGL’Y“VGL - EQ_’)’“Q_

— sin® 6y (—&7 e — &Ry"er)]

—eA,(—ae. —&ryMer)

-

Neutral Current
L= _sinewecosew ZM[E/Y‘LIL\{VVQ. +€7“|}°>NQ-
— sin® Oy jty]

_____e 7 iH
sin Oy cos Oy Z#JNC

o
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