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Chapter 1 Introduction to the week interaction

Outline Basic Characteristic of the week interabian

Reminders about panty notation in weak interactions

The V A structure of the charged week aments

Nebl Current mixing CP violation nelthos era

Introduction to the weak interaction

Strong Interaction

Electromagnetic intention

Week Interaction

et's Focus on someting

è
We know that the medictor is a

If verra PROTON

5 et
è

è
why it cannot be a wow

If mha
è
Ozi Rule D

Diagramswith disconnected quark lines are
suppressed relative to connected ones
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Let's consider the weakinteraction

IEII aE.io 10 E

Why that specific decay we selected

IN deane
for the 2

darsi
The ohffevence is the

Physics

Etteftion The week coupling constant scale with the mass of the MEDIETOR
The mediator I gffy

24 constant

2 D Sole

Let's Focus on all the decay instead

The observed differences in lifetime all related to the PhaseSpace
of the decays

ElectroWeak interaction makes the Sun Shining

WInt Pp Dette Drives the Sun's lifetime

StE Int Dtp He 8

Fusion He the Illet2p Be C Ti de
He Ha Be 8 BiggerStars Hethe He E
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Ohysics Model

in the early 30s Fermi developed a model for theweek interaction

Yoon Decay

à du
Weknow It'slikethisnowadays

è

è

8
Fauni instead contracted the W in a point Ge

y

So in analogy with electrodynamics

Mwear GF AntMp Merate no Westillmiss 1 85
but Fermididn'tknow Party Violet

Jerry widhs dimensionally must have an energy to power 5 E5

Wecan build T and by measuring In or an we can have the Gr
measurement

For example
fin pede 63 47

Ci èedal GTE

Experimental messuvemets yeld the equity of the two coupling constants
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I Basic Properties of the week interaction
A decay of a muon proceeding through an è 2nd a p has not
been observed yet a deip
Hence we define a leptonic number preserved by all interactions

Similarly we never observed the baryon number to bemodified in any
process

Hence a baryonic number defined in terms of quarks is

FB No Nel

Also we soaked for Lepton Flavor Violation

Theoretically we can calculate far µ ex

Then experimentally

MEG Experiment

at e's
ut etujj

2.4 15
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I 2 The party definition and some properties

Spare Reflection Operator

PYLEF N'EN XIE r

Le
should find the neignuale

We suppose that there are heigenvalves PYLE il LYLE il

Do it twice PPYCEF PYLE r

XCGHPPYLEHPyprectn yppxcen ypxce.nl
È 1

Vorblay
Vector quantities which are changWhit parity i revert space

III sign after party TRANSFORM are
called VECTORS

5 5
If unchanged theyare called
PEUDOVECTORS ORAXIAL VECTORS

Table
5 0 5 1

2SCALAR AXIAL
Ti 4

me
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11TH 1

Lel
We should define IP Vvd

So LIPI qui 9 Epa 1 uu.dl.qhed.nl

IP is thegroud state

3 such Ip 99491 1 1110 1

So Lplp HIP 1 1

Calculate the panty eigenstates of 2pions in interaction

RITI 7 IypCT 2 AH
1
1 1 11 4 HAI 1

e

mai

So KLITTI 2 TTT 1 0 Ip TTT 1

The 012puzzle

2 decays were observed in the 50s through weak interaction

a TITTI P 1
TAUXHEIAZE

O T P 1

Those patiche has seme m sa

SAME PARTICLE Week Interaction violates Parity
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Wu experiment

1956 Testing for this breakingsymmetry

Experiment POLAR

Co nucleari were polarized D Spinsaligned in a particular
direction

co D con è teco udergo beta del
doni e Jet 88

Gamma Rays 1 Electromagnetic was Known to respect party consention
8 Would be emitted equally in 211directions Elam

ad Comparing distribution of 8 with è distih

2 Not isotopically distributed co spins well alignment measurement

Measurements The experiment counted the rate of emission for gamma rays
and electrons in 2 distinct directions and compare theirvalves

The measurement has been done over time and with the
polarizing field oriented in 2 opposite directions
At to saith off magnetic field

At to we expect the 8 to hemeasured MORE in the
EQUATORIAL with Respectto Polar polarization is working

Angular momentum conservation è shovelbe emitted symmetrically in all directions
IF NOT but Xyes PARITY VIOLATION

Measurements

Ifito
Isustiocarant l

at teo 8 a 8 b

SPIN POLARIE is WORKING B polacouter Blu p polarcounter BY
è prefer to be emitted appositoB
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Explanation

B
terre

The spins are aligned with B

D For conservation of momentum 2 Possible
configurations

Since è prefer to be emitted apposito B delete one possibility
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Goldhaber experiment

Em decays for election capture Em è d Smt de 53m 8

Spins constrains the spin of the initial electron defines the initialand Finalstates
For the experimentwe will be e 0 èit'snot asystemof2,50Led

Le o and also LE 0 Also we will measure all the Sm with
Ism 0

JEU Je Jsm Joe
E Le Se IsntJsu Ioe Joe

è I è E è È Zang

There are just only 2 config as possible

The K capture is followed by the exited Samarium decry
1525mA J 1 Sm J o 8

The X massless vector boson has 2 possibles pelanzations which manifest in the 2 and
ONLY 2 possible configurations of helicities
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Result

From the 8 polarization measurement Goldhaber etal showthat only left handed
neutrinos are found in B decays

Summary

Party is violated in weak interaction

One gets from all experimental results the following picture

Any theory of weak interaction shall include these properties

The V A structure of the week force
n general only 5 combination of 2 spinors and d matrices complies withGiraffe

Sla HiggsField

Pseudo Saku StingFore with it as media

Veda A ACD

Axial Werk
Tensor Grantland
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Testing vertex structures compliant with P violation

Vector Interaction

Army NTCEEIMCPTEI.IT P IL II

Italia rete Pr GLI 89
no No selection ofchirality states Electromagnetism erse

Vector AxialVector interaction

511 FIN VIPITENO 1 FILIERA4
I

1 8 2Pa

125PaPRIMIPERRIN
E aerea

Selection of chirality states Only Ll allowed for particles Naturalcandidate
ForWeakInto

Pantesis
Helatyuschiateliaty

is easy Che projection of spin on momento but if yougo fast enough
youwill change the momentum so it'snot egood thing

Let'stry to rette le with Chirality

et's strut with solution E o of Dirac equation momentum along z

IIIIIT II LIÙ

Define Helicity

I EPÌ Lpf with B II
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and so tua 12mase i

Efsa im 5
MaMa ave helicity eigenstates

Let's project those states with the chirality projectors Pa Pr

Pe 1 TI
PEG

Rm feat Ifj

Pr Eletti o

Preffyggi Pam geme l'Ém
1

fence Ma Pena Prua 1211 EMENT g Eftefmetre
Remind that he is SPINUP

EF EMENTALTEFTEMENTED TE

Helicity is a liner combination of chirality eigenstates

1 For massless pastiches helicity is chirality Me 0

2 For UltraRelativistic particles helicity is chirality

3 The heavier is a particle the lager is the mixing of chiral states for
a given helicity

M da the EI o and Mr andMr Factors
become similar

Lecture 2 7 | 15Fabio Cufino



Moon Decay

a

Un

dr IILF.se tti 8 2
È

Defining

Pa P 111 SÌ I didPePàPa PaPaE

Matrix element of the transition

VEGETALE 8 1 TIMIDI INCIVILI FINLEY

Summing over the initial andfinal spins weaveendingwith

IMF Gu Na
M Tr 84841 851107mn8 11 8513

By explicit computation

di Le Iida 64 Pa Papa da

Hence after integration

qui Devid Giaffa
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Twist Experiment

Has measured several billions of muon decay

They measured theelectron energy otherthan the muonenergy and the angular disturb
relative to the muon spin momentum

Δ

Miched parameter 0.7501

8 052 V A prediction

e

Mediating the force

In AFT's view of interactions they shall be mediated throw a vector boson
We shall modify slightly the metix element

is the energy excenged in the interction

G FEI
Considerations

22cLMwr

GF is the coupling constant

The propagator disappears

V A works for low energies

Taking g e wewill have MIA
In fact e gsinlow Mwr80 Gev

THE WEAK INTERACTION IS NOT WEAK because of8 è BUT BECAUSE OF MW
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Recall the pion decay

What otherprocesses similar to m édeda we can imagine with the Lepton
We had

THE Effimémif 1
let'stry to compare IT electron and muon

17m.INT 1 5 1.26 15

Expectation Should be muchmove probable the electron

The experimental obsentian BC etde 1.23.10

If we lookat the amplitude of thoseprocesses we can see that

at

E È
Ve 1
They are the same

SITI For è is mich more difficult to be in the WRONG HENTY

Intermedieto conclusions

Theweakinteraction chayed currents maximally nolates party

Correct shape of weak intention is VA

Weak interaction selects LA partick and RHantipatte

In the Ultra Rekt chirarty helicity

Only LEFTHANDED NEUTRINOS EXIST
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What the model Must include as well

CABIBBO MODEL

The lifetime of STRANGE PARTICLES canbe accounted for it we were to consider a

mixing between s and d quarks governed by themixingparameterEc

We say that theenergy eigenstates are a linear combination of the

week eigenstates

U U

d dcosectssine

The couplings are modified such that

since 0.22 Measnel

NEUTRAL CURRENTS

GARGAMELLE

discovered interactions ofUn
without charged muon in the
Final state

of course if 99,1 t.IE
ure

it'sweird because we
knewalready

defzo
e e IIII

MUONKNEUTRINOS
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GIM MECHANISM

Neutral currents do exist but they do not occour through 3 level flavour

HANGING process

Whit the GIM mechanism we can solve theproblem

x ̅ u dal F
Let's suppose how that we have a 4th quark in thegame andrank it in a
second doublet together with the strangequesto

ce
c scosca

dsined

LE CE dotsinale 55 cosa SI 015 sin le cose
henevica soup nasaleeventuaywillenas

II E CE ESSI d It E

NoFCNCFavoviChanginaNeuvecurient
hechargedsultenishavetobewhenwiththepope rising

1 mass

Asaby010tuoithereshe e sia lounkquark he thanquelli

Lecture 3 3 | 20Fabio Cufino



YEAVY FLAVOURS

In 1974 at SLAC and Brookhaven narrow resonance JIN ICE
M 3.1GeV
da 10 see

The eaty disiovery series of 9.5 10.5GeV bb resources

Then followed

Thetauleptoni neutrino

Zboson

Lecture 3 4 | 21Fabio Cufino



CP VOLATION

A Ko car be produced in strong interaction processes

IT'P KN

Tp Koktp

and it's antiparticle are different particles

Neutral mesons mixing and CPnotation

TI with di 10ᵗʰ
E ITTIT with HA 10

In Quantum Mechanics K 2nd È can MIX

Hence the decaying natale is a mixture of the mass eigenstates

Ka Ko Iko

Ka Iko Ko

Let's write the CP states

CP 1 TT

CP 1 TTT
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Wewill identify

Ke TI 2s KI K short

K2 TTI as K2 K long

The lifetime difference in Ko system is simply related to the dynamical accident 2 body vs 3boy

MASS DIFFERENCE is the other consequence of mixing

Can be seeninosallationsofnectral B

Side Notes
Calculation

For Asymmely Measurements

or something likethis

As D

Example BI mesonsi

I
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Measurement of CP notation

What if we would measure K decays into two pions Thatwould be the
indication that CP symmetry is violated in weakinteraction

The experiment

The Measurement

Conclusions
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Chapter III Electroweak Unification

Changed current VA description oftheweek interaction is successful

We might want to include the Wpropagator in the game

There will be problems

T due due GIA so when S Doo g Mi

QED works

The EM interaction is described under thephoton exchange

We can compute higherorder Feynman diagrams because of renormalization

Divergences are suppressed by a redefinition of the charge 2nd mess of particles

Property of localgauge invariance

Let's follow this example

A FREE elementary fermion is described with

L iFayad MANCA

GAUGE INVARIANCE The symmetry is dictating the shape of the interaction

Let's hunt for those symmetries

Global Gage Invariance

Let's consider UN transformation

4H e recai
FIN è Fia

The lagrangian density of the FREE Fermion is invariant under this transformation
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L inizitadnya maxixx iè Tenente ma meinen è yen

Since it's the Cena it's conserved QED case it's electic

Not POWERFUL ENOUGH FORTHE PURPOSE OF DESCRIBING INTERACTION

Thea
variance underglobal continuous spacetime transformationyells to conserved

UNatal UCAIUCN

out 1 UN è with G at
Example Time

UCE è Yelds to Energy Conservation

LOCAL GAUGE INVARIANCE

WEWILLMAKE UCI TRANSFORMATION LOCOL

Let's chose the phase A 2s DEPENDENT of the coordinates U AGI

Urla a N a e ha
Tex FIN è Ax

The lagrangian density of the FREE FERMION IS NO MORE INVARIANT underV11

È L iè a 40 Leiman m Finèheim

t.ie HndEI1m ie Farne d'hai m tinetta

Lie imxan.ie hem tianya.ae d mèitinéka
intatta d id ACN XIN MINYeol
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Local gauge dogma

n order to have L L we MUST ADD A new term to 2º NOT in themasspart
youWilland upwith the un multphation

On da il with LÀ

So
L L in da IX Y MIX

UCI

ing idany 5844 myf
iFXFXIYIixgncidndtdn.it4 man

So in order to have GAUGE INVARIANCE

da i dati dad
daA dan

Ìl da daA

Let's note CAM so

An An 1dam

A is a field Can identify to a spin 1 boson

it's tempting to add the propagation of this FREE FIELD we stillhave invariance of Lsold the mass of the field

ma
FIFTEEN Ferite

we will use he Energy TERM
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Postulating the invariance of the lagrangian density of a FREE FERMION Underthe localUCI transformal
Field we have the outcome that the FERMIONS CANNOT EXISTBY ITSELF

There shallbe a particle described by the Field A of spin 1 2nd ZERO MASS interating
with the Fermion

Historically it went the other way around

It was found that V11 local complies with the OBSERVATIONS
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Electroweak Unification
The Facts

1 Wehave 3 families of fermions
WHY
Notpittedinto

E 1 1 E Il maand
doNOTIMPLE

with a well defined chirality structure g µ IT jIf s

2 The charged currents are mediated by charged W dealing ONLY WITH LEFT HANDED
fermions R H antifermions

3 The neutral current are mediated by Z bosons They preserve the Flavor
Coupling with BOTH L H and R H particles a priori

1 The couplings are universel D Seme for all thequarks or leptonfamilies

ElecroMagnetism is implicitly there The W ave charged particles

WE ARE AIMING A THEORY WHICH INCLUDES QED

What could be a good symmetry

w̅ Iii È già.EE iajedt iientiiteiaiiis.ive experienced several time
doubled structures and

SU 2 is a natural candidate

Ne hence introduce a new quantum number THE WEAK ISOSPIN

Pauli Matrices are the generators of SU 2

SU 2 unlike V11 is non abelian

We want that neutral EM currents are unchanged under SU 2 transformation

Ittiniettica L a È è of
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typercharge

Generating interactions

Sula µ è'È
ULAY U e B

So è y y

è β

Where T and Yae the generators of SU 2 and UCA groups respectively

Now Let's make the LOCAL GAUGE INVARIANCE

β β A this gives rise to ONE boson B 2s A inQED

α x thisgives rise to THREE bosons W WWW

So how we have

Me d igB idy G.IT

0 Yr d igrB YR

Remembering that
x ̅ 4 0 ed E
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We want to write now the lagrangian density D as the covariant derivative
ENSUING toolgaugeinverinee

Now taking the Divac Lagrangian

Lo intrt daUn i 4284 I Splitted in and Yr since LA

Now let'schange the derivative

da Da da ig.ba 18 15Wh for LH

In Da dm ignBa forMr for RH

By using this derivativesDa we are sure that the NEW LAGRANGIAN will looks like the
INVARIANT ONE

Let's focus
f fa ew Taw TW

o Wh IV 0

fu a
line

i wi ivi
Wative Wi

CHARGED CURRENTS NON DIAGONAL PART acting ONLY on 211 states

Wat flat in

ja Guterres and ji gwIKE.NL

let's define sta ELI is fetta latital

gg EtnTE
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with t t it Example t 9 f
Application

E 11 9 102
141 E

terre ÈE
I Wtbut

e Pll 1211 8 e

IL PLO

I PT Party otptr otfce r.hr

Finally JI IzIPrare agitaPie è tale 85 e

So generically

La itta ite In W 4
with Ladder Operators

La 8 Era WIT WIT
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VEUTRAL CURRENTS

La1428 i Y Bu tidwew intatti YaBa Ya

Like we did before we can identify the bosonin this Lagrangian NC

We can identify the photon as Bu and the Z boson as Wh

If we do that we sey Z boson only couple with LA particles

III in chapter I there is no suggestion in that WEDONOT want THAT

We shoud find a way to avoid that

LOGIC Ba and We'are NEUTRAL GAUGEBOSONS We love QM

If we have analogous rectal boson i can Mix them in order to have
phisical states

Cit
Application

As previously let's evaluate Lnc with E E and N er

Lnc _fatta 8WCe 8250 Z file gwSo A il

fetta 1 Juce 250 Z TTT A e

Erta 8125oz grCoA e

But how we REQUIRE Whatwe know

1 Coupling of neitrinos with the photon is forbidden Fecetarghe
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C LA and EH states shall couple the sameway as A Field

ma IT
Electro Weak Unification
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Also from the unification we will have

22
fiTEohe

The couplings of electromagnetism of weak interactionand hypercharge interaction

are related

Thephoton appears naturally

The Z boson couplings are also defined Let's now rewrite them by explicitly
stating the weekisospin and hypercharge quantum numbers

Z boson couplings
Let's start from W and B

Yr Yr e

B
81hr è M couplings

J 18 EYNE jtr gwET.gg E 21
Yakayr 411

So Za Basinow Wicosen

We know that Yi Ist and Elecroweon 8 E
UNIFICATION

g Gutanow

Let's write 5 for Z boson

111 121

18 I 210 Islduk I 208m42 Sw 8wIIstak Cw

I
128W FITTIZIE 210 1.1 141 18W 20 44
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I 19oz 2 si 21341 I If 205 In

I

22 210 Si Is Itak Fasi EtnY

with C Is Ask with 82 2
c osi

1 82 CLIVE CREI
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The Z width

want to understand the probability the

Zdeavehave
74

I z

Z couples with 211 and RH states with and E couplings

8

z Ez f In
è g

fifa α 82 fate a 82
Calculations

1 BASICS

We will work in the Z rest frame

We know that 2 couples to LH and RH states with C2 and CR couplings

2 POLARIZATION STATES

5 I and so Se 1,0 1

1 0 1

Dz

Blanzation in Longitudinal

E 0,1 1,0 E Pz 0,0 E Ent 10,1 i 0
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In the Z vest frame Pz D so

Has to do withthemass
È 0,0 0,1 Photons do nothaveit

3 DEFINITIONS

Pe Spinors Wewill use

è MCPel v Ci CR Is 205m
zii e µ Pa ga CL CR Is

f Pa

I E x ̅ 8,19 9,85

Reminder

II ftp 1112

In VTWMImi cmam.IT

4 MOMENTA

In the Z Reference Frame

P ma 0 0 01

1 Esino 0 Ecose

Pz my Esine o
Ecose
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Computing 1H interaction diagram

9 w̅ Pa 8 Gv 8A85 Ma Pa Rememberit'swrongbutworks

I Inot maximally violated neutrinos

I MB 81 Pa MI E 8A885126821

EAM EMEI
but 852 85211185 e

j 8 A 18118 LEGA MI
18 Mi15218McCPa art8A

QFI

I
8 2E 0 cose i sine Gutga

in E 81.5 9gcarta È 1
o

I

One for each
polarization 28 8Ama cose 1

LI E P J 8gma 9 80 0,99111

III gr 8a ma 1 cose
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Squaring the amplitude to get the probability

M I 8g gr gal m 1 cose

M 8 gr 9A m sino

1Mt 9 salmi 1 cose

lence the sum

IN ELIMI 11 1 11 12 114

MI 9 MECatani 11 12
21 11.9

I

FIMI Gr 9A 4

W Gr Ce CR

ga ca ca
From this result IutaEggiMI ci

Calculation of RH amplitude

The only valuesthat will change are the couplings

Ma 2392MICI
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Then
ut

2
Mia litrul 39 MECCICE

2nd so

Ifr gite 238ÉMÉCCICI

I

Ifp Ma C CE

Then integrating

Pdr 4T f z oggt gfe.LI ma c E

bit 8g C CE 9 9012 12 21

I
85 8È

2 ff Ifema18h8m

8 III GE III E Smile

Afterexperiments

8m 0.42612 NOTWEAK 922 0 558

For neutrinos 82 8A 1g 9v 8m 12

Z D d 161.5Meu

1 21
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Outlook

ÈLITE
EIFFEL.IM

sT

Since there is a boson we can add Kinematic terms for boson propagation

Let's first play around with Kineticterm of the L
We muststart from the COVARIANT derivative

Da dati An

et's remind the transformation of Am field

A AL An Onna

Now let'sdo this calculation

DaDo dati An doti Av doti Au da i An
Vado i a iadatto Q'AnAo Yoda i da iadotta Q'ArAn

E i Conad dual Q Auto AuAu
Lia detto duAu Q2 AnAo
Li Far UCI Abelian Group Auto AuAn

it's the stuenght tensor
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Now as soon as we do the same for W d'W d'W gaffe
You cannot DELETE THE

LASTTER.itwhy In UE groupelements commutewitheachother theyare complexnumber Non abeliangroupsmember suematriceefy

So when computing the Wnstuenghttensor wewillgetterms like Etwhwi that contains the E thatis
the same E that appearsin thecommitationvelation Ti ti ZiEijate That'swhytheydon'tcancelout

Easy way to answer To compute W you need the COVARIANT DERIVATIVE

Da da igwa I The T donotcommite
END

And if you define B d B dB it'sthesame asAwedid before NOcommutator

Then the Lagrangian kineticterm LA IB Bau 1Www

So the interaction allowd are

We checked the physics

There is
INTERFERENCE

Thereis www

Eihtvertex
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Spontaneus Symmetry Breaking
Motivations

SU 2 UCI is a good theory

Weak and electromagnetic gauge
bosons simultaneusly described

Couplings are universal

Good chiralproperties

Fails indeed in

Z and masses are forbidden by localgauge invariance

Fermion Masses are forbidden for the same reason

ERI of Spontaneus Symmetry Breaking

Fenomagnet
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Ex 2 a photon in plasma

Let's consider an EM wave of energy E and pulsation w propagating in a

plasma pulsation Up and energy Eo

The propagation occurs if Eo

The refractive index would be given by the dispersion relation

m 1 Yee with groupvelocity

Va Up C2

Vow Tg C higherorder of No

wife

Let's see why n

gun
1112W w wit W ew up

v2
I
I Io III

ChuGoingback to group No
a way W mWvelocity

Mustbenatfa.NOw Va Ch C waup
W

2nd E Hw Eo HWP
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We have No CLEFE

E E ETÉ E 1 E È Let's note D IE
E

XEoLetEomoc E 8m22

So BY PROPAGATING IN THE MEDIUM IT'S LIKE is acquering mass

One would like to fill the vacuum with a field interacting withthe intermediate bosonsand
fermions

Which kind of field

The simplest stat will be SCALAR PARTICLE

L Metal Vice

The POTENTIAL V contains eithermass and interaction terms

e p 64 114612 which are invariant under UCI

We are searching for the minimum of

prima
IIIIFFIIIIIIIIIIIIIIIIiti

Parameter 1 0 and teso
Mass of the field Meal m DE

Why the plot is in 2D A SCALAR PARTICLECOULD BE REAL or COMPLEX If It'S COMPLEX then
the e Elastica with 621 92
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Non trivial solution lo o

Parameter 1 0 2nd Lo oratoriano

Degeneratesolutions

INFYFFFFIFFLIFFÈÈINFILITRIPIAIGIAN

Byled FI 0

lo far
Zemeber that in have we still have dede thatis not Utdinvariant Westillhave to imposethe
0121 symmetry
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 Non trivial minimum

of_o and we are not interested in 24 41,3 0

So 21,2 lo PIÈ MUST BE 1210 1 0

1244 it's NOTTHE MASS TERM
Let's give some definition

Yo 014107 fa V e o it's the vacuum expectation number
IT'S THE VALUE OFTHE FIELD AT MINIMUM POTENTIAL

SYMMETRY BREAKING

EVEN IF WE STARTEDWITH A SYMMETRICAL LAGRANGIAN we endedup with a SOLUTIONTOTHEEQUATION

OF MOTION THAT DOES NOTCONTAIN THE INFORMATION OF THESYMMETRY Doesnot RESPECTTHE
SYMMETRY

Why I'm saying
solution to the equation of motion

Minimizing the potential actually means solving the E0.11

97 beffe of Edd'e o solution for due 0

fa ie e3 oe I

What's the value of the potential at the minimum

V14 126 14

1m 1
1

I
si
II

I
121071 1,10
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What's the particle content of this field

Why particle content The EXITATIONSof field ave describing the particle states They can be
obtained by considering a perturbation of the Field EaroundTHEVACUUM STATE

Let's flaterte Loacey the Field e to let it be REAL FIELD

Kcal Nt RCA where Real it's a scala Field particle
real for the sette ofsemplification

L d'etdal Viel Δ

Let's start with the potential term of the lagrangian omitting the mins sign

L 1242 All otyflotri Entrtrtri
2

I
1H21 1,1021

Let's evaluate atminimum 1 10 121 1 07 602274023 29
12 102

because cofe Io I 1,10 10 1023 1,724
constant MEEN i i

Vow we will impose the localgauge invariance

We introduce the Sua doublet E Lt
4

change of charge 1

Quantum numbers

Istat Is 49 12

4 1 21 Is 1 Y lo 1
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To comply with SULZY Ultly let's introduce the doublet E

The Lagrangian forthese scalar fields

La Dall Due mate 1 etc

w Dal dal igewiti i

fikiBa
4

1 ForLost
Lecture

et's evaluate Dall Dale

Considering only the gauge Field we must force the charged Field tobe 0 to preserve V11 in

Won Wenidea o

TE
www ws

È E
an

W gigwtanon

iggloff WencutsuBa calwan inal

CwWeatiWaal CwWgn SwBu

Nth Cw Wan iwan
7T Cw www.xswbal

Dal ifeng.IT CwCw time Cww sub
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So
Dak Dale E CANI CILWEIWI Wen iwai

8Cw
Cwws SWB CCwWm SwBa

Votation
nata Watiwan and Wtf W

Let's consider the first term of Dall Dale Here

1e GITE
Giffen

Egirhwawa IgiHhwn

ma 128 0 Macosow

Second Term

III 0 412 ciws Wsm SwarWsBa SwcwB'Wn SEB Bn

remember

p p1 1 1
So

GLI 0 4 Cri Cw2 Swa cwzntswAnl swcwlcwzfsw.AT SwZn CwAa

swcwlswzntcwanllcwzatswaa.ltSECSwZtCwA suZatCnAm

All terms ZAn and AZn are canceling out
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Let's check the AAm term

Aha ciSw ci si SICE SECE The photon remain massless

Now the Zza term

2 za CÙ si asici Gf Luthi gia 174 2 Za

So
jezizza EffrHEzn I If HE Zu

m.EEE FEE i

Superhightenergyveguved

Let'sdo a recap of interactions between H Z W

Iso the Lagragian exhibits terms uniquely involving the Higgs boson
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Electroweak symmetry breaking FERMIONS

The gauge invariance allows Yukawa couplings between fermions and solar

La tavola c Che c aula Ciellac E la ho

Calculation illustration

Before the EWSyBr

Ly G le.ch er eleie

Art lo la

Is o y

4 particles

Y 2 1 1

Let's break the Ewsy 6 Ly

Ly Gye dieta If 9 er

1
GÉUTHIEER

This is mass term is GIO me
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The mass matrices

Vow that themass is defined one would like to look at thefermion mass matrices

The 3 generations are identical in the they except for the masses

Ly 1 1 1541 Mdliildal Mali 9P è Meliile'l'ith

The mass states we obtained by diagonalizing the mass matrix

My HyUp VImyvyUp

Here m is diagonal Uand V are unitary

The fermion states are redefined according to

9 E Valdale pole Volgile la Vili
91112 VolUdl9d r Tule Volulfo e la Vivel'e

We recovered a mass matix that is Not diagonal

matrix

v1
vite vii e
Ved IVus IVust 1
VuolVult VedVat VedViè 0

3 constrain on real parameter
3 phase constrain

A priori 18 free parameter 9 veri 9phases

real parameters 9 6 3

phase parameters 9 3 5 1
5 since we can redefine each
quark Field phase G up to a single

phase 1 5 6 1
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There are then couplings of the Hboson w fermions proportionally to the sgeve of the
Mass of the fermions

Top quark leads thegame but can't be produced on shell
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