

















































































How flavour interactions arise within the SM

SM unique haganger arising from requiring

G dim 4 Lorentz invariance t locality

SUGI SUCH a x UK gauge invariance

Fontanslytbreen but leaving
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Matter content
Gmanuts

fermions Qu he Mr dr er and hour

sialars Of just one Higgs
doublet

sunt doublet's suck singlets

Pem Yt I allows to fix all g h s
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A 412

It o u a

Since one of y must break the 50121 x U a
y symmetry

spontaneously this componentmust be en.at

This restricts Yg I 12 and one can choose t

No loss of generality with there Yet th
in feat

of i ng f 92 k
o h h



With all gu
s fixed all intentions are fixed

the gauge sector
through the matter covariant

derivatives Z

Agua
Fi f Dp ADI

Yang Mills Lagrangian terms

e the Yukawa suitor fermion antifermion scalar

intentions allowed by guys inv

Qifdr I er I Mr



But we know there are at leastI 3 replicas of fermionic
onafter

Is gig i dnt t fi yn
s unit h c

Lill with i j t

And we know the e m neutral component f f takes a v.eu

Of1,19 tie I El E I

291 Qi Ya if an t ai y't in
Tmf TMF
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Diagonalizing mass matrices

Mn Ma 3 3 E Cl no symmetry imposing
that

they be diag on e R

A general Me I can be made diag real by

UtMn Ur Mn

DitMd Dr Ma

So we can redefine a mass eigenbasis

Ma U E
R R R dig Did

chiral unitary transformations

Note Qu Y have different chiral transformations



Consequences in gouge intentions

gauge
int's gift apt is up t Jg

e m neutral gauge int's are unaffected

e.g Zf after t tree level

Éyn neutral currents

I conserve flavour



em charged gauge interstions

Lqgw it Jd W t h c

idea
Van I

tf EME Vali j di Wp t h e

since Ui De Van UID I

Vckit Vckin I Cabibbo Kobayashi Maskswa



Mi 43
Feynman rule

diff omg't
Att tight Manti

and conversely ni di w't will be Vita



So we can build

ie B Katy
lignite

t

my
Em qub

gust fling

external quarks
ofdifferentsensations Flavour changing
but same charge neutral currents

FCN s

the couplings Yqubliqts are e t

loop suppression factor

H Fones small in the SM



Ma Parenthesis the Fermi coupling

The hierarchy Mg K MW

exception my

dhows to introduce the Fermitheory

an effective field theory EFT that permitted to make weekdecay

predictions well before the EW theory was formulated

We saw that Law Ey YdeWy th c

A
flavour eigenstates
mass eigenstates

in the lepton sector the analog is

Lew E Egil Wy th
c

E flavour eigenstates mass eigenstates

pflavour eigenstates
mass eigenstates u U Lemass



So consider e g pi decay

M Y inappropriategauge
m s e

T Je

ill f aging igf.TN
prod Em heat t

Emperor up aegean i Leff ist of
ska

I e we can get the same amplitude using a

local 4 fermion interaction w effective coupling 0 83mg

step GEHRY Ifaf Get no Ger
2

Cto 2

W 4 I
2
12

measured in
one referenceprocess



How Facs led to the dam discovery the 61M mechanism

With the above interaction we can understand quantitatively

processes such as ki pp

Reference Mkt pity
a u x own n power of GFKt
g

mut
I r Kt up n Gt

the pi r K pt
d

n GI leap

K's In
H

W T E P Ta



This would yield

Kapp
Kt up

G Whereas exp gave 4 no 9

It looked like T Kipp GE A leap

with Xe Mw

A radical solution another quark besides the known n d s theism

Then Ha nd Vas

Ved Vis
lo so

W T t

d

so co

VadVis MI VadVit Md

Co so Mal Cosa Md



Alka ppl Miggy
with
mi e mi

o but miss mi
so as to introduce
a new scale



Ma Estimating Me K K mixing Gaillard hee

Consider the process
d s y

s

s

w w ki
T d y

GIM factor

A E soca In Emily.tk lsrpid sr1dlks
PP P P Fermitheory operator

gauge CKM 2W
coupling structure

take
propagators

evaluated between

external states

LIE Hey k Mr DMK Mk
x
avenge

Mass difference miss

between Kc Ks



The matrix elem is calculated using non perturbative
methods

IF synd sold Ke Fi ME

Let's put numbers use of 9 8 asf
Dmx Mk Miz E soca a Ying It spud sold k

I
Gf sico.ME ft ME

with Ge 9.2 No 5 Get
2

Si 0.23
4 1 37 Dmx 3 5 No

95 GeV

Fk o 46 GeV

MK 0498N

J
mk.mk Mn Ma

Co So1 0.974,0 225 Lo m n o 6 Gov
Mw 80.38GeV us MI I N 27 GeV



Not bad given the Rovan estimate

In the SM Dm still difficult to estimate properly

709 short distance boxes w
Gym

top interfere

dominant

309 long distance contributions difficult to control



Ma CP violation basics

Consistent ggW interactions
w 2 generations charm

11 3 CP violation

What is CP

C particle antiparticle particle with em charge

of given sign flipped and every
other

charge
g n unchanged

P I I I if I is a vector

as opposed to an axial vector

Left handed
particle

Right handed

particle



CP performs the too operations together

Ex er É et
e R

e Why CP important

If CP exa it LH protons RH antiprotons

I required at somepoint in
the historyof the Universe

to generate BAU alongwith B

ftof equilibrium
Realization of importance was inspired by measured

in K F



Me ke ke mixing

To Do write here
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