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We have classified spin - O and spin - I fields by her - Lorentz reps and

internal ( gauge ) symmetries ,
through which we introduced spin - I fields

.

Here are the Fields which

comprise
the Standard Model :
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FTerminology !Lf,
eri are left tight - handed leptonstfFAir,
urildn are left tight - hated quirkstf-

- I
, 2,3 are generations (if- .

I is electron
,

electron neutrino , up quark,
do - n gunk;

or flagons f  =Lis muon
,

mum  rent - in
,

Chan guk , strange gate ;
f  =3is tan

,
tan neutrino

, top quay bottom quark )

It  is the Highfield
UH )

,
is Khare

SUCH ( sometimes such ) is the weak force
,

and only acts on

left - handed Fermions ( and the Higgs)

Such ) l sometimes Sumo ) is Coto ,
or he strongfoce

Notation
'

. Anything with a V under Such is a 2- component rector of fields

which transforms with Citta ,
like I we son earlier ( in fact

,
I H )

.
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Similarly ,
the queries are 3 - component vectors transferring with 3×3 notary matrices

"
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= ( thug ) l .  ' rid "

,

"

green
"

,

" blue ") , So Q  is actually a 3×2=1 -

component freed
.



The Standard Model consists of ( almost ) all terns we car write down 13L
up to total dimension A which are  invariant  under Lorentz and local

Sues ) x SUCH x UCH , symmetry .

( You  will see the remaining te -
n  in HW 3)

Easy stuff first
,
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Higgs = tri Ht It  - X ( It

'' HT ( note  mass te - - has - my sign ! Will set to this later in he course )

Since fermions have dimension Z ,
a fermion - fermion - scalar term ( known  as

a Yukawa term ) has dimension 4
.

What such terms are allowed ?
d
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Consider Lt Here term first :

SU (3)
'

. Lit → Li
,

It - It
, epee ept ( no transformations

,

so trivially invariant )

Suez )
'

.

Lita Lti Ut
,

It → UH
,

eri - er A - some U C- such
,

So

Lit Here a LitchisHerd = Lit Here
, invariant

Ucl )
,
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.
this group is A Klim

, so as a shortcut
,

Can just count charges
'

.

+
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z t 's - I = O

Lit Here

So even thous h Li and er transform differently
,

It compensates
, making if

invariant .

Very similar story for second term .

Can check Shon and SUCH yourself
,
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One final trick and we're done ! We can make  an Suez ) - invariant It
term without taking Hermitian conjugates

.

you will show in HW 3 that E
"

Ga He is invariant under Such
.
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That's it !
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The remaining It weeks of the course will be devoted to the physical

Consequences of this Lagrangian .

To wrap up ,
a taste of the Higgs mechanism ! note that this Lagrange ,

has no fermion masses ( it can 't
,

since all he Left - and right - handed

-

fermions have different Ucl ) chased
. Bit ,

if we set It -

- (g) with

V a constant
,

then

Yi Li
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Her
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you )en=v%e eaten
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a mass term

Fo - he electron ?

More on this
, and how electromagnetism emerges From hyper ha - ye ,

in the weeks to come . .
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