
Letcnic Electroweak Model
Let's constrat the gange they of weak inuations.

This is a "simple" model of lettans , Higgs ,
and

EW bosons
·
The model is based o the

gauge
field theory with productgroup SUCH)

,
* UIAly
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e.g.,
for 2 ,
" = to Went isospil

gators of ricay : Y week uypercharge

the algebra is 342212(1)Y
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We can define theelectric change generator Q
that generates the UC1 & QED

.
This is

given by "Gell-man-Nishijna relation"

No related to
Q = +3 + zY Strang iteraction

version



The algebra is the
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Basic particles in Leptaic EW model

① Spirit lates : e, U, , Unit, ve

⑦ Spin-I gange bosos
: An , WiF , Zi

③ Sp-0 Heggs bosa : L

No quarks o strong Nvictions (will ald Kul

In 1957
,
Wh etal . found electros emitted in

the indem pudecay of 60
Co -> 60 N :

*
+-+ ve ,

in a prefered direction opposite to the under spin .

Ca conclude that party is violated in week processes .

Obsure that party is maximaly wolded
,

i .e. left-handed

paticus experience weak interaction
,
but nat right-handed.

=> Mater fields must be constructed to respect this .



① Spinn fidds for leptons labeled by "ganation"

Charged letters : ef = Ce
,m,
c)

,
A = 1

,
2
,

3 a est

neutrino fields : Va
= (Ue

, Un ,
U+)

Introduce left-and-right-handed fields
,

! = (IU

For each family la , Va in garation .

Deine

↳
a

=

(v) , Neean
-

M will be a SU(2)
< sight

will be a SUCH ,
double

For basic El model
,

no right-headed netrmos

=> No Una fields = massless neutrinos

② Veter fields are all gange fields

SU (2) - 0 U(1)y
- -

3 gens .
1 gen

=> 4 gange fields

Wa Br



Wi is a Suc
, tripht . Be is a U11y Single

useful combinations : Wat = (W iw")
~ ~

Wi = (Wn+ )
*

We will seeHow that An & Zi are

linea combos of W & Br.

③ Scalar fields we Higgs fields.

El model has 4 real Higgs fields to give

mass to WeF , Zi .

Write these as I

Complex Scalars

It
, po

and define complex conjugates

4= (p
+ )*,

*

useful to define = (07) ,
which is a suc2

,
doublea

=>
+

= (0 , 00
*

) =

*
T

& ↑ " =G
*

= ( ! )( + ) = (_%) e su
,



Warning :F is understood as EFL)
,

which is right-handed ! (see HW)

Representations ofFields

Field Sulucan SU(h ,
T Such its UyY UHQ

+ t - I O↳=(=) =
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Ra = tra -2 O G - Z - I
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Br o O O O O

+ ↓2 + 1 + 1q =(1)+ v - V2 + J



The covanient derivative is

Standard Caration
W

(Pr(jn = SinG + igWn (Ta)jn + i (g) BY Sin
-

-

50(2)L O(1)Y
couping Coupling

Garrators are for following multiplets

Multiple (T" (ju Y

LA & (O")ju - I

RA G - 2

↑ t(0)ju - I

the garge field strengths are

Wur = 2 W,

"

- 2
, We" -ye W

,

W!

Bur = OnBr-OrBr



The Leptic EW model is the given by

z = -

We we - Brub- Gage KE

+ Ra thi funia Ke

2

+ (D( (D P) +m
=4

+

0 -=, (4
+
P) Hig E

- custable patented
- GSFAC (a) + ([

,
4) Ra] Yulaw couping

(su--A)

All terrs are individually SU(21< UAly invariat
.

Note that Du meas different things acting a

different fields. Nde that La is understood

as Rodent
(200

*

)/A) in socia someor

This is Calmost the most general 2 .
Notice

that there we no mass tens for furnis

(would back China SU(21) . Also notice that

GE could be a matrix in garrat . For this model,

We can diagadize . Low in SM
,
we will see

mass mixing.



The number of free parantes is 71

g , g, n ,
x

,
G , G ,

Gu

these need to be measured in under to make

predictions .
The potential for the Higgs is most

garal for this model
,
since 4 p2 = ↑

+
8 · Also,

No Majorana mass terms are compatible for 0 are

compatible with SU(21,U(1)y .
Turns of to be

tricky to addU masses (scc (a).

The Higgs patatial induces SSB.
To see what happens, write & as

↑(x) =( ) = ( :O (2) (rix)
4 real fields 3Eal fields Ireal field

New,
choose mitary gange to interpret, where

Suca
< gange parameters are L(x) = - O"cx)

=> 3 & 4 components o Higgs "disappear"



So
, withy gage + expl-1i00 &

=E (i)
So,

2n = z(P- ( : ))+(P-( :) - Vari

whe U(R = - (r-al ,
a=

The minimum of the patetic isa rea
.
So
,
define

shifted Field
~

quana gives Higgs Ho
V(x) = a + h(x)

,

with all othersat shifted

Notice that it is a real UCIQ-netra Field

vix the is slifting > All gats of SU(21, UKly

back except UL11 & corbo
.

I



The counint drivctive is

↑~(o) = (On + Ligh,"o" + figPr)(o)

tigt Wit=

(0
+ tigw? + zig -

B

2 - zi w? +
zisc)(r)ZigW

- is wate=( ·-Zigwrige n
I

likewise
, (D- (8) can be found

.

Find for the Higg KE ter

& [P(8)(DY(2) = ↳ gwet wer + Lear

+ tr (gw, -5-B)



If rex = a + hexs
,
then about true valuue

Zurgs 40 L

+ k(a +2)2(1g w+
w

=
+ +(gw- g(B)))

- a6
-

a h3 -E

We see that My = Em ,
as usual .

Since We = (Wit) *, see that mass for Wel is

nw= = tag

For WY ,
Dr

,
the given term has mass mixing !

= must dragadize . This is already done, combo in

Luggs is the massive bosa

Define : zi = gw-gBr
g2

An =

get se



52s > [2 (E (gw3-gBr))
= (g + 0 .A

So, ma = 0

= Lagu

Doha the weak mixingmyle Ou I also called Wembug agre )

- +
3-Y gr

(Ow

G

So that

(E) = (oro)
=>Wi = macustr , gigtaOr



So, Complete Higgs Lagragian

2
Higgs

= &40 L

+1 (a +2)2(1y w+
w

=
+ f(g = j7zjz)

- a+6
-

a h3 - E ↳4

= hah - zmh

+ wewith + zm zu

+ We
+w + f (g u ziz

+ fag2 4w
+
w

--
+ a(g2+gr)hziz

-

a
us - 1,-

With Mw= = 1ag , m
=a

ru = Eu , n
= G

=gate , m Custo



Lott about other turs o the EW Lagrage density ?

Consider firs gange KE terrs,

Zugange =- Werner-Brutzen

transforming the fields,

( ) = (or(
After Considerable algeben , find

Zusage = E(kzi-Wrzi-igliste (wiwi-Wiwi))"
- (An-EAr-ie(wtw -We Wrt)"
-Elanh-erWut + ig esse (Wirtzi-Wiz

+ ie (WutAr-WrtAn) !"

where e = grinder = J'arste

> electric charge !



Next
,
consider theFermin E turs,

~
Y= - 1 for La

↑ Va = On + Lig W,"o" + figPY)(vC

In + Zigwe-ZegBn tigt Wit
- I ZigW e - zi w? -

zis)(=)
= (2 + zigh! - tag' Br(VA ,( 3 I + I ↳ egt water ((b - Zigl -Zig' lan Val

So
,

Fla = (e ta(2d (e)
= FayV(0 + Zigw-tig /B) VAL

+ Tau- (a-ZigluigB an

+ Farigwila Tau igwi an

Note that gw-gB=
= I Zo
Costu



also,
I

gW +y't = g(sow A + OE)

+ g (cowA_

- sidezil

= Igsion +garste) Am
+ (gcste- gisidw) Zu

D

Recall to gsite = gicoste = e

also
, g=gtmOw

so
, g +gym = zeAr + (CosOw-SON) Zi

Cosy

= 2A +

0
(1 - 25220w) zi

Therefore
,

Talla = Faur (an+ ) va
+ Tact (Un-ieAn-Li(l-2souza

+ Farigwila Tau igwi an



For the right-handed fields,
- 2 For RA

#Ra = Tar2 (On igBlend
=TapV(a-ig' (conA, -snowt)) lam

-tag(d-ieAn + ig'stonzi) Pas
M

So, gissOn-goin
[aLa +F RA

= Fa
,
- (an + 1so Va

+ Tact (Un-ieAn-Li(l-2souza
+ Farigwila Tau igwi an

+ Tant(d-ietn + i side ZillarCost

Separate into EM curt, Jo An

weak charged caret, ~ I 2
+

+ 4 . 2 .

~

were neutic curt,



For electromagnetic, find

↳
a

= Tact (i) la ,
+ tar ( - jet)lar

Recall the -R =FU ,
= 0

=>he = IfV( - icA) la
C en curt un charge Q-1 !

= - in Jen An

J = Vla

In gard ,
fud J= iQebAn

-Q = -1 for la

For week charged interactions
,

↳ = Fasigwila Tau igwi an

Now, Mat Pala , Falvapr

BO
, PrUP = U-P! = PL

=> 2 = =gaUPula Wit + n



Since PL = 1 (1-U5) ,
the

ha = We w
E

where
,

== U(1-1) la

j = = zt v (1 - 15) va

> V-A interaction !

For Weak neutral currents,

Zuc = Fa
,~(on) Van

+ [t( (1 :1(l-2soz)za
+ tanV (scor z ene

For neutrinos
,

Fact zi i FV(u)VazAn
crsw



For leptos ,

i [f-1(1 - vs)( - 1 + son]ezCOSON

+ OTU12(+) scrOwlzu

=

isTr( so + ! Usez

In gend,

2x >

On z

With - = Fu (ve-af Us) f

> V-A interaction

A af

= I I *
l -E + sxOw -t



Note that the KE tens we as usual
,

Vaas aA

where We we that since on are any left-headed,

VA
,

= YA .

Finally , the Yukawa tes change after SSB,

Line SFACLA) + ([+ 4) Ra]

↑ = =(i) = E (ain)
Witun gange SST

so
, La = (th) () = Cathle he

Higgs is real
Siniarly,
[

, 0 = ( ( )=
So,

Linnava =G [Ra((a) + ([(RA]
= (ath) [Elatalan

= Glathata Recall F,
=Fre = 0



Therefore
, got mass terr for letter & higgs invection.

Win Matala + metal a
T

where,
me = Ga

c =

/g hee

w/ m= Eag

Note : could include guation mixing,

~ G Fals + hic

But
,

since there are no right-handed rentrinos,
we can diagadize it . When we ionde quarks,

this will not be the case for them
.

EW Parameters

There are 7 EW parameters ,

-

g , g ,, x ,
G , G ,

G

SSB produces many
relations between these and

other physical parameters.



The 3 Yuhana coupings ae fixed by the

letten masses
,

m - Get
L

- Gr
L

my -> G5

The reading couplings , gig', X,m ,

need to be fixed

from other obsurables .
The weak mixing angle ,

for example,

has been measured from may processes Involving up, af

in different ways ,
SinOn = 0

. 23

From measuring 2= 0 .303

= g5Ow => g =

o
= 0. 63

Furtherne
,

e =gicos j=ston
= 0 .

35

From mum decay ,
can measure Font constant

GF
-

= an = (1 -
166 x 10Get

S



Since Mw = Ega ,
the Higgs Ver is

- te
a =

21 w
= 2 G = (EGF)

So
,

a =w = 246 Ge

~
from 2012 discovery !

The Higgs muss is my =125 Ger ,

so
, my =E =

M =! = 88 GeV

Since Higgs UCV is

a= -> x = 6 = 0.7

So
,
the 7 independent parantes can be determined by

various measurences .
All other quantities can be determined

from these
,

C.g.,

MW I = 80 .42(4) GeV

mz = 91. 188(2) GeV


