
⑭un electrodynamics E

SM Lagragian From last time :

Lam = Lainexic+ Lynnara + [Higys

=IDnH - GG-r - Wwar - Berr
-

i↓
+ int DidIt

~Deda- SiLFD-LiD ieee
-

-

-He-Yi!Hd-Yis Fun thre

t m2H
+

H - x(H +H)2

Focus on undelied terms today .
After setting H = (v) and diagonalizing

XiY ,

bottom component of fermion doublet Lr=(EF) is

: + - -
Dre + it ar Dep - queen +..

2 o

#= I

we want to identify YIV= ef ,
but for his to describe charged leptons

selectrons
,

muous
,
tansl

,
we have to be able to combine Lad R

Spinars into a A-component Spira-4 = (a) with the correct

electric charse .
Recall X=-1 for er

,
but Y=-I for es , so this

-

isn't quite right .

In fact, Q = Tn+Y
,
where Ig is he 3rd gerator of Such

-
I

Ty = =on = (" - 1
, )

,
so er is an eigenvector of Ty weigevalue I

x
= - I + (1) = - 1) fri) works !

QR = 0 +
- 1 = - 1

Conclusion
: electromagnetism is a linear combination of SUCL)

and UCI
, gauge 60sons-



8
We will see later on that the remaining SUC2) garge fields are

L
much heavie than me

, Mas so for be time being we can ignore

Hen ↓Photon is a linear combination

I
of W3 and B↳Fr(i)-cArt-~- Far fri gauge bosus

where 4= (E) ,
I = (emt ei) = ↑

+

20

-- -

Eeeespinorsolutions

we have ignored An here;
(Massive) Dirac equation : i V2

-
Y - m4 = 0 Swe will include its effects Iperturbatively starting next week

Look for solutions ↑ = eiP *

( *) where Xe
. Xe are constant 2tomp- Spiros

-7 ~-Pr(i) = ~(i)

(%=jo)(ii) =~(*)
First look fo solutions with P = 0

,
can construct the solution for general i with

a Lorentz boost . p
. o = p

. i = ~1
,

so

I( = 0 = x = xm
,

but operwie inconstrained

Choose a basis
: X=(6) or (9)

,

so let &-component solutions be

electronsun
==(i) and us = (6) .

Rese represent spin-up and spirdown
-

for muons or tans (full justification and
normalization come from GFT

Just like with complex scalar Fields
,
there are also negative - Frequency

solutions 2
tip*

(i) that represent antiparticles : Positions . Changing sign
of po means x = - XR !

Note
:

different labeling convention from Schwartz
.

v
= =(! ) - v

= =(i) Physical spin-up positions have Xe= (i) :
this comes from GFT

.



↳
can construct solution for geneal p with Loventa transformations

-I

For now
,
will just write down the solution and chack that it works :

S

us) , vipl : /was we =(i), Eng - iu(p) = S I
useful idefit

Check Dirac equation for u -I
1o 4p-E) Is

IE P4)(e)= I - I -> (wreNE (pallp .o)Es

To see how the spirors behave , let's let : PE :

p . = (EjP2=(2) , p
= (E

+

PE p) ,

and since these matrices

are already diagonal, taking the square root is mambiguous
.

*-
=

(E) , = (i) .
-

(E)-(
*

NOTE very bad typo in Schwartz 2nd editio-
eg . (11- 26) !

~

- -

-

If Elm
, EIPz) .

For P230 (motion along + 2 - axis)
,

n
, (p) =

EE(8) .
Me = 0

,
so this is a purely right-handed spiron

But I = (6) means spin-up along z-axis
:
this electron also has helicityI

,

or has right-handed polarization in the traditional sense
.

> for massless particles, chirality and helicity are the same
-

light-handed spiror= right-handed particle)



What about antiparticles? A position moving in tre + 2 direction ↳
with spin-up along z-axis is still a right-handed antiparticle, but its spiro is

-

-(p)
=

/Ep =

FE i) ,
which is pare Xe . Helicity and chiralit iI

0

are opposite fo antiparticles .

Think of is and vis as colum vectors and i = UTVO
,
i = vtWo as row reators

.

Useful identities for what Follows !

-s(p)n, (p)
= uT(p) von, (p) = /35 fr si)(e

=(2,

+ s
,t)(r matpal)(! ) = 2mdss

Similaris
,
ut(plus , (p)=(25(

, t)(p
- 2

pa)(?! ) = 2E in marat :)

Analogous for ~ (check yourself)

Y
, (p)Vj(p) =-2mdss, v(p)V,(P)

= 2Edss

We've been a bit East and loose with matex rotation
.
The above were

inner products :
contract two ↑-component spiros to get a number

.

-

Can also take outer products to get a &x4 matrix ?

& Us(p)s(P) = pUn +rHx + m (Feynman slash notation)
S = 1

lote the ode of u and i
,

E
,

Vs(ds(p) = e

and same spin index !



↳vector solutions ↓

Gange-fixed Maxwell equations
:

DAm= 0
,
J-An = 0

Again
,

look for Solutions Am=Gmp)e-"**. We did this in week &?

in a frame where pr= (E,
0
,

0
,
E)

,

we have

Er"(p) = 10
,

1
,

0
, 0)

, En(p) = (0
,

0
,

1
,
0)

,
e(p) = (1

,
0
,

0
, 1)

Recall Et is rphysical because it has zeo norm .
However, we need

-

to include it because I' mix with it under a Loventa transformatio .

e

Explicity,
let Ar =

I
3/2 10

- 12

I
Can chea &TyA= Y ,

also App
I I O - I

U O I O

" 10 1/2

r

so A preserves pr. Howeve, A Em = (1
,

1
,

0
,
1) = E + Er

,
so Lorentz

transformations can generate the physical polarization .

But it turns out that in RED
,

all amplitudes M(p) involving an

external photon with momentum p
M

safingAre0 .

This is in

word identity
,
and because to cp

,
this unphysical polarization

-

doesn't contribute to any observable quantity . (more on this later ! )

Analogous to spirors, we can compute inner and outr products :

(13(p)(M4)() =
- dis

,
i = 1

,
2 (true For, cut just(I

,
0
,
0
,El)

[Er(sp)aVsip =

0100) +)%, Freei = 1

S I I y I I
y I prpp
--

p .p

where P
=

(E
,

0
,

0
, -E) .

But by the agaments above
,
the pr will

always contract to 200
,

so we can say

= encip)erip)- you (again
,

sun over spins gives a matrix
i = (also true for a P)


