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Quantum electrodynamics L
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SM Lagrangian Fron last time
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Focus on these ferns today . After setting It = (Y) and diagonalizing
e

Yi ; ,

bottom component of fermion doublet Lf
= ( KY ) is
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we want to identify yer -= Mif , but fo- this to describe charged leptons

(electrons
,
morons

,
fans )

,
we have to be able to combine ( ad R

spinors Into a 4-component Spiro- T = (ehr ) with the correct

electrician .
Recall y-- - I for er

,
but y= -I fo- eh , so this

isn't quite right .

In fact, Q = Tg t Y
,
where T

,
is the 3-d generate- of such

a

Ty = Log = (
"t

- I
,)

,

so er is an eigenvector of Tz wleigerac- e -I .

ai
- Itt - ti -- - l ) this works !

QR -- O t - I =
- I

Conclusion : electromagnetism is a linear combination of SUCH

and UCI )
, gauge bosons

.



We will see later on that the remaining SUCH gauge fields are ↳
much heavier than me

, mm , go for the time being we can ignore

then .
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classical Spino- solutions
-

(massive ) Dirac equation : it-24
- mt -- O

- ip - x

Look for solution , T -- e a) where Xu
, XR are constant 2-cop. spinors

⇒ Vpn t.nl a )
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First look for solutions with f -- O : can construct the solution fo- general § with
a Lorentz boost . p

- o = Pio = MI
,
so

( Tty ! (
"⇒ -

- O =3 Xi- Xr
,

but otherwise unconstrained

choose a basis ! Xu -- (
'

o ) or (
°

, ), so let 4 -component solutions be

Un
-

- rn and uj.sn/!) .

These represent spin -up and spin
-down electrons

(or muons or taus)

just like with complex scalar Fields
,
there are also negative - frequency

solution, etip
"

( Fr ) that represent antiparticles : positrons . Changing sign
of po means Xj - XR : Note : different labeling Convention Fm Schwartz

.

Va
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- Tn (Ig ) , vs
-

- Tm ) Physical spin - up positrons have Xa
-

- C ? ) :

this comes from Q F T
.



K
can construct solution for general p with Lorentz transformations

.

For now
,
will just write do

-- the solution and check that it works :
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useful identity

check Dirac equation for u : I

ii. r:n÷::ti÷÷÷.it. i.tw
To see how the spinors behave , let's let F' = pi :
pro = ( EIRE :p. ) , p

-E -
- ( EIR- Oe-p) , and since these matrices

are already diagonal, taking the square root is unambiguous

"- E÷÷tn÷l÷÷i . " :÷t÷- f
*

Note : very bad typo in Schwartz 2nd edition
I 4. ( 1126) !

If E3> m
,
EE lpzl . For pz > 0 (motion along t z-axis ),

Udp) t TE ( %) .
Xu -- O, so this is a purely nigh- handed Spino-

But { = ( j ) means spin - up along z-axis ! this electron also has helicity TI
,

or has right- handed polarization in the traditional sense
.

⇒ For maysles particles, chirality and helicity are the same

(right- handed Spino- = right-handed particle)


