
One thingI horgot to say in the last lecture.

--- particle interpretation .

For a real scalar field
,

we have seen that the state 10

annihilated by all &CP)'s is the unique ground state

and other states are obtained from 10> by Operating

allst's
,

each increasing the energy by Wp= IP= M2

Interpretation

10) -- the vacuum

alpst ... creation of a particle of mass m

and momentum IP (+ energy1P>m2 (

eig .

&(IP)
+
10) ... a one particle state

ALPA(P2) 10) ... a two particle state

allStalPuSaCIs 10x--- a three particle state





Free fermions

A finite system : n pairs of anticommuting variables

4,
'

.
Pest...., 4n .

Tu

SE = "A : "Y,

dFd4 = dF"... dG'd4.... dYn = dFd4 .... dF"dUn

Partition function is

z=Jaat
Se
= det A

To compute correlation functions, let us introduce

flat. ) : = (drapese
+ [54: + Fin : )

Note :

24 + 4
inis e

-

4i
= P . Pis ... Giz eF

Thus
,

it is fla , 5 ,4)
=

= z(4i - 4 is 45 ... [i]



f(AE , 2) = Jare4 eCP-TA"sAC4-Ay)
+A y

=zenAn

: [Pi -- 4is ↑5 ... it)

- e- · in ,

An==
= (2) ---(A)isz

This is non-zero only if set.

eg. (4:5) = (A) = A
~

A "Mu

[44,) = (7) : An e
=AAA! All

-F passes through in An



contractions

Wick



Dirac fermions in d dimensions















&

Letas expand P(P) w
.r. t

.

the basis &US SUCH of S as

P(p) = &(u=(P)b+s(1) + U2() bs(1)) · (752

Then

L =Si [(basI] basI)-EWpbas(IPT bas(IP)
We know how to quantize such a system (Lecture

3) :

Ebas()
,
bes]] = Jesse G (IP-IP') ,

& bas(P) , bas (11)) = [bes(Pt , bas(
+ Y = 0 ,

H) = JapI EWpbasI bas(IP)
.

CH
, bas(p)] = - EWpbas(1) , (H , bas(p] = zWpbas(p)+

: bis(Ps
, bs(1) : creation operator

Ps(IP) , Rs(p : annihilation operator

The State 10) anihilated by bis(1) and bs(IP)
+ Es

.
FI

is the unique ground state , with energy

=(i) Wp 81)
.









Ghost system











The gauge fixed Maxwell theory (full)












