
- Importantly ↳ INC . . .
. ) 10> = 0

↳ arbitrary strings of field operator !

Iii ) Def . Contraction : Alt ) Blt 's = T ( Alt) Blt
't ) -N/Alt) Blt 't) .

w

→ Contractions of only 8 's or only Jt 's give
0
.

- Remaining
nontrivial cases :

8£44 8kt (t ) = {
8kltlrkia-Y-rkt.lt/8kltl for t>t

'

0 for tct
'

VK.tw Kelly = {
-8kWKitt 's -8%1-48×14 for t > t

'= for 1-at
'

0



- Assuming free time - evolution 8×11-1 = E- iecetyk ,
all

contractions are 0 unless k=k !

- Express explicitly in
terms of physical d's instead of 8's

ca - g)

akltldkict ' / = fkµ, {
e-
"E" -41+-1-4 + > µ

↳ 1kt > ke :
o too

W

(outside Fermi - sphere) die , a-yay 14 = guy , [
e-
it" -Mlt - t ) t >t '

0 1- <t
'

w

0 t >t
'

↳ IKKKE daltlaii.lt
'/ = Say { - e-ikr. -411--4+4 ,

ca -- rt) ✓

(inside Forni - sphere) dÉ ' H' 1%14 = Saw {
0 t >t '

e-
illa -411--1-9 1-4-1

w



- Compare
to

i Gilkit -t
') = (0-11--1-1) In - cures.) - 01+1-+14%1

e-
it"" ""

II.a-i-z-I-ai-I.si ?
L - - - Is

aklt) diet Lt
') = i Gick ,

t - t
'

)

w

w

=
- i Gi (Kittyatklt " ) dual

- Subtle point for t
- t

'

,
where Gi is not well defined .

This is important for contractions within
one physical operator

(e. g.
interaction V1 .

→ Convention : Since TC .
- - ) learn such operators

in their natural

order (i. e. creation operators to the left ,
we define the

"

hairsplitting
"

of time : tf - +
creation

= 0
-

.anihilation



→ an ltldktlt ) = i G :( k , OT
, aEiH =

- iGi( kit)
w

with IG ? ( Keo
- I ⇐ - Luk>• .

Ciii ) statement of Wick's
theorem as an operator identity

1- ( ABCD ) = NCABCD ) -1 NIAUBC D) + NIAID ) -1

in g.
Eval arbitrary NIAID ) + N(ABI D) + MA ) -1

# of operation

NCABitNCAI.CI/+N(AbcI)tNlABcTHwu=-
total pairing

( Couliratorial statement , proof by induction in # of operators



- For our purposes : (ofT(ABED . . .
. ) to> = total pairing

f-
-

- f-- _ ↳ products
of free

1<01 Nl . . - l lo> = o

p

"

t causal Green 's

something non-contracted) functions !L
-
-
-

-
=

• Goal of diagrammatic perturbation theory
: Bring order

into the faotorially big number of total pairing terms .



A. 1. b : Feynman Diagrams

• Goal : Devise a systematic graphical representation of
terms in the perhvbat.ve expansion of Gc .

↳ Details of resulting
"

Feynman rules
" will depend

on chosen na odd system ,
but the construction

principles are generic .

• Paradigmatic example : spin - independent electron
- electron

interactions such as screened Coulomb

inte reaction ( spin neglected) .

Ñct ) = Isd }, d
>

×
,
44×1,1-144×2 it ) Ukr-✗a) 14×2,1-141×1,4 .

- Shorthand notation UG -2) = Ulan
-E) Sltrtz)

,
to

Yr = 41×14
- ;-) , Sda Sdt, dk, . .

. . ;
→

spin etc .
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external variables idÉTÉ>
of GF


