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6. 4.1. Structure of Two- Point Coooelators in Interacting Theories
#

Here : X 04. theory ( later : QED)

I.Go study structure of ← IT0*10/6119 ) in an interacting theory

2.luterpretatiouforfreetleeooyi.co/TdLxl4Xl0
) = Amplitude of particle to propagate from y to x (for Xo > yo)

→ Effects of interactions ?

3.Mathematicalprelimiuan.es#

a) 4 Hilbert space at interacting theory Hint

b) Basis of Hint :

[It , 3=0 → lips ) eigenstates notte Ep (d) and momentum p→

Include multi -particle States with total momentum



c) 4 Boost Ip, E 504ns) such that

he ' = ( FI't") wine Ep = VERtm.it

→ flips > Zip, I Ho ) : Idf ) = UHF ) Ido ) with

Aldo ) = Ma Ho ) and (do > - O

H HE' ) - EE' HE > and Flip . ) = Flip' >



d) Typical spectrum of PM = ( H, F ) of an interacting theory with a crease gap :

# n H multiparticle continuous

•i¥: "

one particlee at rest

man ...q.←←
\

I
→

P



e) Identity on Hint : Teall : A- tap.. we = f ftp.IFX E' la
→ a -

- lrxrl t I z¥ HEX del

doop
4

. Insert identity → (xo > yo ,

← lol d Ir) = I:/ fEe.eT@ldxUkF3CdpYdCxllr3tcouYr.o
P-sp , Po = Ep, (d)

← "
→

5
.

With @ lol Idps) = @ I eiP×¢ e

- iP×
Idp )

= @10161 Idf ? e-
"" Ipo . Epa,

I-
- -

= @rlUXp1Utfip14Co1UXEYldo7e-iMlpo-Ep.y.v-
Ochi - o ) = 0/61

= @r1loouldoSe_iMlpo.E.s.ca ,



6
. . . . .

we find

sort okay Ir> = I.
'Kriol Id

.> 1214¥ ftp.T e-
"""" I

pose,⇒⇐,

Introduce To- integration ( Eg. (2.5) ff)
Xo >yo

= T.gl/G14GlldoS#IIjpm-+eiPx-D
=-D
#
( x -Y ; ma )

×!"← lol local

7,
→ K -

a- Item - Lehmann spectral representation of flee two -point correlation :

rltocxiolxlr7-fo%7e.IS/M4Dplx-x.#
with spectral density

SMD-zit-ZJIMZ-m.ly/CrldColld



8. Typically :

^
SHY

→ 5442 ) = 2x J 2
- m2) . Z t { multi- particle state, for U2 3 Gus ) 2 }

(6.23)
with Field - strength renormalization -2=1610/0) I do -_ to>T

Physical mass m = Me....÷÷÷::÷÷::



• Tree theory : Z - I @ lol IF-07012=1 and we = mo

• Interacting theory : Z F t and ur t ma

• Only we is osseoveasle

• Field- strength renormalization = Prolactin # lol @3110312 that ¢@) creates
the interacting single particle state Xo ) from the interacting vacuum Ir )

.

G
.

Fourier transform the two -point CorreCalor :

D

(6.23) i . Z is@y
fd4xei"#to ¢ Ir> = fo%M÷i - t 1dm#

P2-U2 tie
=

p2- m2 + is PZ-MZ-ie
~(2mj2

^lmp2
for free theory i. A

=
-

get
'

"" "" t "

isolated pole Gm J2



6. 4.2 . Application to QED : The Electron Self- Energy
#

⑦ p- Set M for details

i Za # tm )
1 . 44- theory a QED : fd4xeiP× CRIT Xcx , Tco ) Ir> E- t

. . . .

P2- m2 tie

2
.

On the other side

fd4×eiP× IT 4614611

Feynman rule for correlation function, y

← P- K

= get ;¥s, t +
. . . .

Ca ) (s )

3
.

do- order : i # two )
(a) =-P2- mo' tie



4
.

I- order :

← P- K

*¥=i¥::field:*.mu#tIruEie3ii9::IT-----iEk(p
)

(6.243

→ IR - and UV- divergence

( ⑤ P-Set : photon muscle, Pauli- Villars regularization 1 )

x12→

I;z⇐,
"

2¥ fdx Kuro - xx) log [#o2t×y×ap ] (6-25)

A
branch cut emanating p2= (motu)

2



T.su#ioutoaLordeiux: ( needed to recover isolated pole at p
'
-

- m2)

u)Defiuitio

Oue-particleirreducibkCrPI)diagraw=Bn-dgelessaue-parhuediago
Examples : ✓ ✓ X

e. ¥ ¥7.
bridge !

Let furthermore

- i -2:c) { Sum of all RTI diagrams } =It
= - i Iz CP) t 0421



b) Then

fd4×eiP× (rt to ⇐ lol In>
= {Sum of all one -particle diagrams }

= c- t c- t t -cxx t . . . .
.

itu
+ icxtwolfizxifipft.tw?- t . . .

.

=

p2- by 2 P2- Mo?

¥- mo ) o) and p2=p/2 and I:@ I = I ) and ⇐Cp) , Tx ] = O

=* ¥:(¥*÷ ,
"

Geometric series

i
= pig - 17-2*7 =-

FI Pl - Mo - Ifp )



6 .
Laurent series :

i ! i Zz
- =
- t

. . . . .

X- mo - I ) pl - m

→ Expect simple pole for D= in .# = us

m-mo.si#TyE:::::::::.::a.

→ Expand denominator around this root :

Tf- mo - I I = (pl- m ) . (r- ddfjlp.us ) t O ( CR- up )

→ zz=(tdd¥l*=u



7.ResuHsiukadiugorder(

a) Physical mass :

Jm = M - mo = 2T (D - m)

= 2724 -- un ) t O @2)÷÷÷÷÷÷÷÷÷÷÷
→ Mass shift is UV- divergent !



b) Field strength renormalization :

d -212
82-2=-22 - I = daff l ⇒ + 044 = dptlp.int 044A

# = rtxt 0€)
r-soo

→

e- ¥1:" ask.in#tze-xciIiiiiiia }
→ Field- strength renormalization is also UV- divergent !

Note
• m -soo expected classically since energy of electrostatic field of sphere with
radius Te diverges as Ipe ~ A → a

• Conceptually , m-soo is still a problem because we need to replace Me by by

in QED predictions and The =D ! (⑤ reuoruualixed perturbation theory)

• Is SZ
,
= - Fico )

where Filo ) is the term we subtracted from the foam factor at the vertex correction
.



( to eucuve Info) - 1 ,
recall (6.no) )

.

An application of the LSZ reduction formula yields a correction to the form factor ,

F. (q2) = rt FF
'
@2) t 872 = it Fil '# 2) - Fico )
-

- Fico)

( this justifies our ad-hoc subtraction of Fico ) )


