
 
 
 
 

















































































Twobeautifulresultsof QED can be revealed by considering e et loops

These loops contain divergencesthat can betamed usingRN
Result 1 Electronic charge is not constant
Result 2 g factor of electron is not quite 9 2

Three Greens required toRN QED
i Electron IPI self energy in IE P
Ii Photon IPI self energy minimum i q
iii Interactionvertexfunction

Imaggy
Siga

Feynman

Countertens

While computing each of these diagrams we will have divergences

Byadding Cts C Shift from bareto phys parameters
ii Remove divergences

QED is RNable we need three CT's one corresponding to eachabove

Gi Electron self energy s X s i PB A
Ciii Photon self energy Nixon ilgwqqo.gl c
Ciii Interaction vertex

on iQlelrD

ImposeRNconditions

In theprev tutorial wetalked about two waysto RN a theory

Wechoose to use RN conditions i É p m 0 Fixelecmasstom
i MV 9 0 0 Fixphotonmassto

iQleTmpP O iQ elm FixchargetoQ1




























































































Step 1 Examine 71 its effect on the dielectricvacuum
Recall Dielectric

Dielectric is an insulator that maybe polarized with É applied
Encoded in whichtells us howmuchdoes it alterthe electrostaticpotentia

of thecharge VG I

why are wetalking about dielectric

RNᵈQEDpredicts that the interacting vacuum is a dielectric

Huh

This dielectric nature arises because Turning on interactions in our
theory dressesthebarephoton
in a cloud of Eet pairs

whydo I say Turning on interactions in ourtheory Because experimentally if
ourtheory is correct we cannot really turnoffthese interactionsThis isthe
whole reason why we RN in thefirstplace

Lets seehow this works

i q Σ All 772diagrams inserted
betweenthephotonlines

itino John

Variouswaysofthephotonremoving eet pairsfromvacuum
returningthem







































































	 An excerpt from Peskin 7.5, “The only tensors that can appear in 		            are  
	 The Ward identity tells us  
	 Implying 


















Usingthe def of it thefreepropagator Tomo
we can computethefull interacting propagator Dmv

Dysonseries MEN Efmm n

puttmulp o
TMP g pmp

TMP 19 PTI
Only vector on whichthe problem depends ph 9 isthe invarianttensor

Tmp Agni BpupuTCP Putin palagmutBpp F p O
Proctor 4pm far take p

A 1 B




























































































Resulting ÉÉÉh p.fiEEEisjiiijh a.tffku
ten

Imola isms
9 1 TT 9

Pretty neat all corrections fromloopsabsorbedi.noAs it contains loops it will divergeunless weput in CTs
Example At firstorder correction wejust haveto worry aboutone

diagram

mom MEN mom
Notation T IT g i gaugeququ g

To ensure that the loop inside I g doesn't causeanytrouble
include the counterterm

i gauge ququ 4 Inear91.8
above

Summing the insertion to all orders we willget
Furlas

a FEastcan
ImposeRNcondition 71 9 vanishes at 9 0

which implies

x ̅ 9 0 C

Tara
a Eia Ico

This is good enough to remove divergences fromDarla upto
second order




























































































So whats the story here
Bare photon tearing Eet pairs from vacuum

Whatdoesthis do

Modifies the photon's amplitude for propagatingbetweentwopoints

Look at the diagram These i
hton

all photons arevirtual tosome
extent

11 I mean is theycoupleto
fermion linesonthe ends

In iQ1ed8

Suppose I bundleuptheiQled part w the photonpropagator
TakingQ 7 we have

DIG ie gun
ag Iia 5101 ffE.fi

mentumdependent
electriccharge

The real life electric charge renormalized by interactions w vacuum is
givenby

let led
1 a 710

This istelling usthat e actually depends on the
momentumtransferredbythevirtual photon

themediatorof EMforce

SCREENING An explanation forthisfeature of thedielectricvacuum
canbeprovided by conceptof screening







































# Now let us tie everything to see this “Screening” 
 

To the second order, the renormalized propagator is given by  ◦













To see the consequence of this on electrostatics, then we need static version of the propagation, ◦
obtained by 	 











Expanding this in the limit 
◦




	 A very important interpretation to remember : is the Born approximation interpretation of the 		 
	 momentum space propagator as proportional to a matrix element of the potential 










First term is Coulomb’s potential for a point charge ◦
Second term is the correction due to the screening of the electron charge 
◦

9 ptg q

p

q 82

qam

Vfr via

Doo E α fd eiÉ E
InverseFourier

transformof
DoolE





This screening effect can be visualized by the following diagram, where the pairs represent ◦
effective dipoles. 

 
This screening is known as vacuum polarization ◦

 

 

The most important thing is that this can be measured! •

Lamb shift ◦
Shift in the Hydrogen energy levels in the 2S(1/2) to 2P(1/2) of -27 MHz ‣
This is only a small part of the Lamb shift (+1057 MHz) ‣

The main part of the Lamb shift can be seen from the corrections to the electron •
propagator 

 
 
# Renormalization group and electric charge 

 

We want to see how the •
electric charge changes 
depending on the size of the 
momentum that the photon 
is carrying! 
We will use the beta-•
function here given by 


 
















The positive sign is the most important part! •
This means that the electromagnetic coupling is increasing with increasing energy scale •

 
This also means, the coupling is increasing with decreasing length scale •
This means, as you go closer to the electron, the it seems to be more charged!  •

Makes sense with the screening interpretation : Getting closer to the electron you penetrate the ◦

B M

B day 12



cloud of screening and the charge seems to increase!






































































































