
A summary of Feynman rules
& GAUGE BOSONSfor NORS-



For the post few weeks
,
we have been mainly

concerned with the QUANTUM FELD THEORY of
-

SCALAR theories
.

We know
,

nevertheless
,
that

realistic theories (like electrodynamics) involve

Spina Spin I fields. From now on
,
we

will focus on how the results obtained for the

Scalar field genroute for Spin & & 1.

We start with an OPERATIONAL SUMMARY :in fact
-

results can be "guessed" [mostly ↓]

After , we will spend some time to DEMONSTRATE

these formulas and use them to do some

importantCalculations In QUANTUM ELECTRODYNAMICS

We need :

D Feynman Rules (in momentum space (

& LSZ => to go from Green Ect -> Amplitudes
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PROPAGATORS Of FELIONS & GAUGE BOSONS

From Lecture 10
,
we know that in order to

properly quantize Fue Spin I Fields we

need to impose ANTICOMMUTATION Relations

2x = j(id -m)4 # = An UM
T

Free Dirac L
DIRAC MATRICES
-

From La we can derive Ferien PROPAGATOR

St(X-y) = <rlT(4(x)T(y)312] 4x4
MATRIX In

SPINORSPACE

Farrier Transform (4 = SetPusp) asplet=]

=>(if -m) = p-m !
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then inverse of <X-m) gives the propagator
&

S(-y) =Spe - ip(xy

1

5):=
"

Oriented
line !

( -m)=m
using ** = prpVau = prp" ESUM ,

Urb = P2 !

- (if-m)SF(x-y) = ig)(x-y)

so we can do wate Jelph is
↳ We mean Inverse Operator I SNa

Goer function with Feynman prescription 3



What about a spir I ?

2 = -FMVFr how do I extract

propagator for here ?

=> Gauge inveience makes the inverse

Ill defined

-FMFur-ArFNVArt
outisymm

= Av Im (GTAV- GAM] = -Ar CigMYOOV]Am

propagator => Invese of MMV = DgM -Ong

In Farrier space [-pagur + pmpv] =Mar
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but now you see that this operator is not

Investible
,

it has a zero eigenvalue

(-p-gnr + pupv)(P, Pr) = 0 !

What does this mean fr the Action ?

S [A] = E Sax Ap (isgar_ GMov] Ans

= Eup)(-p-gm+prpV]v(p)

An(x) = Sep
= F A(p) ~ Pr (CONGITUDINAL)

SCWA] eiSlA] -- fIOA) . 1 = x

Ama Pr 5



the action das not provide any damping effect !

The problem can be solved through FADEEV

POPOV METHODbyInG Gauge
= removing gorge redundancy

To make a long story that (more
later or ]

In AQFT

this procedure consists inadding a piece to

2 = - FrVerr-Ar
↑

not unique piece that we

car odd => remet is that

we get a FAMILY of PROPAGATORS

Tr(p)=- (gav -( -3) &
I ~ wiggly line= PHOTON
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3 parameter can be feet to any value
,
its

a remnant of Gorge Invrience => fina results

for physical observables CANNOT depend on 3

· 3 = 0 Landau Gauge

T : -(gr-

· 3 = 1 FEYNMAN SAUME

TMV= -gr Cray compota

S

what about interactions ?

DED 2 : ↑ (iD -m)+ - I FUVEMr

Dat = (Ortig interaction ventex
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2-gAEUNe (no "i" in&

=> fam here RED Ventex (Forrieoutins)
4 bings inunt -iton "it↑u7
-

↑
=-iejr if q = - e

-> fr Electron !
-

What else changes w
. r. t Scalar Feynman res?

·
since +t, one outicommuting , we will

dow that Y Ferrion Loop we need on

additional (1) and a TRACE
-

·
EXTR FACTORS when we Amputate

external legs in LS2 famula
g



In fact
,
for scalar fieldb when acting

on vocum we only genedle etipx

=> + creation operator
- annihilation operator

With spir -O , we
have also POLARIZATION

Vectors ! then one can prove
that

Amputation generates

· E
F
CK) F final-state photon of momter
r

· En(k) -
initialistate photon of mom .

th

· Us(p)
↓Initial-state fermion (P,S)

· is(p) - fud-state fermion (p,s)

· J(p) V Anol-state antifermion (p,s)

· Es(p) - Initial-state antifumion (p,S)
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=> EACH EXTERNAL PARTICLE must be anociated

to its WaveFunction !

the wove function of scolor 1 . 2
FiP . X !

↑no factor !

EXAMPLE 1. Scalthing Amplitude for
-

e(p) + etcpe) -> e(ps) + e
+(a)

et Pa et pa

mutir
9 = p,+P2 Follow INVERSE

~I ↓ direction on fermion
e Pe e- ps line :

->

S-channel [there Is Another DIAGRAM ! ]

!
iM=) (tieur) Up [tie (grv-1)
x (ps) [+iegr] Us(Pu) 10



ill=
-ie
(a) jeu(pe) (9mr-h-3))-

92
s" <pss JVvcpa)

note qu = Pet Pr

Cp) jut(p) . qu=(pe)(f +/2]u(p1)

! Pucpe)
= much)

and take + (
ECpe)$2 = -micp2) (from pus(p) = -mesip)

= (p) [m- mJu(p1) = 0 !

G-5) tem disappears ! GAUGE INVAIAnce

iMs = -umzpe)ps) Um WCpa)
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other diagram would be t-charme

ei e- pa
~

&4 + =2 -p3)2
M

X
E=---- Feynman Gaugeinae

, pr e, Ps ↓ must couc
here!

iMt = u(p3)(+ie(n)u(p)(=]
(pe) (riegv) espal

=-p OuUp )yMepa)

· How do we Square DIAGRAMs ?

of[i (Ms +Mt) /2 = take care interferences !
-

spims 12



IMK= MJMs + MEMz + zRe(MstMe)
-

~ Mst
-

MsMs =Eps Uvipa EpaUrx(p)

-Urucpe) <pa yu (pu)
~ Ms

using [p2 ymx(p)]t = utipe) (8m)+ 00v(42)

= up) to umj0(p2) = (p) Um(pe)
-

1 -

u(pt)

Adjoint reverses order and swaps bor-nobar !

some for other terms...

What when we sum over spins ?

13



2 MJMs=(2) PU
spirs

Epe UnUp)p JM Ep

2 Es,pr]Otp]Um)[usepul= component s
S1 , S2

= & Ms. (PrBs(p)] (UVS [S2] (Nea
Spins da- =>

-
Some index => TRACE Un SPINOR

SPACE

= (x1 -m(da (8Yab(P2 +m)xc(Xm) cd

= Tr[(-m)0V(2 +m)0r] ! etc

we will do some of these calculations explicitly

In exercises and lates in there lectures
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now consider loop corrections
, for example

R 1-loop correction to

= photon propagator !
↑ h+P

Amputated as fo Self Energy
, lots-matax !

= TM(p) = (1) ( Tr((emli
Fermion-·

the Trace comes in naturally by combining
spiron indices or before with 1M12 !

notice tr & (-1) require a Ful Fermion loop

# =
no tr and no 1-1) !

[we will compute this later! 15



what about a different theory , where scoos

interest with famions ? EXAMPE :

2 = plid-m(p + EOPO - 1p2

- -g

this theory has 2 felds and 2 vertices

->=----

= -
it
j -- =-ig

external spirous ,as before u
,
t
,
0,

external scolors give just 1 16


