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Quadratic terms :
interaction tens:

free equations of motion
vertices

(Dirac + Maxwell

Recipe for constructing amplitudes in QFT using a perturbative
expansion in e (full justification for this in QFT class)

Vertex
:

i x coefficient = - ieU C
Isame factor for all

fermions /charge -1)
External vectors Em(p) for ingoing
- ne

EY(p) for outgoing

-External fermions' U"(p) for incoming e I

-

ip) for outgoing e
-

·

~Ypl for incoming et ->⑧ note reversal

vp) for outgoing e
I
·

of arrows !-

Internal lines : "reciprocal of quadratic tern" plus sore factors of i
-

For fermions
,

Dirac equation is (p-n)4 = 0
,
so fermion Pagator

-

12

i
is -"This (strictly speaking) doesn't make sense because we are

P - n

dividing by a matrix, but
we can manipulate it a bit using te

defining relationship of Ge U matrices
,
SV, UY= WV+WV= 24

ev

Not (p+u)(p-n)
= PP -m

= /PePrUrY-PrPuVV) -m = p"-n
i

> Fr
: " 1 *** matrix in spinor space)

-

Similarly for rectors , DAn=O it propagator is "E
=

- ima
2

P



2L
Let's construct the Feyuman diagram for te lowest-order

contribution to etc
-

Min

e
-

(p , ) Terminology :

I (time-->) external states are "on-shell"
-

internal lines are-EA ↳ "virtual particles"
I

(P1)
2 "(Pr)

-

(i) fieVu,p)))) (scis)(-ieVY v,ra]
several things to note !

· terms in brackets are Lorentz ↑-vectors
,
but all spinor indices have been

contracted
.
Memoria : work backwards along fermion arrows

.

· Momentun conservation enforced at each retex
: P, Pr flows

into photon propagator, and his is equal to Pet Po
· The final answer is a number

,
which we call iM (i is conventionall

.-

Recipe for computing cross sections ?

· Write down all Feyuman diagrams at a given order in coupling 2

· Choose Spins for external states
,
evaluate M12

Integrate over Phase space to get o, or integrate over

pat of phase space to get a differential cross section A
which gives a distribution in the variables) x

.

docts-utn-
In particular, we want to understand
-,

where
un

dOcm
is the angle between the outgoing i and the incoming in the

center of momentur frame where ,
=

O
.
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Emthe matrix element L

im = ( fieVu,p))))( , (is)(-ieV v,cral]
First, need to specify spins. We will assure the initial and et

beams are impolarized, so we will awease over initial spins.
- --

Also assume detectors are blind to particle spins, so sun over
Fial

-

spina Later we
will see what happes with polarized cross sections-

Summing over spins actually simplifies the computation . Square first !

IM = [sin)Vu
,
p, )] (scraVu ,

silyar ear
(s
,
(g) vvrpall(s, Vorpal)I

(P , +Pc)-

Focus on this term first

(IVnTt= uYYv .

Recall vo= (1 ) , so vo=(ro) ·

So for = 0,

SIVOnTt= nrOVv=nUv .

For = 143
, (UPt=-VP , and

- VPV = +VOVP +2y = + VU
,
so

SIVnT= ut 1-reVor = utrover= nVer

=C Conjugating just Flips tre "bar" (hence the notatio : [FUuJt= Ver
.

So the first two terms in Grackets are /restoring spiror indices) ?

FialpalaVas ,
l s (Pilr Vir Vorlpole

Now average overs
,

and S2 . Once we write the indices explicitly
,
we can rearrange

terms at will !

Us , p spir= (P, + melpu

E
remember

, p ,
and ps refer to

↳Valicle Vinta (Pa-melda
electron/position Momenta

,
so

Mass is me

> ↳ FirlpaVs, ils (PilrVir Volle = I releaser Vs
m5

,42
--

= Tr((y - re)V-(4, + )V]



↑This might not look like much of an improvement, but there are L
a number of very useful

identities involving traces of V matrices .

Tr (odd * of Vs)
= O

Tr (V-v) = ↑ye

T- (VVVV = & (yyer- yeyra +groy)

Using the first identify
, only two tens survive :

Tr( -mWeV)=- Tren

Tr(XV-4, V) = ↑(P2p, - (p,r)y- + Pep,)

Notice Rat all Me Umatrices have disappeared !

We now have a pure Lorentz

tensor. Analogous manipulation on the muon terms with sand Pagire.

11 = /+ -

port e) (PrPostPrivate )<112 = I ,NA
< .. > means Lea

↑
Spin-averaged

I

(p,+P) (182 (pipa) + (PriPa)(i) - (D.CP, atmat
+ (P2Pa)(P,Pj) + (P2-is)(PiPf) - (P,P)(rs-patmnt
- 2/Ps-Pa)(printm + &(prtmet (Pote))

Let's imagine a collide like LEP at CERN where EF 1006ev me
, Mr.

All the dot products ae OCEY , so we can drop the mass terms for simplicity:

SSIM = Le (P2P) (piPol + (PrPa)(PiPal)↑ I3(P, tPr

This is a Lorentz-invariant number. Now
, specify a reference Frame.

-

-
p ,
= E(1, 0, 0, 1) 3 PrP2) = E

I E Pr = E(1, 0, 0, - 1)I->
2
-

E/2 F/z
et

Ps = E) 1, Sint, 0, coS6)
-
I Pr

= E)I, -sinE, G, Cos El
M

So Pi = E (1-cOSE)
,
PiPa = (Itcost)

,
Pr = E((rcoSE)

,
PrPr= E(1-cost)

(11) = ) (1+cosa)+(1-cost = PERosE) Whe so simple after all Ghat work?
angular momentum conservation
next lecture)



Final Step : integrate over phase space to obtain dy r

↳
dcost

Last week we saw that 2-body phase space tool a
particularly simple form :

↓always unity since we took Ex>Mm .

di = de F(E -e
,
- -)

Eum um

do = ↓- <M13dI2
(2E

, ) (2E2) Inval

- e

=2 for
F
, =E,

= E/2
relativistic becaus

de = dydcost, o dependence
is trivial so integrating gives 2i

I

F

resoodosa(Incost) whe-ego et T

32TE2 Er

Two sharp predictions
:

cross section depends on CM energy as Eas
and angula distribution of muons is ICOSE

. Bok borne out by experiment!

can also integrate over t to get total cross section !

o = (
*

dosk= I Citx4dx=3 Em
For know-E

,
can use this to measure 2

.


