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SECTION 7.3.
FEYNMAN RULES FOR QED

The Feynman rules for QED are
summarized in Appendix B.

(1) Draw all topologically distinct diagrams
with the specified initial and final particles;
(2 ) 4-momentum is conserved at every
vertex;

(3 ) a factor 7 e y* at every vertex;

(4 ) spinor factors for incoming and
outgoing electrons and positrons;

(5) polarization factors for incoming and
outgoing photons;

(6) propagators for internal lines;

(7) sign change for fermion exchanges.

The result is the matrix element /l/lﬁ, )
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To understand ...
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This defines

This is the formula for

the cross section Q ) (3-,3)
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SECTION 8.1. THE CROSS SECTION

The transition probability is the square of the S-
matrix element,
P=|S|.
The transition rate is the probability per unit
time,
w=P/(27).
(time evolution from —T to T)
The cross section is the rate divided by the
incident flux; and the incident flux is
O = density x velocity =v_, / Q;
(1 incident particle in the volume Q)

IsI ©

Thus do=w /0 =
2Tv

Now, the S-matrix (for finite volume Q, and
time evolution fromt=-Tto + T) is

Sfl _ o« (27[)4 64( Pf _ Pl) (H N) /l/,ﬁ. »
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|Sfi |2 = Q* SK( Pf? Pi) (H NQ) |/l/lﬁ,|2
{2 sin(TA)/A}?
where A=E.-E..

So do = Q3 SK( Pfa Pi ) (H NQ) |/l/lf,|2 /Vrel
{2 sin(TA)/A} /(27)




So, do = Q*5, (P, P,) ((IN?) |M,|* /v,

{2 sin(TA)/AJ2 /(2T)

Recall N =V (1 /(2EQ) ) for photons;
and N =V (2m /(2EQ) ) for electrons.

Also {2 sin(TA)/A}? /(27T)
— 2n)8(A) as T — .

Thus

do = Q3¢ SK( Pf ) Pi ) (27) 3(A) |/'/'f,'|2 /Vrel
[1.(1/2E) [1(2m,)
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The total cross section:

sum over final states
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The center of mass cross section § Use the 3-momentum delta function,

3 _
for the process p, + p, — pP;+ P, - 0 (p3+.p4 PPy
o to do the integral over p, .
The total cross section is

§ d°p,=p,*dp,dQ,

o = @) §%EB-p) (Y55 vyy)” .
¥) 7 -R) (4565 aet) § Use the energy delta function,

Tien) Tf 2. W[ 3(E,+E,~E -E,)

i to do the integral over p, .
We have some integrals to do, § Divide by dQ, to get the
..d%p, and d°p, differential cross section.
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Example

The Mgller cross section
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The homework problem is to plot
graphs of (do/dQ,). ,, versus 6, , for

V(s) =38.16, 10 and 31.6 MeV.

Plot the cross sections in millibarns.




Another example

Deep inelastic electron scattering

These experiments started ~1970 at
SLAC. The processise + P — e + X,
where P is a proton and X is any set of
particles.

The experiment observes the final
electron, and measures the 3-
momentum, p, .

This experiment showed that the
proton consists of “partons”.

Later experiments on the same process
showed that partons are “quarks” and
“gluons”.

The homework problem is to calculate
the differential cross section do/dt for
electron-quark scattering; i.e., for the
process e + u-quark — e + u-quark.
(similar but simpler than ee scattering)
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