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Scattering A+ B— Cy+ -+ C,,,n > 2. Transition amplitude.
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The physics resides in M, which can be turned into a cross section. There is one general for-
mula.
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Lorentz invariant, though it does not look like it at first sight:
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From now on p solves this thing:
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The first step, £L— M is given by Feynman diagrams.



Figure 1.

External legs. The simplest possible case is a spin zero particle. Klein—Gordon:
(O%+m?)¢(x) =0, where[1?>=0, 0"=09; — V>
P(z) =1 eF1ko = |2 = 2
Spin % The Dirac equation:
(id—m)Y(z)=0, wherep=~"0,, {y", Y}=2n"
Y(x)=u(p)e”P* ori(z)=v(p)etr

(}d—m)uzO

4 x4 matrix
(44 m) (= m) =57~ m* =0
Spin 1. Maxwell 0,F*" =0, where F,, =0,4, —0,A,

DA, — 8,0, AP =0

Plane wave ansatz:



Trivial solution: €,||ky, €, = Ak,. Gauge equivalent.

Nontrivial solutions require k% = 0 (the photon is massless) and k - ¢ = 0 (the photon is trans-
verse). k= (k° k)= (k,k2). Choose a gauge g=0. e-k=0=>¢e-k=0=¢e-2=0. g¢1), £(2).

External legs go into the process and out of the process:

In Out
spin 0 1 1
fermions u® ws
antifermions o v®
spin 1 gr=b2 grx
a=ul 70

The 7° is needed in the Dirac conjugate to make a Lorentz invariant (wu is invariant, ufu is
not).

Klein Gordon
(O+4m?)¢(x) = J(x) < external source

Green function:

(e +m?) Gz, y) = —16W(x —y)
o(z) =i / diy Gz, y) I(y)

(Oa+m)ola) = (Oo+m?)i [ dyGla, ) J(5) =

=i [ @y (O m?) Gl T =i [ ] <160 )] 1) = I (@)
Gz, y) =Gz —y)
(O+m?) G(z)=—i6"(x)
/ dizelt s (O+m?)G(z) = ( —k*+m?)G (k)

/ dizetihe(—i)sW(z) =i

~ —1 i
G(k>:fk2+m2:k27m2+i€

The +ie is a prescription to move a pole.



Figure 2. Propagators
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For the photon propagator, take m=0,£=1:
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The model dependent physics is in the vertices.

Example: Single scalar:
c:%a,@aw—m; 62— A o'(2)
Sl = [ aie £((2). 0,0(2)

05 = 0= Klein—Gordon equation.
d(x) — d(x) +0¢(), d¢p(x) — 0 and 9,00 — 0 as t, x — oco.
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This is a constant amplitude (dimensionless).
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This term tells us how the electrons interact with the photons.

Figure 3.



