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1.1 An electron beam with energy Ee = 50 GeV, collides head-on with a laser beam with
energy Eγ = 2 eV. What is the energy of the photons that are scattered backwards, that
is, in the direction of the electron beam? In these conditions what is the energy of the
scattered electrons.

1.2 For a collision 1 + 2 → 3 + 4 we define, in the center of mass frame (CM),
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where
λ(x, y, z) =

√

(x2 − y2 − z2)2 − 4y2z2

Note: We are going to use these results quite often.

1.3 Consider an electron that obeys the free Dirac equation. Show that in this case we
have

d(~Σ · ~p)
dt

= 0

where

~Σ =

(

~σ 0
0 ~σ

)

What is the meaning of this conservation law?

Note: For an operator O that does not depend on time we have

dO
dt

= i
[

H,O
]

where H is the Hamiltonian of the system.

1.4 Fill in the entries of the multiplication table for the γ matrices as shown in Table 1.
This table is very useful in actual calculations. To do this, note that any product can be
expanded as a linear combination of the 16 matrices in the basis. Also use the fact that
the Lorentz structure has to maintained. Useful relations are,
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ε0123 = +1 , εαβ1γ1δ1ε
αβ2γ2δ2 = −

∑

P

(−1)P g
P [β2

β1
gγ2γ1g

δ2]
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γ5 = iγ0γ1γ2γ3 = −iγ0γ1γ2γ3 , εαβγ1δ1ε
αβγ2δ2 = −2

(

gγ2γ1g
δ2
δ1
− gδ2γ1g

γ2
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)

εαβγδ1ε
αβγδ2 = −6gδ2δ1 .

1 γ5 γµ γ5γ
µ σµν

1 1

γ5

γα

γ5γ
α

σαβ

Table 1: Multiplication table for γ matrices.

1.5 Choose to demonstrate two of the following relations at your choice.

u(p, s)u(p, s′) = 2m δss′ v(p, s)v(p, s′) = −2m δss′

u†(p, s)u(p, s′) = 2Ep δss′ v†(p, s)v(p, s′) = 2Ep δss′

v(p, s)u(p, s′) = 0 v†(p, s)u(−p, s′) = 0
∑

s

[uα(p, s)uβ(p, s)] = (p/+m)αβ
∑

s

[vα(p, s)vβ(p, s)] = −(−p/ +m)αβ

∑

s

[uα(p, s)uβ(p, s)− vα(p, s)vβ(p, s)] = 2m δαβ
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