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1. Calculate (to lowest order, one tree diagram) the differential QED cross section

do |M|?

dt ~ 16ms2

(1)

for e~ — e~ pu~ scattering neglecting all the masses. Express the result in terms of
the Mandelstam invariants s, ¢t and u. What is the high energy limit of the cross section,
i.e. the limit ¢ fixed, s ~ —u — o7

2. In the previous problem, what happens if you replace the photon by a massless scalar
particle? Le. replace g,,, — 1 in the photon propagator and v* — 1 in the vertex. What
is the high energy limit now? (This calculation is shorter than the previous one).

3. (a) Show (this is easy) that if
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Ool = /deT|F(bT)\2

(b) The total cross section is
7x =2 [ dbrRefl (b)),

and the partial wave unitarity bound is |T'(br)|? < 2Re[['(br)], which leads to
0al < Otot (a pretty natural requirement). Where in the complex plane can I'(br)
be to satisfy this?

(c) Show that for the eikonal interaction in the Abelian theory, where we obtained
L(by) =1 —eX®r), (2)
with a real x, the cross section is purely elastic.

In the CGC, we have in stead
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Lij(br) = 055 — Vji(br), (3)
with a Wilson line Vj;(by) and color indices ¢,j € 1,..., N, and the cross sections

need to be averaged (()) over color configurations of the target, i.e. different Vj;(br).



4. (Kovchegov & Levin, exercise 5.1 a,b) The gluon field radiated from a fast-moving
quark can be written using usual covariant theory Feynman rules as

AL(R) = —igt® S (p — K)o () (27)3((p — 1)) (4)

The incoming quark is on shell, with p# = (p™,0,07).
(a) Simplify the Dirac structure using the eikonal kinematics p* &~ (p — k)™ > k™

(b) Then Fourier-transform

Ayt = [ (SW§4e_ik'zAZ(k) (5)

to get the field in coordinate space

AR = —Z4e5(2) In [xp|A (6)
T

5. Consider two (independent of each other) transverse (i, 7 € {1,2}) pure gauge fields that

depend only on transverse coordinates A§1’2) = Ag}f)t“ = gV(xT)aiVT(xT). Recall the

expression for the field strength tensor F},, and show that these pure gauges have no

longitudinal magnetic field Fi(jl’Q) = 0. Then consider a field that is the sum of the two:

A; = Agl) + AEQ): what is its longitudinal magnetic field Fj;?



