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Calculate the cross section for the above process at tree-level using the for-
mula

do  |kcws| 1 : o
dQcms  [Poms| 647%s

and following the steps outlined below:
a) Derive the matrix element M using the Feynman rules given in the lecture.

b) The cross section is proportional to the absolut square of M. Show that
IMI* = = @@ ) ulp) alp)y o) (@k)yo k) 5k )uk). Q)

c) Average |IM|? over spins in the initial state and sum over spins in the final
state using the following completeness relations:

ZU p+m, ZU —m. 3)

What experimental setup does this correspond to?
The expression from eq.(2) should simplify to traces of products of y matrices:

1 Z IM[* = —tr [(B" = me)y (P + me)y" Tt [(k + mp)vu(F = myu)w] . (4)
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d) Evaluate the electron and muon trace from eq.(4). Now, neglect the electron
mass and multiply the electron- with the muon- trace to obtain

13 M = S (R G + R)G) + o). ®)

spins



e) To obtain a more explicit formula one has to choose a particular frame of
reference - calculate § ¥ .. IM|? in the CMS with 7,7’ along the z-axis and
plug it into the formula for the differential cross section (eq.(1)):

do o [ 4m2 4m? 4m?
d_g:Z_S 1— T“ {(1—1— T“)—l—(l— T“)COSQQ}. (6)

f) Integrate over the solid angle to obtain the total cross section. Take the limit
m,, — 0. What is the problem with very high center of mass energies?




Hausaufgabe 17 Compton Scattering and the Klein-Nishima formula

In QED the electromagnetic field couples via the conserved vector current
J = Uy, 9 = 0. |

For matrix elements in Fourier space M*(k) = [ d*z e (f|j#(z)|i) this im-
plies k, M*(k) = 0 (known as the Ward identity).

a) Show that in an amplitude with an external photon

S IME)* = T [MH(k)es (k)] = ME)M™ (k) S ek )
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the sum over the physical polarizations of the photons can be replaced by
—g". For simplicity you may assume k* = (k,0,0, k) and ¢} = (0,1,0,0), €5 =
(0,0,1,0).

[2 Punkte]

b) Draw the two Feynman diagrams for e~ (p)y(k) — e (p)y(K’) and write
down the matrix element. Prove

(P +m)y"u(p) = 2p"u(p) (8)
in order to show that

iM = —ieQEZ(k/)e,,(k)ﬂ(p/) {

P A2 A+ 29
NG
ok + ook u(p).  9)

[2 Punkte]

¢) Calculate the squared matrix element, average over the initial and sum over
the final state polarizations. You should obtain
ot

: W+ 2t A = 29!
£ S MO = Gapmote {0 4 m) | TEEEIE T
VEY A 207 KT — 29"
X (p+m) { ok + Sk

spms

(10)
T () (i7) (iii) (iv)
1 {@pw T k) 2k T k) 2ok <2pk/>2]('1 )

2 Punkte]
d) Prove the following relations:
WY =4 1 = =297 Tyt = 4977
WAV = =290y (12)
[3 Punkte]



e) Show that evaluating the four traces yield (you obtain (iv) from (¢) by inter-
changing k., k'):

(i) : 16 [2m" +m®(s — m?®) — 1/2(s — m*)(u — m?)]
(i1) = (iid) : — 8 [4m* + m*(s — m*) + m*(u — m?)] (13)
() : 16 [2m* + m*(u —m?) — 1/2(s — m*)(u — m?)]

[5 Punkte]

f) Rewrite s and u in terms of (p — k) and (p — &) to arrive at

—2|M )? = 2¢*
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[1 Punkte]

g) Take the initial electron to be at rest and parametrize the momenta in the
following way:

p=(m,0), k= (w,0,0,w), ¥ = (&, sinb,0,w cosb), p' = (E',p). (15)
Use m? = (p + k + k’)? to show that

’ w

pr— . 1
? 1+ £(1—cost) (16)
2 Punkte]
h) Show that the two-body phase space can be written as
dcosf W'
. 17
/ 2 It 4El‘1+w wcose‘ /dCOSH ( )
[3 Punkte]

i) With this at hand, derive the Klein-Nishima formula
2 N 2 /
do__ mo (ﬂ) {ﬂ + 2 sin? 9} . (18)
w

dcosf m?2 \ w w

[2 Punkte]

j) Take the limit w — 0 to show that w’/w — 1. Further compute the differential
and the total cross section in this limit (you should recover the Thompson
cross section for scattering classical electromagnetic radiation off an electron).

[1 Punkte]



