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Problem 5: Special relativity /Compton effect

A photon with four-momentum k and energy F = fw is incident in the z direction upon
an electron of mass m and four-momentum p which is at rest. The photon recoils with
four-momentum £’ at an angle 6 and frequency w’ after scattering whilst the recoil electron
has four-momentum p’. You may adopt units with & = ¢ = 1 if you wish.

/(a) Write out a diagram depicting the initial and final states of the particles. [1 point]

/(b) What are their 4-momentum vectors? (You may orient the y-axis such that all scat-
tering takes place in the z — 2 plane) [1 point]

(c) Derive an expression relating the final state photon wavelength M to A and its angle
- of scatter. [4 points]

é) Is the final state photon red-shifted or blue-shifted? Why? [1 point]
(e) Plot the final state photon wavelength as a function of scattering angle. [1 point]

(f) How is the final state photon energy w’ related to w and its angle of scatter? [2 points]

E - ww
- &
T



.

e

G} T

_Final

b) #TE evientec

TER

!

e

D - 4 o
Vi, v o {hwfe L vl I

P K"\, {‘{\e C/} \/X

€} *We. can derne

‘
i
L

:iM
b
A
e

Conservation

i

@ Mo op o Q)Y"\f};{z.!ﬂ@'fi' o




Mo (hao' 1 1+ cos 6]

wohuding by Ao ', ¢ yrelds

ey

W’%@ ‘.

U

(ﬂ Reﬁl uhmf() O

7t

- con & |

v mf on

G = i s o,

el afs il \\4¢
2w Jhw! o 0&{11};

P | y Is
= dha wp et




