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Fig. 3.7. Total absorption coefficients of y rays by lead and aluminum as a function 

of energy (solid lines). Photoelectric absorption of aluminum is negligible at the 

energies considered here. Dashed lines show separately the contributions of photo- 

electric effect, Compton scattering, and pair production for Pb. Abscissa, logarithmic 

energy scale; fiw/mc2 = 1 corresponds to 511 keV. (From W. Heitler, The Quantum 

Theory of Radiation, The Clarendon Press, Oxford, 1936, p. 216.) 
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QED 

53. 23.07. Two-particle final-state momentum, 

Consider a collision ef particles (wvith energy Ecm in the center-of-mass frame) that results 

in a two- particle final state (with masses-m;-and_ ma). Compute the magnitude of the 

morientum pr ofthe final-state particles in the CM fr ame. 

. 28.07. Electron-positron annihilation. Consider the process ete~ —> yet in the CM 

frame, where the initial state particles ef and e~ are moving along the +z and —z direc- 

tions, and the final state particle y? and 4” are moving in the xz plane, with 1? making 

angle 9 with respect to e*. 

a
 

(a) Show that the energies of each of the particles involved are equal in the CM frame (not 

their momenta!). 

(b) Write the four-momenta of each of the particles involved in terms of the common energy 

E and the angle 0, 

(c) Write down the tree-level Feynman diagram contributing to this process, and compute 

the four-momentum of the virtual photon. 

(d) Calculate the amplitude A, using our rough-and-ready estimate of 4/(2E4)(2E8)(2E)( 
for the “spin stuff.” Your final answer should be very simple. 

(e) Calculate the differential cross section in the CM frame, (do /dN)cm, expressing every- 

thing in terms of the common energy Æ of the particles. 

55. Retired. 19.07. Thomson scattering-cross-section.…— — 

Consider the scattering of a photon from an electron e~ +y > e~ +-y (Compton scattering). 

  

  

2B) 

Calculate the cross section for this process following the approach we used in class to ' 

compute the Rutherford cross section. Carefully state the assumptions you are using at 

each step. Numerically evaluate your answer in barns. 

To simplify the problem, you may assume that the initial photon energy &, is much less 

than the electron rest energy. Thus, while the photon transfers momentum to the electron, 

negligible energy is transferred, and so the final state electron energy Y mec?. 

‘The cross section that you obtain will not agree exactly with the classical Thomson cross 

section (based on scattering of electromagnetic waves), because you have not taken into 

account the polarization of the photon, but it should be in the same ballpark. 

56. 2017-2011. Griffiths 2.1. 

[Calculate the ratio of the gravitational attraction to the electrical repulsion between two 

stationary electrons. (Do I need to tell you how far apart they are?)| 

57. 2005-2011. Delbruck. Griffiths 2.2. 

Sketch the lowest-order Feynman diagram representing Delbruck scattering: yy —= yy. 

(This process, the scattering of light by light, has no analog in classical electrodynamics.) 

58. 2005-2011. Delbruck. Griffiths 2.3. 
[Draw all the fourth-order (four vertex) diagrams for Compton scattering. (There are 17 

of them; disconnected diagrams don't count.)] 
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Compton scattering 

ind S= m42 +4 2p (e+p)3 

in34= U = mA2 - 2p (e+pcos); 

In(85]:= € -2p‘2 (1-cos); 

In[36]:= € 

Srednicki, p. 359 

Sqrt[p42 + m2]; 

tnf37= numl =- 2 (su - m2 (3s+u) -mA4); 

ie; num2 = -2 (su - m2 (3u+s) - m4); 

ngs- num3 = - 4mA2 (t-4mA2); 

inaoy= T1 = Series[numl / (s-m42) 42, {p, 0,2}]; 

inaty= T2 = Series [num2 / (u-mA2) 42, {p,0,2}]; 

na2r= T3 = Series[num3 / (s-mA2) / (u-mA2), {p, 0, 2}]3 

nus sred = Simplify[T1+T2+T3] 

2 4 (cos (-1+cos? 4 - 4 cos - 6 cos? +6 cos‘ 
Out[43}= 2 (1+cos?) - ( | * JP, | eee’ P +0[p]?   

Peskin and Schroeder 

inft4y= X1 = Series{ 8mA4( 1/(s-mA2) + 1/(u-mA2) )A2, (p, 0, 23]; 

inést= X2 = Series[8m22 ( 1/ (s-m2*2) + 1/(u-m*2)), {p, 0, 2}]; 

in4sy= X3 = Series[-2 ((u-mA2) / (s-mA2) + (s-mA2) / (u-mA2)), {p, 0, 2}]; 

na; ps = Simplify[X1+X2+X3] 

4 (cos (-1+cos?))p {4-4 cos -6 cos? +6 cos“) p? 
Outi47}= 2 (1+cos?) - + +0[p]?   

inf48)= Sred - ps 

Out48J= O[p] 3
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