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Theory of Radiation, The Clarendon Press, Oxford, 1936, p. 216.) 
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54. 25.7 Kinematics of Compton scattering. 

Consider Compton scattering ye= 4 ye= in the CM frame. The initial state photon moves 

in the +z direction with energy E. The final state photon moves in the zz plane, making 

angle O with respect to the incident photon. 

(a) Write the four-momenta of each of the particles involved in terms of E and 6. 

(b) There are two Feynman diagrams contributing to this process. For each one, compute 

the four-momentum of the virtual electron. 

(c) Compute the propagator 1/(p24m2) for each diagram, simplifying as much as possible.
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SCATTERING PROBLEMS AND BORN APPROXIMATION Y pt 30 
À ' 

here VA is the normalization volume for particle 1, and v1 its velocity. In fact by (103) 

me? me? ep, cp 

Ction b es 

w (mc?) 2 (me?) ! 4 
=| | dp; dPie (152) 

c? |Eap1s 4 Expoa| | Ez Pig 4 El phal (21h)? 

Te s worth noting that the factor p,Æ2 4 p°F1 is invariant under Lorentz transformations leaving the 21 
d æ2 components unchanged (e.g.boosts parallel to the 23 axis.)!5 To prove this, we have to show that 

13 B2 4 D23 F1 = B13B2 4 Pag Es (where ~ denotes the quantities after the Lorentz transformation) because 
e have chosen a Lorentz system in which the direction of the momentum vector is the 23 axis. Then 

EB = Ecoshé 4 cpsinh 0 

À = pcoshé 4 sinn 

Since E? = pe? + m?c*, we can write | 

E = mc? cosh q pc = mc? sinh ¢, which makes 

Ë = mc? cosh(g 4 0) fic = me? sinh(¢ 4 0) 

Eaß1s 4 Eißzs = m?c {cosh (¢2 4 0) sinh ($1 4 6) 4 cosh ($1 4 8 

= m?c? sinh (d1 4 $2) 

ce we see that o is invariant under Lo transformations parallel to the x3 axis. independently of 6. 

Results for Mgller Scattering 

One electron initially at rest, the other initially with energy E = yme?; 

1 

"A 
scattering angle = 6 in the lab system 

= 6* in the center-of-mass system 

Then the differential cross-section is (Mott and Massey, Theory of Atomic Collisions, 2% ed., p. 368) 

e \?/y+1 4 3 7-1)? 4 
2na (0) dé = Ar (5) ( a ) dx a _ 22)? = 1- q? + ( 2 ) (1 + rs) (153) 

4 4 2 

x2 = cos#* = 2-7 +3)sin 0 Cy+3)sin 0 
2+ (y -41)sin?*09 

with 

Without spin you get simply 

en= /y+1 4 3 
a) (Gr) @ laa a) 

Effect of spin is a measurable increase of scattering over the Mott formula, Effect of exchange is roughly 
3 . a 

the Im term. Positron-electron scattering is very similar. Only the exchange effect is different because 

of annihilation possibility. 

N 
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55. 

56. 

25.07. 23.07. Amplitude for the process e~et > put. 
Consider the process eve 4 y= put in the CM frame. The initial state particles e= and 

e* are moving in the +z and 4z directions respectively, and each has energy E. The final 

state particles u= and u* are moving in the xz plane, with the direction of y= making an 

angle 9 with respect to the direction of e=. 

(a) Write the four-momenta of each of the particles involved in terms of E and 0. 

(b) Using the lowest energy Feynman diagram contributing to this process, compute the 

four-momentum of the virtual photon. 

(c) Compute the amplitude À, assuming that 

(spin stuff) = Y(2E4)(2EB)(2E1)(2E2)M . 

(d) Compute (da/dQ)om, the differential cross section in the CM frame. 
[Check: your answer should vanish as E 4 m,, which is the threshold for this process.] 

(e) If one neglects the mass of the electron, it can be shown that 

[M|? = 1 + cos? o+ (7 a (1 4 cos? 6) 

Use this to compute the cross section o. Restoring any necessary factors of c, evaluate o 

numerically for E = 1 GeV in terms of nb. 
[Check: For E = 0.5 GeV, you should get 87 nb.] 

EXAM? New in 2025. Kinematics of the process e~et 4 yy. 

Consider pair annihilation to two photons, e=e* 4 yy, in the CM frame. The initial state 

particles e~ and e* are moving in the +z and 4z directions respectively, and each has 
energy E. The final state photons are moving in the xz plane, with one of the photons 

making an angle @ with respect to the direction of e=. 

(a) Write the four-momenta of each of the particles involved in terms of E and 8. 

(b) There are two Feynman diagrams contributing to this process. For each one, compute 

the four-momentum of the virtual electron. 

(c) Compute the propagator 1/(p2 4m?) for each diagram, simplifying as much as possible.
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Fig.8.28 Example of a three-jet event observed in the JADE detector at the PETRAe*e= collider Perle



Figure 8.1 A typical two-jet event. (Courtesy J. Dorfan, SLAC.) 

Figure 8.2 A three-jet event. (Courtesy J. Dorfan, SLAC.) Gris 
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Fig. 8.1 Measurements of the total cross section for ete= annihilation to hadrons 

as a function of energy, compiled in (Patrignani 2016). The lower figure shows the 
ratio R = o(ete= 4 hadrons)/o(ete~ 4 Fu"). The green dotted curve is the 
prediction (8.56). The vertical red lines show the y and Y resonances. The horizontal 
red curve is the prediction (11.72). | 
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Figure 5.3. Experimental measurements of the total cross section for the 

reaction ete 4 hadrons, from the data compilation of M. Swartz, Phys. 

Rev. D (to appear). Complete references to the various experiments are given 

there. The measurements are compared to theoretical predictions from Quan- 

tum Chromodynamics, as explained in the text. The solid line is the simple 

prediction (5.16). 

Peskan + leprrdo 

of Wid 9 A




