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

  

   

   

    

    

mc? me? ep, cp 
U=z— V=— v-v0)= == — 2 151 
TEL MI MW, Ey (151) 

Hence the cro Ction becontés m o 

— Aa (mery PR IK’ (me) IN d i d; , (152) 

c? lp, Es — p2Er| Pu Pie c? |Eapi3 — Eypaa| |E3 p13 ~ Bi Pas (Anh)? 

It 4s worth noting that the factor p, #2 — p2F is invariant under Lorentz transformations leaving the 21 
d xg components unchanged (e.g. boosts parallel to the a3 axis.)!® To prove this, we have to show that 

13 Ls — poz Er = P13 Ea — P23E1 (where ~ denotes the quantities after the Lorentz transformation) because 

we have chosen a Lorentz system in which the direction of the momentum vector is the vg axis. Then 

E = E coshô — cpsinh 4 

D= pcoshd — 2 sinh@ / 

bio E? = pe? + mc, we can write / 

E = mc? cosh d pe = me’ sinh q, which makes f 

\ E=mecosh(# -0) Be = me? sinh(d — 6) and thys” 

N EsBis — Erboz = m*c? [cosh ($ — 0) sinh (61 — 0) — cosh (1 gn (pa — 8)} 

= m?c3 sinh (¢1 — a) a 

independently of @. Hence we see that © is invariant under 1 Lorentz transformations parallel to the x3 axis. 

ri ee 

Results for Moller Scattering 

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

1 

"Tue 
scattering angle = @ in the lab system 

= 6" in the center-of-mass system 

Then the differential cross-section is (Mott and Massey, Theory of Atomic Collisions, 24 ed., p. 368) 

210 (0) de = 47 (5) (el + E) (+45) (153) 

with 
2-(y+3)sin?9 

2+ (y — 1) sin? 0 

  

2 = c080* = 

Without spin you get simply 

2 2 
e y+1 4 3 

Ar | — —— | da > — — Gr) ere 
Effect of spin is a measurable increase of scattering over the Mott formula. Effect of exchange is roughly 

the — term. Positron-electron scattering is very similar. Only the exchange effect is different because _22 
of annihilation possibility.
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Compton scattering 

s= m*2+2p(e+p); 

u = m2 - 2p (e+pcos); 

t -2pñ2(1-cos); 

e = Sqrt{[pA2 + m2]; 

Srednicki, p.359 

4 

numl = - 2 (su - m22(3s+Uu) -m24); 

num2 -2 (su - m42 (3u+s) - m44)3 

num3 - 4mA2 (t-4mA2); 

T1 = Series [numi/ (s-mA2}A2, {p,0,2}]; 

T2 = Series [num2 / (u-mA2)A2, {p, 0, 2}]3 

T3 = Series[num3 / (s-mA2) / (u-mA2), {p, 0, 2}]5 

sred = Simplify[T1+T2+T3] 

2 
2 (1+cos?) - + +0[p]° 

4 (cos (-1+cos?))p (4-4 cos -6 cos? +6 cos“) p 
  

Peskin and Schroeder 

X1 = Series[ 8mA4{ 1/(s-mA2) + 1/(u-mA2) )A2, {p, 0, 2}]}; 

X2 = Series[ 8m 2 ( 1/(s-mA2) + 1/(u-mA2)), {p,0,2}]; 

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

ps = Simplify[X1+X2+X3] 

4 (cos (-1+c0s*))p  (4-4cos - 6 cos? + 6 cos*) p? 
+ 

2 
jm? m 

2 (1+ cos’) - +0[p]?   

sred - ps 

O[p]?
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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; ho/mc? = 1 corresponds to 511 keV. (From W. Heitler, The Quantum 

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