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SCATTERING PROBLEMS AND BORN APPROXIMATION k‘)i 30
i

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

me? me? p, p
Vi = ~— Vo = —— —g) = k. I 22 151
1 El - 2 Es (vl vi)‘.MNEl £, ( )
Hence the cro ction ggg@n‘fég T
w0 2)2 214
#w (me me
( ) =| |2 ( ) ~ dpyy dpis (152)

"~ E|pi B — py B 2| Eapis — Erpas| |By pls — B phsl (2mh)*

It fs worth noting that the factor p, E» — py B is invariant under Lorentz transformatiqns leaving the 2

d 29 components unchanged (e.g.boosts parallel to the z3 axis.)!® To prove this, we have to show that
13E2 — pas By = p1aFs — PasEy1 (where ~ denotes the quantities after the Lorentz transforrhation) because
we have chosen a Lorentz system in which the direction of the momentum vector is the z3 axis. Then

E = Ecoshf — ¢psinh 8

P = pcoshf — gsinhﬂ [‘fg
\S{nce E? = p?c? + m2c*, we can write /,;’!’
\ E =mc? cosh¢ pe = mc? sinh ¢, which makes /
\ E =mc?*cosh(p —0)  pc = mc?sinh(¢ — 6) and th};s'/
\ Eprs — Erfag = m2c® {cosh (¢2 — 0) sinh (¢; — 0) — cosh (¢ —(g}éﬁﬂl (g2 —0)}
= m2c®sinh (¢; — ¢a) ‘//”
independently of 4. Hex;ggmwe see that o is invariant umiilw I;vamﬁ(tra,nsformations parallel to the x3 axis.

———

i ——

Results for Mgller Scattering

One electron initially at rest, the other initially with energy £ = ymc?;
1

T T ()0
scattering angle = 6 in the lab system

= §* in the center-of-mass system

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

2na () d = 4 (%2—)2 (7;;1) dx {(1 ——4:v2)2 —1 Em? + (72'71)2 <1 + 1—51—%—5>} (153)

2~ (y+3)sin?0
24 (v —1)sin?@

with
z =cosf* =
Without spin you get simply
e \? (y+1 4 3
dr | — —— | dz -
() (5) o - =)

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

3 S - -
the T term. Positron-electron scattering is very similar. Only the exchange effect is different because
-

of annihilation possibility.
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Compton scattering
S=m*2 + 2p (e+p);
us=mh"2 - 2p (e+pcos);

t

-2pn2 (1-cos);
e= Sqrt{pt2 + m"2];

Srednicki, p. 359

i

numl =-2 (su - mA2 (3s+u) ~-mh4);
num2 = -2 (su -~ m*2 (3u+s) - mh4);
num3 = - 4mh2 (t-4mh2);

Tl = Series[numl/ (s-mA2)7A2, {p, 0, 2}]1;
T2 = Series[num2/ (u-mA2)A2, {p, 0, 2}];
T3 = Series[num3 / (s-mA2) / (u-mA2), {p, 0, 2}];

sred = Simplify[T1+ T2+ T3]

2
2 (1+cos?) - + +0[p)3

4 (cos (-1+cos®’))p (4-4cos-6cos’+6cos*)p

Peskin and Schroeder

X1 = Series[8mr4 ( 1/ (s-mA"2) + 1/ (u-mA2))Ar2, (p, O, 2}];

X2 = Series[8mMr2 (1/(s-m?2) + 1/ (u-mr2)), {p, 0, 2}];

X3 = Series[-2 ((u-mr2) / (s-mA2) + (s-mA2) / (u-mr2)), {p, 0, 2}];

ps = Simplify[X1 + X2 + X3]
4 (cos (-1+cos®’)) p (4-4cos-6cos’+6cos?)p?

+
2
AJm? m

2 (l+cosz)- +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; hwo/mc?2 = 1 corresponds to 511 keV. (From W. Heitler, The Quantum
Theory of Radiation, The Clarendon Press, Oxford, 1936, p. 216.)
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