CHAPTER 14 - APPLICATIONS : QED
OUTLINE of Chapter 14
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14.7» e'e” —pu'u annihilation

14.8 » Problems

Section 14.1 »
Scattering in a classical Coulomb field

"We consider the scattering of an electron

In a static, i.e., time-independent, external
field."

What does that mean?

3 a static charge or current ;

e.g., a heavy ion—so heavy that we can
treat it as a charge fixed at the origin.
An electron scatters from the ion.
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Here is how we start:
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To the first approximation, we only need
the S-matrix element of order 1;
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Energy is conserved, but 3-momentum
is not conserved. ( Why? )

;/ £y = te fﬂ‘ l}'o«,?a"“‘fu))p A, 0

=

&=

VE’\/w; e CP=pPex WHyy*ug)

' / = .'-P‘_, a ?
ND“LE fdyx .effp—-r) » ﬁl x Aufg) %_’5)?

= @m SLELE) @ 3 ( F47—FD ""/7"’_2

(in)?

= Cmy Slele) A*( )

So
sy = Zn-S(E'-E)\/%‘(—V% M!‘a
Wheve

742;.- = Je 1‘5(}") #(P-F) w(p




Now derive the cross section.
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The static Coulomb field

e Equation 14.14
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Now we need to do some algebra.
It's pretty simple, but let's practice using
FeynCalc ...




Mott e+ U —> e+ U

$loadPeynhrtis = False;

i« HighEBnergyPhysics  FeynCalc”

Loading FeynCale fram /homestump’ Mathea matica’Applications/Hig
FaynCale 8.2.0 For help, typa 7FaynCale, open FayncalcoRefd  nl
[* scalar products =)
ScalarProduct|[pl, pl] s mA2y
ScalarProduct [p.E o pf] = mhd)

EI-:nla.rE'rl:hd.u.l:t[pi.. pf] s Enfldw (L=wnAld xoos)]

CROSS SECTION
Start with Eq. (14.14)

coeff =« anld f {gsqrd)

Asg e {1/2) +Tz[(G8[pE] +m).GA[0]. (G5 [pLl] +m).aA[0]],
Asg = Asg /. (FourVector[pl, 0] = En};

Asg = Asg /. {r’nur‘.l'ecl:c-r [:|':|!'J I:l] - En}j

Asg = Expand [Asg]

2En° g Feos-2Ent @'Y + 4 End + 2 g7 mt
Asg e ZEnAZ2 « 2mA2 « 2 Enn2 eval s cos

Asgelag /. (MA2 = EnAZs (lawhld))y
Expand [Asq]

2En® ¥ cos+ 2 En® + 2 m®

-2En® ¥ + 2 En” ¥ cos + 4 En®

PLOT THE CROSS SECTION

DCA = coeff « hagp
DCA = Bimplify[DEE f. (geg = pA2+pAhl -2 pAdwcos)]s
DCa = Elimplifr[]:lts i {p s Enwv, cogs = 1=2% :innq]]
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Mott cross section
do/dQ = o2 [ 1 — V2 sin?(0/2) ]

4 Eez v sin(6/2)

func = Enad x» DCH
funec s func . {n--v-lJ m=1, sinsqg = Ei:n[l:hl.l'lﬂlﬂl}:
LngElut[{
func /. v = 0.1, fune /. w= 0.5,
func /. v = 0.9, func /. v+ 0.989899],
{th, 0, pi}, PlotRange = ({0, 3.2}, {1sh-6, 1an13}]]
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The Mott cross section

Mott cross section
do/dQ = o2 [ 1 — V? sin?(6/2) ]
4 Eez v sin(6/2)

Comments

1) The nonrelativistic limit

2) The ultrarelativistic limit /
3) The Coulomb divergence — |
4) Nonrelativistic form factor

OCZ

In the limit 6 — 0,

oo = (do/dQ) sinddodp ~ 63 do;
_.q = 0is singular because AO( r) is long range; i.e.,
A(r) cc 1/rasr — oo

An isolated U nucleus is not really feasible.

For scattering from a U atom, the potential would be
a screened Coulomb potential, and do/dQ would be
finite at 6 = 0.

4 E? v* sin*(6/2) ; the Rutherford cross section;
same as classical mechanics
/
o cos%(6/2)
4 E? sin*(6/2) ; vanishesat 0=rx
/'
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4/ Nonrelativistic form factor
We took AO(r) =7e/(4xnr).

This corresponds to a point charge.

That is not real, but just an idealization.

For a charge density p(X) = Ze f(x)
A%x) =[p(y) d®y / (4n |x~-Y])
AJQ) = F(q) Ze /|q]?

Cross section = Mott CS x |f(qp) | 2
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sr-niel framework:

calculation of the differential cross section without
and with three form factors



Homework Problems
due Friday April 7

12. Maiani and Benhar, problem 14.1.1.

13. Mandl and Shaw, problem 8.4.
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