CHAPTER 14 - APPLICATIONS : QED
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Today's lecture is about
electron-proton scattering.

The Lagrangian densities for the
interactions are

‘£int - eTIleyu\lle Au(X);
and
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treating the proton as a point particle.

There is one Feynman diagram,
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=  Square the matrix element,
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2 Sum and average over spins to
obtain the unpolarized cross section,
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The differential cross section
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where the tensors are
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Form factors (Section 14.2)

So far we have treated the proton as
point-like.

To take into account the internal structure
of the proton, we introduce
phenomenological form factors;

either F.(q*) and F,(q?) ;

(Dirac and Pauli)

or G.(g®) and G,,(q*) .
(Sachs)

How are these defined?

How are the form factors defined?

e For a point-like proton,
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We'll calculate the angular differential cross section,
do/dQ,, for observation of the final electron, in the
restﬁame Of the initial proton. R LR LT EETRRTPRTRRY :
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(Be careful! It can be difficult to distinguish between the various notations;
p could mean p*orpor |p]|.)




The differential cross section

| (g ? &4 S
do = 4 (27)" 8o - 11) BR £,

W AV
dz{_’.? Ppy A4 vt
(emf th )y

’ TZ; w’/&yfv\m Metey, (". gl Me‘lf/c."') o
/*""J(, o Ne'd Aprsriefe m=o,

S R A

&y, &p-r)=1 ad Pbu=B-P

A’y = prdy AR,

Gusothe y Coorgy Ey= BiM-b
cnd &y = M2a P+ by —2pR 258

tles  Lexewie
M 3 P(l—a’acﬂ) = £

i

* £;;Ag J(P;#EVP—M)=j;°°r?455ff“*ﬂ

z i
) IEE/FE,I ; Fas b 2 M2 e —pop
Af o) 4 12 2y
dp, R e s s E,
= -é-l‘(E';f-f- E‘? -lpda;ﬁ)
. Ba | CE(PA-tes)
MP/*’_; — P?E'f'
My
de _ L. 1 B e g4
dw; ~ 't lbEsgE MP 22
et = Yra
do X2 P L
_e. Iy S S - 14.63
d2; = 1= p> kn* dry

Equation (14.63)

6

-




Rosenbluth formula
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[+ scalar products &)
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IM|~2 Rosenbluth formula; Eq. 14.74
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Robert Hofstadter was an American physicist.
He was the joint winner of the 1961 Nobel
Prize in Physics (together with Rudolf Méssbauer)
"for his pioneering studies of electron
scattering in atomic nuclei and for his
consequent discoveries concerning the
structure of nucleons". (Wikipedia)
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Abstract

There has been much activity in the measurement of the elastic electromagnetic proton and neutron
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Figure 1: Fig. 27 in [Hof56], with figure caption
“The square of the FF plotted against 2. ¢ is given in
units of 1026¢m =2, The solid line is calculated for the
exponential model with rms radii=0.80 x 10~ ¥cm.”

form factors in the last decade, and the quality of the data has been greatly improved by performing double

polarization experiments, in comparison with previous unpolarized data. Here we review the experimental
data base in view of the new results for the proton, and neutron, obtained at MIT-Bates, MAMI, and JLab.
The rapid evolution of phenomenological models triggered by these high-precision experiments will be
discussed, including the recent progress in the determination of the valence quark generalized parton distri-
butions of the nucleon, as well as the steady rate of improvements made in the lattice QCD calculations.

Homework not assigned

The next two problems are very difficult.
Use Mathematica to do the algebra.
Mandl and Shaw, problems 8.2 and 8.3.
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