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Fig. 7.11 Measurements of R = g, /oy as a [unction o :
scattering. 0 (in GeV)*): @, 3: O, 6: A, 9; 7, 12; |, 15; [0, 18.
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Fig. 7.13 Measurements of F% Jersus Q?, for different x values; from .
Bodek er al. (1979). i
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Quantum electrodynamics (QED)
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charge in quantum field theory.

Fig. 15 Screening of the (a) electric and (b) color

1.3 Color: The Charge of Nuclear Interactions 11

place the test charge; when moving the test charge closer to the electron, we
penetrate the cloud of positrons that screens the electron’s charge. Therefore, the
closer one approaches the electron, the larger is the charge one measures. In
quantum field theory, the vacuum surrounding the electron has become a polariz-
able medium. The situation is analogous 1o that of a negative charge in a
dielectric medium: the electron—positron pairs in Fig. 1.6 respond to the presence
of the electron like the polarized molecules do in the dielectric. This effect is
known as charge screening; as a result, the “measured charge” depends on the
distance one is probing the electron: the result is shown pictorially in Fig. 1.5a. In
QED, this variation of the charge is calculable by considering all possible
configurations of the electron’s charge cloud, only one of which is shown in Fig.
1.5a (see Chapter 7).

One can carry through the same calculation for the color charge of a quark.
Color screening would be a carbon copy of charge screening if it were not for the
new configurations involving gluons turning into pairs of gluons, as shown in F ig.
1.5b. The gluons, themselves carriers of color, also spread out the effective color
charge of the quark. It turns out that the additional diagrams reverse the familiar
result of quantum electrodynamics: a red charge is preferentially surrounded by
other red charges, as shown in Fig. 1.5b. We now repeat the experiment of Fig.
1.6 for color charges. By moving our test probe closer to the original red quark,
the probe penetrates a sphere of predominantly red charge and the amount of red

Measuring the charge of an electron

Using a long-distance probe
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