
intuition that the effective charge strength would decrease with distance, as for

an ordinary dielectric. And indeed this sort of behavior was shown to occur in a

variety of examples by Landau and his school. As I already mentioned, Landau

attached tremendous significance to these results, arguing that any finite value

for the charge attached to a pointlike particle would be completely neutralized

at finite distances. Since it is difficult to implement relativistic invariance except

for pointlike objects
⋆
, Landau concluded that the only truly consistent relativistic

quantum field theories are trivial, non-interacting ones. Later systematic work us-

ing the mature techniques of quantum field theory in a very wide class of examples

confirmed that screening is the generic behavior [9, 10] if one excludes nonabelian

gauge interactions.

1.2. Antiscreening as Paramagnetism: The Importance of Spin

It is ironic that the physical behavior to which we will ultimately trace asymp-

totic freedom was well known to Landau, and central to one of his major interests,

the quantum theory of magnetism. In a relativistic theory we must have the re-

lationship ϵµ = 1 between the dielectric constant and the magnetic susceptibility.

(Indeed one can think of ϵ as the coefficient of the electric term E · D ∝ ϵFoiF oi

and µ−1 as the coefficient of the magnetic term B · H ∝ µ−1FijF ij in the action,

and these will form an invariant combination only if ϵ = µ−1.) Thus normal elec-

tric screening behavior ϵ ≥ 1 is associated with diamagnetism, µ ≤ 1. However

one knows that diamagnetism is not the universal response of matter to an ap-

plied magnetic field. Indeed it is a familiar and important result in the theory of

metals [11], that for an ideal Fermi gas of non-interacting electrons the Landau

diamagnetism associated with moments generated by orbital motion is dominated

by the Pauli paramagnetism arising from alignment of elementary spin moments.

Of course this analogy is far from conclusive, since in metals one is dealing with a

non-relativistic system of real particles rather than a relativistic system of virtual

⋆ Modern string theory does this, but also illustrates how difficult it is to do!
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