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FIG. 1. (a) The general structure of the proton's magnetic form factor at large Q . (b) Soft (infrared) interactions be-
tween color-singlet hadrons cancel.

to quark line (via gluons) in T„. This justifies
our use of perturbation theory in computing ~„,
since all internal propagators in the Born dia-
grams must then be off shell by O(Q'). Further-
more, the most important dynamical feature of
the form factor—its power-law falloff—can then
be traced to the behavior of TH, which falls for
increasing Q with a factor [n,(Q )/Q ] for each
constituent, after the first, scattered from the
incident to the final direction' . i. e. ,

(y 2 )2T.(x..&„Q)= "'. '~ T(x„&,)[1+« .(Q2))],
(1.2)

where &,(Q ) =(4v/P)(lnQ2/A2) ' is the running
coupling constant.
R is now clear that nonvalence Pock states in

the proton cannot contribute since all such states
contain four or more constituents, each of which
must be turned to the final direction. Thus T~ for
these states falls as [&,(Q )/Q ] or faster and is
negligible relative to (1.2) as Q -~. [This obser-
vation, while strictly true in light-cone gauge
(2) '2 =A =0), has a different interpretation in
covariant gauges-see Appendix C.] Thus non-
valence ("sea") quarks and gluons in the proton
do not contribute.
The "quark distribution amplitude" P(x„Q) is

the amplitude for converting the proton into three
valence quarks. The quarks each carry some
fraction

k', ko+ k'"' p' p' +p'

of the proton's longitudinal momentum and are all
collinear up to scale Q. In light-cone gauge, Q
is simply related to the hadronic wave function.

3rQ ~~,
p(x), Q)cc j d k).;0 k)., ~)I)(x), k).,) .

4 j=2

(To be precise, |)) is the Fourier transform of the
positive-energy projection of the usual Bethe-
Salpeter wave function evaluated at relative light-
cone "times" z'=z +z =0.) This amplitude is
obviously process independent. 1t contains the
essential physics of that part of the hadronic wave
function which affects exclusive processes with
large momentum transfer. The distribution amp-
litude is only weakly dependent on Q, and this
dependence is completely specified by an evolution
equation of the form (in leading order)

a c.,(Q')Q',
Q
y(x„Q)=;, [dj]) (x„y,)y(y„Q),

(1.4)
where V can be computed from a single-gluon-
exchange kernel. The general solution of this
equation is

Q2') ~n

A]
Combining this expansion with Eqs. (1.1) and
(1.2), we obtain the general form of G„:

G„{Q')= '
g l Qb l(ln ~T) „c6)

The factorized form of Eq. (1.1) implies a sim-
ple space-time picture. The exchange of large
transverse momentum in the hard-scattering am-
plitude T& occurs only when the relative separation
of the constituents approaches the light cone-i. e. ,
-(z ' —z'~') -(zI.' - zY') -O(1/Q ). The distribu-
tion amplitude P is the probability amplitude for


