158 Partons and Scaling Distributions

We shall denote the longitudinal momentum fraction of parton a
in hadron A by z, and the parton density of a in 4 by f;; a(za)-
The cross section for producing a quark or lepton ¢ in the inclusive
reaction '

A + B — ¢ + anything

is obtained by multiplying the subprocess cross section & for
a + b — ¢ + anything

by dza f,/4(za) and dz, fy/5(2s), summing over parton and antipar-
ton types a,b and integrating over x; and z,; also an average must
be made over the colors of @ and b. The resulting relation is

a(AB—rcX)=ZC@/dzud'zb- [fa/A(za)_fb/B(zb)—k(AﬁBif a;éb)]&(ab—-»cX).
ab R

- L]

In this formula & is summed over initial and final colors; the ini-
tial color-averaging factor C,; appears separately. The color-average
factors for quarks and gluons are

Y
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In a Lorentz frame in which masses can be neglected compared
with three-momenta, the four-momenta relations

a=2zA and b=xB,

lead to

§=zyTp8 =78,

where /3 is the invariant mass of the ab system, /s is the invari-
ant mass of the AB system and we have introduced a convenient
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variable 7

T = zazb -

Changing to z; and 7 as independent variables the cross section
expression becomes

1 1 .
o= ZCab /de ‘_i:_a[fa/A(Ia)fb/B(T/Ia)'i'(AHB if a 7‘-‘ b)] 6’(5 — 1-3).
eb o ¥ ¢ ‘.

Thus we can write

;2 = Z,, b & (8 =18)
with
dﬁa dz,
dl;_( = ab/ ’ [f,,/A Za fb/B(r/za) +(Aeo Bifa# b)]

L

"The quantity dL.;/dr is called the parton luminosity since multi-
plying the parton cross section & by df/dr gives the particle cross
section do/dr in hadron ¢ollisions.

In hard scattering processes at high energy, where the only dimen-
sional scale is §, the subprocess cross section has the form

6(8) =c/8=1c/(rs),

where ¢ is a dimensionless constant. Then, for séaling parton distri-
butions (i.e. the f depend only on z), the quantity s do/dr scales
with 7, t.e. it depends on 7 alone:

do
Sd—T—G(T)

_ with the form of the scaling function G(r) depending on the parton
distributions f(z).



