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Scaling violations in QCD aise in Ywo basic ways: (1)
logarithmic corrections, associated with the vazialion of the
funaing coupling copstant and the radiative corvections which
produce structure- and fragmentation-function evolution; and
(2) power-law corrections, due io finite mass effects, multipar-
ticle scattering processes, cobereot wavefunction effects, and
ather ncn-perturbative phenomena. A complete quantitative
confroutation of experiment and theory muet take into account
both types of correciions.

A large class of power-law suppressed contributions in QCD
ate relaled to multipariicle subprocesses where more than the
minimum sumber of quarks or glucus are scaltered from the
initial 1o final directions. These include the entire class of high
momentum transfer form factor and exclusive badron scat-
tering processes, and the "dicect® semi-inclusive reactious in
which all of the valence quarks of 3 meson or baryon enter di-
rectly ibto a short-distance subprocess: g9 — My, gg — 57,
Mg —19'q ¢te.?? The amplitude for such wave function senai-
tive reactlions can be gystematically compuled in perturbalion
theary from the convolution of the corresponding quark and
glucn irreducible amplitude Tg (computed as i the hadrons
were replaced by collinear quarks) with the distribution
amplitudes ¢g(z,, Q) defioed in Ref. 4. The nominal power-
law dependence in obtained from dimensional counling:b
Tg ~ @4"" F{fe.m.) where n is the total bumber of incident
and cutgoing particles. The normaliestion scale and multi-
particle correlations arc determined by dg.

Oae of the clearest ways to eeparale logarithmic and
power-law corrections bo scaling is in the Drell-Yan process
=N — &X at large longitudinal momentum. For z; — 1,
the antiquark in the me2on wavefunction becomes far-off ohell
&} —m? ~ -&2J(1 - 24) -+ ~00, 80 \uat the dominant sub-
processes can be identified as (qg)q — 7*¢. A simple perturba-
tive gluon-exchange calculalion” geperates the form (z; ~ 1)

Tondds, © (1= z:)7(1 + cos® ) + g,ain’a

where 8 is the u* center-of-mass apgle. The constant C can
be computed from a t of the picn form factor and is
normalized to {k}}. Evidence for this dependence in xN —
pru~ X at lacge 1 (dominance of the bigber twint longitu-
dinal component of the menon siructure fudclion) was found
by the Chicage:Princeton experiment E-444 3t FNAL and has
been recently confirmed by experiments E-615 {test run) and
NA-10 at the SPS.® The normalization of the longitudinal
term appeara larger than Lhe leading order prediction of Ref. 3,
but this could be te peglect of higher-order gluonic radiative
corrections. Further checks of the predicted aximuthal and Q2
dependence are pecessary.

Related higher order QCD direct higher twist subproceases
are predicted 1o dominawe 2*e™ — wX and EN — 'rX at
2 — | (corresponding to fragmentation functions ~ (1 — z)? +
C/Q?). Berger and ] have predicted the existence of processes
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of the type * N — Jet + Jet + X, where the beam meson inter-
acts devertly in p}‘ subprocesses (xg -+ g3, #¢ ~ gg) leaviog
no forward spectator j&t. 1o inclusive bigh py badron pro-
duczion.dim:lp;'ymwm!ihm— #g produce mesons at
Jarge pr at z — 1 with an enhanced normalisation due to "trig-
ger bias™. (Ip thie type of process, soft radiative corrections
from the {q]) can produce accompanying satne-side particles,
simulating a standard quark of gluon jet.) I such higher twist
cantributions are dominast for pion production, then one pre-
dicts /% ratios growing as p} at fixed 6,m s0d 7. Thisscaling
bebavior is consistent with ISR and fixed target data, ratber
than the (1 ~ zp)~? dependence predicted by leading twist sub-
processes. Further, ISR and FNAL data® for the p/x matin
in pN collisions scales 26 pr* or pr! at fixed 25 and fcm.
again ruling out leading twist aubprocesses, and indicatiog the
dominance of higher twist subprocesses. This, however, does
uot accessarily imply a quark-diquark scatiering subprocess®
[with scale M} ~ 20 GeV?) nince there are mauy candidate
bighes iwist subprocesses.

Although there are mamy qualitative phenomenciogical
successes of the leading order 2 — 2 subprocess description
of large pr badron preduction, a quantitaiive confrontation
with the extcasive body of data from FNAL, the [SR yod the
SPS will require a therough analysis of leading and non-Jeading
subprocesses. One must use fragmentation and structure func-
tions with loogitudipal bigher-twist contributions, ns well as
scive the ) roblem of setting separate scales é’ for the aub-
processes and each distribution function’s evoluticn. The cal-
culation of K-factors from bigber order corrections bas not
been comipleted. Furtbermiore, even in deep inelastic-lepton
acattering the role of (possibly A-dependent) higher twist con-
tributicns is ot well updamtond: for example, Blapkenbecler
etal,’ have predicted buge contribulions 800 u?/Q%(1-z) to
the nucleon struciure functicn (4 & P01 GeV?) apd o for ~
2 x 10° u?/Q?, simply by computing the minimal twe-gluon
exchange amplitudes.

One of the essential complications of the QCD avalysis of
badron production at bigh transverse usomentum is the neces.
sity to include transverse momenlum smearing intrigsic 1o the
badronic wavefuactions as well as from radiation from the ac-
tive gmarks and gluons. The use of off-sheil kinematics is neces-
sary lo avoid a singulat integration region from masaless gluon
exchange (the same coberence acale sets the lower cutofl for
structure function evolution). Furtbermere, it ia likely that the
intrinsic transverse momentum dis:ribution is z-dependeat, in-
creasing 28 £ — 1: recent SFM? data for spectator Lraneverse
momentum is consistent with the posiulate that the valence-
quark light-cone Fock stale wavefuoction in the auclecn bas
bigher {k3} than thob of bigher Fock states. Thls, in tum,
provides a patural explavation for the magnitude of the nu.
cleon form factor and other exclusive processes at large @2.¢

In the case of massive lepton-pair production, there are
now cobvincing arguments that the leading-twist crass section
obeys Drell-Yaa factorisation. '*" However, aven in Abelian
theories, faclorization is destroyed by finite-velocity corrections
and by finite-target:length effects, due to elastle and inelastic
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initial stats interactions in the target.!? At quark energies large
compared to a scale proportional to the target length, inter-
actione in the target vanish (Landau-Pomeranchuk eflect}), but
at finite @7 (~ 10 GeV? for heavy nuclei) a number of new
A-dependent phenomens are pr:di:led,n including growth of
1he lepton-pair transverse momentum with AV, This effect,
due to multiple elastic quark-pucleon scattering, has not been
confirmed by experiment. We note that the sipe of the (&7}
growih could be compensated somewbat if the intrinsic irans-
verse momentum of quarks in nuclei is reduced.“ just as (z)
is observed to d with in ing A (EMC effect).

The woderlying QCD mechanisms for beavy quark produc-
tion in badropic collisious are poorly understood in QCD. 9
The g9 — QU fusion mechanism in leading order does
ool account for the magpitude, leading zr dependence,
A-dependence, diffractive contributions, or the striking Bavor
dependence of charm production. [See, e.g., the SPS data’
showirg ac anomalously large croms section limes branching
ratio for A*(csu) production by 135 GaV/c E-).| The data
coutld be indicating importaat contributions due to finite quark
velocity eflects and/or higher twist “intriosic® heavy quark
contributions in the badron wavefunction. EMC data® for
the charm etructure function indicates that the charm quark
distribation in the sucleon is considerably barder than usual
sea-quark distributions. This in agreement with expectations
for jotrinsic beavy quark contributions in the nucleon wave-
function'® correspouding io terms connectiog up to six gluon
fields in the effective Lagrangian'' ~ (DoFiu)?/M}. The
anamolously large cross section, leading zp, and diffractive
properties of the charm cross section could also signal other
intrinsic contributions, or possibly low pelative velocity en-
baocements of the fusion mechanism, analogous to Coulomb
corrections of relative order sa/v in QED." Understanding
these mechanisms is crucial for the extrapolation to heavier
particle production including 45, t7, and supersymmetric par-
ticles.

Tbe bigher-twist, finite-velocity effects discussed here are
examples of just some of the coberent phenomena expected
o QCD. For example, coberent effects must be taken into
occount ip order to upderstand interference effecte between
quark and gluon jets, as well as interference between the
forward-spectator jet pys' .-y and the high pr jets whick oc-
cur in badronic collisions. A simple model for QCD (based on
corresponding effects in atomic collisions), which can account
for such interference effects, is discussed in Ref. 19.
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