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Summary. — Absorptive effects in hard-scattering processes, which can possibly
originate from multiparton final-state inveractions, give rise to a vanishingly small
logarithmic correction to the parton — parton -+ parton splitting process, if simulated
by Regge amplitudes. When this effect is iterated, within the leading logarithmic ap-
proximation of quantum chromodynamics, it may be promoted to a small power cor-
rection to the structure (or fragmentation) functions and be observable at very high
energies.

Absorptive corrections to the QCD parton model results, due to final-state multi-
parton interactions, have been argued to be suppressed (1). For example, the sum of
diseontinuities of the Drell-Yan graph for lepton pair production, corrected by pomeron
exchanges, vanishes to leading order (%), namely
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where by the superscript 4BS we label the corrected Drell-Yan cross-section.
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However, the effect of such corrections to other deep inelastic processes is very
much-model-dependent and not quite well understood (3). A possible qualitative guide
is provided by the old absorption method of Gottfried and Jackson (¢). When applied
to the simplest possible process, namely ete~— y*— qq — hadrons (fig. 1), this
recipe gives

(2) _ E455(Q%) = [1—(@)1E(Q%)

where £(Q?) is an, at most, 2% correction to the ratio R(Q?) of the hadron-production
cross-section to the ptu~ cross-section at centre-of-mass energy . '
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Fig. 1. — Absorptive correction to the e+'e- —» qq — hadrons total cross-section.

To get this result we assume that the elastic parton-scattering amplitude, for small
momentum transfers —tsm?, is given by :

(3) P(s, t) = iso(s)('s)*"t,

where o(s) is the total parton cross-section at centre-of-mass energy +/s and o' is the
slope of the Pomeranchuk trajectory. This amplitude simulates the interactions of many
quarks and gluons at small momentum transfers, which lie outside the scope of QCD
perturbation theory. One next multiplies all ete~ —y* — qq amplitudes in the trace
giving B with the square root of the § = 1 partial-wave S-matrix corresponding to (3),
namely

(4) - 8(QY) = 1—e(92),
where, for @2 > 1/o/, we have

o(@*)

8n’ In oc’Q°

(5) | (g = 09

Thus, for 6~ 1mb and o’ ~ 1 (GeV)~2, at @~ 10 GeV we have s~ 0.02.

Note that ¢(@?) is a logarithmic correction which stays vanishingly small at all
energies. This result is presumably consistent with (1). However, when this correction
is taken over to deep inelastic scattering, it may be promoted to a small power and be
important at very large Q2. This is essentially due to the iterative character of the
correction in the successive gluon or quark emission ecross-section, which builds up
a hadron’s structure function or a parton’s fragmentation function (5).
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.Indeed, in the nonsinglet case, this cross-seetion can be built by convoluting suc-

cessive ghuon~emission “cross-sections for the process e+e— — v*— qdg, caleulated in

an axial gauge, where only the graph depicted in fig. 2 contributes in the leading-pole
approximation (¥). We thus have :
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where ¢, is the charge of parton Q, Oy+yu- is the total ete — pu+u- cross-section, ay(t;)
is the coupling strength of QCD calculated at the successive (ordered) quark-gluon
invariant masses ¢; and P, (2;) is the usual Altarelli-Parisi splitting function. The
correction factors §(t;) are the §j = } partial-wave S-matrices corresponding to the
amplitude (3). Note that the probabilistic interpretation of the factors of eqgs. (6) is
unaffected by this correction.

Fig. 2. — Absorptive correction to the gluon emission cross-section e*e- — qqg, calculated in an
axial gauge in the leading-pole approximation.

By integrating eqs. (6) and summing them up in the standard fashion (>%), the cor-
rected moments of a nonsinglet structure (or fragmentation) function are found to be

) Ga75(Q2) = exp[— dFs7(QM]IG225(Q) ,

where, as in the usual case, we have
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f being the number of flavours. The gquantity

S Q2.
(9) T(Q?) = £(Q?) ——fe(t)dln Int/42,
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(°) R. D. Fieip: Invited talk presented at the Conference on Perturbative QCD held at Florida State
University, Tallahassee, March 26-30, 1981 (UFTP 81-12).
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is a modified evolution variable, which replaces the usual one, namely (5)

: o . 1.0 Q4%
(10) §@* =1In QA
where @, is a reference momentum and A is the usual QCD scale parameter. Thus,
due to the factorization of our correction, the evolution equation (7) retains the strue-
ture found in the leading logarithmic approximation of QCD. For @5 > 1/, the cor-
rection factor ¢(f) is given by eq. (5).

If the parton diffractive cross-section o(s) is assumed to be a constant, we find

o
11 -
(11) T=&— SM,IMAEE &,
where
. .
(12) Fon2¥¢

Ina'Q2’
and for @*— oo '

o Ina'Q?
n .
8w’ Ino’ A2 In Q2/A*

(13) T~

That is, for 4~ 0. l2 GeV and Q,~ 2 GeV, we have v ~ £ — 0.04, which gives a no more
than 5% correction in the structure function.
I-Iowever if o(s) is allowed to rise as a logarithmic power of the energy, namely

(14) o(s) =o' lnna's, n<2, ¢ = const,

as suggested by the hadron scattering data, for Q° > @} > 1/« we find

(15a) k const , ifyg<i,

(15b) e |2, if =1,
1 2)77-1

(150) (_119_)1_ it g>1.
—

Hence, if o(s) saturates the Froissart bound (y = 2), one ii‘)btains a power correction
to the structure function. Denoting by G,(@?) the moments of a nonsinglet structure
(or fragmentation) function, found in the leading logarithmic approximation of QCD,
we have

(16) GﬁBS(Qz)/Gn(QZ)Q?—)w ~ (QZ/Q%)(S", s
where ‘
an - b= @3> 0.
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A numerical evaluation of the exponent J, is very much dependent on the parame-
trization—(14) of the parton diffractive cross-section. Assuming, very roughly, that this
cross-section is a fraction of the proton-proton total cross-section rise (7), although it
is difficult to make J, larger than 1/100, we can get a correction as large as 109 to
G.(Q% at @ = 100 GeV. Such an effect can be detectable at collider or LEP energies.
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