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Analysis of data on the coherent production of m+n. +m in ~+-nucleus collisions shows that it is the
diffraction-dissociation channels which are largely responsible for the enhancement seen in the A depen-
dence of inclusive pion production at xpeyn~an 0.7. In the A parametrizations, coherent contributions

may effect the value of a up to 15%, due to their different target dependence. After removal of the con-
tribution to the data of these channels, the A dependence of the invariant cross sections exhibits the same
universality as seen in incident-proton data. The significance of these results is discussed.

In a Fermilab single-arm-spectrometer experiment, pro-
jectile fragmentation was studied in 100-GeV hadron-proton
and hadron-nucleus collisions. ' In order to understand the
influence of the target on the fragmentation process,

'

the
measured inclusive differential cross sections E do-/d3p, for
processes of the type

h+3 h'+ L

at small values of transverse momentum (pT= 300 MeV/c)
and various values of Feynman x were analyzed in terms of
the empirical form

E = ~o~dO

d3p

The results indicate that for incident protons, o. is a
universal, weakly decreasing function of x, independent of
the outgoing particle or incident energy. The incident-pion
results are very similar except for a trivial increase in the
value of n arising from the difference in the 2 dependence
of m -A and p -2 reaction cross sections and a curious
enhancement around x =0.7. Thus, with the exception of
this enhancement, the A dependence exhibits a remarkable
simplicity and an unexpected similarity between pion- and
proton-induced reactions, which impose a strong set of con-
straints on the possible mechanisms of particle production.

In an attempt to gain further insight into these results we
have investigated the effects of coherent contributions to in-
clusive cross sections on nuclear-dependence parametriza-
tions. We expect the strongest such contribution at large x
values to come from coherent diffraction of the beam into a
low-mass system. Since. the A dependencies of such co-
herent processes do not follow simple A form, they may

significantly affect the determination of o. .
The dominant pion-diffraction-dissociation mode

vr mum has been extensively studied at Fermilab by the
Rochester-Fermilab-Minnesota collaboration using a high-
resolution magnetic spectrometer. We have analyzed their
200-GeV data for the reaction

taken with C, Cu, and Pb targets, to measure the contribu-
tion of the coherent process

(A) ~+~ —~+~+~-~ —~+i-&X

to the inclusive cross section for

(B) +w — +&-&x

To be specific, using the data-handling procedures
described in Ref. 2, we have extracted from the raw data
m+m+vr events which have an effective mass M3 in the
range 0.6—2.0 GeV/c2, and which have a four-momentum
transfer t ( 0.1 (GeV/c)2. These cuts include almost 100%
of the coherently produced ~+~+a system on all three
targets. From this sample we selected events which have a
m+ or m with a transverse momentum in the range
200-450 MeV/c with respect to the beam direction. These
events were then used to obtain the cross section for reac-
tion (A),

Edo
dp 3 +(—)

as a function of x and for an average pT of 300 MeV/c.
In calculating (E do./d'p) +& ~, corrections were ap-

/
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plied for target-empty background, a small ( —5%) in-
coherent contribution, and detector efficiency. The latter
were calculated for each x bin using the Monte Carlo tech-
nique described in Ref. 2.

Our results are shown in Figs. 1 and 2, where they are
compared with the total inclusive cross sections [i.e., reac-
tion (B)], as measured by Barton eral. t As can be seen
from these figures, the coherent part plays a very important
role in the inclusive process, contributing up to 25'//0 of the
cross section at large x. These results emphasize the impor-
tance of subtracting contributions from coherent channels
when interpreting data on the A dependence of projectile
fragmentation.

We now use these results to estimate how the observed A
dependence of the cross sections for reaction (B) would be
modified if all coherent contributions were removed.

The only significant contribution to ~+ m from
coherent processes is via reaction (A). Contributions from
channels such as the coherent production of Sm are consid-
erably smaller. Thus the difference between the cross sec-
tions for (B) and (A) should correspond to the incoherent
part of the m + m process. We have fitted this differ-
ence to Eq. (1), and obtain values of n as shown in Fig. 3.

In the m+ m+ data, in addition to a contribution from
(A), one expects a significant coherent contribution from

(c) ~+a-~+~'~'w-~+x .
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We are not aware of any direct data on this channel. How-
ever, based on the fact that both (A) and (C) are dominat-
ed by a pm intermediate state, one expects the sr+ cross

FIG. 2. The invariant differential cross section Edo./d3p as a
function of x, at pT=300 MeV/c; for m production through reac-
tions (A) and (8), see text.
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FIG. 1. The invariant differential cross section Edo./d3p as a
function of x, at pT= 300 MeV/c; for m+ production through reac-
tions (A) and (8), see text.

FIG. 3. The variation of the parameter n with x as determined
(a) from the inclusive data, and (b) from the inclusive data after
subtraction of the contributions from the 3m coherent channels.
The curve is a fit to incident proton data raised by 0.045 to take into
account the difference in the A dependence of m-A and p-3 reaction
cross sections. It is taken from Ref. 1.
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section from (C) to be very similar to the m. cross section
from (A). Using this assumption and the data in Figs. 1

and 2, we have calculated the incoherent contribution and
therefore obtained o, as a function of x for m+ m+.
These results are also shown in Fig. 3.

As can be seen in Fig. 3, the subtraction of the contribu-
tion from the 3m coherent channel removes a large fraction
of the enhancement in o. around X=0.7. The remaining
excess, in particular in the m+ m data, is most likely
due to a contribution from other less important coherent
channels.

In Ref. 1, it was concluded that at high energies the 3
dependence of the inclusive production of particles by in-
cident protons was independent of, or only weakly depen-
dent on, the nature of the outgoing-particle type. From the
results shown in Fig. 3 we conclude that, after subtracting
the coherent contributions and taking into account the
difference in the 3 dependence of m -A and p -3 reaction
cross sections, the A dependence of the inclusive production
of particles is also independent of, or only weakly dependent
on, the nature of the incident-particle type. As discussed in
Ref. 1, it is difficult to reconcile the outgoing-particle in-
dependence with models of production. The observed
incident-particle independence puts an even stronger con-
straint on such models.

Recently, Abreu et al. 3 have compared the 3 dependence
of the inclusive production of baryons and antibaryons by
pions at a somewhat lower energy of 30 GeV. Their results
are shown in Fig. 4; here they are also compared with our
pion-production data. Comparing these data it is tempting
to speculate that at least at lower energies baryon fragments
from the nuclear target extend up to a surprisingly 1arge
value of xF,„„,„(& 0.6) (Ref. 4), while projectile frag-
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FIG. 4. The variation of the parameter n with x for various parti-
cles produced by pions. The curve is the same fit to incident-proton
data as shown in Fig. 3.

ments exhibit the same universality as seen at higher ener-
gies.
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