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Using new d&ta from 100 GeV/c »~p interactions, we find the energy
dependence of the invariant cross-section in the target fragmentation
(central) region to be consistent with an A + Bs~1/2 (C + Ds“?/4) behavior.
The Teading particle peak near x=+1 exhibits a width in X which becomes
smaller with increasing energy and an integrated cross section which is ap-

proximately energy independent.
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Since the initial operation of the CIRN ISR and Fermilab, much has been
learned from inclusive single particle distributions. For example, proton
ciffractive excitation has been studled by measuring the mass recoi1ing from
the proton in the reaction pp » p + anything. Such experimcnts(l) have shown
that (1) masses as high as 5 GeV may be excited, (2) the typical multiplicity
of secondafy charged particles i5 less than thz overall average multiplicity,
and (3) this diffractive multiplicity increases with increasing mass. Similér
Tfeatures have been dbsérveﬂ for pion dissociation in the feactibn |

T p + p + anything - (1)
- at 205 GeV/c.(z) We pfesent the first measurement above 40 GeV/c of the in-
clusive n~ invariant cross section for the complementary reaction

wp + «~ + anything. ' ' - (2)
These new data provide-additiona1 information(2’3] on reactions (1) and {2),
and when combined with lower energy results provide iﬁformation on the energy
dependence of inclusive »~ production in thg central region and in the beam
and targat fragmentation regions.

The data consist of 3730 events from 65,000 pictures of 100 GeV/c np
interactions in the Fermilab 30-inch bubble chamber with fcur dOWnstream wide-
gap optical spark chambérs. On typical sécondary tracks this sysfemryie1ds'a
apfp ~ £(4 x 10-%)p (GeV/c). Accordingly, we can study rgéction (2)'for all
7 angles and momenta and for all chargad particle multiplicities 6f.the
~recoiling system., After determining elastic events by kinematic fits; the
resuftingrine1astic and elastic cross sections are in good agreement with
brévious]y determined va1ues.(4) A1l negative particles are assumed to be «~
and protons with laboratory momenta Tess than 1.4 GeV/c have been identified

_ .
by ionization. In the beam fragmentation region, x 2 +0,55 (x = 2P, /vs),
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we use only tracks with complete bubble chamber-spark chamber information.
Since some of the fast forward-going tracks interact in the bubble chamber
vindows, it has béen necessary to correct for these losses. The 6Vera11
norma]izat{on of the data is obtained from pub]ished topological, cross
sectioné.(4)

Fiéure 1 shows the inelastic differential cross-section for inclusive
T produﬁtion. It is well known thatrw‘(n+) produced in = p (n+p) interac-
-tlons at incident momenta below 50 GeV/c exhibit definite “]ead1ng part1c]e“
effects, that 1s, the n=(x%) production in the beam fragmentat1on CM hemis-
phere is great}y enhanced over that observed in the target hem1sphere.,~Fur-
thermore, «ip experiments(®) at 16 GeV/c observe a peak in the inelastic x>
invariant cross-section near x=+1. Figure 1 shows that the asyﬁmétry is
still a dominant feature at 100 GeV/c. In addition, we see a significant

peak near x=+1. In comparison, the lower energy data(G’Y)

show only a broad
shdulder(s) between x=+0.5 and x=+1.0. Figure 1 also indicates that the.
cross-secfion in the target fragmentation region (xlﬁ -0.2) {s fal]ihg(g)
between 18.5 énd 100 GeV/c.

To investigate the multipiicity dependence, we show in Figure 2 the
semi~inclusive distributions. Both the 2 and 4 prong data show a peak near
x=t1. The 6 prong data {not shown) show no evidence for such a harrow pédk.
Figure é(b) also shows {shaded areé) the =~ distribution from 4-prohg events
which fit the reaction »p » rpns-. A 1ar‘gé fraction {~46%) of the_ péak
for x > +0.8 is due to this reaction. This demonstrates that the diffractive
excitation process occurs primarily in final states with low total mu1tip}i-'
city. Figure 2 also shows data at‘18.5(6) and 160 GeV/c(3). It is interes=

ting to note the absence of a peak near x=+1 in the Tow energy semi-inclusive
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4-prong data. We note that the integrated 2(4) prong cross section varies
from 4.8 £ 0.4 (9.17 + 0.25)mb at 18.5 GeV/c t0 1.95 # 0.29 (4.79 + 0.11)mb
at 100 GeV/c. These variations account for the differences near x=0.

 Ke determine cross-sections for proten diffractive excitation, p*,
[in reaction (2)] by estimating the numbers of events above hand-drawn
backgrounds, such aé those shown in Figufes 1 and 2;. The results are.given
in Table I, where they are compgred to tpe cross-sections for pion excitaticn,
w7, as determfned from reaction (1) in.this experiment., The errors given
in Tah]e I 1nc]ude stat1st1ca] and normalization uncertainties aris1ng from
background and, fcr the 2- prongs, from the eiast1c~1ne1ast1c separat1on
The dominant features of these cross sections are that (a) they are con51s-
tent with values at other energ1es(2 3,7) and (b) the ratio Ry = c(n p -+ p*)/
ao{n=p » v~ ) is consistent with unity for each charged mu1t1p11c1ty (3)

The proton excitation data may be used to test Pomeron_factor1zation
by comparison with similar data from pp interactions. Table I shows vanES
of R, = a(w‘p-» p*)-g e](pp)fa(pp + p¥)-aa1{n7p). He note that'factorization
(R, = 1) is satlsfled to about one standard deviation, a]though all three
individual measurements give R, greater than unity.

In Figure 3(a) wae show the inclusive =~ invariant cross-section,
F(x) = [ (2E/nv/s) (d2¢/dxdP ZJdPT The charged multiplicity depéndence,
shown in Figures 3(b-d), illustrates features similar to those obéerved in
Fig. 2 The peak near x=+] js clearTy visible only in the 1ne1ast1c two- and
four-prong data In addition, the s1x—prong cross-section for x 2 +0.5 is
rising with increasing encrgy.

By cumpafison with data at 16 and 18.5 GeV/c,_the 100 GaV/c data

indicate that the inclusive cross section in the target fragmentation region
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(10) (1)

2)

(x < -0.2) continues to fall with increasing energy. Fig. 4{a) shows

the structure function, G(P) = f (E/oy) (dzc/dPLdPT dPTZ, evaluated in the
laboratory and integrated over all backward angles, with or = 24.9 mb. The .
energy dependence(12) is consistent with an approach to the scaling 1imit as
A+ Bs™1/2, presumably the nonzero value of A arises from a contribution
from the energy independent p* diffractive dissociation cross seétion._'Fur-
thermore, these data are éonsistent with an infinite energy 1imit, A, which
is independent of the charge of the beam pion,

! Figuré‘3(a) also shows that the cross section at x=0 rises with in-
creasing energy. Figure 4{b) shqws(7’]0’1]) the invariant structure functfon
F(o)/of {averaged for |x| = 0.02) as a function of s-1/4, The irend of'the"
77p + «~ data has changed from one showing.little variation to one increaﬁfng

- with energy, and at very high energies the cross section at x=0 may be 1ndé-
pendent of the charge of the incident pion beam. -.

Finally, when compared to the 16 GeV/c spectra,(s) these. Fermilab

data on the peak near x=+1 (see Fig. 3{(a)) show that with increasing energy (é)
the peak cross-section varies siowly, and (b} the width of the peak appears
to decréase. It is interesting to note that features very sfmi]ar to these

are also observed(]) in the inclusive proton spectra from pp collisions at

these energies.
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Table I. Cross Sections for Single Diffractive Excitation (mb)

% _ (a) a,b
ng w p* R,] RZ( )
2 0.50 + 0.07 0.84 £ 0.12 1.68 = 0.34 1.57 + 0.40
4 0,79 + 0.07 0.74 x 0.15 0.94 + 0.21 1.50 + 0.46
6 0.28 + 0.08 0.33 + 0.12 1.1 & 0,55 2.89 + 1.56
8 0.06 + 0.03 0.09 + 0.09 1.5 1.5 -
Total  1.63 £ 0.13 2.00 + 0.21 1.23 = 0.16 '

1.75 + 0.31

(2)see text for
(b)see Ref. (1)

definitions of R} and RZ’
for o(pp ~ p*).
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FIGURE CAPTIONS

The inclusive cross-section, do/dx. The curve is our estimate of

the nondiffractive background.

do/dx for (a) inelastic two-prong and (b) four-prong events.
The shaded events give good 4C fits. The curves are as defined

in Figure 1.

The =~ invariant cross section for {a) inclusive; (b) inelastic .

two-prong; {c¢) Ffour-prong; and (d) six-prong events,

] . L
(a) [- G{(P,)dP, as a function of 5"1/2;, (b) F(o0)/or, as &
0.4 LFOL° T ,

function of s=/4. The solid curves are Hand—drawn to guide the

eye.
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