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ABSTRACT
Inclusive spectra are presented for Wt production In 100 GeV/c pp
|nteraktions. The rapidity distributfon for the difference {pp-pp)
approxisately scales as the difference in total cross-sections in the
fragmentation reglon between 12 and 100 Ge¥/c and exhibits an approximate

s71/2 dependence in the central reglon,
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Extensive data from the CERN Intersecting Storage Rings (ISR) and
from Fermilab now exist on 1nc1usi§e particle production in baryun-barrﬁn
and meson-baryon scatterlng at high energles. Hultipfon production in
antinucjeon-nuclenn interactions, however, has not heen published above a
laboratory momentum of 15 Gavlc.(" Consequently, nothing is known about
the high energy behaviour of multtparticie production in Pp interactions and,
in particular, about tha,baryﬁn annihilation process above ~12 GeVIc.(z) In
this letter we present the first results on {nclusive 5* production in pp -’
interactions at 100 GeV/c. These data permit a study of the center df mass
(CM) energy dependence of inclusive x® production in both the fragmentation
and céntral regipns. Althqygh individual annihilation events cannot be
{dentified in this experiment, by making comparfsons with similar data from
pp interactions we Infer some features of fnclusive plon production which
may describe high energy baryon annihilation.

The data result from a 968,000 picture exposure of the Fermilab 30-1m
hydrogen bubble chamber-wide gap spark chanber hybrid system to a 100 GeV/c
beam with typically 0.32 p's/negative particle in each picture. Results on
the charged multiplicity dlstrlbution(a}, 3 comparlson“) with pp data, and

. neutrat particle productlon(S) have already been published. The results

presented here are based on ~9300 inelastic events. We have removed Kkt and
pt contaminatibn from the éharged particle distributions as follows:

(a) protons with momentum X 1.4 GeV/c were identified by fonfzation and
removed, together with a corresponding nunber of negative tracks in the
farward hemisphere; (b) k! contaminition was subtracted wsing data ﬁn.

pp » K:(s); {c) the remaining p‘ contamination was estimated by requiring,
by C-fovarlance, that the »* distributions in the forvard (f) and backward (i
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H hemispheres show symmetry, .e., u:. . u: and p} . p;. Al rapidity distri-

utlons have been corvected tn this way with due allowance for_' virying momantum

esolut ion, o
Figure 1({a) slms the inclusive v~ lnvarlant cross sectlon(ﬁ)
d u
ntegrlted over transverse umentun. G(P ) dp as a
s ( ¥ W pldp,

um:uon of l'l_. the Jongltudinal momentum in the laboratory system, tognther
ith some lower energy dataln. The dominant feature s the decrease in
(P} for P, = 1.2 Ge¥/c as the CM energy (/5) fncreases. To study this
nergy dependence {n wore detall, in Fig. (b} we show G(pt). integrated

-172 and compared( )

ver the range -0.4 M m £ 40.2 GeV/c, as a function of s
fth stullar data from -*p. kip and pp interactions. The pp data show the
trongest energy dependence between beam monents of 4.6 and 100 GeV/c and,
wrihersore, are cons istent with the same asymptotic value (1’0.02 Ge¥) as
he ap, ¥p and pp data. This may be taken as further evidence for Pomeron
actorization fn high energy inclusive processes. Similar conclusions may
e drawn from the distributions for jp -+ o (not shown),

Figure 2(a) shows the laboratory raptdity (y « 1/2 ln(ft—-—)l
pectrum for pp + -;. averaged with that for pp + -f reflected about Yeu™0
Iso shown are dJata for pp + ¢ at 100 Ge\‘lc(”. We have shown elsewhqre“)
hat smooth extrapolations of the low energy annihilation multiplicity
oments are obtained by approximating the high energy annihilation woments
y differences betueeh corresponding fap and pp topological cross sections,

n & similar vein we also show in Fig, 2{a) the differences

a ) = Elip o) - E o a) M
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Because of the different teclmlques(m, _that had to be used Lo remove protor
in the fp and pp experiments, the differences for Ay(n') are less rel fable
and presentation of Lhese data (s deferred to a future report.

In view of these new high energy data, §t s now possible to examine
the energy dependence of these differences. For comparison, we dlsplay a8
the solid curve in Fig. 2(a) 12 GeWc(z’ data for A (- ). normalized by the
ratio of the differences of total cross sections, 4o T!" p) = o'(pp) - cl.(pp]
at 100 and 12 Gev/c which we take to be 3.55(*) and 12.1 wb{2), respectively
We nole that scaling for n,(- ) holds rather well fn the target fragmentatic
region {interpreted broadly as y ~1). Since M'(p p) is known to possess
an s’ -0.55 dependence, we conclude that 8 (- ) displays & similar s-depender
We note that this similarity is to be cxpectetl from Mueller-Regge arguments.
Foltowing Chian et at.") yo write

& - . ll.(ﬂ)‘l
(plp > a™ # X) = 8 Fp - ¢ L s ptafape (2]
pl‘.'.nz
For exchange degenerate couplings, N
_ g uplings ﬂpf np-. 'l’“z - ’Pm and for
F,,p." " Fope™ - (from the relative s-inidependence of the process »'p + o~ 4 X,
see Ref. 8) one finds
o (0)-
- -0.55
[ (l ) s Z(ﬂw + pPI",F“)" ~ s (3]

In Fig. 2{b) we show the ratio Riy) = 8 (»” )/ {pp + 07). We

note that R(y) appears to be decreasing slightly with fncreasing ¥, Suggesti
that the "annihilation® rapldity spectrum 1s broader than ihat from .mmnnil
Iations. This may be anticipated since the absence of leading baryons coul
result in plons of larger rapidity. Since our earlier resul tsu'" suggest
that apnihilations predomimantly occur in the higher (X 10) charged mudtipl:
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final states and to enhance the possibility of observing annthilation effects, is broader than that from nonannihilations, in accord with what one might

t ' s
we have studied R(y) for different charged wuitiplicities (not shown). MWe Intuitively expect for annihilatlons; and (b) evidence of Mueller-Regge -

s .
find that the tendency for the rapidity spectrum to be broader than that behavior with the rapidity distribution scaling as 4or(pp) in the fragmen-

R
for the nonannthilations 1s fndeed attributable to the higher multiplicities. tation reglon, and the central region rapidity cross section for (x* ¢ ¢7)

-0.5%
It 15 clear that future experimental determinations of explicit annihilation possessing the expected s dependence.

spectra from a few GeV/c up to 100 GeV/c are essential if the abova differences We thank the Fermilab staff for their assistance in this exposwre. -

of fip and pp data are to have a deeper meaning. We als0 acknowledge the dedicated contributions of our scanming and

The energy dependences of the ptp cross-sections for central region measuring personnel.
inclusive ot production are shown in Flg. 3(a), where the 100 GeV/c pp + ot
value at ymun(uhere the »* cross sections are equal} is displayed together

"“.‘ Aga_inr. these cross sections

with lower-energy pp data as a function of s
hav’e been mmllzed‘s, to op{s,‘ Also shown are pp + A data. The trend of
the data suggests that at asymptotic energies the pp and pp cross sections
will be equal at ym-o_. . '

In Fig. 3(b) we present % (ym’(l) versus P, . for (Pp-pp) + © + X,
where +© = o¥ + 27, One way show that this quantity exhibits simple
Mueller-Regge behavior in the central region {due predominantly to w-u
exchange) with: an ng~0+55 dependence (for uu(ol = 0,45), Our 100 GeV/c data
permit a test of such behavior; a straight line of the required slope 1s

(1,2,7,12)

seen to connect quite well with the lower energy (pp-pp) data , 8%

well as directly measured pp + »* annihilation valuas.lz'n

In concluston, the data presented here show that inclusive « cross
sections n pp interactions are different from those in pp interactions,
but appear to share an asymptotic (i.e., s + =) limit in the target fragmen-
tation and central reglons. A study of (pp-pp) diffevences in v~ rapidity

distributfons reveals: (a) that the «~ spectrum for higher sultiplicities
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