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ABSTRACT

Some new data on pp multiplicities are discussed and compari-
sons are made with lower energy annihilation data. A summary of
inclusive single particle production includes a discussion of #*
production tn 100 GeV/c pp interactions and a comparison of =% pro-
duction in the target and beam fragmentation regions. New data on
leading particle clusters and p° production are presented. The
discussion of the exclusive 4 and 6-body final states in »~p and pp
interactions centers on the questions of the existence of double
pomeron exchange and double diffractive excitation.

I. 100 GeV/c Pp Interactions

Recently, data have been acquired fiom 100 Ge¥/c pp interac-
tions. Among the first results obtained' from these data are charged
multiplicity cross sections and the moments of the multiplicity dis-
tribution. Preliminary results and a digcussion of the elastic p
scattering have been presented elsewherec. Figure 1 shows <n>, the
average charged mgltiplicity. and the ratio of <n>/D, when
D = [<n?> - <n>2), for pp and pp data as a function of the incident
momentum (and s, the cm energy squared). Figure Ta shows that the
Pp charged multiplicity 1s about 0.5 greater than that for pp inter-

~ actions at the same energy and shows no indicatfon of approaching
the pp values. Figure 1b suggests that the pp values of <n>/D at
_gigh energies may be increasing above the value of 2 for the pp

ata.

To investigate the difference between pp and pp in more detait,
Fig. 2 shows a compilation of total annihilation cross sections as
a function of the incident p momentum and a gomparison with the
diffegence in Pp and pp total cross sections3. The strafght line is
a fitd to p[ﬁb with n = 0.61 £ 0.02 and 1s an excellent representa-

tion of both sets of data over two orders of magnitude in s. The
good agreement between the annihilation data and the (pp-pp) dif-
ference motivates Fig. 3 in which are shown various moments of the
multiplicizy distribution for pp and pp annihilation data for

s * 20 GeV4. Shown as the open circles in Fig. 3 are the moments
estimatedd by using the inelastic topological cross section differ-
ences, op,(Pp) - an?pp). for Pkab = 12, 15, 22, 32 and 100 GeV/c.
en

One observes (Fig. 3a) that t egative charged particle multi-
plicity, as estimated by taking the difference (Pp-pp) is in
excellent agreement with a smooth extrapolation of the measured pp
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annfhilation data. Furthermore, the 2 unit difference between <n_ >
for pp annihilations and for inelastic pp interactions appears
constant over a wide range of s. Figure 3b shows

fa== = <n_(n_-1)> - <n_>¢ as a furtction of <n.>. The high energy

estimates? from (Bp-pp) once again continue smoothly from the low
energy annihilation data. The expression f,=~ = -0.61<n_> - 0.20

results from a fit to the data and is in excellent agreement gith
a single cluster formation model for the annihilation processv.

The pp data at high energies have a positive value of f,==. This
can be understood as a consequence of producing more than one
clusterS, There {s perhaps a suggestion of similar behavior occur-
ring 1n the annihilation data for Py, 2 30 GeV/c.

Figure 4 shows? the values of Ry = Lon(Pp) - op(pp)1/an(pp) as
a function of n for-data between P g = 6.9 and 100 GeV/c. The

straight 1ine fits of the form R2 = As? are excellent representa-

tions of these data. The values® of a = -2nA/ens and g are plotted
in Fig. 5 as a function of tns., There s evidence that both para-
meters are approaching asymptotic values. (At 100 GeV/c,

a=0.73 + 0,04 and 8 = 1.24 + 0.02.) This suggests that at high
energles R, = s=98", {in agreement with a suggestion of Eylon and
Harari who predictedS that

Ry = 878 (1o0,)4m, (1

where o (o) 1s the intercept of the leading exchanged meson (baryon)
trajectory and nl(SI), g(>1) and v(<1) are constants. The first
term in Eq. (1) 1s the annihilation contribution and the above
result lends further credence to the hypothesis that annihilations
can be estimated from the difference between pp and pp when a large
number of final states are summed aver.

In the same spirit, we can study the rapidity spectra for in-
clusive ot production in Pp, pp and Pp annihilation processes.

‘Figure 6 shows the laboratory rapidity distributions at 100 GeV/c

for Ppp and pp as well as for their difference. There is an indica-
tion that the (pp-pp) data have a central region plateau of 2-3
units, although the statistical errors of the present data sample
prohibit any definite conclusion. The transverse momentum distri-
butions du/dP;2 (not shown) for =~ (integrated over the backward cm

hemisphere) show no significant differences between the pp and pp
data apart from the overall normalization difference.

11. af production in the target and
beam fragmentation regions

Consider the process a+b + ¢ + anything in the kinematic region
where ¢ has a small momentum in the rest frame of the target.b.
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Fol1ow1ng7 Chan Hong-Mo et al., and Miettinen we expect that in.
this region

a3 | 5
E;‘;% = AP, Pr2) + 2Bitp, Pr2)s e (2)

where P (P:) 1s the Tongitudinal (transverse) momentum of ¢ in the
rest frame of b. The first term comes from the Pomeranchuk singu-
larity and the second term arises from the Meson trajectories with
t=0 intercept of %. Since trgnsverse momentum is well known to be
1imited, we 1nt§grate over Pt¢ and study the distribution

[*]

i
6(P ) = 5% [ E; 3 dp;”s evalusted in the laboratory. Figure 7

shows this distribution® for »~ production in »p and ptp interac-
tions at 100 GeV/c. To a first approximation, all four distribu-
tions have the same shape and magnitude, suggesting agreement with
the hypothesis of Pomeron factorization. However, on closer exami-
nation one observes certain differences, eg. the pp data are sys-
tematically higher and the «*p and pp data tend to be lower than the
»~p data. This 1s shown in more detail in Fig. 8 where the ratio
of G(P.) for Pp, »*p and pp to »~p at 100 GeV/c are evaluated as a

function of PL' Also shown are some 200 GeV/c data8 for pp and =7p.

To study the energy dependence of these target fragmentation
cross sections, distributions such as those shown_in Fig. 7 are
{ntegrated from -0.4 < P| S 0.2 GeV/c and plotted? as a function of

s=' 4n Fig. 9a for =~ and in Fig. 9b for «* prodgctfun for all
available reactions. The dominant features are:? .

a) Most reactions exhibit falling cross sections in disagree-
ment with the hypothesis of 1imiting fragmentation.

b) However, the approach to a possible scaling behavior in the
1mit of 1n§1n1te energy does appear consistent with the
expected 5% dependence of Eq. (2).

c) Some processes {eg. n™p + 17, yP + 1 » ﬂ+ﬁ + n¥) show a

* rapid decrease with increasing energy. These reactions are
characterized by having no exotic combination of garticles
(ab, ac, bC or abc), while other reactions {(eg. «'p + =~
and #~p + n*) are less dependent on s-’# and are character-
ized by having ac exotic. Whether or not these exoticity
classifications are the relevant ones will be clarified
when more data on Pp and K¥p interactions become available
for a wider range of energies.

d) Because of the detailed structure of Eq. (2) for the dif-
ferent processes studied, Fig. 9 does not immediately
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confirm or refute the hypothesis of Pomeron factorization.
However, the trend of the data for most of the processes
shown does suggest that factorization may hold in the limit
of infinite energy, 1.e., the data appear to converge to &
common value as Vs + o,

A similar analysis can be made for » production in the beam
fragmentation regfon. Due to a lack of data in the most suitable
variable, PL in the rest frame of the beam, the data have been

integrated over the region 0.4 € x £ 1, where x = P:/p;ax” ZPIIJE.

The resulting gistributions age shown in Fig. 10 for pp data as a
function of s=%. The ntp > a” and #~p + »~ are dominated by the
diffractive excitation of the target proton, are approximately

~ equal, and show 1ittle energy dependence. The other two processes
behave 1n a manner very similar to data in the target fragmentation
region 1.e., falling with energy and appearing to approach the same
value aI infinite energy. (Note the factor of 2 multiplying the
”.p +n datﬂ).

111. Leading cluster and p° production

In a recent study of »"p interactions at 205 GeV/c, Yost et.
21,10 have studied peripheral processes in {nelastic events and
have found that there seems to be a 1imit to the fraction of inc{-
dent energy available for particle production. Figure 11a shows!0
the average value of x for the vector sums of the three momenta of
a1l negative and all positive tracks as a function of the associated
charged multiplicity. For Nep 10, |<x>| decreases rapidly with

increasing number of produced particles. For ep > 10, however, the

data are suggestive of being independent of n.p and motivate the
concept of "limiting peripherality.”

Figure 11a also shows clearly that the leading particle effect
(LPE) persists to high multiplicities, since <x> > O for negative
particles and <x> < 0 for positive particles even forn_, = 18. A
-measure of the rapidity range of this LPE 1s shown in ng. 11b and
11c where f(fy) 1s the fraction of events in which the highest

(lowest) rapidity charged particle {is negative. The lines of
fb-ftso.s represent no charge preference. Since the leading parti-

cles tend to have the sign of the beam (or target), we observe that
the LPE is maintained over a range of about 2 rapidity units, in
good agreement with previous estimates of the range of a cluster's
decay products.,

Recently, there have been several studies of inclusive reso-
nance production, in particular, p° production. Figure 12 shoY? an
example of 1nclusive p° production at low (s 20 GeV/c) energy.
Figure 12(a) to (e) sgows the (n*s=) mass distribution for fixed

" P
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charged multiplicity. Clear p° peaks are observable in the 4, 6
and B prongs and clear f peaks in the 4 and 6 prongs. The in-
clusive p° and f peaks are more clearly observed after multiplying
the n*tn~ mass spectrum by e2.5M as shown in Fig. 12(f).

Figure 13 shows the results of a recent study12 of p° produc-
tion in 205 GeV/c pp interactions. The inclusive ¥y~ spectrum
{Fig. 13a) shows a clear ° signal., The semi-inclusive distribu-
tions indicate no p° signal in the 4 prongs (not shown) nor in 12-18
prong events. Strong resonance production is confined to the 6-10
prongs where there are (0.25 + 0.10) p°'s per event. Figure 13(b)
shows the inclusive n"n~ mass spectrum for different cuts on the
rapidity of the nn system. For |y,,| > 2.0 there is little p° pro-
duction, while almost 2/3 of all peis are produced for |y, | < 1.

Figure 14 shows a summary of p° production in *p and pp
interactions from 6 to 205 GeV/c. The total inclusive p° cross
‘section is seen to rise by a factor of -3 in this energy range.
This increase 1s comparable to that observed in y production as
shown in Fig. 14 where the ratio of p°/y~, plotted versus the inci-
dent laboratory momentum, shows 11ttqe variation over the 6-205
GeV/c range. It 1s interesting to note that this ratio is twice as
large in wp interactions as in pp collisions. This difference comes

mainly from the forward p° production in the ¢ dissociation cm
hemisphere.

IV. Exclusive reactions at 100-300 GeV/c

The exclusive reactions

a°p > prta” (3)

and  ap + np2n 2n” (4)

at 100 GeV/c, and  pp + ppr'a” | | (5)
and  pp » pp2nten (6)

at 200 and 300 GeV/c are currently being studied by the MSU-ANL-
Fermilab-1SU-Md collaboration. At the present time only ﬁre11mfnany
results are available and are based on approximately one-half the
data in existing film. In Table I we give the measured cross sec-
tions for reactions (3-6). The values for reactions (3) and (5)
agree well with previous results 1n this energy range. The new
results for (4) and (6) represent the first measurements of these
reactions above 28,5 GeV/c and are shown in Fig, 15 as a function
of the incident momentum. The following discussion centers on two
currently interesting topics, namely Double Pomeron Exchange and
Double Diffractive Excitation.
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Table I

Exclusive Chanhel Results

Beam Events Analyzed 4c_events Reaction o(,b)
mee W W Wi
mewsm W@ iR
ogwsm w13

a) Double Pomeron Exchange (DPE)

Following the work of Chew and Chew,13 in Fig. 16 we plot
Ly versus Z,(Zy = nn(s/Mz(psn*w‘)). g = zn(s/Mz(pfn+n'))) for re-

actions (3) and (5). The criterionld that 2,, 2g > 2.3 defines a
possible DPE sample of 85 events (for the combined 200 and 300
GeV/c pp data). Since 1t is possible that a background from the
"tails" of single diffraction (SD) could exist in this region of
phase space, we show in Fig. 17(a) the distribution of ¢, the
azimuthal angle between the transverse momentum vectors of the two
protons in reaction (5),for the total sample as well as for the

85 DPE candidates. If the Pomeranchuk singularity is a simple pole
without any Regge cut contributions, then the azimuthal distribu-
tion for DPE should be isotropic. We attribute the excess of
events near |¢| = « to an SD tail. Evidence for this is shown in
Fig. 17(b) where ¢ 1s plotted as a function of the pnts- mass for
the DPE candidates. 1t is clear that the excess near ¢ = x 1s due
to events with low prts- mass. After selecting M{ps*s=) > 2.8 GeV,
we find 65 events corresFond1ng to a DPE cross section of (62:11)yub.
This result 1s shown in Fig._ 18 and 1s in good agreement with the
prediction of Chew and Chew.13

b) Double Diffractive Excitation (DDE)

Data from reaction (6) may be used to study the gcssible
existence of the simultaneous diffraction of target and beam pro-

tons into the prts~ final state and hence a comparison with the
predictions of Pomeron factorization based on data from reaction
(5). The patn~ mass spectrum for the 4 body final state is shown
in Fig. 19(a) for all events and for those events with 3 particles
in one cm hemisphere and one in the other (3:1 configuration). A
strong 1700 MeV mass peak {is visible as well as a possible shoulder
around 1500 MeV. For comparison Fig. 19(b) shows the pgtz- mass
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distribution for reaction (6) for events of the 3:3 no charge
exchange configuration. To remove "background" due to high mass SD,
we make a subtraction based on the 3:3 configuration in which there
{s apparent charge exchange between cm hemispheres. The resulting
spectrum 1s then in excellent agreement with that observed in

Fig. 19(a). Figure 20 shows the t distribution (a) for SD in reac-
tion (5) and (b? for DDE 1n reaction 56). We observe a much flatter
t distribution for DDE than for SD. (Note that these distributions
are integrated over the same mass spectra - Fig. 19.)

Finally we test the hypothesis of factorization:
S8 (P #p,%) = 5 (P*Py) 2 (P1P*)/ Bl elast).

If we use integrated cross sections and assume an ebt dependence
(Fig. 20), then

9pyp,r " (%0 a9 b +/%1) (Op ap By p ofbp upyber)s (7]

and b = b

+b -b,. ' (8)
Py*pp* " Py, T TP iPor T e |

From Fig. 20, we find that LHS (B) = 2.0 + 0.5 (GeV/c)~2 and that
RHS (8) = 2.5 + 0.6 (GeV/c)-2. As & test of Eq. (7), we predict
(RHS) that UPI*PZ* = 23 £ 7 ub, while experimentally we observe
OPI*PZ* = 37 + 10 ub. Taking the ratio of these cross sections we

find Tox /o red ™ 1.6 + 0,7. On the basis of these data we conclude

that we have seen DDE and that we have ho evidence for a violation
of Pomeron factorization.
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