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The reselts of an ipvestigation of the correlation between the
mass (M) and the transverse-momentum (P.r) of muiti-pion systems pro-
duced in pp collisions at 102 GaV/c and 400 GeV/g indicate thal, For
fixed M, Py distributions are only weakly dependent on the incident
energy, as well as on the charge and multiplicity of the produced
system. The dependence of <pT> oh M is much stronger and is similar

to that measured for discrete hadronic states.
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This paper presents the results of & study of the transverze-
mOomantim (9,) distributions characterizing multi-pion sys-

(L)

tews produced in pp collislons at high epergles. The data are from

previous exposures of the Fermilab 30-inch liquid hydrogen bubble
chamber to protons of 102 Ge¥/c and 400 GeV/c. 2

In the analysis o follow,we assign a pPlon-mans hypothesis to all
tracks which have momente in exc-esS of 1.2 GeV/c in the laboratory frame.
Below that momentum, bubble density provides an estimate of jonization
which may be used to distinguish a proton from a pion. The arbitrary
assigrment of a pion-masy to charged tracks of higher momentum causes
an estimated proton cuntamination of the " spectra  at about the

2

10% Ievel. It has been previcusly estimated that an additional 1%

+ +* -
e and 10% K contamination exists in the s+ tracks, and a 1% e , 78 K

it To further minimize fast-

and 2% p contamination in the ¥ tracks.

proton contamination of the 'u+ sample, we have rejected from considera-

tion all positively charged tracks with momenta in excess of 60 Ge\r/.c

and 240 GeV/c for 102 GeV/c aid 400 GaV/c inclident momenta, respectively.

In additien, to reduce the effect of track-measurement and curvature

errors, we have lapoged the requirement that all individual tracks have

Py < 1.5 GeV/c. -
In this analysis we st.udi.ed the properties of all possible charge ()

combinations of two, three, four, five and six-pion systews. Specifically,

wa have examined the following multi~pion production reactions:
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The mass spectra Mactzrizing the multi-pion stare for Reacrions
{1} through (5} at 400 GeV/c are displayed in Figs. 1 throwgh 5, re~
spectively, ' For each multiplicity, the distributions have been normalized
tn the séwe area. Typleal statistical error bars are shown on saveral data
points to help evaluate trends in the data. The data,in general,peak at
mmall valoes of M, bot do sot exhibit significant narrow structure. Thore
is a clear dependence on the charge of the produced maiti-pion
system, in that aistributions for large O} are shifted to lower values of M reis-
tive to data éor smell [qt.u’ {The mpectra at 102 GeV/c are similar to
thoge displayed in Figy, 1-5, except that the moan values of M are aboyt
25% smaller and the distributions are not ag wide as at 400 GeV/e.) The smooth
curvas in the flaures,labeled Monte Carlo. will be discussed shortly.

The shapes of p,, spectra for malti-pion states produced in Reactions

(1

{1)~(5) at 400 GeV/c are dimplayed in Figs. 6-9. All Aistrihutions

appear to drop at small Py values and fall off exponentially for Py 2 1

. GeV/o. Fligures 6 apd 7 display the depepdence of Py spectra OR the

charge of produced moltl-pion syitems) the data are for the Iepresentative
fixed mass intervals 1.0 GeV to 1.3 GeV for Reactions (2}, and 2.9 GeV
to 3.3 GeV for Heactionw (5). The distributions do not exhibit any
significant dependence on the charge of tha malti-pion system.

Figwe 8 presents the dependence of the Py distribuations on the
multiplicity (n) of the produced muolti-pion sysceme lhe Jd2t2 ave all
for the mass interval between 1.2 ZoV aafl 1.6 GeV, for 2%, 47 and &1
doubly charged states (}0}=2}. The P, Spectra appear to have a very
weak buat systematic variation with mattipllcivy. This will be Jig-
played more clearly later in thi= paper.

1hns far we have noted thatyat fixed mams, p, spactra are only weakly
dependent on the charge and multiplicity of produced muelti-pion states. In
Fig. 9 'we displey tne varlation of Py spectra with masys in Reactipns {1)-(5).
The data have been summed over charge states and displayed for 0.2 GeV-wide .
mass intervals centered at the peaks of the W-distributions given in Pigs.
1-3. We see from Flg. 9 that, although the peak of the p, spectrum
ahifts with increasing mpass, the Fall-off at large p, can be charactex-
ized by an universal dependence of the form exp(-:lp,ri. (our expevi-
mentally motivated cut off at pT"l.S GaV/c on individual trackg iy
expected to affact the fall off only in the lowest-multiplicity duta,
particularly fox ey zz Gev;’c-l ng an asfde, it i¢ intwresting to note
that the peak-values of the M distributloss increase linearly with the
charge mltiplicity n.

it is well known that transverse womeutym distributions of particles
produced in high-enerygy collisions change very slowly with increasing

anargy. L It ies thergfore not surprising that the p'r spectra for
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Reactiors (1}~ (5) do not change markedly between 102 GeV/c and 400 GeV/c.
The kind of differences observed are typified by the results presented
in Fig. 10. Here we provide a comparison between 102 GeV/c and 400 GeVic
data. The distriburions are for 1.2 GeV<M<1.6 GeV. =0 20 data, and
for 2.9 GeV < M < 2.3 GeV, Q= 0 6% data, in (a} and (b}, respectively.
The shapes of distributions at the two energies agtee for p,r,sx.z GeV/o.
above 1.7 GeV/c the Py specira at 400 Ge¥/c, particularly for the 6w
events, do not fall off as rapidly as the 102 GeV/c data. This dif-
ference may be attributed to the knvwn increase, With incident energy,
of the inclusive pion crogs section at large By- 1

Figure 11 puwmarigzes the variation of the average value of the
transverse womentum (<;>T>Jr for multi-pion systems produced at 400
GaV/c, with multipticity and mass of the systems. (The data have been
swmmed over charge.) The substantial increasge of ’pq) with increasing mass
reflects the results given previousty in Fig. 9, e There iz very little
difference obsBakved in <p'r> for diffsrenc moltiplicitles ak M € 2 Gev: it
appears, however, that at these small mass values <pT> decreases comewhat with
increasing n. For M>2 GeV the variation of <pT> with mass is weak, but the
depandence on multiplicity far more pronoumced. Several of the data points,
especially for large n and large M, depart from a smooth trend in the de~
pendence of <p,r> on M. This may be due to the fact that the errur bars for
iarge n are not realistic because we have ignored combinational correlations
amony tracks in assigning statistical errors to the individwal points.

We have also studied, for fixed M, the variation of <pT> with the
Feyninan x of the multi-pion system. There ic a weak dependence of
<pT> on x, not unlike the kind observed for inclusive single-pion pro-
duction data.ﬂ, Figure 12 displays the typical variation of <pT>

with x for Reactions (2} and {3). For comparison we present the data

-6-

on ¥ production at #00 GeV/c. t2)

Taole I swmarizes the resalts of a calculation ofF <p,r> valyoes az a
funcrion of multiplicity using a Monte Carlo model. This model, which has
been discussed previously in the literaturern. contains the single-particle
inclusive and semi-inclusive distributions and charge multiplicities ohserved
in the 400 GeV/c pp data, but no explicit correlations among kinematic vari-
ables or amony produced particles. Masz digtributions for Reactions [(1}-(5)
using the Monte Carlo caiculation are indicated by the smooth curves shown
in Figs. (1)=(%). The model provides a weakx Adependence of <pT> oen M {essentially
no dependence on (): this is displayed in the smooth curves shown in Fig. 11.
Also, ag$ can be seen from the entries in Table I, the <p_r> values, iptegrated
over mass, scale with multiplicity approsimately in the manner of a ramdom
walk, namely asz vk, As mentioned before, the data in Fig. 11 for M<2 Gev dis-
play essentially no deperidence on wyltiplicity, and this implies that dynamic
co_rrelations apong particles are so strong as to completely wmask this kind of
random behavior. At large values of M, however, there i3 some evidence of a
growth of <pT> with increasing n similar to that expected for a random addi-
tion of n independent Py values. In fact, it appears that the mass regime in
which random behavior dominates is a strong function of multiplicity. For two-—
pion data the region of dominantly random correlation appears to be ¥ > 1.5 GeVv,
while for four-pion data this cut off is at M2.5 Gev.

Finally, in Fig. 11 we have included measured <pT> valones for elementary
particles produced in pp collisions. = We note that rhe <pT> values of
elementary particles coincide with the data for M<1 GeV (thls iz the region
where dynamic correlations appgar to be important). The recently measured <pT>
value for J/¢ production is 25% higher than expected, for example, from
Reaction {2} at M = 3 GaV. 9

Wwe thank D. Cohen, A. Seidl and J. C. Vander Velde for their con~

tributions to the early phases of this work.
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Mass distributions for two pions having chaxrge =0 and O=-2, 11.
The smooth curve i1s a Monte Carlo prediction Ffoxr the massd spectra

of Reactions (1).

Mass distribntions for three pions having charge O=-1 and Q=-3.

The smooth curve 13 a Monte Carlo prediction for the mass spectra of
Reactions (2).

Mags distributions for four pions baving charge O=0, ¢=-2 and {r=-4. 1z.
The smooth curve is a Monte Caric prediction for the mass spectra
of Reactions {3).

Mags distributisns for five pions having charge Q=-1, Q=3 and (=4,
The smooth curve iz a Monte Carlo prediction for the mass spectra
of Reactions {4},

Mass distributions for six pions having charge =0,0=-Z, O=-d and
e~G. The smooth curve is a Wonte Carlo prediction for the mass
spectra of Feactions [5).

Trahsverse-momentun distribotions of three-pion systems having

mass between 1.0 Ge¥ and 1.3 GeV separated according to o],
Transverse-momentwn distributions of six~pion systems having wmass
betwsen 2.9 Gev and 3.3 GeV separated according to ]Q].
Transverse-momentum distributions of doubly charged muiti-pion
systems of mass between 1.7 GeV and 1.6 Gev.

Trapsverse-momentum distributions of multi-pion systems in Reactions
{1} through (5} for evenkts with masses at the peaks of the dis-
tributions in Figs. (1) threugh (5).

Comparison of (=0 102 GeV/c data with 400 GeV/c data. The dig-
vributions in {(a) are for two-pion systems in the mass intervel
betwaen 1.2 Gev and 1.6 GeV, and in (b} for sikx-pion systems having

mags between 2.9 GeV and 3.3 GeV.

=10~

The values of <pT> as a function of mass and moltipiicity of the
produced mltli-pion systems. Smoobh ourves are results of a
Monte Carlo calculation for ipclusive two-plon and six-plon pro-
duction. Values of <p,r> For known hadrons are indicated on the
gragh. The size of the lettere representing the hadrons reflects
the estimated exxors on <pT> for these particles.

The dependence of <pT‘—‘ an X.
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Table I
n
ponte-Caric calcoulation of > 48 & Function of inclusive
multiplicity Eor multi-pion systems produced at 400 Gev/c.
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