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We present an investigation of ~ 
+ and ~ production in pp collisions 

at 102 GeV/c. The data are from the complete measurement of a film sample 

containing ~650 events and an additional 1200 events belonging to 

~8-pronged topologies, obtained in a 30,000 picture exposure of the ANL/NAL 

30-inch bubble chamber to 102 GeV/c pr9tons. All tracks from these events 

were measured in three views using standard 2.5~ least-count digitizing 

stages. A special program was written to match the tracks prior to their 

lspatial reconstruction using the TVGP system. All distributions have 

been corrected for measurement losses by weighting the events. by the known 

topological cross sections. 2 
\ 

Single-Particle Spectra 

Corrections for K- and p contamination in the TI spectra~ as w~ll as 

for K+ and high-momentum proton contamination in. the TI+ spectra were applied 

to the single particle inclusive data. These corrections were made by 

generating, through a Monte Carlo program, K-
+ 

spectra according to the. 

+
observed KO data. 3 The energies of the generated K- tracks were subse­

s 
+

quently changed by altering the mass hypothesis to that of a TI-. These 

spectra were subtracted from the measured negative and positive particle 

distributions. We used a K+(K-) production cross section equal to 1.2(0.8) 

times the observed K~ cross section. The Ii contribution was taken to be 

20% of the K- yield. The proton subtraction was performed by extrapolating 

the measured proton spectrum for momenta below 1.2 GeV/c 5 in the reaction 

pp ~ p + anything (1) 

dC1 (We assumed that the differential cross section dx where x is the FeYnman 

. * * * * 
variable Pi/Po ' and Pi and Po are respectively the longitudinal momentum 

of the final-state proton and the incident proton in the center of mass 
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system) for -0.5 < x < 0.8 was constant and equal to the observed value 

15 ± 3 mb for -0.8 < x < -0.5. We assumed that proton production for 

x > 0.8 to be equal to that at x < -0.8, and used a Monte Carlo program to 

generate and misinterpret the fast protons as ~ 
+ mesons and thus 

corrected the positive-track spectra. 

All errors on the single-particle distributions presented contain 

both statistical and systematic uncertainties. The corrections to the 

negative spectra were typically of the order of 5% while the corrections 

to the positive-particle distributions were as large as 15% near x ~ o. 

E* + Pi* 
Figure 1 displays the distributions in the rapidity y = ~in( ) 

em E* * - Pi� 
for the ~+ and ~- data, integrated over transverse momenta (PT) ~nd
 

summed over all topologies. For comparison we show similar data for ~
 

6�
production at 12 and 24 GeV/c. The latter are plotted in terms of the 

laboratory rapidity (E and Pi are measured in the laboratory) in order 

to compare the three sets of data in the region of proton fragmentation. 

-We note that all three ~ spectra overlap for YLAB ~ 0.5, at which point 

the higher energy data start deviating from the 12 GeV/c and 24 GeV/c 

distributions. Thus the inclusive ~- cross section, for YLAB< 0.5, has 

apparently reached its as~ptotic limit below 12 GeV/c. 

In Fig. 2 we display dcr/dP~ for ~- produced in the backward hemi­

sphere of the center of mass. For comparison we show data for the same 

reaction at 28.5 GeV/ c. 7 The growth of this cross section reflects the 

rise of the ~- multiplicity with incident energy. However, aside from 

an overall rise in the cross section, there is also an apparent change in 

the shape of the PT distribution due to an addition81growth of the cross 

section for PT ~ 1 GeV/c. The average value of PT shows a slow but 

8
definite rise with energy. For data in the range PT < 1.5 GeV/c we find 

<PT> = 0.34 ± 0.01 GeV/c and <P~> = 0.17 ± 0.01 (GeV/c)2. 
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The correlation between y and PT is displayed in Fig. 3. The rise 

in <PT> as a function of y is partly due to a larger phase space avail­

able for TI- production with larger PT values at small y • 
cm 

The dependence of they spectrum on multiplicity is shown in 

Fig. 4. The higher multiplicities are,clearly,characterized by lower 

mean values of Iyl. 

Two-Particle Correlations 

In Figs. (5)-(7 ) we display data pertaining to two-particle 

correlations for the reactions (2)-(5): 

pp ~ TIc~c + (2) 

pp ~ TI+TI- + (3) 

+ + pp ~ TI TI+ (4) 

pp ~ TI TI + (5) 

where the (c) indicates no selection on the charge of the pion. Correc­

+ 
tions for K-, p, P contamination cannot be made in the manner that the 

single particle spectra were corrected. We have, however, removed all 

protons identifiable by ionization, and all tracks which had a measured 

value for the longitudinal momentum in the center of mass in excess of 

4 GeV/c. This last selection removes most of the forward produced protons 

while removing only a small fraction «5%) of the forward produced TI
+

• 

The resulting single particle spectra are shown in Fig. 5. The remaining 

+
K-, P backgrounds and the asymmetry in the positive spectra (caused by 

the remaining proton background) do not seriously affect the shapes or 

magnitudes of the correlations to be presented. 
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In Figs. 6(a t b,c,d) we show the double differential cross section 

for reactions (2)-(5). As IYl' increases there appears to be a trend 

for the Y2 distribution to fall and get wider. To improve the sensitivity 

to small changes in the shape and magnitude of the two-particle spectra 

we display in Figs. 7(a,b~,d)the now standard correlated rapidity density 

for� reactions (2)-(5). This density is defined as: 

C1INEL dYl dY2 
= --:-dC1---:d....::a~-= - 1R12 

dyl dy2 

2where a = 31.9 ± 0.8 mb is the total inelastic cross section.INEL 

The smooth curves shown in Figs. 7(a,b,c,d)represent the results of 

a pion-production� model having the following properties: 

. . + - 0(a)� The a priori probabilities of each p10n be1ng a ~ , a W , or a W 

are equal, as are those for each nucleon being a neutron or a proton. 

Charge and baryon conservation alone are used to determine which 

final states are possible. The probability for the production of 

any particular number of pions is obtained by constraining the 

resUltant charged particle multiplicity for the model to agree with 

2that� observed for the data. 

(b)� The pions are produced with a cutoff transverse momentum distribution 
_aP2 

of the form e T, which is in approximate agreement with the data. 

The rapidity distribution of the generated pions is also chosen to 

be gaussian in shape, with a variance which decreases with total 

pion multiplicity as l/Iii (also in approximate agreement with the 

data), and with an overall scale factor which was chosen so that on 

the average the total energy carried away by all of the pions in an 

event amounts to one half the total center-of-mass energy. 
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The intent of the model was to compare the experimental data with a 

"control sample" of the same general kinematic character. In addition, 

we wished to investigate the effect of the multiple entering of events 

characterizing the calculation of correlation functions such as R •12

Although the nature of this comparison can at best only be semi-quantitative, 

the following general observations can be made: 

(a)� The R12 parameters for ~y = 0 are consistently larger than expected 

on the basis of our model. This is true for all charge configurations. 

In particular, simple Mueller-Regge ideas predict the absence of 

+ + - -� 9 
~ ~	 and ~ ~ correlations near Yl ~ Y2 ~ 0, whereas we observe 

relatively large values of R ~	 0.4.12 

(b)� The magnitude of R12 for pions of all charge (Fig. 7a) agrees well 

with� that observed for the central region of pion production at 

ll205 GeV/c 10 and at ISR energies. A similar statement can be 

made concerning the comparison of our results for ~-~- correlations 

. 12
(Fig. 7 d) with data for the same process at 303 GeV/c. Thus the 

maxima in R12 appear to be essentially energy independent. 

(c)� The model does not reproduce the magnitude or shape of R , par­
12 

ticularly for the ~ 
+ 
~ 

- data. This is most evident when the two 

particles are produced away from the most central region. The ob­

served correlations for ~y = 0 can be taken as evidence for particle 

clustering in the production process, a possibility not explicitly 

put into our model. 

Transverse momentum correlations (the azimuth angle between trans­

verse momenta of two particles defined as: 

are� shown in Fig. 8. The results are for events with six or more charged 
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prongs. Again we note that the data for unlike-charged pions appear to show 

more structure than for pions of same charge. Here, however, momentum con­

servation requires some anti-correlation and, consequently, the lack of 

correlation in reactions (4) and (5), and the reduced correlation in re­

action (3) for large rapidity gaps between the two pions, would appear to 

. .. 13
have a dYnamlC orlgln. For example, it may be that pions of like charge 

frequently have other (charged or neutral) pions between them in the rapidity 

chain. The diminution in the azimuthal correlation for large rapidity 

14difference may be related to the nature of the Pomeranchuk trajectory. 

Forward/Backward Correlations in the Center of Mass 

The charge transfer distribution, i.e., half the difference between the 

charge moving in the forward direction (~) and in the backward direction 

in the center of mass (~) is shown in Fig. 9a. (There is a very slight 

asymmetry in the data due to misidentification of protons~) The variance 

of the distribution, <u2>=t«~-~)2>hasbearing on the nature of the pro­

duction mechanism. 15 We find <u2>=O.90±O.o4. This variable has a weak de­

pendence on laboratory momentum (Fig.9b),which is more in line with pre­

dictions based on a multiperipheral mechanism than with those afforded by 

a fragmentation or fireball model. 15 

Finally, in Fig.lOa we plot the average multiplicity in the forward 

hemisphere <~> as a function of-the number of particles emitted backward 

in the center of mass frame (nB). We note that there is a weak positive 

correlation between ~ and <nF> for all multiplicities. The effect of the 

low-multiplicity diffractive contribution is discernible in the dips ob­

served for nB=l and 3. In particular, the 4-pronged topology exhibits a 

strong preference for a separation of 1 charged particle into one hemisphere 

of the center of mass and 3 into the other (Fig.lOb), whereas the higher 

topologies (Figs.10c,d) show a smooth behavior as a function of nB• 
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Figure Captions 

Fig. 1.� The rapidity spectrum integrated over transverse momentum for 

~+ and ~- mesons produced in proton-proton collisions at 

102 GeV/c. Also shown are smooth curves representing data for 

~ production at 12 and 24 GeV/c as a function of laboratory 

rapidity. 

Fig. 2.� The transverse momentum spectrum for backward ~- produced 

in the center of mass. Also shown is a smooth curve representing 

the data for the same reaction at 28.5 GeV/c. 

Fig. 3. The mean transverse momentum for ~- mesons as a function of the 

rapidity in the center of mass system. 

Fig. 4. The rapidity spectra for ~- mesons produced in various 

topological classes. 

Fig. 5.� The rapidity spectra for the positive and negative particles 

used in the calculation of the two-pion rapidity correlations. 

Protons have been removed using the procedure described in 

the text. 

Fig. 6.� The two particle rapidity spectra in the reactions 

+ -� + + ... , (b ) pp ~ ~ ~ + ... ~ (c) pp ~ ~ ~ + .•. ~ 

(d) pp ~ ~ ~ + ••. ~ for the rapidity intervals used in the 

calculation of the two-particle correlations. For clarity 

the data points have been "displaced to the left (dark points) 

and to the right (open circles) of the central rapidity 

value in each bin. 
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Fig. 7. The two particle correlated rapidity density R12 plotted as 

a function of the difference between the rapidities of the 

two pions in the reactions (a) pp -+ nCnc + ... , 
( )c pp -+ + + n 7r +..., ( )d pp -+ - -n 7r +... The results of 

the model described in the text are to be compared with the 

dark data points. 

Fig. 8. The frequency for observing two pions with an angle $ between 

the transverse momenta (each plot is normalized to an average 

height of 1). The data are subdivided into pion charge states 

and into rapidity-difference intervals. The dashed curves are 

the results of the pion-production model described in the text. 

Protons and events with less than 6 charged part~cles have 

been removed. 

Fig. 9. (a) The cross section for observing an amount of charge, u, to 

be transferred from the backward to the forward hemisphere in 

the center of mass, and (b) the variance of the charge transfer 

distribution as a function of the incident momentum in proton-

proton collisions. Also shown are the predictions characteristic 

of fragmentation and multiperipheral models (private communication 

from C. Quigg). 

Fig .10. (a) The mean number of charged particles observed in the forward 

hemisphere of the center of mass, <hF>, as a function of the 

number of cha.rged particles observed in the backward hemisphere 

(nB). (b-d) The cross section for observing n
B 

charged particles 

in the backward_hemisphere of the center of mass for the 

topological classes N = 4,6,8 prongs. 
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