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ABSTRACT

Significant positive correlations are seen for all charge combinations
of pion pajrs with small rapidity separation. Joint rapidity-azimuthal corre-
lations show that this positive correlation cccurs when like {unlike) pions'

are produced with small (large) separation in azimuth,

*Research supported in part by the National Science Foundation.

#Research supported in part by the U.S. Energy Research and Development
Administration. - \



-2-

Inclusive correlations between two particles in the central region
have been studied in several experiments at Fermilab and the CERN ISR.-1
These correlations are found to be nearly independent of the incident beam
momentum and short-ranged in nature. Recently, data have become available
for fixed.charged particle multiplicity (semi-inclusive). Fermilab experi-

ment52’3

are consistent with little or no correlation between like pions and
show indications that the correlations between unlike pions are restricted
to Tow multiplicity final states. An ISR experiment4 studying jgint rapi-
dity and azimuthal correlations shows a strong short-range correlation which
is attributed to the independent emission of clusters, possibly resonances,
This positivé rapidity correlation is strongest when the two particles are
fravel]ing in the same or in opposite diréctions in transverse momentum.

- However, no measurement of the dependence of these correiationﬁrén the
charges of the two particles was possible.

We present new data on the rapidity and azimuthal dependence of the
two pértic]e correlation functions for Tike and'unlike pairs of pions at
100-300 GeV/c. The data come from a study of 12,203 eyents produéed in 200
and 300 GeV/c pp and 100 GeV/c =7p interactions in the Férmi]ab 30-inch

hydrogen bubble chamber {5371, 4316 and 2516 events respectively}. The fol-
+

Towing reactions are considered: p{r~)4p + »~r~ + anything, « 4 + anything,
7°xC + anything, and »~%*t + anything. For brevity, {--}, {++), (cc) and
(-+) are used to denote these reactions.

In studying correlations in the central region, it is advantageous to
- 1imit the analysis to the charged multiplicity range, <n> = n < 2<n>, in

order to remove complications due to diffraction in Tow mu]tip]icity events

and phase space restrictions in the high multiplicity events. For this
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reason, we limit our analysis to 6 through 14 prong events, and take all
negative particles to be »7's and all positive particles not identified as 7
protons by jonization {up to 1.4 GeV/c laboratory momentum) to be aT's. The
resultant contamination from protons and kaons in the central region (in
_fact, for C.M. rapidity y = 1/2 zn[E+PL/E-PL] < 3) is considered to be negli-
gible within the present Tevel of statistics. |
. We denote by n the total number of charged particles and by m{p) the
number of minus {positive) charged particles fn an event. We specify two
particles by their C.M. Rapidities, ¥1 and_yz, and define single and two

particle rapidity densities:

. dcn ] dcn _
p {y) == - and; {yny,) = — — ., 1
n o dy pn 12 %n dy_l dyz ()
where o, s the cross section for - the production of n charged particles.

These particles are further specified by the azimuthal angles, ¢1 and ¢,, of

their transverse momentum vectors. Extending the work of K05 and Eggert

et al.,*?

we define the semi-inclusive rapidity correlation functioné:
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for (--), (++), and {cc) respectively, and
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for (-+). The above correlation functions are zero everywhere in the absence
of correlations” and, fér the first time, treat different charge combinations
on an equivalent basis.

By way of introduction to the data, we show in Fig. 1{a) correlation
functions for 8 prong events at 200 GeV/c. We select ]yé[ < 0.5 and p]of
Cﬁ(],Z) = Cn(ﬁy) as a function of Ay ='y}-y,. As C,lay) is symmetric.ébout
y=0 for pp reactions, we show Cn(Ay) as the average of the iby_data. rstrong
positive correlations at y=0 and negative correlations at Ay = 1-3 are evi-
dent and generally similar for all charge combinations. Neither the existence
of the {++)} correlations nor the ﬁimi]arities among the different charge com-~
binations has been noted before at these energies.

Plots of Cn(Ay) (not shown) for different multiplicities from pp and
x p reactions indicate similar correlation patterns, althsugh'the magnitude |
of these correlations diminishes with n for a given.éharge combination. In.
order to combine C.(ay) functions for different n, we calcylate Jn-Cn(Ay);
where Jn = (m-1), {p-1), {n-1) and m for (5—),,(++), (cc).and (~+) fespec—
tively. This J,, dependence is suggested in the independent ¢1ustef emjésion
mode1.® 1In Fig. 1(b) we show that Jn-Cpllay} < 0.5) for rygl < 0.5 is,
within errors, independent of n.

Motivated by the absences of any significant dependence on n, we de-

fine an n~-averaged correlation function:

*pmp(I,Z) denotes the two-particle rapidity density with a 17 at ¥y and a 4"
at y,. |
2
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z Jn.Cn(Ay) a,

E,crn-

< Cylay)> = (3)

This function is plotted versus ay for lyzl < 0.5 in Fig. 2. The similarity
in shape among the distributions for different charge combinations is clear.
For the ﬁ’p-reactions, we note that the positive correiations at ay=0 are
somewhat smaller than for pp and a significant positive correlation is evi-
dent near Ay=3, which may well be evidence for a dfffractivé effect in the.
high mu]tfp]icity events. |

We now turn to the jdint_corre]ation function for rapidity and azi-

muthal angle. In analogy to Eq. {3), we define

b Jn.cn(ay,a¢) 9

<Jn.Cn(gy,ﬂ¢)> = (8)
I o
where
> ' (
C, (8y,80) = om(Y1872Y292) _ pplyyey)  pplypds) 5
m(m"]) i S m

for (--) and similar expressions in analogy to Egs. {2b-2d). These joiﬁt cor-
fe]ation functions are plotted in Fig. 3 for the same data as in Fig. 2. The
most apparent features are strong correlations at Ay and A9 = 0 for (++) and
small Ay and A¢ = = for (-+), as well és somewhat weaker corre1ation§ at small
AY énd'A¢'= 0 for (-+). The (cc) data, which show a positive short-range
correlation throughout the full A4 range and indicate a shorter fange of the
Arapidity corre1a£ion for a¢ = 0 than for Ap = w, are in qualitative agreement
with those of Eggert g;_gl,q However, an important new result from our data
is that these features of the (cc) data result from a combination of the dis-
similar data for like and ﬁnlike pion pairs. Thus, we find that like pairs

of pions appear to have a shorter correlation length in rapidity than unlike

pairs of pions.
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To examine possible origins of these effects, we show in Fig. 4{a)
the quantity wdo/da¢ for ly,| < 0.5 and jay| < 0.5 with calculations’ which
include Bose-Einstein statistics for identical and nonidentical particle |
emission from a single cluster. These calculations are in good agreement
with the (+z) data, as well as the (-+) data for #p reactions. However,
there are significant differences in the (~+) case for pp reactions, parti-
cularly near A¢ = 0 and w.

In order to expiore the possibility that p?‘clusters are responsible
for the behavior of the {-+) data, we have plotted in Fig. 4(b) {-t) effec~.
tive mass distributions, with ]yzl < 0.5, |ay] < 0.5 and A > n/2. The
latter cut is intended to enrich a p°® signal because of the tendency for 5'5-
from p° decay to be concentrated near ¢ = #. Also shown is the area nofmé]—*
ized sum of the (-~} and (++) spectra. The data do not show any significant
p° signal in the rapidity and azimuthal regions under consideration. This
observation is particularly interesting, in view of the p5 signal which has_
been reported] in different experiments, which however use somewhat different’
selection criteria. |

In summary, we have sﬁown (1) the presence of short ranged rapidity
correlations in all charged cqmbihations; (2} that this correlation ha§ dif_
ferent A¢ dependence fof different charge combinations; {3) that effects due

to Bose-Einstein statistics are probably observed, most prominently in the

e

{2+) spectra near Ay = a4 = 0. However, we may speculate that the effects
cbserved in the (--).data near Ay = A4 = 0 could also be due to the presence
of charged clusters (for example, charged Ap type clusters produced with high
transverse momentum) or (--++) neutral clusters; and (4) that no significant

p°® production is observed for sma]?"hy fn the central region.
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FIGURE CAPTIONS -

(a) Cn(Ay) for |y2| < 0.5 for 200 GeV/c 8 prong events.
(b) Iy-Cpllay] < 0.5) for |y,| < 0.5 versus n.

<dp-Clay)> for |y,| < 0.5 versus ay. The curves are hand-drawn
to show the trends in the data (averaged between 200 and 300 GeV/c |
in the pp data). Errors on the pp data are comparable to the

size of the open circles.

< Cp{ay,a9)> versus Ay and A¢ with [yo] < 0.5. Four a¢ regions
(0 < Ap < n/4, etc.) are plotted for each charge combination.
The curves are drawn in a similar manner as for Fig. 2. Typicail

errors are shown.

{a) a¢ distributions for lyp| < 0.5 and fay} < 0.5. The curves
are calculations from Ref. 7.

(b) m_ distributions for (-+) for the same selections as in (a),
plus A¢ > w/2. The dots represent the sum of thé (--) and

(++) data normalized to the same area.
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