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Abstract

The production of apparent three-particle rapidity correlations from a
convolution of real two-particle correlations is studied. Aside from these
spurious corvelations, & small but statistically significant "'real’ three-
particle correjations is obaerved for the (-+-) charge state. No corres-

ponding correlation is observed for the (---) system.
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Extensive studies [1] of correlation phencmena in high energy inclusive
reactions have established the fact that hadrons are produced not independently,
but in clusters. The origin and nature of these clusters are not well understood.
Early speculation that conventional resonances could account {or most of the
correlation cbserved seems to be ruled out by more recent studies [2]. The
correlation data do indicate that the cluster rmualtiplicity k, is typically small,
as is the dispersion parameter 4 {3).

Two-particle correlations have been studied in a large number of experi-
ments [1). The possibility of multi-particie correlations in pp inclusive
reactions has been investigated by three groups of authors [4, 5, b]; no clear
evidence of three-particle correlations bas been observed within the limits of
the statistics of these experiments. We Teport here a search for, and observa.
tion of, three-particle correlations in »'p iacluoiverrelctionl at 200 GeV/«c,

The dats come from a sample of 17, 000 avents of all topologiss obtalned using
the 30-inch bubble chamber/wide gap spark chamber hybrid spectrometer at
Fermilab, Experimental procedures are described elsewhere [7. 8).

In analogy with previous studles [7, 9] we define the single-particle rapidivy
density Pl(y) = g-ldg /dy, the twe-particle density pz(yl =g -1 dzu' !dyldyz,
and the three-particle density plly) i - dlﬂ‘ IdyldyzdyS. The normalized
three-particle correlation function is then written [10];
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It is useful to define the quantities
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i.e, 8 true threc-particle correlation will appear aa the difference betwesn R;.
the excess of the normalized 3-particle density over the combinatorial product
of single-particle deasities, and a background term R; which represents
apparent 3-particle correlations arising from the presence of real 2-particle
correlations in the data,

We integrate equations (1), (2), snd {3} over Y, and study the resulting
correlation functions Ryfay;, avah R;iay‘, ay,) and R;(le, ayy), whare
&Y * ¥y - ¥, snd Ay T ¥y - ¥, for the 200 GeV/c inclusive reactions

¥ p-=w"v v + anything {5

and *'p =+ ot 4+ anything. {6}

In Fig. 1A{a) - (a), laft, we show the valaes of 3'3 (Avl. aY3) (circles) and

R3layy, ay,) {triangles), for reaction 5, as & function of sy, for various intervals

1 1
of 4Y,. The corresponding values of Ry layy, ay,) and 23,(‘571' AYy,) for reaction

6 are shown in Fig, 1B {(a} - {e], to the right. We note that over most of the 3-

particle rapidity space there i» ensentially no difference between the plotted
circle and triangle points, i.e., the convolution of the varicus possible two-
particle correlation effects in R; fay;, Ay;) accounts for essentially ail of

the excess In the normalized thrae -particle rapidity density in R; (ay). avz)
There appears to be an exception to this behavior for the (- + -) charge combina-
tion, reaction &, it the data for which the rapidity differences AY, and ay,
are both small, in Fig. 1B{c).

The quantity Ry(ay), av;) = Ry (a5, a¥2) - Ry(ay), Avzh which represent.
the true, dynamical correlation, is plotted against ay) for various intervals of
ay, for the same data in Figs. ZA{a) -(s) and ZB{a) - (e). {Note the change of
scale from the distributions of Fig. 1.) A backgroumd (smooth curve) is
simulated by using & Monte Carlo calculation to gensrste eventa which reproduce
the features of single particle inclusive data, and include no explicit short-range
correlations, to determine values of 3'3 ““'l‘ mrz), from which the observed
Rglmrl. ay) are subtracted. There is clenr evidence of 3-particle correlation
for the {- + -) charge combination, reaction &, ‘when both ayy and ay, are
small, Fig, 2B {c).

Valuss for the 3-particle correlation maxima at Ay, * av, =0 for (-+-)
and (---) charge states are compared with maxima for Z.particle correlations at
¥y, *ay=0 for (--} and (- +) charge states measured [7] in the same experiment,
In the case of both like- and unlike-charge combinations, the 3-particle correla-
tions are weaker than the 2-particle correlations. These results, which directly
measure correlation functons, are in agreement with a study of the same data

using a generalized multi-raptdity gap method [11], which suggests that clusters



predominantly consist of two charged particles, and that the relative number of

3-particle clusters is less than 15% of the total, The absence of |- - -} clustering, Table I. Two- and three-particle correlations at small rapidity separation

which would require a large charge exchange AQ ip the tapidity chain, is not

unexpected {12]. Charge Combination Correiation R
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Figure Captions

Fig. 1

Fig. 2

1 " .
Vajues of R3tayl, ,Mrzl {circles} and R3 (Ayl. Ay'z] {trianglcs)
as a function of Ay, * v, - y; for different intervals of

&Yy * ¥y - V3. Values for the (- - -) charge combination are
shown on the left, A(a}- (¢): values for the {-+ -) charge

combination are shown on the right, B{a}- (e).

Values of the true dynamical correlation R3 [Ayl, Ay?.’ B

Rs lay,. ayy) - R‘B"Ml' 2y} a8 3 function of 2y, for
various intervals of -AYZ' Values for the (- - -) charge combin
tiop are shown on the left, A{a)-{e); values for the (-4 -)

charge combination are shown on the right, Bla} - {e),
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