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A correlated jet model which takes into account dynamical two-particle correlations
besides exact kinematical ones is compared with data of the reaction 1r+p - p31r+2n_.
The approximation of the dynamical correlation by the contributions of the resonances
po, AT and A is shown to yield a good description of single-, two- and three-particle
distributions. Short-range effects of two-pion azimuthal angular correlations are explained
mainly by the decay of po being produced with limited transverse momentum. -

1. Introduction

Recent experimental results for correlations in high energy inclusive and semi-in-
clusive reactions [1] indicate that there is a strong short-range component in the
central region. This has been considered as an evidence for the production of clusters
which may be regarded as excited hadronic states decaying into the observed final
state particles. There are two leading clusters (or particles) [2] which carry mostly
the quantum numbers of the two incoming particles and a varying number of central
clusters produced almost independently.

Various cluster models have been constructed [1] which differ by the assumptions
for the mechanism of cluster production (e.g. multiperipheral, independent emission)
and cluster decay (e.g. independent emission with invariant phase space, thermo-
dynamic fireball decay, resonant decay). Most of these models neglect energy mo-
mentum conservation which is permissible only in the central region at asymptotic
energies.

In this paper we want to compare the data for the reaction n*p - p37* 27~ at 16
and 8 GeV/c with a correlated jet model (CJM) considered by one of us [3]* as a
combination of the uncorrelated jet model (UIM) [4] and the Feynman gas model
(FGM) [5, 6]. In the special form used here it may be regarded as belonging to the
general class of cluster models mentioned. Energy-momentum conservation is taken

* A model of this type has been used already in ref. [14] for the investigation of the high-en-
ergy behaviour of the fotal cross section and of multiplicity moments.
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into account exactly as in the UJM including & functions in all exclusive cross sections.
This exact treatment of kinematics of the final state particles (phase space) is always
important for the distributions of particles in the fragmentation regions. At non-
asymptotic energies kinematical effects can be considerable [1] also in the central
region, especially if it extends only over a few rapidity units, even more for energies
below 50 GeV/c.

For the dynamics, i.e. for the invariant matrix elements squared, |T,,(py, .., pn)lz,
we assume in a first approximation the factorization structure of the Feynman gas
model (proposed originally for the cross sections); thus |7, |2 consists of a sum of
products of the functions ¢, ( p;) and ¢, (p;, pj). Here ¢ (p;) describes the produc-
tion of a “one-particle cluster”, i.e. the final state particle itself, produced with mo-
mentum p;, and-,(p;, pl-) represents the production of a two-particle cluster of mo-
mentum p; + p; which decays into the two stable particles of momenta p; and p;.
Higher order correlation functions ¢, (py, ..., p,,) of IT, |2 are not included here
since two-particle correlations seem to be dominant, at least in this low-energy re-
action. Leading particle effects, however, are taken into account by using different
functions ¥2 and w}’n for the leading forward (a) and backward (b) particles and
clusters instead of the central cluster functions ,,.

The main physical reason for the presence of the correlation ¢, in |T), 2 is the
strong production of resonances in the low-mass region, Mi% =(p; + p]-)z. They are
assumed here to have a transversal cutoff in the net transversal momentum (p; + p)),,
(or, more appropriately, in the longitudinal mass uf; = Mlzj +(p; + pj)f), similar to
the transversal cutoff used for ¢; in the UJIM, and a Breit-Wigner type function in
M,% for the propagation and decay of the resonance. In this resonance approximation
for ¢, we have then a generalized jet model for the independent production of stable
particles, e.g. pions, and of resonances, e.g. p > 7 + 7, two pions being correlated
dynamically only if they come from the decay of the same p meson [7]. In general
¢, can account also for more general dynamical two-particle correlations. In addition,
the kinematical correlations are included automatically because of the § functions.

Although such a model is intended mainly to be the basis for the calculation of
the non-diffractive part of m-particle distributions in inclusive and semi-inclusive re-
actions we apply it here to an exclusive channel which has strong two-particle re-
sonance production, in order to determine the two phenomenological functions ¢;
and yp,, assuming g5 etc. to be small. We find that, even with the oversimplified
resonance approximation for ¢,, one- and two-particle distributions are well re-
presented, including the short-range effect in the azimuthal correlations of the #*n—
pair due to the p0 resonance, and that in three-particle distributions, like 7t7*n—,
an important part in the A resonance region comes from the uncorrelated 7*p0 pro-
duction.
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2. The correlated jet model
2.1. General properties

For an exclusive reaction
atb->c; +..+¢c,, 2.1

the cross section has (up to the flux factor) the general form

1
do,, =n—! fdpl dpn 64 (P_ Z)pl)ITn(pl, spn)lz ’ (2'2)

where dp = d3p/F and P=p, +py. In the UIM the ITnI2 are assumed to factorize
completely,

n

IT,1% = il;-ll e1(p) - (2.3)

If we want to take into account two-particle correlations in |T,, |2 we have to use in-
stead of (2.3)

IT,(py, ---,Pn)|2 =01(p)) 91 (Py)

+ sz(pl,pz) “01(p3) " 01(Py)

+ sz(pl,pz) “9a(P3,P4) 91(Ds) .t 91 (Py)

+o, 24)

where the summation extends over all permutations P of the momenta py, ..., p,
which do not yield identical terms, i.e. we have to replace in all possible ways pairs
of functions v, (p;), ¢1( p;)in (2.3) by the “dynamxcal” correlation function
o2(pi p]) More precisely, the expression for |T,, 2 is determined by the recursion
relation

ITn(pla R pn)|2 = |Tn— l(pl’ R pn_1)|2 : ‘pl(pn)
n—1

+ ?_:I; |Tn_2(P1, s Di_1>Pis1s - Pp_ 1)|2¢2(P,', P, > 2.5)

where (formally) [T;yi2 = 1 and |T;(p;)I? = ¢;(p;)- Relations of this type for ex-
clusive cross sections are known from the FGM [6). We use them here, however, for
the amplitude squared in (2.2). Therefore we have a Feynman gas model with energy
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momentum conservation which takes into account both all kinematical correlations
due to the 8 functions in (2.2} and second-order dynamical correlations due to the ¢,
functions. Note that v, describes both the production and decay of the clusters. In
eq. (2.4) we have with one factor ¢, also arbitrary powers of ¢,, i.e. an independent
multiple production of the same cluster. Moreover, there is a full permutation sym-
metry of all particles. All this reflects general well-known structures of [T, 12, e.g. if
there is a two-particle resonance in one subchannel (i, j) there must be also the same
resonance in all other non-overlapping subchannels.

If we take into account higher order correlation functions y,,,, m 2 3, we are
dealing with a general correlation analysis of |T,,|2, i.e. a search for factorizing or
partially factorizing terms in |T,,|2, beyond any specific cluster model. Here we want
to use, however, in a first approximation only the Feynman gas formula (2.4) in
order to study the effects of the lowest non-trivial dynamical correlations.

As in the UJM (¢, = 0) we have to expect that an independent multiple produc-
tion of only one- and two-particle clusters holds only for newly produced central
clusters. There are additionally two leading objects [2] which are the slightly deflected
throughgoing particles or excitations of them. These leading particles (m = 1) or
clusters (m > 1) must be described by different functions Y2 (pys Py and
w?n(pl » > Dpy)- The leading particle character, i.e. the “correlation” with the two
incoming particles a and b, respectively, is represented by a momentum dependence
different from that of the central cluster functions y,,. In particular, these functions
should become very small if the rapidity of the leading clusters is very different from
the rapidities of a and b, respectively, whereas we have to assume a uniform rapidity
distribution for the central clusters [4] (“leading™ does not mean here, of course,
that these particles have the biggest and smallest rapidity of all particles produced in
each event, but that this configuration is dominant). Since we have only one leading
forward cluster (a) and one leading backward cluster (b) each of the two functions
Y2 and d/}’n have to replace only one ¢,, function in (2.4) in all possible ways, (see
eq. (2.7) below).

The single-particle distribution calculated from (2 .4) or its leading particle mo-
dification consists of two parts. In the first one the observed particle is singly pro-
duced (¢, or ¥;), whereas in the second part it arises from the decay of a two-
particle cluster (¢, or ¥,). Similarly, in the two-particle distribution we have four
parts, where the two observed particles are produced independently coming from
two different “one”- and/or two-particle clusters, and a last part where both par-
ticles are the decay products of the same cluster. If we have e.g. a resonance in ¢,
or Y, then this last part leads directly to the resonant structure of the two-particle
distribution whereas the background of the first four parts contains besides the purely
uncorrelated production also all “refections of resonances”.

Although general properties of |T), [2 and of inclusive cross sections theoretically
give restrictions for the functions ¢,,,, the CJM should be regarded not only as a
phenomenological model with almost arbitrary functions y,, but also as a convenient
frame for the correlation analysis of multi-particle production data.
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2.2. Specification for the reaction n*p - p3n* 27~

Since the correlated jet model is mainly intended to describe the non-diffractive
and especially the central part of the amplitude, the multiplicity of the studied ex-
clusive reaction should not be too small. Furthermore one should choose for the first
comparison of the model with experimental data a reaction channel with exactly
measured energy and momentum of all produced particles and high statistics for the
determination of the energy independent model parameters. So we studied the reac-
tion

ntp—> p3nt2n— (2.6)
at 16 GeV/c with 5023 events and at 8 GeV/c with 530 events in which according to
ref. [9] mainly two-particle resonances (o, A) are produced.

In this section we give the detailed formulae for the exclusive cross section of (2.6)
as they follow from the leading particle modification of (2.5).

The amplitude squared consists of six terms f; with special leading particles or two-
particle clusters neglecting the leading 7~ because of the smallness of double charge
exchange. In a symbolic notation and keeping in mind the permutations necessary
(2.4) we have

f1 = ZUAEHEE) [P r) + oy (n)ey (- Yey(ntn) + gh(atn)]
fr= 203 a=W0() [3 (e, () + oy (1ot a)]

fy= Z2UA @) Y3pr) o (T )ed(n ™) + oy (n Wy a )]

fa= 2203t YB(em*) [ (e, (1) + gy (rta)]

£y = 203 @) $50om) [2 (e, (1) + gy ( oy (rt )]

fo = 23 VA T) Wh(pn)odt) @.7)
with
6
1712 = Z%f : (2.8)

It should be noticed that in the considered approximation for correlations including
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only resonances, the functions ¢, and ¥/, for the exotic combinations (n*7*) and
(n—m™) are assumed to be zero.

For choosing explicit expressions for the functions ¢,,, their relations to the in-
clusive distributions in the central region and their Mueller analysis suggest as the
simplest choice that ¢, (p) depends only on the longitudinal mass u? = p% +m? and
¢2(p1 , pz) in the resonance approximation on m%z = (pl + p2)2 and “%2 =
(P tPy)? + m%z. The dual model [8] suggests to take the transversal cutoff as a
cutoff in the longitudinal masses. For simplicity we take here the gaussian form
exp(—au?). Then we have

gy =cpexplan?), ¢y =c, exp(apZ, ) -b(n*n~). 29
Here b(i, j) is a Breit-Wigner function
q21
oL 21
b(i,j) = 0 : (2.10)

20+1\2
(mf — m)? + (mOI‘0 (71(10_) )

with

= = = ) o — o+ )

49 =4q(my; = mg), T is the half-width of the resonance, / is the relative orbital angular
momentum of the particles i and j. Notice that polarization effects of resonances are
neglected.

In ¢, the cutoff in the net transversal momentum py, + p,, of the cluster, which
is strictly valid at the resonance pole, is responsible for many effects. In particular,
pions coming from the same resonance p are most probably produced with opposite
transversal momenta p, , = —p, . This implies strong short range azimuthal correla-
tions. The functions y,,, of the central part C must be energy independent in order
to get scaling behaviour at asymptotic energies.

The leading particles or clusters are correlated with the incident particles a or b by
the functions ¥,,, which have an additional cutoff in the momentum transfer 2 or t}",
respectively. Thus the functions Y, are

V3 (P) =B, exp(dy 12 + ey u?),

ai("f+)= B+ exp(d, 1+ 6’2}12) s
11/3(7T+7T_) =Bt eXP(dztf,-r,,— + 62#,2,+,,—) “b(ntn),
V5@n*) =B, + exp(dsrd . +e3ud 4) - b(p*)

Y3 (pm7) =B, expldstl, _ +eyul ) b(pmT). @11
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Setting ¢; =1 (the whole expression is only determined up to an overall factor) and
inserting the expressions (2.9) and (2.11) into (2.7) we get with

0‘1=ﬁ"+3p, a2=ﬁ"+”— 'ﬁp > a6=B"+"_ ‘Bp"— s
four independent parameters a, e.g.

0y, 09,003,065  and o = aza,/0q, g =aspfa; . (2.12)
We define

gi=fifo;, i=1,2,.,6. (2.13)
Hence (2.8)

6
N2 = 1—21 8 - (2.14)

The parameters o; are a measure for the probability of competing final states with
defined leading particles or leading resonances; c,/c7 is a measure for the ratio of
correlated to uncorrelated production in the central part.

3. Results of model calculations and comparison with the data
3.1. Fit of the CJM to the data

The phase-space integrations for the amplitude (2.8) were performed with the
Monte-Carlo technique [10]. The cutoff parameters of the leading functions wa’
e; and d;, on which |712 depends exponentially, were only roughly determined by
comparing the theoretical with the experimental mean values for Feynman x and p? v
distributions (table 1). Moreover the parameter a of the functions ¢,, has been fixed
to be —4.0 (GeV/c)~2 as usual.

On the other hand the parameters ¢, and f; entering [T12 as polynominals were
calculated by a x2 fit of the model curves to all two-particle mass distributions.

The results of the calculations at 16 GeV/c are given for some one- and two-par-
ticle distributions in figs. 1, 2 and 3. In general the experimental distributions are
well described by the CIM curves. Figs. 1a, 1b, and 1c¢ show the Feynman x distribu-
tions of p, #*, and #—. Small deviations between the theoretical and the experimental
curves might be attributed to the chosen ¢ cutoff parameters. The pf distributions
(fig. 2) are very well described by the model curves in a region up to pf ~0.5 (GeV/c)?.

Fig. 3 shows two-particle mass distributions which are also well represented by the
correlated jet model. For comparison we also have included as dashed curves the results
from the uncorrelated jet model, i.e. [T12 (2.8) with ¥, =0 and all l[la’ =0. These
curves are normalized here, however, to the tail of the n*n~ mass distributions; actually
in the CIM this term is smaller by a factor 3—,
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Table 1
Model parameters at 8 and 16 GeV/c lab momentum in [GeV/c]-2
PLag a & e | & | ¢ d; | d3
8GeV/c 0.3 | 005 | 01
-40 | -15 | -30 | 115
16 GeV/c 1.3 01 03

Mo = 765 MeV; [0 =135 MeV; | =1
m, =1236MeV; [ =120 MeV; 14 =1

C, = 0882011

The CIM was applied to the same reaction (2.6) at 8 GeV/c in order to study the
energy dependence of the model amplitude squared. The parameters e; and d; in-
volved in the functions w';‘;,b for the leading objects are determined in the same
manner as at 16 GeV/c. We find that the u cutoff parameters e; are roughly constant
whereas the parameters d; which determine the strength of the ¢ cutoff are smaller
at 8 GeV/c (table 1). This means that the leading particles at lower energies are less
distinguishable from the particles centrally produced. At least for the proton it is
in agreement with the general Regge behaviour of the slope parameter.

On the other hand the central part of the amplitude squared is assumed to be
energy independent (see subsect. 2.2). Therefore we used the same functions v, as
at 16 GeV/c. With this assumption we find that the experimental distributions at
8 GeV/c, e.g. the two-particle mass distributions given in fig. 4 are represented by
the CIM as well as those at 16 GeV/c.

3.2. Estimation of resonance production

It is one of the purposes of the CJM to yield a reasonable description of the
resonance production. The fit can be performed on the level of the amplitude
squared instead of the cross section.

The full permutation symmetry of |712 implies that resonances appear in all
relevant two-particle subsystems. So, by construction, any two-particle distribution
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Fig. 1. Feynman x distribution for p, n+, 7~ at 16 GeV/c and CIM curve.

Fig. 2. Squared transverse momentum distribution for p, a%, n ™ at 16 GeV/c and CIM curve.

contains also all contributions which are reflections of other resonances.

In order to investigate this in more detail we decompose the terms f; (eq. 2.14)
according to their different central pO content arriving altogether at 12 different
terms. They are denoted by “(leading forward object/central objects/leading back-
ward object)”. Their relative amounts (table 2) which are determined by the param-
eters o; and ¢, fitted simultaneously to all two-particle mass distributions are a mea-
sure for the appearance of competing reaction channels and give the possibility to
estimate the relative contributions of pure uncorrelated production and resonance
production.

These values are quite similar for 8 and 16 GeV/c and coincide within the errors
with those obtained by Battcher et al. [9] having used the LPS method (table 3).
We find that in 12% of all events we have pure uncorrelated production (table 2.).
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Fig. 3. Two-particle mass distribution for (1r+1r—), (p1r+), (pr7) at 16 GeV/c. Solid curve: CIM;
dashed curve: UIM normalized to the tails of the experimental (atn ™) distribution.

In contrast to the small A® contribution of 1—2% we have a strong A** production
which increases from 29% at 8 GeV/c to 35% at 16 GeV/c. The resonance production
in the studied reaction is dominated by a single o0 contribution of 55—60% whereas
about 16% of all events reveal double p0 production yielding an average p® multi-
plicity of 0.9 at both energies.

It should be mentioned that at 8 GeV/c all O resonances seem to be centrally pro-
duced whereas at 16 GeV/c about é of the p0 resonances is directly correlated with
the incident pion in the sense that it enters the leading particle function 1[/32(1r+1r_)
(table 2). Naturally this difference is not too significant because of the smaliness of
the ¢ cutoff parameter d, for mesons (table 1).
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Fig. 4. Two-particle mass distribution for (ntn ), (p1r+), (pr ) at 8 GeV/c, and CIM curve.

3.3. Description of three-particle distributions

Since we have neglected in the present version of the CJM three- and more-
particle dynamical correlations, ¢,,(m = 3), the description of three-particle dis-
tributions becomes a critical test of the model. For example in fig. 5 the expe-
rimental (*n¥n~) and (pn*n~) mass distributions at 16 GeV/c are given which
are well represented by the CIM curves. We remark that these distributions were
not used to fit the parameters of the model. For a comparison the curves of the
UJM, with the same normalization as in the two-particle distributions, are shown.
Moreover, it is interesting to look for the influence of the different reaction channels
to the net shape of the distributions. The model curves corresponding to the most
interesting channels are shown in figs. 6 and 7. For instance in the case of the 3#
mass distribution (fig. 6) the main contributions to the peak in the A resonance region
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Table 2
Relative amounts of the different reaction channels contributing to the model amplitude squared

172

PARTICLES 8 GeV/c 16GeV/c
FINA||r:‘STATE relative amounts/% | relative amounts/%
2wt af p 128410 1.8%10
T irTetlp | 6981100 | 411250 | 524277 | 31.0 247
T2p° Ip 159%4.0 96 +20
p°12rirTip i - 109430 53 210
0°1r0° 1 p - 56 2.0
rrtari st 120410 139%0.6
7w 0 latt 292230 172+20 282226 1£.3%2.0
OlrtrT 1t - L6207
/:°::°” :z“ ) - R ETYYY:
martrse © 0.4+02 08+ 04
mimr*pcla® 10205 0.6+03 18210 1.0+ 06
p lrtr*tiac° - - 01201 | 01t 0.

The symbolic notation e.g. pOln"p0|p means VEICaE ) wl(n"') " ataT) wtl’(p).

arise from terms with double p0 production (6¢) and single p0 production (6c, f).
Pure uncorrelated production of pions (6b) and A** production without p0 (6d)
give flat distributions with maxima at about 1.6 GeV/c. Therefore in this model the
peak in the A region arises from contributions in which the three observed pions
consist of an uncorrelated pair of p0 and #*. Note that the uncorrelated jet model
which has only the possibility of three uncorrelated pions nta*n— is not able to re-
produce this peak. Similar conclusions for the pr*n— distribution can be drawn from
fig. 7.

If we take into account dynamical three-particle correlations by a function ¢ we



132 K.J. Biebl et al. | w*p — p3n*2n~

Table 3
Production of resonances per event at 8 and 16 GeV/c in the reaction atp - p3nt2n—
PRODUCTION OF h2]
RESONANCES/EVENT 8 GeV/c 16 GeV/c 16 GeV/c
ot+ 029%0.03 | 035* 0.04 0391002
s° 0012001 | 002% 001 | 0021001
SINGLE p° 059 * 007 056* 0.09
077t 0.03
DOUBLE p° 016 * 0.04 017 £ 004

get for the three-particle distribution besides a part proportional to v3 containing
genuine three-particle resonances, many other parts factorizing into two functions
one of which has a two-particle resonance structure. These latter ones would have
also a peak in the A region and, because of the strong two-particle resonance produc-

7rp—p3ntar™ AT 16 GeVic

750 a1

1

1 i
10 20 3.0
EFFECTIVE MASS{T *r* 771 /Gev

500

.......

NUMBER OF COMBINATIONS/004 GeV

250

1 ) 1
20 30 4.0

EFFECTIVE MASS(pr*77) / GeV

Fig. 5. (et T) and (p1r+1r_) mass distributions at 16 GeV/c. Solid curve: CIM; dashed curve:
UJM with the normalization fixed in fig. 3a.
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Fig. 6. Experimental (11+1r+1'r_) mass distribution at 16 GeV/c and CIM curves for characteristic
reaction channels normalized to the maximum of the experimental distribution (the symbolic
notation e.g. ¥ p0 A means v ‘1‘(1r+) e (™), (1r+1r‘) v ?(p1r+)).

tion, yield an important contribution to three-particle distributions. They must al-
ways be subtracted before estimating genuine three-particle resonance effects.

From the model calculations with @5 = 0 we find here that the two-particle
resonance effects (and the pure uncorrelated production) are sufficient to describe
three-particle mass distributions. Naturally, in reactions with a 70 in the final state
one should include three-particle resonances as the w.

3.4. Azimuthal correlations

The presented version of the CIM consists of an approximation of dynamical
correlations by two-particle resonances. Hence it is evident that especially the two-
particle mass distributions are quite well represented whereas it is not a priori clear
that azimuthal angular correlation effects [1] can be described in this way. Further-
more, they seem to be suitable to discriminate between different models [11]. Es-
pecially for the multiperipheral model the results are embarrasing as emphasized in
ref. [12]. '
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Fig. 7. Experimental (p1r+1r‘) mass distribution at 16 GeV/c and CIM curves for characteristic
reaction channels normalized to the maximum of the experimental distribution (labelling of re-
action channels as in fig. 6).

The two-particle distribution depending on the azimuthal angle can be represented
by the series

do -
Ea= mZ=>OAm cos meo ,

with cos ¢ =p;, - p; el lp 1j|- The calculation of the mean value of cos ¢ yields the
coefficient 4, /2 Ay. If the remaining coefficients 4,, for n > 2 are negligible, as in the
uncorrelated jet model, {cos ¢) can be approximated by —; nB where B is the often used
forward-backward asymmetry ratio.

Fig. 8 shows the experimental and model values of {cos ¢} as a function of the
absolute rapidity difference of like (fig. 8a) and unlike (fig. 8b) charged pions at
16 GeV/c. Additionally the UIM curve is given (dashed curves in fig. 8) which does
not describe the experimental values. For a comparison with semi-inclusive and in-
clusive data of 7~ p reactions at 40 GeV/c lab momentum, see ref. [11]. As in this
work, we also find a characteristic short range effect for the unlike charged pion
combination. Both experimental distributions are rather well described by the CIM.
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Fig. 8. Mean value of cos ¢ of the azimuthal angle at 16 GeV/c as a function of the rapidity dif-
ference for like (82) and unlike (8b) charged pions. Solid curve: CIM; (dashed curve: UJM.

Here we explain the short range effect for #*7— mainly by the p¥ resonance decay
into the observed 7+ and 7~ mesons. It contributes dominantly only for small rapidity
differences. Since we have a transverse momentum cutoff for the p, of the 0% meson
in gy(n*n~) [eq. (2.9)] and momentum conservation for the pO decay, p,(0?) =
p,(n*)+ p (7~), the two pions are produced most frequently with opposite trans-
versal momenta yielding the strong negative azimuthal correlations. Note that a
separate p, cutoff as in the product ¢, (7*) - ¢; (7~) for both mesons coming from
the resonances does not lead to this result. Besides this dynamical short-range effect
due to resonance decay we have additionally a kinematical long-range effect because
of overall transverse momentum conservation. Similar conclusions are obtained also
in ref. [13] for inclusive correlations at ISR energies.

The influence of different resonances on the azimuthal correlations can be studied
by looking e.g. for the cos ¢ mean values integrated over Ay for the different reaction
channels given in table 4. Comparing channels with a different number of p0 (whether
leading or not) but equal baryons we see that with an increasing number of p0 the
values of —(cos ¢) increase for 7*7~ as expected, but even decrease for 7*7t asa
compensation effect. Transverse momentum conversation sum rules relate the two-
particle distributions 0 (i, j) of a given particle i to all other particles j, i,j = 7%, 7, p.
Therefore a dynamical increase of the (negative) ¥~ azimuthal correlations reduces
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Table 4
Experimental and theoretical mean values of cos ¢ of the azimuthal angle of like and unlike

charged pions at 16 GeV/c

PARTICLES RELATIVE
lN - - P,
EINAL SrarE | AMOUNT/o [7<60% 92 gega[-<cos 0>,y
mti2rt2r-ip 1.8 0.134 0.147
+ |yt =nO
it pllp 363 0093 0182
pelamtr=lp
m 20° Ip
15.2 0.068 0208
p°l7r+,0° IP
it att 139 0.138 0127
H r=p0 1o+t
mHr=e® | 18.9 0.112 0.155
p°|”-+7r-lA++
p°l p°  lo%+ 2.0 0073 | o28
rHomtr-la° 0.8 0.133 0.129
+ +n O A°
mrlw e | R 0.036 0.159
pol 2r* |a°
ALL 0.103 0170
EXPERIMENT 0.082:0.005 | 0.191%0.004

Labelling of reaction channels as in table 2.

automatically the correlations for 7*7*. The difference between like and unlike
charged pion combinations is rather impressive for double pO production. On the
other hand, keeping the number of p0 fixed and comparing channels with different
leading baryons we find that A production generally suppresses the negative azimuthal
correlation effect for n*m~ (with the exception of the p0/p0/A** channel). For like
charged pions we find an enhancement from A** and a suppression from p? as com-
pared to leading protons. The weighted sum of all 12 contributions, {cos ¢} =—0.170,
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is close to the experimental value of —0.191 for n*7~. For like charged pions the
resonance effect reduces the value of —(cos ¢) from 0.134 of the UIM to 0.103 which
is in the right direction to the experimental value 0.082. A better agreement could be
achieved by slightly different weights of the various contributions, especially with
somewhat stronger double p0 and/or A? production. Note that, as for the three-par-
ticle distributions, the azimuthal correlations where not used for the fit of the param-
eters of the model. More details on the azimuthal correlations with curves for the

¢ dependence will be given in a forthcoming paper.

4. Summary

The aim of the present analysis was to test the applicability of the correlated jet
mode] (CIM) to an exclusive multi-particle reaction at two medium energies in-
corporating for the dynamical two-particle correlation function in the amplitude
squared resonance effects only. From the comparison of the model with the data of
the reaction #tp » p3n*2n— at 8 and 16 GeV/c we found:

(i) The CIM fits well to the one- and two-particle distributions considered.

(ii) The results are consistent with the assumption of an energy independent
central part of particle production within the regarded energy range.

(iii) Taking into account both kinematics and effects of the reflection of resonan-
ces of other reaction channels, the relative amounts of the dominant two-particle
resonances included in the amplitude squared are quoted (table 2).

(iv) Three-particle mass distributions are represented quite well by the CIM al-
though dynamical three-particle correlations are not included. Therefore it should
be emphasized that the study of genuine three-particle resonances requires to take
into account the important influence of two-particle resonances.

(v) The behaviour of azimuthal correlation parameters in the studied exclusive
reaction is similar to the semi-inclusive and inclusive cases. It especially reveals an
important short range effect for unlike charged pion combinations. The mean values
of cos ¢ of the azimuthal angle are well reproduced by the CJM and can be explained
by the influence of resonances produced with a cutoff in the sum of the transverse
momenta of the particles into which the resonances decay.

The authors would like to thank the ABBCCHW collaboration for permission to
use the 8 and 16 GeV/c n*p data and for interesting discussions with D.R.O. Mor-
rison and S. Humble. We also are indebted to D. Ebert, E.H. de Groot, U. Kundt,
K. Lanius, H. Miettinen, H.B. Nielsen, and P. Olesen for many valuable discussions
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