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Longitudinal phase-space is used to study the energy dependence of the plateau in the 
rapidity distribution of particles produced in p-p collisions at laboratory momenta above 
100 GeV. The density of particles emitted at 90° in cms shows a fast rise until 10000 GeV 
and then approaches the asymptotic limit very slowly. This rise accounts for a large fraction 
of the experimentally observed increase.

It is now well established that the Feynman scaling is not reached even up to the 
highest TSR energies [1,2]. The density of particles in the central region of the rapidity 
plot increases approximately logarithmically with cms energy. In the present paper we 
argue that this increase can be partly understood in the uncorrelated cluster production 
model. In other words, a large part of the effect follows from the transverse momentum 
cut-off and the increase of available phase-space with energy.

The influence of phase-space on the density of particles in the central region has 
already been discussed. For instance, as stated in Ref. [3], in the multiperipheral cluster 
production model the rise of the plateau can be explained by the tmin effects. This ex- 
planation, however, depends on the detailed dynamical assumptions [4]. Therefore, it 
seems interesting to see how much of the rise is due to the simple kinematics and this 
motivates the present paper.

The uncorrelated jet model [5] has been used to describe the particie spectra by several 
authors [6], In the present calculation the square of the matrix element for the production 
of N clusters in pp collision is taken as

N
∖Tn∖2 = A_ (Ea + p^fa(p^)(Eb-pħfb(ph JJ∕(⅛)∙ (1)

k=l

Here 2 is a constant determined from the average multiplicity, Ea, Eb, pa, pb are energies 
and momenta of the leading particles, fa and fb are the functions providing the transverse 
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momentum cutoff for the leading particles. The transverse cutoff for the clusters is supplied 
by f(qif) which satisfy the normalization condition

U{qk}d1 2qir = 1. (2)

1 We have checked that very similar results are obtained for the exponential cutoff exp (-j5qj-).
2 In Ref. [1] the data are given only in the region of p-t from 0.045 GeV∕c. The authors give also 

fits to their data using various functional forms of pj- dependence. Since the p~ -integral values of the 
plateau density are needed for the comparison with the model, we have integrated the two best fits given 
in Ref. [1J.

The main results of the uncorrelated jet model are insensitive to the detailed form of the 
cutoff functions [7]. In our calculations we take1

Z>(Pi) =Λ(P1) = const x exp (-p~2∣c2),

f(q-l-) = -71 exp(-q∙12∕κ2). (3)

The single particie density is then expressed in terms of the phase-space integrals Cλ 
as follows

1 dσ _ m
σ d2q1-dy f(<ł } Cλ(P) ’ (4)

where y is the cluster rapidity, P is the total four-momentum, q is the cluster four momentum 
and

The main technical problem here is the calculation of Cλ. We have used the method devel- 
oped by de Groot [7, 8]. The results were checked by the Monte Carlo program of 
Jadach [9].

Fig. 1 shows the average multiplicity <«> of clusters as a function of incident 
momentum. It is seen that above plab = 100 GeV the average multiplicity is well described 
by the formula

<n> = λ ln — , (6)

where s = P2 and ⅞ is a constant which depends on z and on the average transverse 
cluster mass Mj-. This relation allows us to determine both λ and Mx fromthe exρeriment. 
Using the data from Ref. [10] and assuming that one π~ is emitted from each cluster we 
obtain z = 1.0, Λfj-2 = 2.0 GeV2.

Once we know the values of ż and Mλ∙, we can calculate the cluster density. The 
results at y = 0 in the cms are compared with the data2 from Ref. [1] in Fig. 2. It is seen

(5)
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Fig. 1. Average multiplicity as calculated from the model vs. incident energy. The experimental data are 
taken from Ref. [10]

Fig. 2. The particie density in the rapidity variable at 90° of cms production angle, integrated over p-k
The broken lines are obtained by integrating the fits of Ref. [1] over pj-, as described in the text. The upper 
curve is for √4s0t exp (Bμ--) and the lower curve is for As* exp (⅛j+Cpj2). The continuous linę is the 

result of our calculation

100 1000

that the calculated density increases between ∕>lab = 100 GeV and 2000 GeV by a factor 
of about 1.3. This increase is not sufficient to explain the data of Ref. [1] where a factor 
of ~ 1.45 is observed in the same momentum rangę. It should be emρhasized, howeVer, 
that the calculated increase is quite substantial and should be taken into account in the 
analysis of the data.
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We conclude that the uncorrelated jet model can exρlain a large fraction of the observed 
increase with energy of the density of particles produced in the central region of rapidity. 
We consider this to be a success of the model taking into account that the only dynamical 
ingredients of the model are: (z) the limitation of transverse momenta, (ii) the clustering 
of produced particles and (iii) the leading particie effect.

The authors thank dr J. Benecke for useful correspondence and dr S. Jadach for the 
help in using his high-energy Monte Carlo program.
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