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ABSTRACT 

A model incorporating measured parton fragmentation and structure 

functions is shown to be in striking agreement with recent inclusive CERN-ISR data 

on charged hadrons produced in pp + ph’X in the same hemisphere as the leading 

proton. These hadrons have low transverse momentum and the momentum of the 

leading proton is measured. The model is a realization at the parton level of the 

dual topological unitarization scheme for hadron-hadron collisions. Our work 

supports the attractive idea of universality of jets in both low-pT and “hard” 

processes. 
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Many recent investigations 1-4 have shown that a parton framework provides a 

fruitful and simple way for quantitatively describing low transverse momentum (p,) 

multiparticle production in hadron-hadron collisions. In particular, the parton 

approach’ based on dual topological unitarization (DTlJJ5 has proved remarkably 

successful in explaining the rapidity and energy dependence of single particle 

inclusive distributions produced in hadronic collisions and in making predictions for 

forthcoming pp annihilation experiments.6 In this approach, the sole input 

ingredients are parton fragmentation and structure functions determined from data 

on “hard” processes. The model is fully specified and has no free parameters. The 

success of such a model in explaining available low-pT data is a strong indication of 

the universality of parton fragmentation (jet production) in various elementary 

particle reactions, as might be expected from a picture of multiparticle production 

via the confinement mechanism in an elongated color tube stretched between 

separating color charges.’ 

Recently, new CERN-ISR results have been published for the reaction 

pp+ph*X at &=62 GeV. These authors’ gjve the inclusive distribution of 

charged hadrons produced in the same hemisphere as the leading proton, whose 

momentum fraction x 
P 

is measured. Since the proton is explicitly detected, these 

measurements contain information about the effect of baryon number conservation 

in a pp collision. Thus, these data offer a new and deeper probe for testing the 

validity of a parton approach to low-p?. physics. The purpose of this article is to 

demonstrate that the DTU-based parton model’can successfully account for the 

new data of Ref. 8. Accordingly, we will first briefly review the model, and adapt 

it to the situation where the momentum of the leading proton is known. 

Since the DTU scheme5 advocates the dominance of topological simplicity at 

high energies, the Pomeron has a cylindrical topology. A unitarity cut gives 
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intermediate states corresponding to multiparticle production on two chains as 

illustrated in Fig. 1. More explicitly, in parton language, the Pomeron corresponds 

to an interchange between quarks i, and i2 with momentum fractions XI and x2 of 

the incident colliding protons. The probability of this interchange is taken to be 

proportional to the valence quark structure functions in a proton. The interaction 

produces color separation; for pp scattering, two separating quark-diquark systems 

are produced as depicted in Fig. 1, and their subsequent fragmentation by the 

confinement mechanism results in multiparticle production. 

It is now necessary to discuss how the fast diquark gets converted into the 

leading baryon. Two obvious possibilities come readily to mind, and they are shown 

in Fig. 2. In the first case (Fig. 2a), the diquark produces a baryon leaving behind 

an antiquark which will fragment further, whereas in the second case (Fig. 2b) the 

diquark produces a meson leaving behind another diquark with reduced momentum. 

It is easy to see via the dimensional counting rules that Fig. 2a will dominate when 

the baryon takes away a large fraction of the incident diquark momentum. Since 

the experimental measurements’ are at x > 0.5, in this paper we shall assume that 
P- 

only Fig. 2a is present.9 This assumption has been implicitly incorporated into Fig. 

1. Clearly, the diquark momentum fraction 1 - x, must be larger than the fraction 

x of the baryon into which it fragments, i.e., 
P 

“‘Xl’ I-xp (1) 

At this stage, we can formulate the 2-chain model quantitatively for the 

reaction pp + ph’ X. The overall rapidity distribution is given by superposing the 

rapidity distributions in the 2 chains labelled A and B in Fig. I, 
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1 do w-PhX -- 
c dy (s, y, xp) = iI I;-” dx,jo’dxlcf~z (x1, “?, y’[ $Y - ‘$,,?A’ x,) 

2 ;- 

dNh, 
+ dy (Y - AB, pi) 1 (2) 

where, 

pPP 1x,, x7, x7) = ‘,I* - 1 v:I(xl)v~~x2~ J;-“p dx’ik’ dxjv~iWI)v~$x;) (3) 

!s the conditional probability for the occurrence of 4 pp interaction capable of 

producing a final state proton with momentum fraction x . v.~(x) is the structure function 
P j 

Ior valence quark i in the proton. The lirn@s on the integration over x, are restricted by 

Eq. (1). The summation on iI, i2 is over the flavors u, d of valence quarks in the 

proton. Note that the ends of chain A correspond to a diquark of momentum 

(1 - xI)P and a quark of momentum -x2P where P is the momentum of the incident 

colliding protons, s q 4P‘. It is therefore easy to make a Lorentz transformation 

from the overall pp C.M frame to the CM frame of chain A. The Lorentz boost BA, 

and the corresponding quantity BB for chain B are given by 10 

(1 - Xi) - x2 

*A = (I-x,)+x2 
XI - (I - x2) 

’ 6 B = XI +(I -x2) (4) 

In Eq. (2), the quantity PA (P,l denotes the CM momentum in the CM frame of 

chain A (8) and AA (A,) is the rapidity shift necessary to go from the overall pp CM 

frame to the CM frame of chain A (B), 

P 4 = [(I - x:h21xP , 2AA = In [(I -x,)/x,1 , 

PB = [ x1(1 - x,)1 %P ) 2AB = In [ x,/(1 -x2) 1 (5) 
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The baryon formed in chain B is not detected in the experiment of Ref. 8. Thus, 

the rapidity distribution for hadron h from chain B comes from quark-diquark 

fragmentati0n.l Therefore, 

dN; 
YD B q&B) ’ y’ *B 

dy (Y - AB, I’,) = 

FD B qq+h%$ ’ y < *B 

(6) 

where, 

‘B = /U sinh (Y - AB)/P,‘I , xB z /xB2 + p*/P * 
B ’ (7) 

and u = 0.33 is the canonical value for the transverse mass of a hadron. 

In chain A, the leading proton is detected. It has momentum xpP in the 

overall pp CM frame; this corresponds to a momentum x P 
PA 

/(I -x,) in the CM 

frame of chain A [from Eq. (4)]. In this frame, the initial diquark with momentum 

PA becomes the leading proton, and the leftover antiquark therefore has 

momentum 

PQ = PA - XpPA/U - x,) (8) 

Hence, the rapidity distribution for hadron h from chain A effectively corresponds 

to quark-antiquark fragmentation 

dN; 
XQ’++~(X$ , YL *A 

dy (Y - *A, PA, X,) = 

FD A q+hcXA) ’ y < AA 

(9) 
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where, 

'A = 1 U sinh (Y - AA)/PAI , xA = /iA2 +11*/P,* 

‘Q = 1 !J sinh (Y - AA)/PQ 1 , !$ = /xQ2 + u2/Po2 . (10) 

Equations (2) to (10) fully specify the DTU parton model for the case of pp 

collisions in which the leading proton is measured. However, in order to compare 

with the experimental results of Ref. 8, it is necessary to convert to their variable 

xR* which is defined by 

* 

XR = pIEHAD , EHAD = PC1 - xp) , (11) 

where p is the momentum of the detected h and E HAD is the hadronic energy in the 

hemisphere of the measured proton (not including the proton energy), Therefore 

and, 

dy=7+ = 
dxR*(l - x ) 

lx* +I-!- 
(13) 

J P2 
(I 

Equation (13) permits conversion from dN/dy computed in Eq. (2) to the experi- 

mentally given quantity dN/dxR*. Figures 3 and 4a, b, c show a comparison of 

data8 with the predictions of the DTU parton model which contains no adjustable 
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parameters. In making these predictions, standard previous determinations of the 

structure functions I! and fragmentation functions1 from “hard” processes were 

used. Clearly, there is striking agreement of the model with the data for various 

values of x p; furthermore, the normalization is correctly reproduced. Note that 

the model (in Fig. 3) reproduces the “crossover” phenomenon seen in the dN/dxR* 

data.8 At first sight this appears to suggest meaningful physics, but it is easy to 

check that such behavior is just an artifact caused by the variable x 
* 

R * (A plot of 

dN/dx vs. x shows no crossovers.) In fact, in the DTU parton model, the variable 

xR* is not natural-we have used it only for making contact with the data of Ref. 8. 

We note that our DTU-based two chain model is different from the suggestion 

in Ref. 8 that e+e- annihilation data (which results from a single qq chain) looks 

like pp data when the effects of baryon number conservation are removed by 

detecting the leading protons. In our model the two chains have smaller CM 

energies and predict an energy dependence in agreement with the rising rapidity 

plateaus seen over the ISR energy range (see Ref. I). 

In summary, our work lends additional support to the DTU-based parton model 

by probing it under novel circumstances. It further strengthens our belief that low- 

pT physics may well be simply described in parton language, and that the forward- 

backward low-pT jets and the jets seen in hard processes have a common origin 

consisting of separating color charges and their fragmentation due to color 

confinement. 
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iO!, Eqs. [!-’ :,:.: ,‘--I (5) ~:orr::?,:tions of order m ‘,‘jl I;,;:‘; rj>,- = 
Q 

:y.cr!~; nass have been 
T 

neglected. These ,:orrections are easy to compute, as shown in Ref. I, and 

are small dt ‘li;i~l ftnergies. The numerical work was done with accurate formulae, 

with m o = 7.33 GeV. 
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Fig. 1: 

Fig. 2: 

Fig. 3: 

Fig. 4: 

FIGURE CAPTIONS 

,Slultiparricle production in pp collisions via the dominant 

Pomeron contribution consisting of two quark-diquark chains. 

Diagrams for diquark fragmentation. (al Fragmentation of a 

diquark into a baryon and an antiquark. (b) Fragmentation of a 

diquark into a meson and another diquark. 

Calculated inclusive hadron distributions for pp + phX in the 

variable xR 
+ 

= x/(1 - x 
P 

1 for leading proton momentum frac- 

tion xp = 0.5 (dot-dash curve), xp = 0.7 (dashed curve), and 

xp : 0.8 (solid curve) for produced hadron energies I5 GeV, 9 

GeV, and 6 GeV, respectively, where x is the fraction of the 

longitudinal momentum carried off by hadron h. 

Model predictions for the xR* = x/(1 - xp) distributions for 

charged hadrons produced in the same hemisphere as the 

leading proton compared with experimental data (from Ref. 8) 

for various leading proton momentum fractions (xp) and hadron 

energies (EHA& (a) EHAD q 5 to 8 GeV, xp = .84 to .74; 

(b) E HAD = 8 to II GeV, xp = 0.74 -0.64; (cl EHAD = 14-16 

GeV, xp = 0.55 - 0.48. 
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