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SIMULATION OF SOFT HADRON HADRON COLLISIONS
AT ULTRARELATIVISTIC ENERGIES

K. Werner
Physics Department

Brookhaven National Laboratory
Upton, New York 11973

We propose an event generator to simulate ultrarelativistic hadron hadron collisions. It is based on
the following main assumptions: the process can be divided into two independent steps, string formation
and string fragmentation; strings are formed as a consequence of color exchange between a quark of the
projectile and a quark of the target; the fragmentation of strings is the same as in e+e~ annihilation or in
lepton nucleon scattering.

Ultrarelativistic hadron hadron collisions can be divided into two classes: hard scatter-

ing events where usually two hadron jets are observed at large angles with respect to the

beam axis in addition to two spectator jets in forward and backward direction, and soft

events which only consist of the forward and backward jets. Since hard collisions imply

parton scattering with, large momentum transfer, they can be treated perturbatively and

are quite well understood. Soft collisions, on the other hand, are believed to be highly

nonperturbative. Nevertheless, many of the features of soft collisions are very similar to

the ones of hard collisions.

In this paper we propose a model for soft hadron '<.••<• in scattering which uses elements

of hard scattering processes in the following sense: v-e assume color exchange between

projectile and target quarks to be the basic mechanism to form color strings in a hadron

hadron collision; the strings then are assumed to fragment in exactly the same way as

strings in hard scattering events. We thus have a unique description of e+e~ annihilation,

neutrino proton (up), antineutrino proton (up), muon proton (up) scattering, as well as

proton proton (pp) scattering. Calculations have been carried out on event generator

basis. We investigate longitudinal momentum distributions of produced pions and protons

in vp,Fp,/zp and (soft) pp collisions.

Our model is based on an extension^2) of the Dual Parton Model (DPM) of Capella

et alf1). Different than other event generators based on DPM (Ranft and Ritter(3),

PansartW), our model provides a unified description of diffractive and nondiffractive

events. Also, the fragmentation is treated differently, which is necessary to be consis-

tent not only with e+e~ data but also with up, up, and fip results. Other event generators



), ISAJET^6)) are more arbitrary concerning the formation and (or) decay of

strings (or N*'s).

The fundamental assumption of our model is that first strings are formed as described

below, and then all the strings fragment independently of each other in the same was as in

e+e~, up, up, and fip scattering. We assume color exchange between a target and a pro-

jectile quark to be the basic mechanism to form strings. Figure 1 shows the contributions

we take into account (per definition): in Fig. la the color exchange (arrow) rearranges the

color structure so that two quark diquark (q—qq) strings appear; in Figs, lb and c. one

of the quarks participating in the exchange is part of a colorless qq pair so that instead

of a second q—qq string, a q — q string and a hadron (no string!) occurs. In Fig. Id botli

quarks are part of white qq pairs, and the result is two q—q strings and two hadrons. The

relative weights of these contributions (la-d) are (1 — w) , w (1 — w), (1 — w) w, w2 where

w is the probability that an interacting quark is part of a white qq pair (w can be related

to the diffractive cross section^2); for pp collisions we obtain w = 0.2). No color exchange

between gluons or antiquarks is (so far) taken into account.
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The color exchange is assumed to occur without any momentum transfer. Conse-

quently, the momentum distributions of the quarks which participate in the color exchange

is given by quark distribution functions which can be measured in deep inelastic lepton

scattering. Since the diquarks (which are effective diquarks containing also the gluons)

carry the momentum of the projectile reduced by the momentum of the interacting quark,

the distributions of diquark momenta are also given. Knowing quark and diquark momenta,

the strings are completely determined since we neglect all quark and diquark masses.
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As mentioned already, after forming all strings we assume them to fragment indepen-

dently of each other. We use the fragmentation scheme of Field and Feynmant7) where a

string if treated as two separate jets. Jet fragmentation is defined by elementary vertices

in an iterative manner: the jet particle (q,q, qq,qq), produces a primary hadron leaving

a new jet particle with reduced momentum. Figure 2 shows the vertices for quark and

diquark jets: (a) a quark jet producing a meson leaving a quark jet; (b) a quark jet pro-

ducing a baryon leaving an antidiquark jet; (c) a diquark jet producing a meson leaving

a diquark jet; and (d) a diquark jet producing a baryon leaving an antiquark (vertices for

antiquark and antidiquark jets are obtained by exchanging quarks and antiquarks). The

relative weights of baryon and meson production are free parameters: P | , P™ = 1 — Pjj for

quark and Pqq,P^ = 1 - Pjq for diquark jets (we use Pjj = 0.12, Pjjq = 0.75). The flavors

of qq pairs are generated with weights Pu, P^, Pg (we use Pu = Pd~ 0.43, Ps = 0.14). The

momentum distributions of the baryons relative to the momenta of the corresponding jet

particles are generated according to so-called splitting functions: f™ (x), / | (x), fqq (x),

and fqq (x) for the four vertices described earler. Since the splitting functions are a crucial

input of the model, one would like to have some theoretical basis to determine them rather

than having free parameters. There exist, indeed, QCD results for the asymptotic behavior

of such elementary vertices as the momentum fraction x approaches 1: the fragmentation

behaves like (l — x)n where n counts the number of spectators (counting rules^). So we

make the ansatz / (x) = Nxm (1 — x)n, where n is determined according to the counting

rules, and m is fixed empirically. The vahies for m and n are shown in Fig. 2.

To check the fragmentation cascade and to fix the parameters we have investigated

longitudinal momentum {xp) distributions of produced hadrons [TT+ , ir~ and p) in up, T7p5



and lip. We compare the Monte Carlo results with up and up data of Allen et a l ^ (mean

squared string energy W2 = 6.22 GeV2) and with up results of the EMC eroup Arneodo et

= n.42 GeV2). Simulation and data agree very well as shown for an example in

Figure 3: we compare the fragmentation of d quarks and ud diquards into ir~ as obtained in

up scattering^9) with our Monte Carlo calculation (at a fixed (!) string energy of W2 = 6.2

GeV). The nice agreement finally justifies and supports the use of QCD counting rules to

determine the splitting functions (which strongly affect x distributions as in Fig. 3).
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To calculate x distributions (or anything else) in pp collisions, we have to put two

parts together: we generate strings as described above and as summarized in Fig. 1. Then

we use our fragmentation cascade which is summarized in Fig. 2 and which is tested and

fixed by comparison with lepton proton data. Figure 4 shows the results for x distributions

of 7r+,7r~ and p produced in 100 GeV pp collisions (x = Pjfadron/Pmcid; momenta in the

lab system) compared with data of Brenner et al(n). For the region where data exist

{x > 0.2) essentially only the "leading jets" contribute, i.e., the particles in this domain

are due to the fragmentation of the fast projectile remnant which is a diquark in the

contributions Fig. la,c and a triquark (baryon) in the contributions Fig. lb,d. Since the

triquarks are assumed not to decay, they don't contribute to the pions, so the 7r+ and IT~

distribution are essentially diquark fragmentation; they are therefore quite similar to the

diquark fragmentation results of u{u)p (see Fig. 3). The proton distribution, however,
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contains both contributions: diquark fragmentation mainly at intermediate values of x

(drops to zero for x —*• 1) and triquark "fragmentation" at large values of x.

We have proposed a new Monte Carlo approach for soft hadron hadron collisions. It is

based on string formation as a consequence of color exchange and subsequent string frag-

mentation according to a Field Feynman type cascade. A new kind of splitting functions is

used, and as a consequence up, Vp, and up data can also be reproduced. We have applied

the pp cascade to calculate longitudinal momentum distributions of produced 7r+, it~ and

p. The model accounts also for the diffractive peak at large x for pp—>pX.
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