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Abstract

Mini-jet and particle production are studied in the framework of HIJING
Monte Carlo model which can describe pp and pp collisions well from ISR
to Fermilab Tevatron energies. Mini-jets are shown to have eminent con-
tributions to particle production in ultra-relativistic heavy ion collisions.
However, parton shadowing and jet quenching also have important effects

and can be studied by single particle distributions.
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MINI-JET AND PARTICLE PRODUCTION IN ULTRA-RELATIVISTIC HEAVY
ION COLLISIONS*

Xin-Nian Wang!
Nuclear Science Division, Mailstop 70A-3307
» Lawrence Berkeley Labora,tory
University of California, Berkeley, CA 94720

ABSTRACT -

Mini-jet and particle production are studied in the framework of HIJING Monte
Carlo model which can describe pp and pp collisions well from ISR to Fermilab Tevatron
energies. Mini-jets are shown to have eminent contributions to particle production in
ultra-relativistic heavy ion collisions. However, parton shadowing and jet quenching

also have important effects and can be studied by single particle distributions.

INTRODUCTION

In ultra-relativistic heavy ion collisions, the background due to nonequilibrium pro-
cesses must be understood in order to recognize the new physics of the formation of
a quark-gluon plasma (QGP)[1]. At energies of /s & 200 GeV/n, nuclear effects on
mini-jet productions and some rare high Pr QCD processes must also be studied to
test the proposed signatures and probes of ultra-dense matter such as jet quenching[2].
Therefore, we have developed a new Monte Carlo model HIJING (Heavy Ion Jet INter-
action Generator)[3] to address a wide range of phenomenological problems involving
nuclear collisions. The main features of HIJING include: (1) Soft beam jets modelled
by quark-diquark strings with gluon kinks in the spirit of Lund FRITIOF model[4].
In addition, multiple low Pr kicks to the end point quarks or diquarks are taken into
account. (2) Exact Glauber nuclear geometry, as in the ATTILA event generator[6], is
used to calculate the impact parameter dependence of the number of inelastic processes.
(3) Multiple mini-jet productions with initial and final state radiation is included along
the lines of the PYTHIA model[5]. In our treatment, an eikonal formalism is used to
calculate the number of of mini-jets per inelastic pp collision, consistent with the en-
ergy variation of the total cross section. (4) The influence of local, impact parameter
dependent, nuclear shadowing of the parton structure function is approximated by an
empirical parametrization. (5) Rare events with high Pr can be triggered with the as-
sociated enhancement of multiple mini-jet and soft background. (6) A simple model for

*This work was supported by the Director, Office of Energy Research, Division of Nuclear Physics of
the Office of High Energy and Nuclear Physics of the U.S. Department of Energy under Contract No.
DE-AC03-765F00098.

tAddress after October, 1991: Department of Physics, Duke University, Durham, NC 27706.



jet quenching is assumed to enable the study of the dependence of moderate and high
Pr observables on the energy loss dE/dz of partons in the dense matter.

The emphasis in HIJING on the role of multiple mini-jets is motivated by previous
estimates[7] that up to 50% (80%) of the transverse energy per unit rapidity may arise
in nuclear, collisions at RHIC (LHC) energies from semi-hard processes with Pr & 2
GeV/c. While not resolvable as distinct jets, they are found very important to particle
production in pp, pp collisions at collider energies{8] and are expected to result in a
variety of correlations among observables such as high pr and strangeness enhancement
that compete with the expected signatures of a QGP in ultra-relativistic nuclear colli-
sions. Therefore, it is especially important to calculate these background processes as
reliably as possible.

N + N COLLISIONS

Since HIJING is based on a particular model of high energy p+ p inelastic collisions,
the model and its parameters have to be constrained with the existing p+p and p+p data.
The cross section and probability of multiple mini-jet productions can be calculated in
the eikonal formalism as

Oin = 7.‘./oo db2[1 _ e—(Uaoft+0'je¢)A(b,s)], (1)
(0]

Go = —o?r— db2[1 "Uao]tA(b S)]e—djetA(b,s)’ (2)

G, = / dp219et 20, S)I” [UjetA(b S)] —U;et(b s) (3)
! Oin

where A(b, s) is the partonic overlap function between two nucleons at impact param-
eter b, 0 is the total inclusive jet cross section with Pr > Py and o4y is the corre-
sponding inclusive cross section for soft processes. We regard Py as a model dependent
phenomenological parameter. We have fixed it to 2 GeV/c by achieving the correct
energy dependence of cross sections with a particular assumption about o5,5;. In our
model o,,¢¢ is related to the geometrical size of hadrons to account for geometrical scal-

ing at low energies[8]. It is the assumption that o, tends to a constant as a function

of energy that leads us to the choice of P = 2 GeV/c and 05, = 57 mb at high
energies. . Fortunately, this P, scale turns out to be sufficiently large that PQCD can
be reasonably applied for Pr > P;. HIJING uses the above equations to determine
the interaction cross section and the number of mini-jet productions. Then PYTHIA
subroutines are used to generate the kinetic variables of the scattered partons. The
beam jets are modelled by two string excitation as in other models[4,5,9,10] with soft
gluon radiations[4]. Gluons from hard processes are regarded as kinks on the beam
strings and Lund JETSET 7.2 fragmentation scheme[11] is employed to describe the
. hadronization. We have found that HIJING can describe p +p, p+ A and A + B for
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Vs > 5 GeV well[3]. We will only discuss the results at collider energies here.

Shown in Fig. 1, are the calculated (histograms‘) pseudo-rapidity distributions of
charged particles in non-single-diffractive events from p + p at /s = 53 GeV top + p
collisions at /s = 1800 GeV. HIJING reproduces the experimental data[12,13} well.
The increase of central rapidity density is mainly due to multiple mini-jet productions.
We have tested that mini-jet production is virtually negligible at ISR energies and the
central density dn/dn(n = 0) is essentially independent of the colliding energy without
jet production. A more convincing indication for the importance of jet production
is seen in the pr distribution of produced particles as shown in Fig. 2. Instead of
being nearly an exponential function of pr at low energies, both HIJING (histograms)
and experimental dataf{14,15,16] show the build-up of a power-law tail with increasing
energies which is characteristic.of PQCD. The effect of multiple mini-jet production
is also reflected in the multiplicity distributions and the underlying event structure as
illustrated in Fig. 3. As shown in the figure, the low multiplicity events are dominated
by events with no jet production (dot-dashed histograms) while the contributions from
those with one (dashed histograms) and two or more than two (dotted histograms) jet

productions are most important in high multiplicity events.
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Fig. 1 Pseudo-rapidity distributions of  Fig. 2 Inclusive cross sections of charged
charged particles in p + p (p + p) colli- particles in p+p (p+p) collisions as a func-
sions. Histograms are HIJING calculation tion of pr. Histograms are HIJING calcu-
and data are from Ref. [12,13]. lation and data are from Ref. [14,15,16].
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Fig. 3 Multiplicity distributions of charged particles in p+p (p+ p) collisions.
Data are from Ref. {17,18] and histograms are HIJING results. The number
j indicates the number of jet productions in different contributing events.

A + A COLLISIONS

We adopt a multiple collision ansatz in HIJING where a A + A collision is decom-
posed into binary N 4+ N collisions involving in general excited or wounded nucleons
and sometimes a hard scattering. Wounded nucleons are assumed to be g-gq strings
that decay on a slow time scale compared to the collision time of the nuclei. We use the
three parameter Wood-Saxon nuclear density to generate the coordinates of nucleons.
For each binary collisions we can calculate the corresponding impact parameter and use
Eqgs. 1-3 to determine the interaction cross section and the number of mini-jet produc-
tions. The nuclear shadowing of parton structure function and its impact-parameter
dependence are taken into account both in the calculation of inclusive jet cross section
and the generation of kinetic variables of scattered partons. We use an effective nu-
clear parton structure function parametrized according to experimental data[19] and
assume the same shadowing for gluons and quarks. We also include a simple model for
jet quenching in HIJING. The interaction of a jet with the excited medium in central
rapidity region is determined by its mean free path A; and its energy loss dE/dz due
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to the interaction. We assume that the energy loss of a quark has a value of the string

tension

dE/dz = k ® 1 GeV/fm. (4)

and the lost energy is carried away by a collinearly split gluon.

We plot in Fig. 4 the central pseudo-rapidity density of charged particles in central
A + A collisions at /s = 200 GeV as a function of the atomic number A of the nuclei.
When there is no mini-jet productions, dn/dn(n = 0) is nearly linear to A, because
soft particle production should be proportional to the number of participants plus some
small contribution from multiple binary collisions. When mini-jets are included we
would naively expect that dn/dn(n = 0) is to build up a large component proportional
to A%/3 and this is exactly what we get as shown in the figure. However, with nuclear
shadowing this component is greatly reduced for heavy nuclei. Our calculations show
that the number of mini-jet productions is reduced by more than a half in Au+ Au due
to parton shadowing. Jet quenching only has a slight effect on dn/dn(n = 0) but will
have an important influence over the pr distributions of charged particles. In Fig. 5 we

plot the ratio
: d*ngi /dp}/dn 5)

d?n®? [dpZ.[dn .

of the inclusive pr spectrum of charged particles in central Au + Au collisions to that

of p+ p. At large pr where PQCD hard processes dominate, this ratio should be the

number of binary collisions in A + A. However, we see that shadowing reduces this

R4 (pr) =
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Fig. 4 The central rapidity density of Fig. 5 The ratio of pr distributions of
charged particles in central A + A col- charged particles in central Au + Au to
lisions as a functions of A. The points that in p + p.

are HIJING calculation and lines are

parametrization.



number by a large amount and jet quenching suppresses even more the particles with
high pr. We find that the effect of jet quenching on single particle pr distribution is
most important for 2 S pr S 10 GeV/c. Since jet quenching is due to the interaction
with the excited matter in central region in the transverse direction, it should be absent
in p+ A collisions.” Therefore by studying the same quantity RPA(pT) in p+ A at the
same energy we could determine the shadowing effect on single particle production and

thus disentangle jet quenching effect from the complex system in A + A collisions. It

is for this kind of purpose that we could use HIJING to study mini-jet and particle

production in ultra-relativistic nuclear collisions.
This work has been done in collaboration with Miklos Gyulassy.

REFERENCES

[ 1] S. Shuryak, Phys. Rep. 61, 71 (1980); H. Satz, Ann. Rév. Nucl. Part. Sci. 35,. 245

(1985); L. McLerran, Rev. Mod. Phys. 58, 1021 (1986).

[ 2] M. Gyulassy and M. Plimer, Phys. Lett. 243B, 432 (1990).

[ 3] X.-N. Wang and M. Gyulassy, LBL Preprint, to be published.

[ 4] B. Andersson, G. Gustafson and B. Nilsson-Almquist, Nucl. Phys. B 281, 289
(1987); B. Nilsson-Almqvist and E. Stenlund, Comp. Phys. Comm. 43, 387
(1987).

[5] T. Sjéstrand, Comput. Phys. Commun. 39, 347 (1986); T. Sjostrand and M. Bengts-
son, ibid. 43, 367 (1987).

[ 6] M. Gyulassy, Proceedings of Eighth Balaton Conference on Nuclear Physics, edited
by Z. Fodor (KFKI, Budapest, 1987); CERN preprint CERN-TH-4794/87(1987).

[ 7] K. Kajantie, P. V. Landshoff and J. Lindfors, Phys. Rev. Lett. 59, 2517 (1987);
K. J. Eskola, K. Kajantie and J. Lindfors, Nucl. Phys. B 323, 37 (1989).

[ 8] X. N. Wang, Phys. Rev. D 43, 104 (1991).

[9] A. Capella, U. Sukhatme and J. Tran Thanh Van, Z. Phys. C 3, 329 (1980); J. Ranft,
Phys. Rev. D 37, 1842 (1988); Phys. Lett. 188B, 379 (1987).

[10] K. Werner, Z. Phys. C 42, 85 (1989).

[11] B. Andersson, G. Gustafson, G. Ingelman and T. Sjostrand, Phys. Rep. 97, 31
(1983); T. Sjéstrand, Comput. Phys. Commun. 27, 243 (1982).

[12] UA5 Collab., G. J. Alner, et al., Z. Phys. C 33, 1 (1986).

[13] F. Abe, et al , Phys. Rev. D 41 2330 (1990).

[14] British- Scandlnawan Collab., B. Alper, et al., Nucl. Phys. B 87,19 (1975)

[15] UA1 Collab., C. Albajar, et al Nucl. Phys. B 335, 261 (1990).

[16] F. Abe, et al., Phys. Rev. Lett. 61, 1819 (1988).

[17) ABCDHW Collab., A. Breakstone, et al., Phys. Rev. D 30, 528 (1984).

(18] UA5 Collab., R. E. Ansorge, et al., Z. Phys. C 43, 357 (1989).

[19] EM Collab., J. Ashman, et al., Phys. Lett. 202B, 603 (1988); EM Collab., M. Ar-
neodo, et al., Phys. Lett. 211B, 493 (1988).

il
~a

7;;\



LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
INFORMATION RESOURCES DEPARTMENT
BERKELEY, CALIFORNIA 94720

3. -





