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Following the Shandong workshop spirit, in this paper we shall try to suminarize the
work we have been doing in this field in the last few years. From the beginning, our interest
was to understand some of the large cross-section features using QCD calculations and
techniques. In our first approach to the field, we suggested that the characteristic shape of
the KNO function [! could be explained by applying soft gluon summation formulae 2 to
particle emission processes. These techniques and the expression we thus obtained for the
KNO distribution are described in section 1 of this note. In our model the shape of the KNO
function depended upon a parameter (3, the single soft gluon spectrum averaged ove'rff‘;‘_thc
hadronic matter coordinates at any given energy. While the strength of our approach: was
that it was possible to find a value of § which could reproduce the KNO function at various
energies or rapidity intervals , we also found that the energy beliaviour of this parameter
was contrary to its naive QCD interpretation . We were thus led to the hypothesis that
KNO scaling violations [34] could arise from a two component type behaviour, with a
soft part responsible for the low energy shape and a "new” energy dependent part, which



we labelled as a hard component, and which we attributed to the emergence of hard
gluon scattering at CERN Collider energies, 1/s ~ 100 + 900 GeV. According to this
hypothesis(5l, many other non-scaling phenomena in this energy region should be explained
as due to the emergence of hard gluon-gluon scattering. A still incomplete list of some of
these low-p; scaling violations include :

(i) rise of the plateaul®l, i.e. violation of Feynman scaling whereupon one observes a
logarithmic increase with energy in the number of particles produced at 90deg ;

(ii) a faster than logarithmic increase in the average multiplicity ;
(iii) KNO scaling violations, implied by the two previous non-scaling behaviours ;
(iv) a logarithmic increase in the ratio of strange to non-strange particles ;

(v) a flattening with energy[® of the single particle p; distribution, with < p; > higher
in high multiplicity events, an effect which becomes more pronounced as the energy

increases!?l.

(vi) a faster than logarithmic increase in the total inelastic cross-section/8l.

The two component modell®l, which we sketch in section 2, required an unexpectedly
large fraction of hard gluon-gluon scattering events, of the order of 10 + 20% relative to
the soft part. With such a simple model one could understand not only the widening
of the KNO distribution but also the increase of < p; > with multiplicity. While the two
component model is certainly not complete past our present energy range, since it can
only be justified up to a first order QCD calculation, it had the virtue of pointing to the
presence of a large contribution from hard gluon-gluon scattering. A QCD calculation of
this contribution is discussed in section 3. The presence of a large gluon-gluon scattering
contribution was indeed found by the UA1 collaboration, through the so-called mini-jet
analysis{!®l. While some of the gross features of the mini-jet sample (KNO distribution
for instance) can also be understood in terms of a statistical analysis like the one by
Meng-Ta Chung and his collaborators!!ll, the UA1 work shows that the jets from the
mini-jet sample, in terms of angular and transverse momentum distribution, satisfy the
same requirements of the high-p; jet sample(*2]. The interptetation of these events in terms
of hard scattering is thus experimentally justified. The question now arises as to how to
go beyond the two component model, which as we said, cannot be complete in its present
form. From a phenomenological point of view, this model gives higher energy predictions
for the KNO function which are not borne out by other models!13l. In particular the two
component model in the form we had suggested does not predict a further widening of
the KNO distribution. This may not be correct. At present there are a variety of models
which incorporate the two component structure in the eikonal function for the total cross
section. In section 4 we shall briefly mention the work done along these lines together
with our assessment of these efforts. A hindrance to the predictive power of these models

is that one has to assume the impact parameter space distribution of partons within the
hadrons.



1. Soft Gluon Bremsstrahlung and K NO Distribution

The problem of understanding the shape of the hadronic multiplicity distribution and
of its approximate scaling in the KNO variable, z = 2 , still represents an outstand-
ing question in strong interaction physics. In 1972 Koba,Nielsen and Olesen predicted
on the basis of Feynman scaling and the approximate logarithmic growth of the mean
multiplicity,< n(s) >= Ins, that the function

U(z,s) =<n> —;—2%

should remain constant with changes in energy. In the soft QCD bremsstrahlung modell?],
the shape of the KNO function is obtained from that of the soft QCD radiation emitted

in the scattering of quarks and gluons. By summing all soft massless quanta emitted in
the collision one obtains the following expression for the energy distribution of the emltted

radiation : AP it B | ’
2= [ (&) W

where
h(E, 1) = / (55 ) 2 - e 2

and

(i) = 225t

The parameter E represents the maximum energy which a single soft gluon can carry away
in a given parton-parton collision. Assuming that on the average the final state pions
equally share the radiated energy, we made the substitution

w=mn < energy >single pion

so as to obtain for the KNO function the expression

V() = ple) [ g e ®

<n?>

The parameter §(s) which appears in the above expression is an effective soft gluon spec-
trum which incorporates the averaging process which takes place when eq.(1) is integrated
between initial parton densities and final hadron fragmentation. To wit, we have written

= w ﬂ 1< >t—<h(t)>
<dP(w,E) >=d< 7> / 5t (4a)
with .
tak |
) >=B(s) [ - e (48)
0



and the symbol <> indicates the above mentioned average. We expect the effective pa-
rameter 3(s) to have a residual Inln s dependence as well as to be proportional to the color
factors ¢ p(= g) or ¢ (= 3) according as to whether the emitting partons were quarks or
gluons. The bremsstrahlung distribution of eq.(3) cannot be obtained in closed form for
general values of the ratio < % >. To evidentiate the small and large z behaviour of the
- function ¥, it is convenient to approximate eq.(4b) as follows :

< h(t) >= blog[1 + 1]
which, after some simple manipulations, leads to

b :

V(z) ~ RO

(‘bz)bhle—‘bz (5)

A numerical comparison between egs.(3) and (5) shows that the two distributions have the
same shape for b = 20(s). Eq.(5) is one of the limits of the negative binomial distribution,
introduced originally by Giovanninil!4! and later by Carruthers and Shih [18lto describe
the multiplicity distfibution and widely used, at present, to fit the KNO function in various
rapidity intervals and in various processes.

The shape of the KNO function is completely determined by the spectrum 8. Thus,
if we treat B as a parameter, we can obtain the shape at lower energies and, changing 8,
at higher energies. Let the moments of the KNO function be defined as

Cr =<2k >= /sz(z,,s)dz

then, the following expressions can be easily obtained, through successive partial integra-
tions, from eq.(3) :

<zz>=1+§1§ (6a)
<23>=1+~2—%+§%§ (60)

/ <zt >:1+%+ 1;;2+4—;§§ (6¢)
<fs=1424 B 3 1 (6d)

B 1282 1233 584

Fixing the value of 8 from C3, we obtain the values shown in Table I for the moments at
lower energy, i.e. up to v/s = 63GeV, and in Table II for the moments at higher energies,
i.e. at the Cern proton-antiproton collider.



TABLE L /5 = 63GeV
1 Component Model

Ci Model Predictions ISR Dataltl
C, 1.2 (fixed) 1.2+0.01

Ca 1.653 1.6740.03
Cy 2.55 2.63+0.09
Cs 4.46 4.640.2

The theoretical values are obtained from eq.(6a), fixing C; = 1.2 (8 = 2.5).

TABLE II. /s = 540GeV
1 Component Model

Cl Model Predictions UAS5 Dataldl
C, 1.31 (fixed) 1.3140.01+0.03
Cs 2.06 2.1240.034-0.11
C4 3.73 4.0540.104-0.30
Cs 7.89 8.840.440.9

Theoretical values ate obtained from eq.(6) fixing C3=1.31 (8 = 1.62).

The agreement between the experimental atid the theoretical values for Ca, Cy4 and
Cs points to the validity of the description of the multiplicity distribution in terms of a
fourier transform of an exponentiated bremsstrahlung spectrum of the type. ,B%;’E. At the
same time, we notice that the rise in the higher moments from ISR to Collider energies
is quantitatively accounted for with a decrease in the effective B from Brsr = 2.5 to
Beottider = 1.62. The soft gluon model exposed in ref.[2 |, does not explain a decrease
in the effective gluon spectrum. If there were no new production mechanisms between
lower energies and the collider, 8 should grow; albeit slowly, ~ Inlns. Thus a decrease in
the effective § must sighal some new production mechanism (jets, mini-jets, multipartons,
etc.) with a threshold around the ISR energy.

2.. The Two Component Model

It appears that at large multiplicities, 1 =~ 2 -+ 3 < n >, there is an excess of
events over the asymptotic KNO fit at lower energies. Although the fraction of *abnorimal’
events is relatively small, the effect is very conspicuous when the higher moments of the
KNO function are compared at different energies. Up to ISR energies, the moments are
approximately constant{16:17] thus indicating that the shape of the curve does not change,
i.e. that KNO scaling holds. However after the ISR energies, the higher moments, which



are more sensitive to the larger multiplicity region, drastically change. This might indicate
a new production mechanism which becomes significant at CERN collider energies and
which is characterized by a higher mean multiplicity. We have suggested that the new
mechanism is related to the appearance of gluon initiated processes, which were quite
negligible in the ISR range but which start showing up at the collider, most noticeably
in jet production. Indeed, there are three observations, concerning jet production, which
are relevant to this discussion : (i)at the Cern Collider the energy is high enough to allow
for hard scattering between many low-x partons, leading to the production of mini-jets;i.e.
jets around and below the lowest detectable threshold, (ii) at low x the dominant QCD
subprocess in jet production is gluon-gluon scattering, (iii) the UA1 collaboration has
reported that the multiplicity of the background accompanying the jets, what has been
called the "jet floor” in a multiplicity vs. rapidity plot, is more than twice the minimum
bias multiplicity and is independent of the transverse energy of the trigger jet, remaining
high (=~ 2 < n(s) >) down to rather low values of the trigger[!2). The new production
mechanism;as far as the multiplicity is concerned, can be conceivably related to a strong
increase in the number of events associated with hard gluon-gluon scattering. Let us now
show how a two component modell'8l can account for KNO scaling violations as well as
the flattening of inclusive single particle spectra.

The simplest way to verify phenomenologically the above hypothesis is to separate
the cross-section in two parts, such that

o(s) ~ oo(s) + o1(s) (7)
do  doo | doy ,
dn ~ dn dn (8)
do - 'dO‘o dPo(pt) + d0'1 dPl(pt) (9)
dndp;  \ dn dpy dn dp;

where the first and second term on the right hand side represent respectively the dominant
low energy multiparton cross section and its first order a4 correction due to hard parton-
parton scattering. dPg and dPj are normalized probabilities describing the p;-disttibution
of single pions. For simplicity, we shall denote the two components as non-perturbative and
perturbative. For the first term, KNO scaling holds well and the transverse momentum
distributions show no dependence upon the multiplicity. While eq.(9) is an improvement
over the naive expectation
do__dodp
dndp;  dn dpy

it is still a gross approximation since the perturbative term,at least, receives contributions
from processes which may be quite different from the point of view of particle production
like quark-quark, quark-gluon and gluon-gluon scattering. Integrating eq.(9) , one obtains

<pe>o Bt <py >y 4

<p>= dgn+¢u
dn. dn



where < p; >0 and < p; > refer to particles emitted in the non-perturbative and pertur-
bative processes respectively.

At the same time, from eq.(8), we get the KNO distribuition of the entire sample in
terms of those of the two components, i.e. :

n(s) Z On

1 So(F) + () 10
S <n> 147 2
so that .y ) » )
<pt>o @ +r<p:> i
<pi>= 0 5 <"> 12955 (11)
0( <n> ) + T(I>1( <n>1 )
with .
F=—
oo
and

1 do; <n>
ilzi) =<n> oidn  <n >,-‘I’(z‘)

where ¥y and ¥, are the KNO functions of the two terms and z; = zi;. In the above
equations, r = %(’; represents the fraction of jetty events over the non-jetty ones. As we
discuss in section 3, the contribution o1, which can be calculated perturbatively strongly
depends upon the minimum cut-off in the jet transverse momentum.

Eq.(11) now shows that if ®; is characterized by an average multiplicity < n >,
substantially larger than that of ®,, the influence of the second term becomes impottant
at large n. Thus < p; > would slowly grow and reach its maximum at » ~< n >1. In
this simple formulation, the energy dependence of < p; > and < n > comes from the ratio
r(s). Integrating eqs.(8) and (9) over n one easily sees that < p; > is a linearly growing
function of < n >. This is approximately verified by the data, as shown in Fig.1.

A two component model easily accounts also for the observed violations of KNO
scaling. This can be shown using the soft QCD radiation model discussed in the ptevious
section for the KNO functions needed in egs.(10) and (11). Previously [2], we had obtained

) 1 k .
ﬂ/gfr-mp (z'ﬁ<z>t—ﬂ/0 %(1—«:—*’“))

by assuming that tle energy carried by the n-particles observed in the final state was shed
off as radiation during the hadronic collision. The parameter § is a tmeasure on the average
of the exponentiated soft gluon spectrum. Thus 8 is propotional to the strong coupling
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Fig. 1 The measured average transverse momentum per sirigle particle is shown as a function
of the average multiplicity at the same center of mass energy. Data are from ref. 7
for the ISR data and from refs.(10)and (12) for the CERN Collider.



constant o, and to the color factors characteristic of the underlying process. Referring to
radiation from a gluon or radiation from a quark, one has

ﬁgluon ~ CA
ﬁquark CF

9
4

as well as
< Mgluon > €A

< Nguark > cF

We assume that the first (non-perturbative) component proceeds mostly through
quark radiation. On the other hand, at high energy (CERN Collider and beyond) ra-
diation and fragmentation from hard parton-parton scattering (second component) should
appear as a non-negligible fraction of the cross-section, and be dominated by gluon-gluon
scattering.

From eq.(8), we obtain

_ <nofs) > +r(s) < ni(s) >

< n(s) > 12
where, according to the previous discussion,
<no(s)> er  Po

Making use of eq.(13), we can rewrite eq.(10), as follows :

* d 3 b —ikr 1 C—ikr
\I’(z,s) - ﬁ/ g:_r_ezﬁzrl___t_; (e—ﬁo fo dk(y_g—ik ) +r(s)e_ﬁ‘ fo dk ({ g ik ))

with ;
p Bo B1

o~ ~

<n> <ng> <ny>

We now turn to compute C} for the two component model. The results are shown in
Table III.

TABLE III
Two-Component Model, r=0.12
Cy Model Predictions UAS5 Dataldl
C, 1.275 1.31 £0.01+0.03
Cs 2.014 2.12::0.0340.11
Cy 3.822 4.054+0.1040.30

Cs 8.524 8.8+0.4 +0.9
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To obtain the values shown in the above table, we have scaled B according to the
asymptotic freedom formula

, ) _nin (5—4Q)2 A
Inin (83)
and have used the approximate relation given by eq.(13), and set A = 100 MeV. The table
shows that this two component model can quantitatively account for the observed scaling
violations in the collider region. |

Using the above parameters, Ay = 2.78, 81 = %,30 and r=0.12, we show in Fig.2 a plot
of 2W(z) vs. z and its comparison with the recent UA5 data. V
"~ To predict the shape of the KNO function for even highet energies (Tevatron, LHC,
SSC, ...) we need to specify the energy dependernce of #(s) in €q.(13). We parametrize

r(s) = a1+ azlns (14)

- and choose a3 as follows. At FNAL energies (/s < 28 GeV') as well as at ISR around
V/s & 30 GeV, KNO scaling holds reasonably well. Thus we set r(30 GeV)=0. The leftover
parameter is then determined by fixing r(540 GeV)=0.12 as above. As a check we have
computed r(s) using eq.(14) at /s = 63 GeV, the highest ISR energy. We find (63
GeV)=0.03, indeed small to justify a posteriori our earlier neglect of oy, up to highest
ISR energies. Our predictions for the KNO function at /s > 1 TeV however show the
model limitations. Indeed, as one can easily see by taking the high energy limit of eq.(13),
when r(s) become larger than 1 the second component starts taking over from the first
until, at the end, the distribution simply shifts from the first component to the second
component. This precludes any further widening of the distribution. Is this what we
really expect at SSC energies and beyond ? To answer this question one must try to
put the two component model in a theoretical framework and try to understand and to
compute the relative fraction of events coming from the two different components. We
shall try to answer this question in the next section.

3. QCD Calculation of low — p; jet yield

A high energy hadron-hadron collision is an extremely complicated, sirmiltaneous in-
teraction between a very large number of different energy partons participating to the
event. Therefore, in addition to hard parton- parton scattering, there are additional pro-
cesses which take place simultaneously and which produce particles associated with the
so called underlying event. Note that the structure of the underlying event may be af-
fected by the dynamics of the hard scattering. Notwithstanding these difficulties, as a
first step, one can try to separate oy, into two terms, oy, ~ oNFP + 0QCD where the
first term contains non-perturbative contribuitions, while the second receives contributions
from processes which can be satisfactorily described by perturbative QCD.
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Fig.2 The KNO function from UA5 data, ref. 3, is compared with the theoretical curve

from the two component bremsstrahlung model of ref. 9.
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Perturbative QCD is in many ways indivisibly related to the experimental observation
of jets . In order to establish a 0(?CP) which could give a significant contribution to Otot
the observable jet phenomenon must be greatly enhanced ( many orders of magnitude )
and extended to transverse energies Er which are much smaller than those reported by
the already classic experiments at the CERN Collider . In this section we shall examine
the possibility that 09“? may be an important fast rising part of o4, already at the
CERN Collider. Indeed it is possible that if not the totality ,at least a major fraction of
the rise of oyo-which from ~ 39mb at /s = 22GeV is now ~ 60 mb at V8 = 630 GeV
(8l( and it is commonly presumed to reach even larger values at very high energies from
cosmic rays [19]) can be related to the hypothesis that low-energy jets are responsible for
KNO and other scaling violations. To make this connection viable, it is necessary that
the fraction of jetty events becomes as much as 10 + 20% of the inelastic cross-section and
grow with energy from the very small value recorded at the ISR. It is theh predictedthat
the jet phenomenon at the collider will become a significant fraction of all events rather
than a very specialized effect with tiny ctoss-section. This can be formally achieved since
the lowest order cross-section becomes arbitrarily large if extended to lower and lower
p: values. Therefore there must be a minimum transverse momentum Peut above which
perturbative QCD can be safely applied. The value of such a parameter is related to the
experimental jet resolution threshold and it is expected to be a slowly varying function
of the collider energy. Note that this cut-off may be lower than the energy at which jets
are still experimentally observable, since the detection of low energy ”jets” in a hadronic
background coming from the underlying event is ot easy and it may depend on its ¢hoice
of definition.

The UA1 collaboration 19:12) has reported the direct observation of such low-Er jets.
It becomes therefore possible to have a direct experimental clue about how large can
o{(QCD) be and on the value of the lowest transverse momentum cut-off Pcut- Indeed the
experimental data provide the right amount of jet cross-section to explain KNO scaling
violations and the increase of < p; > with multiplicity according to the two component
model, at the same time we shall show that they can be well understood in terms of simple
QCD calculations accounting for as much as & 20% of the total inelastic cross-section.

If such low-x parton parton collisions become relevant it is eventually hecessary to
take into account also cases in which multiple, independent parton scattering become
observable in the same event. At yet higher energies this phenomenon is expected to play
a non-negligible role and must be included in the astimate of ¢ (QCD),

For very large transverse energies the jet phenomenon is rather striking. Its kinematics
is well understood by QCD predictions, as reflected in the two-jet angular distribution
(20, Cross-sections are well described by QCD calculations and structure functions which
are extrapolated in @2 from neutrino scattering data. In these calculations the energy
range is artificially limited by the experimental cuts to a domain in which a number of
approximations are valid and which is very far from the minimum transverse momentum
Pcut above which perturbative QCD can be applied.

As discussed in these proceedings (2! the UA1 collaboration has recently reported
the observation of inclusive jet production down to transverse energies of a few GeV, at
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Vs = 540 GeV and 630 GeV and through the energy range /s = 200 < 900 GeV'10) .
These events have typical energies of the jets once recorded at the ISR and Er as much
as ten times smaller than the jets previously reported at the collider. Therefore they
are more difficult to study experimentally. With these measurements the differential jet
cross-section now spanis at interval of almost 10 orders of magnitide, from' ~ 1 mb at
Er = 5 GeV down to less than 10=° mb at Ep =~ 150 GeV. New problems also arise
in comparing these results with theory since it is not known how low in Er one can go
before perturbative QCD becomes too rough an approximation and because d;iﬁ‘erenc‘es in
the choice of scale are more evident iti the low-E 1 region.
The following remarks about the minimum bias jet cross-section can be made :
(i) the distribution of thinimum bias jets appears to join in smoothly with that at high
E ¢ from the jet trigger ;
(ii) the agreement with the QCD curve is reasonable, and within the various uncertainties
discussed previoulsly ,
(iii) the newly measured UA1 jet cross-section from minimum bias follows the general
behaviour of the high-Eq jets and can safely be considered an almost straightforward
extension of the high— E+ jet phenomenon. ~

The UA1 Collaboration has also given the inclusive jet cross-section over the range
/5 = 200 +900 GeV with a nominal ”jet” threshold Ex > 5 GeV and in the central region
In] < 1.5. After elaborate corrections for detection efficiency and for events leading to jets
outside the acceptance they give a total jet cross-section, shown in fig.3. The cross-section
is rapidly rising and it is quite large. It is instructive to compare these rates with the rate
of increase of the inelastic cross-section, which we take to be %O’tof where for o,¢ we use
the parametrization given by U.Amaldi et al.22) . In the same figure we also show the
experimmental points [8:23:24] for the quantity opeq = Otot — 0et — 0s4. Notice that through
the energy range of interest in this paper, they all appear to fall on the curve —gototﬁ

To compare the above rate with QCD predictions; one can numerically integrate the
2-jet differential cross-section through the parton-parton center of mass scattering angle,
i.e. write

, 1 ; e do
Ojet(s) = 5] dzq /dzz/dcosﬂ dodiad oot
with |
do _ Irla,(Q?)]® Fz1,Q?) F(=za, Q2) (3 + cos 6*%)3
dzidzedcosf* 325 z? z2 (1 — cosf*2)2

where §* is the scattering angle in the center of mass of the parton-parton system and the
integration in cos @* extends between —zg and +2zo with

1 _ 4pcut2
ST{T 9

zg —
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The calculation of the jet yield is numerically simplified if one neglects the angular depen-
dence in a,(Q2). Then the integration in cosf* is straightforward and gives [2°]

do or F(z1,Q%) F(z3,Q3) 2
d .0* — 3 ] 2 I 15
/ €08 dridrydcosf* 16s x,2 T2 [as(Q )] (Peut) (15a)
with
/ 4p .
88z1x2 pcut 83}1 Zza 4pcut 34 4 pcut
I(pcut * .
 sz1z S-’E1~’C2  3sziT,
83:19:2

(15b)
A further simplification is obtained if one neglects ,in eq.(15), terms of higher order in

2 .
42eut—  One can then writel29])
T1Z2

nw 1 ¥4 € 1 T 2
rrosale) = g [ LREQY) [ LR Q7 @) (16)

2pcut z

with € = éﬁgﬂ. In order to assess how reliable this approximation is at present energies,
we have compared the total 2-jet yield obtained using the complete expression, eq.(15),
with the approximate form given by eq.(16) for a variety of different values for pyin the
energy range /s = 100 + 1000 GeV and found agreement within < 10% ,becoming better
at higher energies.

We can now compare the size of the effect with UA1 observations. We have used UA1
parametrization for the parton densities [20] §.e.

F(z) = 6.2¢=9-5

and we have chosen for the argument of o, the quantity Q2 = %&i‘ Usihg the approximate
expression eq.(16), one gets o = 3.52 mb at \/s = 540 GeV and fot pcut = 5 GeV, to be
compared with the experimental value o = 10.3 mb. The origin of this large disagreement
has to be further investigated. We make the reasonable hypothesis that somehow the
effective cut-off must be lower than the "declared” value. This may indeed be due to
the presence of the underlying eveht which contributes more or less isotropically to the
measurement of all the transverse entergy deposited in the calorimeters. In our calculation
we shift the energy scale by 1.5 + 0.5 GeV relative to the valie given by UAL in order
to accomodate the effects of the underlying event. Thus a jet event assigned by the UA1
algorithm to 5 GeV can be produced by the overlap of a 3.5 GeV parton together with
1.5 GeV of soft debris from the underlying event. Above considerations make evident the
large degree of arbitrariniess in the determination of the jet yield. There is also a strong
dependence of the predictions on the assumptions on the input parameters in the QCD
calculation. To this effect we have investigated several choices of densities and parameters:
the ”theoretical error” is quite large and that factors of order 2 can be easily accomodated
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by appropriate choice of the parameters. These uncertaities in the future may be reduced
by more complete calculations which would settle the question of the correct QCD scale.
Present calculations indicate that values of p., in the order of a few GeV appear to
saturate the experimentally observed rise of the total cross-section.

5. Beyond the Two Component Model

The previous calculations show that it is possible to interpret the second (hard) com-
ponent of the total inelastic cross-section as receiving contribution from events where a
hard scattering has occurred. By hard scattering we mean one where a, is small enough
to allow for a first order perturbative calculation. It should be noticed however that the
quantity ogcp we have thus calculated has a very fast increase with energy due to pres-
ence of a strongly energy dependent gluon luminosity. It has been pointed out by many
authors that if the probability of having a (hard) collision becomes large, then the cross
section takes the form

Otot = 47 / d?b (1 - e~n(,b,s))

where n(b,s) is the number of collisions at a given impact parameter and at a given center of
mass energy. The quantity n(b,s) is the one to which one can in principle apply an additive
model like the two component model we described previously. Efforts in this direction have
been presented at this conference [27:28] and are present in the recent literature!29). One
should notice however that different analyses give different weight to the hard component,
with the result that the calculation of the total cross section relies rather heavily on the
parametrization and energy dependence of the soft component. It is probably better not
to try to describe 04,4, but concentrate on the mini-jet cross-section and try to reproduce
that observed jet yield. In this regard, it is still true that the calculation described in the
previous section is not quite satisfactory, since it does not acknowledge the impact of the
underlying event on the measured jet cross-section. In other words, even apart from the
question as to whether we can calculate the rise of the total inelastic cross-section from first
order QCD parton-parton scattering, we must try to develop the formalism which allows
one to compare the experimental quantity measured by UA1 with the QCD predictions.
Fritjof and Pythia Montecarlos appear to be moving in that direction!3%!, Worth of notice
in some of these efforts is the importance of the hadronic matter distribution in ‘impact
parameter space. In fact, as the authors point out, while many of the characteristic
properties of the UA1 mini-jet distribution can be reproduced by the model as such, some
special features seem to require a very specific b-space distribtution. Thus some of the
differences between models like DPM and Pythia (in the average number of collisions,
for instance) can be ascribed to the different b-distributions. One must also ask as to
whether it is at all possible to have an energy dependence in these distributions, not unlike
what happens to the x-distribution of partons, which, as we know, has a logarithmic Q2
dependence.
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Conclusions

Our own assessment of the problem can be shottly summarized as follows : the con-

tribution of hard QCD scattering is certainly important and calculable in minimum bias
data at the CERN Collider energy. Predictions for the future however require further steps
in the theoretical understanding of the underlying event, with particular emphasis on the
hadronic matter distribution in the impact parameter space.
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