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We present a theoretical study of the "pedestal height" in hadronic jet production, i.e., the mean
transverse energy per unit of rapidity (tv/~) accompanying a high-transverse-energy jet. We find

that perturbative QCD, supplemented by a Monte Carlo estimate of higher-order corrections and a
soft underlying event structure similar to that of minimum-bias collisions, can account for the ob-
served pedestal height and its dependence on jet transverse energy. We propose a way of separating
the hard pedestal contribution from that of the underlying event by measuring the quantity (tvr"),
which is one-half the absolute difference of the pedestal heights on the two sides of the jet. This
quantity is dominated by the hard QCD component, whereas (cvr'") = (tv)'~) —(cod') is dominated

by the soft underlying event. We also discuss the differential distribution of pedestal height and the
charged multiplicity in the pedestal.

I. INTRODUCTION

An old prediction of perturbative QCD is the emer-
gence of jets with large transverse energy in high-energy
hadron collisions. Recent developments in the analysis of
the theory now permit the prediction not only of the
shape of the jet, i.e., the structure of the radiation emitted
around the jet axis, but also of the structure of the radia-
tion emitted outside the jet cone. These new theoretical
results' are based on the resummation of all leading in-
frared singular contributions. In this way one finds that
soft-gluon interference gives rise to the property of coher-
ence for the QCD radiation.

In this respect the structure of the QCD radiation
emitted outside the jet cone is of special interest. Since
sizable interference takes place in this region, the distri-
butions are particularly sensitive to the property of
coherence both in the QCD cascades of timelike and
spacelike partons, and in the matrix elements of the QCD
hard subprocesses.

However, in hadron collisions the radiation outside the
jet cone also has a component originating from the low-p,
interaction involving the spectator partons, which we
shall call the soft underlying event This interac. tion can-
not be described by perturbative QCD. Therefore in or-
der to be able to perform a clear analysis of the radiation
in this phase-space region one should be able to disentan-
gle the two contributions. In particular one can attempt
to identify quantities which are most sensitive either to
the hard perturbative or to the soft underlying com-
ponents. One would then be able not only to perform a
direct analysis of features related to perturbative QCD,
but also to obtain, at the same time, phenomenological
constraints on models for the soft underlying event.
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FIG. 1. Definition of the pedestal height and related quanti-
ties.

Various data on the radiation emitted outside the jet
cone are available. ' The quantity on which we shall
focus our attention in this paper is the "pedestal trans-
verse energy" (cop ) for a jet of given transverse energy.

To define this quantity consider Fig. 1 in which we
schematically represent dErldri, the transverse-energy
distribution integrated over the azimuthal angle P on the
same side of the jet axis (~bp~ &n./2). b, rl is the
difFerence in (pseudo)rapidity ( rl = —ln tan —,

' 8) with

respect to the jet axis. One then defines
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where, as indicated in Fig. 1, coT and coT are the trans-
verse energies in the rapidity intervals 1 &

~ Ag ~
& 2 on the

two sides. The quantity (fd(r' ) is thus the average trans-
verse energy per unit of rapidity measured in the pede-
stal, 1.5 units of rapidity away from the jet axis. The in-
tegration over

~
b p~ & n. /2 avoids contributions to (fd'p )

from the recoiling jet.
This quantity has been measured by the UA1 Colla-

boration at the CERN pp Collider for &s =630 GeV
and has the following features. It increases from
( fop ) =2 GeV to about 4 GeV as the jet transverse en-

ergy increases to 10 GeV, then remains around this value
for transverse energies up to the maximum measured
value of 60 GeV. An analogous trend is observed in a
similar quantity measured by the UA2 Collaboration.

The pedestal height has been discussed by Sjostrand
and van Zijl, who propose a multiple-interaction model
for the soft underlying event which can account for the
above features. We shall consider this quantity instead
from the viewpoint of perturbative QCD, supplemented
by a more conventional model of the underlying event.

First of all we observe that (co(r'd) is an infrared finite

quantity and therefore its leading contribution can be
computed in perturbation theory from the (2~3) matrix
elements.

It is clear that this perturbative result cannot be direct-
ly compared with the data since, as explained before,
(co(r ) receives substantial contributions from hadrons
generated in the soft underlying event. However the per-
turbative analysis suggests a way to identify a quantity
which is most sensitive to the hard component described
by perturbative QCD. Since to leading order in a, only
the (2—+3) parton matrix elements contribute, one has
that to this order ~T and coT cannot both be different
from zero. Therefore we introduce the quantity

(2)

which, to leading order, coincides with co(r .
On the other hand, the soft underlying contribution to

(f0T' ) should be small, for the following reason. The un-
derlying event is expected to be similar to a minimum-
bias soft collision. It is well established that such col-
lisions show strong positive long-range rapidity correla-
tions. Thus the underlying contributions to coT and coT
should be strongly correlated and they should cancel in
the difference.

Conversely, the quantity

Another effect one should estimate when comparing
the leading perturbative calculation of (fdtr" ) with the
data is the size of higher-order corrections. This can be
done by considering the multiparton amplitudes in the
leading collinear and infrared approximation, which has
been found to give a reliable estimate of higher-order
corrections for various quantities ranging from the multi-
jet cross sections in e e annihilation to the p, and ET
distributions in Drell- Yan processes.

Finally, one has to estimate the size of the contribution
to ( cd'r' ) due to the hadronization of QCD partons.

In this paper we perform a detailed study of (fop ),
(foT' ), and (corm) using a recently developed Monte
Carlo program for simulating hard QCD processes,
which correctly sums not only the leading collinear
singularities but also the infrared ones, thus taking into
account the coherence of QCD radiation. Schematically
the simulation consists of three stages.

(1) The perturbative QCD stage, in which off-shell par-
tons are emitted according to the rules resulting from the
analysis of the leading collinear and infrared singularities
of Feynman diagrams.

(2) A hadronization model in which color-singlet clus-
ters of partons decay into hadrons. Recall that according
to perturbative QCD results these color-singlet clusters
typically have small masses, so the resulting hadron dis-
tributions are not dissimilar from the parton distributions
obtained in the previous stage.

(3) A model for the underlying event, in which low-p,
hadrons are generated by a soft collision between the two
color-singlet clusters containing the spectators. This
model is based on the UA5 Monte Carlo simulation of
minimum-bias events. '

Using the Monte Carlo program we have computed the
contributions to (fo(r' ), (coT' ), and (cur'") coming from
the various stages of the simulation. In this way we can
independently estimate (i) the perturbative QCD contri-
butions including those due to higher-order corrections,
(ii) the contribution from the process of hadronization of
QCD partons, and (iii) the contribution from the soft un-

derlying event.
In Sec. II we report the leading-order perturbative re-

sults for (co(r ) at v's =630 and 1800 GeV in pp col-
lisions, for the full range of jet transverse energy. In Sec.
III we present the Monte Carlo results, compare them
with the UA1 data, report the prediction at Fermilab
Tevatron Collider energies, and discuss in more detail the
possibility of disentangling the hard from the soft under-
lying component. Finally, Sec. IV contains a summary
and some concluding remarks.

~min min( ~L ~R ) ~yd ~dif (3)

vanishes in lowest-order perturbation theory, while the
correlations in the underlying event mean that its contri-
butions to AT'" and cop should be comparable. There-
fore ( coT'") should be much more sensitive to the soft un-

derlying contribution than (for' ).
Thus measurements of the two quantities (AT' ) and

(AT'"), which have not yet been performed, would be
helpful in disentangling the hard perturbative and the
soft underlying components, respectively.

II. LEADING-ORDER RESULTS

Consider hadrons A and 8 colliding at c.m. energy v's
and emitting a hard jet of transverse energy ET. The
leading-order contribution to (fdtr ) is given by the hard
subprocesses (ab ~123). Iff„(x,) and fR(xb ) represent
the momentum fraction distributions of parton a and par-
ton b in hadrons A and 8 at the scale E&, the average
pedestal transverse energy is given by
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dtT 3 1 f~(x, ) fz(xb)
(cg'p )

d
=ETa, (ET) z aPqdcoTdpdri, dT12dr13 I M~b

4n.s' +a Xb P ( 123)
(4)

where parton 1 represents the trigger jet, emitted at zero azimuthal angle with transverse energy ET and rapidity

~g, ~
&1.5. Parton 2 represents the recoiling jet on the opposite side, with rapidity gz integrated over the full range.

Parton 3 then provides the contribution to the pedestal, with transverse energy coT, azimuthal angle ~p~ ~/2, and rapi-
dity g3 in the range 1 & ~F13

—
g&~ &2. Finally ~M,b i/3~ are the spin- and color-averaged amplitudes squared for the

subprocesses (ah~123), which are summed over the permutations P(123} of the emitted partons. In ~M,b, 23~ we
have factored out the coupling constant to show explicitly the argument used for a, .

To leading order in a„ the jet-transverse-energy distribution in (4) is given by the subprocesses (ab ~12)
dO'

2 27r fg(x, ) fg(xb)
=ET','(ET), fdrildt)2

T S Xa Xb P(12)
(5)

o(os )

~s=1 8 TeV

—~s=830 GeV

where as before parton 1 represents the trigger jet with
rapidity ~TI, ~

& 1.5 and parton 2 the recoiling jet with ra-

pidity integrated over the full range. ET is the transverse
energy of both emitted partons.

In Fig. 2 we show (cog ) as a function of ET comput-
ed for pp collisions at v's =630 and 1800 GeV. These re-
sults are obtained using the structure-function parame-
trizations of Duke and Owens" (set 1, A =0.2 GeV). We
note the following points.

(i) (co(T' ) rises rapidly at low ET, has a broad max-
imum, and vanishes linearly as ET approaches the
kinematical limit &s /2. To understand this, note that
the phase space in (4) vanishes more rapidly than that in
(5}by one power of (&s /2 ET ). —

(ii) Apart from a small scaling violation due to the
structure functions in (4) and (5), the maximum value
reached by ( cop ) increases with s as a, (ET )v's, with ET
around the value at which the maximum of (cuP )
occurs.

(iii) The size of (cod ), even at its maximum, is much
smaller than the corresponding value of ET. To under-
stand this, note that, since the distribution

der�

/dET in (5)
is a steeply falling function of ET, it is more likely for the
third parton to be emitted in the phase-space region op-
posite to the trigger jet, where it does not contribute to
& ~)T"d &.

(iv) The choice of ET as the scale for the coupling con-
stants in (4) is correct in an asymptotic calculation but
might not be appropriate for a description at finite scale.
In order to take into account the fact that the scale for
the emission of the third parton is coT and not ET one
would replace a, (ET) in (4) by a, (ET)a, (coT) This.
would enhance the value of (co(T' ) by a factor of about 2
at CERN Collider energies. However, this goes beyond a
leading-order calculation and therefore we show the
lowest-order results with the scale taken to be ET every-
where. But we must bear in mind when comparing with
the Monte Carlo results in Sec. III that the parton
branching scale used in the program is essentially the
transverse energy of the radiated parton, i.e., coT for par-
ton 3.

(v) By undoing the coTdcoT integration in (4) one also
obtains the distribution of ~T. For small coT this distri-
bution has the infrared singular behavior 1/coT. Its expli-
cit form will be reported and discussed later in connec-
tion with the higher-order corrections computed in the
Monte Carlo simulation.
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FIG. 2. Lowest-order perturbative QCD predictions of the
mean pedestal height in pp collisions, as a function of the trigger
jet energy.

III. MONTE CARLO RESULTS

For the Monte Carlo study, the program of Ref. 3 was
used to generate about 40000 simulated pp events at
v's =630 GeV and about 20000 at 1.8 TeV. The events
were a mixture, in the expected proportions, of
minimum-bias soft collisions and QCD jet events initiated
by (2~2) hard subprocesses with transverse energy per
parton ET" & 3 GeV. To reduce statistical fluctuations
at high ET, the jet events were generated with a flat input
distribution in ET"" and reweighted appropriately. The
Monte Carlo parameters were held fixed at the values
given in Ref. 3.

The simulated events were analyzed using a simple
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calorimeter simulation and a jet-finding algorithm' based
on that of the UA1 experiment. We did not attempt to
reproduce the details of the UA1 detector, but the quan-
tities under investigation should not be very sensitive to
such details.

The transverse energy of each event was registered in a
40X 36 array of cells of size 5q 6/=0. 2X 10 . The jet-
finding algorithm searched for the cell with the highest
remaining ET greater than 1.5 GeV, then formed a jet
from this and all surrounding cells with ET)0.5 GeV
within (b,q) +(b,p) &1. The jet energy and axis were
defined by the vector sum of the positions of the jet cells,
weighted by their energies. This gave the raw (i.e., un-
corrected) jet transverse energy Er'". The procedure was
repeated until no more jets with ET'"&2.5 GeV were
found.

We checked that the resulting inclusive jet transverse
energy distribution was in satisfactory agreement with ex-
periment. ' The corresponding effective K factor, i.e.,
the final predicted jet cross section divided by the input
lowest-order QCD value, decreased slowly from about 2.2
to 1.1 at high Er, consistent with the mean value of
about 1.5 suggested by experiment. This provides some
additional reassurance that the Monte Carlo estimates of
higher-order QCD correction, hadronization effects, and
soft underlying contributions are reasonable.

For each jet found in the rapidity region ~ri~ & 1.5, the
associated values of coT, ~T were obtained by summing
the transverse energies of cells with

~
b P ~

& n /2 and
—2 & Ag & —1, 1 & bg &2, respectively, relative to the jet
axis. The quantities co(r', cog-, and cur'" were then defined

as in Fig. 1.
Three independent analyses along the above lines were

performed for each simulated event: (i) a parton analysis
based directly on the parton momenta generated in the
perturbative phase of the simulation; (ii) a hard analysis
using only the particles from the hard process, i.e., those
resulting from the hadronization of the partons; and (iii)
a full analysis using all final-state particles including
those from the soft underlying event. In the full analysis,
finite calorimetric energy resolution was taken into ac-
count, assuming electromagnetic and hadronic energy
resolutions of 0.15I&E and 0.70lv'E, respectively (E in
GeV). In fact, a fourth analysis, using all particles and
assuming perfect energy resolution, was also carried out;
the results are not shown because for the quantities under
discussion they were essentially identical to those of the
full analysis including resolution smearing.

The results on (coI'r' ), (co"T. ), and (coT'"), as functions
of jet Ep" at &s =630 GeV, are shown in Fig. 3. Figure
3(a) also shows the UA1 data' on (co(r ). Taking into
account the simplifications in the calorimeter simulation,
the possible effects of different triggering conditions
(minimum-bias trigger for the data at ET'" & 20 GeV, jet
triggers above 30 GeV), and the absence of adjustable pa-
rameters, the agreement between the full simulation and
the data seems satisfactory. The data suggest a slight
enhancement in the range 15—40 GeV which is not
present in the simulation. However, the rapid rise of
(co'P ) to around 4 GeV for E,"'"-10GeV, followed by a
lack of strong dependence on jet energy up to 60 GeV,

fLl1 1

hard
partons
0(a, )

~s=630 GeV

g UA1

I 4L

0 '

0 20 40
F~ (GeV)

8 I-
—T

fu. ll

hard
parton s

0(a, )

(b)J

+s=630 GeV

0 L

0 20 40
ET (GeV)

60

fu11

hard
partons

(c)

~s=630 GeV

4
I

20 40
ET (GeV)

FIG. 3. Mean pedestal height and related quantities at the
CERN pp Collider, as functions of observed jet transverse ener-

gy ET'". (a} UA1 data (Ref. 5}and lowest-order and Monte Car-
lo predictions for (coPI' ); (b) lowest-order and Monte Carlo pre-
dictions for (coT'f); (c) Monte Carlo predictions for (coT'").
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are well reproduced.
In the region Ez'"~10 GeV, there are two types of

events contributing to ( f0PT' ): (i) genuine QCD jet
events, which predominate above Ez'"-5 GeV and have
roughly constant (fd(T' ) —3.5 GeV; (ii) soft events in
which upward fluctuations in particle density are inter-
preted as "jets" by the jet-finding algorithm. The soft
events predominate at E~"~3 GeV, where they have
(co'PT' ) -2 GeV. At higher ET'" these events contribute
a rapidly decreasing number of "jets," for which (co(T'")

tends to increase with Ez'" o~ing to the long-range
correlations in soft events. Thus when these events are
combined with the genuine QCD jets the overall effect is
a rapid rise in (fo(T" ), as observed.

Above 10 GeV, there is only genuine jet QCD produc-
tion, and (ftl(T' ) has the following components: (i) a
parton-level contribution of 0.8—1.6 GeV, i.e., roughly
twice the leading 0(a, ) prediction; (ii) a hadronization
contribution of 0.2-0.5 GeV, leading to an overall hard
contribution of 1.3—1.8 GeV; and (iii) an uncorrelated
soft underlying contribution of around 2 GeV, producing
an overall mean pedestal height of about 3.8 GeV, with
little dependence on Ez'" up to 60 GeV.

The factor of 2 enhancement in the hard pedestal at
the parton level, relative to the lowest-order prediction,
represents the Monte Carlo estimate of higher-order
QCD corrections to this quantity. As explained in Sec.
II, for the leading-order prediction we have taken a„ to
be evaluated at the scale E&'", whereas a smaller scale of
the order of co&, could be appropriate for one factor of a,
in (4). The Monte Carlo program actually uses such a
scale and this accounts for most of the enhancement. As
we shall discuss below, the lower effective scale is also
reflected in the differential distribution of co(T' at fixed
Eraw

T
Figure 3(b) shows how the contribution of the soft un-

derlying event should be dramatically reduced, by a fac-
tor of about 4, if one studies (foT'") instead of (co(T" ). As
explained in Sec. I this is because the strong long-range
rapidity correlations observed in soft processes are ex-
pected to correlate co&- and co&-. The hard contribution,
on the other hand, is reduced only by about 25%. We
also observe that hadronization effects tend to cancel in

dif)

The situation is naturally just the opposite for (fdT'").
The parton-level contribution is small, less than 20%,
and the predicted value of about 2.2 GeV is built almost
entirely from the soft underlying and hadronization com-
ponents.

At this point we should explain briefly how the Monte
Carlo program generates the long-range rapidity correla-
tions in the underlying event, which are important for the
separation of this component. As mentioned earlier, the
approach is essentially that of the UA5 simulation, '

which gives good agreement with the correlation data for
minimum-bias events. The soft component of each event
is assumed to consist of a number of low-mass low-p,
clusters, with a roughly uniform rapidity distribution.
The multiplici. ty distribution of clusters is chosen to
reproduce the observed minimum-bias charged-

multiplicity distribution, which is very broad, implying
large global fluctuations in cluster multiplicity, i.e., large
long-range correlations. Thus a large underlying contri-
bution to cuz most probably implies a large cluster multi-

plicity and hence also a large contribution to co~, as re-
quired for the soft component to cancel in (co~T' ).

The predictions for &s = l. 8 TeV are shown in Fig. 4.
(The greater fluctuations reflect the more limited statis-
tics at this energy. ) We expect a pedestal height of 5 —6
GeV, with a clear rise in the range 20 &E&'"& 150 GeV.
The increase is almost entirely due to the hard com-
ponent, since the soft contribution is practically in-

dependent of E~'" and varies only logarithmically with
&s. A clear distinction should therefore be seen between
the behavior of (coT' ), which is almost entirely hard and
should rise by a factor of about 2 in this Ez'" range, and
(fstT'"), which is mainly soft and should show little in-

crease with E~'".
Figure 5 shows the Ez-'" dependence of the mean

charged-particle multiplicity n, in the pedestal at
&s =630 GeV. This quantity cannot be computed in
fixed-order perturbation theory since it requires the
resummation of infrared logarithms to all orders, which
is performed by the Monte Carlo simulation. For the
parton contribution, the quantity displayed is the quark
(plus antiquark) multiplicity after splitting all gluons into
qq pairs. As in the case of transverse energy we define
n,l" ' ' =

—,'~n, +n,"~. The results are very similar to those
for tUT, reflecting the fact that the charged/neutral parti-
cle ratio and mean transverse energy per particle do not
depend strongly on Ez-'". The same holds true at
&s =1.8 TeV (not shown).

As we have emphasized, an important feature of Figs.
3 —5 is that the pedestal differences ( coT' ) and ( n, ' ) pro-
vide a reliable guide to the hard contributions to (co(T' )
and (n,~' ) over a wide range of ET'" and &s. In more
detail we may write

(T full (~T )hard+ (~T )soft &

(fo T )hard (~T )hard ( T )hard

(6)

Then (foT'")h, „d and especially (AT' )„«are relatively
small corrections, which moreover are roughly equal at
present energies. As the c.m. energy increases, (coT' )s«t
should rise at most log arith mically, leading to even
greater dominance of the hard contribution in ( co T ) .
Thus in Fig. 4(b) we see that (coT' )f„U-(coT' )„„d is al-

ready quite a good approximation at +s =1.8 TeV.
On the other hand, (foT'")h„d, while remaining small

compared with (co"T' )„„d,should rise more rapidly than
( co 7 ) ft eventually predominanting in ( fthm

T'" )f„„. The
trend in this direction may already be observed in Fig.
4(c).

Similar arguments to those above hold with co&- re-
placed by n, .

The predictions for the differential distribution of coP'

at &s =630 GeV for jets of transverse energy 60 GeV,
including the lowest-order result obtained by undoing the
foTdfdT integration in (4), are shown in Fig. 6. For sim-
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plicity, the Monte Carlo distributions in Figs. 6 and 7
were obtained by generating (2~2) hard subprocesses
with ET" =E)r" and then taking the trigger jet to be the
jet with the highest value of ET' in each event. Thus
EP" was not precisely equal to E)r" but had a distribution
peaked close to this value. The results look very similar
throughout the range 20 &EP &60 GeV, so the distinc-
tion between E)r' and EP" is not important here.

We see that the hard contribution in Fig. 6 converges
to the lowest-order perturbative result at large coP' but is
enhanced by a factor of 2 —3 at lower coP . It is this re-
gion that gives rise to the main nonleading corrections to
( cuir" ), due to the presence of powers of ln(ET'"/ro('r' ) in

higher orders. The main part of these corrections could
be accounted for by choosing ro)r' instead of EP" as the
argument of one factor of a, in (4), as discussed above.
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FIG. 4. As in Fig. 3 but for the Fermilab Tevatron Collider.

FIG. 5. Monte Carlo predictions for mean charged multipli-
city per unit rapidity in the pedestal at the CERN pp Collider,
as a function of observed jet transverse energy Er'": (a) (n, ' );
(b) (n;").
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We should emphasize that the approximate equality
between (~]r" )],„d and (co&.")f„„shown by the distributions
in Fig. 7 does not hold quite so well on an event-to-event
basis. The correction terms (coT'")h„d and (coz.')„f, have
approximately the same magnitudes and distributions
at &s =630 GeV but are almost completely uncorrelat-
ed. They contribute about 30% of (co'I'r' )„«d and (cur' )fU]],

respectively, so these quantities have a correlation
coefBcient of about 70%.

IV. CONCLUSIONS

E ' ==60 GeV
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FIG. 6. Differential distribution of pedestal height for jets of
transverse energy 60 GeV in pp collisions at &s =630 GeV.
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FIG. 7. Comparison between differential distributions of
hard pedestal component and full pedestal difference coT", for
jets of transverse energies 20 and 60 GeV in pp collisions at
&s =630 GeV.

The Monte Carlo simulation uses such a scale and also
sums various other large logarithms to all orders numeri-
cally.

The full distribution of coIrr~, after convolution with the
soft underlying component, has a very different form
from the hard part because the underlying contribution
has no infrared singularity at A@II'r' =0. Again, however,
we may exploit the expected long-range rapidity correla-
tions in the underlying event to cancel most of its contri-
bution by looking at coT'. As shown in Fig. 7, the result-
ing distribution should be dominated everywhere by the
hard component, and at &s =630 GeV the relation
(&P )hagd —(coT )fg]] discussed above for the mean values
only, actually holds for the distributions of these quanti-
ties.

In this paper we have shown that perturbative QCD,
with higher-order corrections and soft contributions as
estimated by the Monte Carlo simulation of Ref. 3, can
account for the main features of the data on the mean
pedestal height (a]IIr" ) at the CERN pp Collider. Taking
advantage of the factorized structure of the simulation
(and of perturbative QCD) we have been able to study in-
dependently the various contributions to (co]r'd ). Rough-
ly speaking we find that the total pedestal height of about
4 GeV is composed of (i) a lowest-order perturbative part
of about 0.8 GeV, (ii) higher-order corrections (including
rescaling the argument of a, ), about 0.8 GeV, (iii) had-
ronization contribution, about 0.4 GeV, and (iv) soft un-

derlying event, about 2 GeV.
The model of the underlying event incorporated in the

Monte Carlo program assumes that it is essentially just a
minimum-basis soft event superimposed on the hard pro-
cess. Since we can account for the data with this hy-
pothesis we do not yet see a need for more complicated
models such as that of Ref. 6.

We have also proposed a method for enhancing either
the hard QCD component of the pedestal or the soft un-
derlying one. The method involves measuring separately
the two contributions (co&' ) and (d'or'"), in which the
QCD and underlying components are enhanced, respec-
tively.

Since only the sum of the two contributions has been
measured so far, we have had to rely on the Monte Carlo
simulation to test the method. Our study shows that it is
quite eScient at CERN Collider energies: (co&' ) is dom-
inated by the hard component and so one can test pertur-
bative QCD more directly with this quantity. One may
even study the hard component of the differential distri-
bution of cot' in this way. The opposite happens for
(cur'") =(co('d) —(hodr'f), which can thus be used to test
different hypotheses about the soft underlying event. The
only essential property that the underlying event must
have in order to be enhanced in (aPT'") is a strong long-
range rapidity correlation.

We have studied the energy dependence of these quan-
tities and in particular we have presented predictions at
the energy of the Fermilab Tevatron Collider. The
Monte Carlo simulation shows, as expected, that the
enhancement of the hard component in (coT' ) is greater
at higher energies, while the dominance of the underlying
event in {coT'") becomes less strong.

The quantity (coP ) is defined to suit the characteris-
tics of the UA1 detector and may not be the best quantity
to measure with other detectors. We should emphasize
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therefore that the proposed method for separating the
hard QCD and soft underlying components is simply
based on the fact that the contribution of the former is
asymmetrical while that of the latter is strongly correlat-
ed. Hence, one should be able to base the method on al-
most any pair of quantities involving the sum and
difference of contributions in disjoint, comparable phase-
space regions.
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