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Multi-parton interactions (Ml) play a significant role infsand highpr processes. Espe-
cially in case of LHC where the proton beams collide at vergdaenergies, the understanding
of Ml is becoming crucial for the high precision measureraehip to now various Monte Carlo
(MC) models have been tuned to describe the Tevatron dataXfloiting mainly the charged
particle multiplicities and particle energy flows in the trahn region. In the near future the full
angular coverage of the CMS detector from the central to th&t fiorward region{ < n < 6.6)
will allow to study Ml over a large rapidity range, which wastmpossible before.

Since the multi-parton interactions occur between the erhpartons of the colliding
particles, the energy flow in the very forward region coveogdhe CASTOR calorimeter [2]
(5.2 < n < 6.6) is expected to be strongly affected and hence ideal for thenbtlel tuning.
In addition one can study the long range correlations (tairom between activity in central and
forward region) which where observed already at HERA and [B8}5

Results shown here are based on a generator level analysisiusfive QCD processes
with PYTHIA MC 6.4.14, using several widely used MI tunescisias Rick Field’s tune A,
Sandhoff-Skands tune SO and also extreme scenario with id Issvitched off.

In order to study the long range correlations the triggedngnergy deposit in CASTOR
7n region is performed. Four energy ranges in the CASTERaT) are investigated. For each
FEcast bin the charged particle multiplicities as well as partieteergy flow in central rapidity
region are investigated (see figure 1). In order to mimic gtection threshold effects a minimum
energy cut of 1 GeV is applied to all stable generated padicl

One can see that in case without MI no long range correlatiwaobserved, i.e. charge
particle multiplicities look the same for allcast energy bins, as one would expect. On the
other hand, when Ml are included there is a clear correlateoger energies in CASTOR region
imply higher charged particle multiplicities and partigleergy flow in the central region. Fur-
thermore triggering on CASTOR enhances the differencesdsat various Ml tunes, and thus
may contribute to better understanding of multi-partoeraction picture.

Study of multi-parton interactions within the hard pro@ssssuch as top production, is be-
coming extremely interesting since they are one of the nigors of the LHC physics program.
Therefore charged particle multiplicities (Fig.2 - uppéotg) and particle energy flow observ-
ables were studied for the top proces$esid were compared with the distributions for inclusive
QCD processes (Fig.1). No selection cuts for top-quarknsitaction were applied. Besides
much higher charged particle multiplicities and energy flowentral rapidity region in case of
top production, which is due to the presence of hard scateetis clearly more underlying event
activity than in QCD processes. This can be easily seen fample by comparing the MC pre-

IPYTHIA parameters: MSEL# (hard QCD processes), CK(B) = 5GeV (min.p . for hard process).
2PYTHIA parameters: MSEL# (¢t production).
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Fig. 1: Charged particle multiplicities (upper plots) arattirle energy flow (lower plots) as function gffor four
different CASTOR energy bins. Shown is PYTHIA MC predictifmm inclusive QCD processes. The dashed vertical
lines indicate the acceptance of the CMS detector.

diction with and without Ml for inclusive QCD processes awd fop processes separately. The
differences amount to 2-5 particles per rapidity bin (Fign2iddle plots).

This suggests that a naive approach of subtracting undgriirent contribution as deter-
mined for inclusive QCD processes from the top events woatdwork. As already seen from
CDF measurements [1] the underlying event depends stramgiyre collision centrality. The
harder the collision is, the more underlying event activitye expects to see. This feature is also
implemented into PYTHIA MC which is used in this analysis téfdemanding a hard scale for
inclusive QCD events in form QEJTet > 40 GeV the differences between underlying event in
QCD and in top events do almost disappear (Fig.2 - bottonsplot

Understanding of underlying event is essential also fokiall of measurements which
involve high E jets in the final state. As the hadronic jets are the directiyets of the par-
ton hadronisation, the jet measurements give a look ingidedyynamics of hard interaction.
However, the underlying event produces additional enemgihé available phase space which
is largely uncorrelated with the partons originating frame thard interaction. This additional
'pedestal’ energy is added by the jet reconstruction aligars to the 'true’ jet energy, thus spoil-
ing the relation of the ‘jets to the partons. However, as shoelow, it is possible to estimate
the 'pedestal’ energy from the measurements in the forwalatineters and subtract it from the
reconstructed jet energy.

The analysis is done using the PYTHIA simulation using tHeedént options for multi-
parton interactions as well as without multi-parton int¢iens. Events are selected in which the
jets are reconstructed by the inclusive algorithm with transverse energies above 10 GeV and
the jet axis at the central pseudorapiditiess (< 7/°* < 3). Figure 3 shows the transverse energy
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Fig. 2: Upper plots: charged particle multiplicities as adtion ofr for four different CASTOR energy bins. Shown
is PYTHIA MC prediction for top processes. Middle plots: ttearged particle multiplicities due to underlying event
activity (MC with MI - MC without MI) as a function of; in top as well as inclusive QCD processes. Bottom plots:
the charged particle multiplicities due to underlying avactivity as a function of; in top and in inclusive QCD
processes after demanding a presence of a harE%fét> 40 GeV in the central rapidity regiom| < 2.5. The
dashed vertical lines indicate the acceptance of the CMS tiet

flow around the jet as a function of pseudorapidity. The d#ifie lines correspond to the different
ranges of jet pseudorapidities ([-3,-2.5], [-1.5,-1],006], [1,1.5], [2,2.5]), and two different

jet transverse energy ranges ([10-20 GeV], [20-30 GeV]ly@mansverse energies within one
radian in azimuth of the jet are included. The left plot cepends to the simulation without
multi-parton interaction and the right plot for simulatiaith multi-parton interaction. The plots

clearly show the effect of the underlying event pedestalmthe multi-parton interactions are
simulated. It is also observed that the level of pedestadmibdepend on the jet pseudorapidity,
but it gets higher for higher jet energies, i.e. it dependtherhardness of the interaction.

The idea of the method to determine and subtract the pedastagy within the jet is
demonstrated in the Fig.4. In the left upper figure the jefileras a function of pseudorapidity
is shown for the PYTHIA simulation which includes multi-pam interaction. For this figure the
events are used which contain a jet with transverse enemyeall GeV in the pseudorapidity
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Fig. 3: The transverse energy distributions around the (jetsprofile) as a function of pseudorapidity. The left
plot is obtained from the PYTHIA simulation without multafon interactions, while the right plot is for PYTHIA
with multi-parton interactions. The different lines repeat the different pseudorapidity ranges of the jets @-3];

[-1.5,-1], [0,0.5], [1,1.5], [2,2.5]) and the differentiisverse energy ranges of the jets ([10-20 GeV], [20-30 eV]

range0 < ni** < 0.5. The transverse energy measured in the acceptance rarge @ASTOR
calorimeter §.2 < n < 6.6) is also shown by the red hatched area. The blue hatched el@a b
the jet cone is the contribution of pedestal to the jet enengasurement determined with the
method described here.

As the underlying event pedestal seem to be independentegootition of the jet in the
central detector, we may attempt to describe the pedestal disnple function. The possible
function can be

A

RV @

f(n)
This function depends on two free parameté@nd B and seems to describe the pedestals for the
different models of multi-parton interactions and for thiffedent cuts on jet transverse energies
and pseudorapidities. The two free parameters could be &zsumed energies in the forward
calorimeters, like CASTOR, which are away from the centegiion and don’t get contribution
from the energy of hard interaction. The function doesniitam direct dependence on the
E+r of the jet, because there are strong correlation:EJ@’f with the energy of pedestal and,
correspondingly, with the energy in the forward calorimetésee Fig.3). Therefore tthTCt
dependence can be absorbed in thand B parameters. In principle, the parametédrand B
in eg.1 are strongly correlated, thus even the single eneregsurement in the CASTOR can
already provide the estimate of the pedestal under the jetexample of the the fit of pedestal
by this function is shown in Fig.4 (right) and the level of psthl under the jet determined by



this method is shown in the Fig.4 (left) as a blue hatchedbisim. As is seen, this approach
gives reasonable result and can be developed further addruaealyses.

It should be noted, that presented studies have been damg the Lund fragmentation
mechanism in PYTHIA. In principle, using another Monte ©ant fragmentation models (CAS-
CADE, ARIADNE, etc.) may lead to the different energy distiion of the underlying event.
This may require the optimisation of the function of eq.1.eThkliability of this method can
be also improved by using an additional measurements ofaimhenergy (in addition to the
CASTOR), for example from the HF calorimeter.
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Fig. 4: (left) The transverse energy distributions around the jets (#il@f as a function of pseudorapidity for the jets
with 0 < 77" < 0.5 and10 < E%?t < 20 GeV. The red hatched histogram is the level of transverse enerte
pseudorapidity range of the CASTORZ < n < 6.6). The blue hatched histogram below the jet area is the paldest
level determined from the method described in this repoight) The jet profile as a function of pseudorapidity for
jets with10 < EJ‘TCt < 20 GeV. The different lines correspond to the different rangesefjet pseudorapidity. The
solid line on the right tail of distribution shows the resoithe fit of pedestal by a function of eq.1.

In conclusion, the studies presented here show that theafdrregion is very sensitive to
the multi-parton interactions. The measurements in thedott calorimeters, such as CASTOR,



can be used to discriminate between the various Ml models$aindgprove the jet reconstruction
in the central region. Nevertheless further studies witlaiteel simulation of detector response
are essential. Simple smearing of particle energiesGASTOR region according to the resolu-
tion as measured in test be&®07 has already been tried, and leads to similar results.
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