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Abstract

This report presents tunings for PYTHIA version 6.416 andMY
version 4.3 to the underlying event. The MC generators areduo
describe underlying event measurements made by CDF@Farofi-
sions at,/s = 1.8 TeV. LHC predictions for the underlying event gen-
erated by the tuned models are also compared in this report.

1 INTRODUCTION

Over the last few years, the Tevatron experiments CDF andd2@ managed to reduce uncer-
tainties in various measurements to a level in which theeotions due to the underlying event
(UE) have become yet more relevant than they were in Run lyaesl Studies in preparation
for LHC collisions have also shown that an accurate deseripif the underlying event will be
of great importance for reducing the uncertainties in lty all measurements dependent on
strong interaction processes. It is therefore very impanta produce models for the underlying
event in hadron collisions which can accurately describ&ffen data and are also reliable to
generate predictions for the LHC.

The Monte Carlo (MC) event generators PYTHIA [1] and HERWE} gre widely used
for the simulation of hadron interactions by both Tevatrod BHC experiments. Both generators
are designed to simulate the event activity produced asgbdite underlying event in proton-
antiproton (jp) and proton-proton (pp) events. In this report we focushanfortran version of
HERWIG. This needs to be linked to dedicated package, nadi&tMY” [3, 4], to produce the
underlying event activity.

PYTHIA version 6.2 has been shown to describe both minimuae Aihd underlying event
data reasonably well when appropriately tuned [5—-7]. Majminges related to the description
of minimum bias interactions and the underlying event haantintroduced in PYTHIA version
6.4 [1]. There is a new, more sophisticated scenario foripialinteractions, newr-ordered
initial- and final-state showers (ISR and FSR) and a newrtreat of beam remnants [1].

JIMMY [4] is a library of routines which should be linked toetHERWIG MC event
generator [2] and is designed to generate multiple partattesing events in hadron-hadron
events. JIMMY implements ideas of the eikonal model whioh @discussed in more detail in
Ref. [3,4].

In this report we present a tuning for PYTHIA version 6.416iethhas been obtained by
comparing PYTHIA version 6.416 to the underlying event nueasients done by CDF forpp
collisions at 1.8 TeV [8,9]. We also compare the ATLAS tuneHiERWIG version 6.510 with
JIMMY version 4.3 to these data distributions [10].
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2 MC predictionsvs. UE data

Based on the CDF analysis in Ref. [9], the underlying evedefined as the angular regiondn
which is transverse to the leading charged particle jet.
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Fig. 1: PYTHIA version 6.416 predictions for the underlyiegent compared to the Neng > (a) and< p*™ > (b).

Figures 1(a) and 1(b) show PYTHIA version 6.416 predictiorsthe underlying event
compared to the CDF data for the average charged particléptaity, < Nchg > (charged
particles withpr > 0.5 GeV and|n| < 1) and average sum of charged particle’s transverse
momenta,< p$'™ > in the underlying event [9], respectively. Two MC generatistributions
are compared to the data in these plots: one generated Wiibfalllt settings in PYTHIA version
6.416 except for the explicit selection of the new multiprtpn interaction and new parton
shower model, which is switched on by setting MSTP(81)=21 §bhd a second distribution
with a tuned set of parameters. This particular PYTHIA vams$.416 - tune was prepared for
use in the 2008 production of simulated events for the ATLAS@boration. The list of tuned
parameters is shown in Table 1.

The guiding principles to obtain the parameters listed iblgd were two: firstly the new
multiple parton interaction model with interleaved showwgrand colour reconnection scheme
was to be used and, secondly, changes to ISR and FSR pararsietend be avoided if at all
possible.

In order to obtain a tuning which could successfully repialthe underlying event data,
we have selected a combination of parameters that induceHPib preferably choose shorter
strings to be drawn between the hard and the soft systeme inatironic interaction. We have
also increased the hadronic core radius compared to thegsinised in previous PYTHIA ver-
sions, such as the ones mentioned in Ref. [6,7]. As can beis&ég. 1 PYTHIA version 6.416
- tuned describes the data.



Table 1: PYTHIA version 6.416 - tuned parameter list for thelerlying event.

Default [1] PYTHIAG6.416 - tuned Comments
MSTP(51)=10042
MSTP(51)=7 MSTP(52)=2 PDF set
CTEQSL CTEQS6L (from LHAPDF)
MSTP(81)=1 MSTP(81)=21 multiple interaction model
(old MPI model) (new MPI model)
MSTP(95)=1 MSTP(95)=2 method for colour
reconnection
PARP(78)=0.025 PARP(78)=0.3 regulates the number of
attempted colour reconnections
PARP(82)=2.0 PARP(82)=2.1 PTmin PArameter
PARP(83)=0.5 PARP(83)=0.8 fraction of matter in
hadronic core
PARP(84)=0.4 PARP(84)=0.7 hadronic core radius
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Fig. 2: PYTHIA version 6.416 - tuned and JIMMY version 4.3 - [gEedictions for the underlying event compared to
the < Neng > () and< p$*™ > (b).

Figures 2(a) and 2(b) show PYTHIA version 6.416 - tuned amdMY version 4.3 -
UE [10] predictions for the underlying event compared to @@F data for< Ngyg > and
< p$™ >, respectively. Both models describe the data reasonably Wewever, as shown in



Fig. 3, the ratio< p3'™ >/< Ncng > is better described by PYTHIA version 6.416 - tuned. This
indicates that charged particles generated by JIMMY verdi@ - UE are generally softer than
the data and also softer than those generated by PYTHIAore6s416 - tuned.
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Fig. 3: PYTHIA version 6.416 - tuned and JIMMY version 4.3 - pEedictions for the underlying event irpp
collisions at 1.8 TeV compared to the ratiopt"™ >/< Neng >.

Another CDF measurement of the underlying event was madeefiginlg two cones in
n — ¢ space, at the same pseudorapiditys the leadind“t jet (calorimeter jet) anek7/2 in the
azimuthal directiong [8]. The total charged track transverse momentum insidé eéthe two
cones was then measured and the higher of the two valuesadefirie the “MAX” cone, with
the remaining cone being labelled “MIN” cone.

Figure 4 shows PYTHIA version 6.416 - tuned predictions Far tinderlying event infp
collisions at,/s = 1.8 TeV compared to CDF data [8] fer Ncng > and< Pr > of charged par-
ticles in the MAX and MIN cones. PYTHIA version 6.416 - tunegisdribes the data reasonably
well. However, we notice that the Pr > in the MAX cone is slightly harder than the data.

3 LHC predictions for the UE

Predictions for the underlying event in LHC collisions (pplisions at,/s = 14 TeV) have been
generated with PYTHIA version 6.416 - tuned and JIMMY vemnsib3 - UE. Figures 5(a) and
5(b) show< Neng > and < p3*™ > distributions for the region transverse to the leading jet
(charged particles witht > 0.5 GeV and|n| < 1), as generated by PYTHIA version 6.416 -
tuned (Table 1) and JIMMY version 4.3 - UE [10], respectivelyne CDF data (p collisions at
/s = 1.8 TeV) for the underlying event is also included in Figobcomparison.

A close inspection of predictions for the Nchg > in the underlying event given in
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Fig. 4: (a) Average charged particle multiplicity, Nchg >, in MAX (top distributions) and MIN (bottom distribu-
tions) cones; (b) average tot&t of charged particles in MAX and MIN cones.
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Fig. 5: PYTHIA version 6.416 - tuned and JIMMY version 4.3 - WEedictions for the underlying event in pp
collisions at,/s = 14TeV for< Ncng > (a) and< pf™ > (b).

Fig.5(a), shows that the average charged particle mutiplfor events with leading jets with
Pr,, > 15 GeV reaches a plateau-at5.5 charged particles according to both PYTHIA version
6.416 - tuned and JIMMY version 4.3-UE. This corresponds tise of a factor of~ 2 in the



plateau of< Nchg > as the colliding energy is increased fropfs = 1.8 TeV to,/s = 14 TeV.

The < p3*™ > distributions in Fig. 5(b) show that PYTHIA version 6.416uned gen-
erates harder particles in the underlying event comparedMd1Y version 4.3-UE. This is in
agreement with the results shown in Fig. 3, although for thkCLprediction the discrepancy
between the two models is considerably larger than the vbdet the Tevatron energy.

The difference between the predictions for the chargedagbad pr in the underlying event
is a direct result of the tuning of the colour reconnectiorapzeters in the new PYTHIA version
6.4 model. This component of the PYTHIA model has been sgpadifituned to produce harder
particles, whereas in JIMMY version 4.3 - UE this mechanisman alternative option) is not
yet available.

4 CONCLUSIONS

In this report we have compared tunings for PYTHIA versiofil®. (Table 1) and JIMMY version
4.3 [10] to the underlying event. Both models have shown tivhen appropriately tuned, they
can describe the data.

In order to obtain the parameters for PYTHIA version 6.416ned, we have deliberately
selected a combination of parameters that generate slstritegs between the hard and the soft
systems in the hadronic interaction. We have also increttsetiadronic core radius compared
to the tunings used in previous PYTHIA versions (see Ref&][fbr example).

We have noticed that PYTHIA version 6.416 - tuned and JIMMSian 4.3 - UE generate
approximately the same densities of charged particlesdrnutiderlying event. This is observed
for the underlying event predictions at the Tevatron and Leth@rgies alike.

However, there is a considerable disagreement betweea theed models in their pre-
dictions for thept spectrum in the underlying event, as can be seen in Figs. 3@ dPYTHIA
version 6.416 - tuned has been calibrated to describe tleqap3"™ >/< Ncng >, which has
been possible through the tuning of the colour reconnegimmameters in PYTHIA. JIMMY
version 4.3 - UE has not been tuned to this ratio.

As a final point, we would like to mention that this is amnfjoing” study. At the moment
these are the best parameters we have found to describetthebdaas the models are better
understood, the tunings could be improved in the near future
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