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Abstract

This report presents tunings for PYTHIA 6.416 and JIMMY 43he
underlying event. The MC generators are tuned to descriderlyn
ing event measurements made by CDF fpraollisions at\/s = 1.8
TeV. LHC predictions for the underlying event generatedhgytuned
models are also compared in this report.

1 Introduction

Over the last few years, the Tevatron experiments CDF anddw® 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 ysesl Studies in preparation
for LHC collisions have also shown that an accurate desoripif the underlying event will be
of great importance for reducing the uncertainties in aitfuall measurements dependent on
strong interaction processes. It is therefore very immbria produce models for the underlying
event in hadron collisions which can accurately describe&ffen data and are also reliable to
generate predictions for the LHC.

The Mote Carlo (MC) event generators PYTHIA [1] and HERWIG §2e largely used
for the simulation of hadron interactions by both Tevatrow 4HC experiments. Both gen-
erators are designed to simulate the event activity pratiasepart of the underlying event in
proton-antiproton (p) and proton-proton (pp) events. HERWIG, however, needietinked to
dedicated package, named “JIMMY” [3, 4], to produce the ulytiey event activity.

PYTHIA 6.2 has been shown to describe both minimum bias amgnlying event data
reasonably well when appropriately tuned [5-7]. Major demrelated to the description of
minimum bias interactions and the underlying event have ligeoduced in PYTHIA 6.4 [1].
There is a new, more sophisticated scenario for multipkramtions, new-ordered initial- and
final-state showers (ISR and FSR) and a new treatment of beamants [1].

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

In this report we present a tuning for PYTHIA 6.416 which hagi obtained by com-
paring this model to the underlying event measurements dgr@DF for [p collisions at 1.8
TeV [8,9]. We also compare the ATLAS tune for HERWIG 6.510nmdtMMY 4.3 to these data
distributions [10].



2 MC predictionsvs. UE data

Based on the CDF analysis [9], the underlying event is defasetthe angular region i which
is transverse to the leading charged particle jet.
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Fig. 1: PYTHIA 6.416 predictions for the underlying eventguared to the< N.», > (a) and< p7.Y* > (b).

Figure 1 shows the PYTHIA 6.416 predictions for the undedyevent compared to the
CDF data for the average charged particle multiplicityN.,, > (charged particles withp >
0.5 GeV and|n| < 1) and average sum of charged particle’s transverse momenrtyft™ > in
the underlying event [9]. Two MC generated distributions @zmpared to the data in these plots:
one generated with all default settings in PYTHIA 6.416 gxtder the explicit selection of the
new multiple parton interaction and new parton shower moalkich is switched on by setting
MSTP(81)=21 [1], and a second distribution with a tuned $gbavameters. This particular
PYTHIA 6.416 - tune was prepared for use in the 2008 prodnatibsimulated events for the
ATLAS Collaboration. The list of tuned parameters is showiable 1.

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

In order to obtain a tuning which could successfully repamlthe underlying event data,
we have selected a combination of parameters that inducdHRY preferably chose shorter
strings to be drawn between the hard and the soft systems inatthronic 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 beisden 1 PYTHIA 6.416 - tuned
describes the data.



Default [1] PYTHIA 6.416 - tuned Comments
MSTP(51)=10042
MSTP(51)=7 MSTP(52)=2 PDF set
CTEQS5L 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 pr,,, 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

Table 1: PYTHIA 6.416 - tuned parameter list for the underdyevent.
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Fig. 2: PYTHIA 6.416 - tuned and JIMMY 4.3 - UE predictions tte underlying event compared to thieN.n, >
(a) and< p7YM > (b).

Figure 2 shows PYTHIA 6.416 - tuned and JIMMY4.3 - UE [10] datidns for the un-
derlying event compared to the CDF data oM., > and< p7"™ >. Both models describe
the data reasonably well. However, as shown in fig. 3, the rapp7"" >/< N, > is better de-



scribed by PYTHIA 6.416 - tuned. This indicates that changadicles generated by JIMMY4.3
- UE are generally softer than the data and also softer thasethenerated by PYTHIA 6.416 -
tuned.
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Fig. 3: PYTHIA 6.416 - tuned and JIMMY 4.3 - UE predictions ftre underlying event compared to the ratio
< piUM >/< Nepg >.

Another CDF measurement of the underlying event event watebg defining two cones
in 7 — ¢ space, at the same pseudorapiditgs the leading f jet (calorimeter jet) and-7 /2 in
the azimuthal directiong [8]. The total charged track transverse momentum insida efthe
two cones was then measured and the higher of the two valedstaglefine the “MAX” cone,
with the remaining cone being labelled “MIN” cone.

Figure 4 shows PYTHIA 6.416 - tuned predictions for the utyleg event in  collisions
at./s = 1.8 TeV compared to CDF data [8] farN.;, > and< Pr > of charged particles in the
MAX and MIN cones. PYTHIA 6.416 - tuned describes the datsoeably well. However, we
notice that the< Py > in the MAX cone is slightly harder than the data.

3 LHC predictionsfor the UE

Predictions for the underlying event in LHC collisions (ppllisions at./s = 14 TeV) have
been generated with PYTHIA 6.416 - tuned and JIMMY 4.3 - UEBufe 5 shows< N, >
and< p?YM > distributions for the region transverse to the leadinggatfged particles with
pr > 0.5 GeV and|n| < 1), as generated by PYTHIA 6.416 - tuned (table 1) and JIMMY-4.3
UE [10]. The CDF data (pcollisions at,/s = 1.8 TeV) for the underlying event is also included
in Fig. 5 for comparison.

A close inspection of predictions for the N.;, > in the underlying event given in fig.



L a PYTHIAB.416 (tuned) - Min cone

<Ny >

[ = PYTHIAG.416 (tuned) - Max cone

3 |~ ppinteractions-Vs=1.8TeV

[ a PYTHIAG6.416 (tuned) - Min cone
5 [ m PYTHIAG.416 (tuned) - Max cone

| it 2 i

<P;>(GeV/c)

e b ;;f 1l
[ ‘E‘ o ‘ r 7‘7,ﬁ,!7i,E,,r,i,11!,{1;,,S,E,,5,,r7{7r,},,i1§7{1§,7§7
09 50100 10 200 20 I T R T~ R —
ET leading jet (GeV) ET leading jet (Gev)
(a) (b)

Fig. 4: (a) Average charged particle multiplicitg, Ncrg >, in MAX (top distributions) and MIN (bottom distribu-
tions) cones; (b) average totat Bf charged particles in MAX and MIN cones.
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Fig. 5: PYTHIA 6.416 - tuned and JIMMY4.3 - UE predictions fibe underlying event in pp collisions afs = 14
TeV for (@) < N.ngy > and (b)< p3U* > (b).

5(a), shows that the average charged particle multiplfoitgvents with leading jets with,, >
15 GeV reaches a plateau &t 5.5 charged particles according to both PYTHIA 6.416 - tuned
and JIMMY4.3-UE. This corresponds to a rise of a factoro? in the plateau ok N.,, > as



the colliding energy is increased frogis = 1.8 TeV to,/s = 14 TeV.

The < p%UM > distributions in Fig. 5(b) show that PYTHIA 6.416 - tuned gestes
harder particles in the underlying event compared to JIMMI-UE. This is in agreement with
the results shown in fig. 3, although for the LHC predictioa thiscrepancy between the two
models is considerably larger than the observed at the fGevahergy.

The difference between the predictions for the chargedgteistp in the underlying event
is a direct result of the tuning of the colour reconnectionapseters in the new PYTHIA 6.4
model. This component of the PYTHIA model has been spedifitahed to produce harder
particles, whereas in JIMMY4.3 - UE this mechanism (or aarakitive option) is not yet avail-
able.

4 Conclusions

In this report we have compared tunings for PYTHIA 6.416 1 alndMY4.3 [10] to the un-
derlying event. Both models have shown that, when appnglyiduned, they can describe the
data.

In order to obtain the parameters for PYTHIA 6.416 - tunedhaee deliberately selected
a combination of parameters that generate shorter strigiggelen the hard and the soft systems
in the hadronic interaction. We have also increased theonadicore radius compared to the
tunings used in previous PYTHIA versions (see Refs. [6, TEfample).

We have noticed that PYTHIA 6.416 - tuned and JIMMY 4.3 - UE@aite approximately
the same densities of charged particles in the underlyiegtewrhis is observed for the underly-
ing event predictions at the Tevatron and LHC energies alike

However, there is a considerable disagreement betweeatilnesd models in their predic-
tions for the " spectrum in the underlying event, as can be seen in figs. 3(Ghd®YTHIA 6.416
- tuned has been calibrated to describe the ratip;™ >/< N, >, which has been possible
through the tuning of the colour reconnection parameteBRBYimHIA. JIMMY4.3 - UE has not
been tuned to this ratio.

As a final point, we would like to mention that this is amgjoing” 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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