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Abstract

CDF Run Il data for minimum bias collisions and the undedyavent
associated with Drell-Yan lepton pair production are pnésg and
how these measurements can give us better insights intceliiive
importance of the different contributing subprocesseshéo ‘softer’
physics are discussed.

1 Introduction: Minimum Bias Events and the Underlying Event

In order to find ‘new’ physics at a hadron-hadron collides ibssential to understand and simulate
accurately the ‘ordinary’ QCD hard-scattering events,tsd tve can discriminate new physics
from the complicated background. To do this one must not bale a good model of the hard
scattering part of the process, but also of the theorefigalbrly understood softer part.

A typical 2-to-2 hard scattering event is a proton-antiproton collisiorhattiadron collid-
ers as shown in the Figure 1(a), all happening inside thesaxfia proton. In addition to the two
hard scattered outgoing partons, which fragment into jitere is initial and final state radiation
(caused by bremsstrahlung and gluon emission), multipteopanteraction (additional-to-2
scattering within the same event), ‘beam beam remnantdi¢fes that come from the breakup
of the proton and antiproton, from the partons not partioiggin the primary hard scatter). We
define the ‘underlying event’ [1] as everything except thedhscattered components, which in-
cludes the ‘beam-beam remnants’ (or the BBR) plus the nelgprton interaction (or the MPI).
However, it is not possible on an event-by-event basis teb@io which particles came from the
underlying event and, which particles originated from thedrscattering. The ‘underlying event’
(i.e. BBR plus MPI) is an unavoidable background to most collidesesvables. For example, at
the Tevatron both the inclusive jet cross section and thet brpss section, as well as isolation
cuts and the measurement of missing energy depend selysitivéhe underlying event. A good
understanding of it will lead to more precise measuremerttsealevatron and the LHC.

For Drell-Yan lepton pair production, we have the outgoiegtbn anti-lepton pair in the
final state and there would be no colored final state radiatif@mce it provides a very clean way
to study the underlying event.

‘Minimum bias event’, although different from the underlgi event, is another excellent
place to look at the ‘softer’ physics. One selegte. (‘triggers’ on) certain events to store onto
tape. Minimum bias (or ‘min-bias’) is a generic term whicliers to events that are selected
with a ‘loose’ trigger. All triggers produce some bias and tarm min-bias is meaningless until
one specifies the precise trigger used to collect the data.CDF ‘min-bias’ trigger consists of
requiring at least one charged particle in the forward negi@ < n < 5.9 and simultaneously
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Fig. 1: A typical 2-2 hard scattering process and dividing ¢kentral region

at least one charged patrticle in the backward regiérd < n < —3.2. In principle it contains
all types of interactions proportionally to their naturabguction rate.

2 Comparing datawith QCD Monte Carlo Models
21 Minimum Bias Events

Two of the observables that are experimentally accessilileeiminimum bias (or MB) final state
are presented here. They are the inclusive charged patiticieverse momentum differential
cross sectionl®s /prdprdyde and the event transverse energy sum differential crossosect
d3c/dErdndg, in the rangepy > 0.4 GeV/c and|n| < 1. These two measurements provide
some of the basic features of the inelastic inclusive gdartipoduction spectra. The measurement
of the event transverse energy sum is new to the field andsepiea first attempt at describing
the full final state including neutral particles. In this aeg, it is complementary to the charged
particle measurement in describing the global featurekeirtelasticpp cross section.

In Fig. 2(a), we show the traclk, differential cross sectionPYTHIA tune A [2, 3] was
the first model that comes close to describing a wide range Bfelperimental distributions.
It reproduces the data for inclusive charged partigtedistribution within10% up topr > 20
GeV/c but the data are above the prediction at highThis implies that the tune probably does
not have exactly the right fraction of hard 2-to-2 partomtpa scattering and, also, that there is
more soft energy in the data than predicted.

In Fig. 2(b), we show th& Er cross-section spectrum. The transverse energy is measured
in the central region only as the sum of the of each calorimeter tower ify| < 1. This plot
shows the fully corrected distribution. The MC generatorset! to reproduce charged particle
production fail to reproduce this variable, especially ighkr energy XEr > 50 GeV). This
might be related to the observation that there is an excessarf)y in the underlying event in
high transverse momentum jet production over the prediafeyYTHIA tune A.

The lower plots show the ratio of data to simulation in eacdeca

2.2 TheUnderlying Event with Drell-Yan

Here we study charged particles in the rapge> 0.5 GeV/c and|n| < 1, at the region of
Z-boson, defined ag) GeV/c2 < My < 110 GeV/cZ, in the ‘toward’, ‘away’ and ‘transverse’
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Fig. 2: Min-bias plots, the trackr differential cross section at the left and thé&'r cross-section on the right
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Fig. 3: Drell-Yan underlying event plots, charged partitleltliplicity on the left and the chargegr sum on the right

regions, as defined in Fig. 1(b). The underlying event olzd#es are found to be reasonably
flat with the increasing lepton pair transverse momentunménttansverse and toward regions,
but goes up in the away region to balance the lepton pairsigln3fa) and Fig. 3(b), we looked
at the two observables corresponding to the underlyingtewiea number of charged particle
density and the charged transverse momentum sum densltg imansverse region, compared
with PYTHIA tunes A and AW [3, 4] HERWIG [5] without MPI and a previous CDF analysis
on leading jet underlying event results. We mostly obsemasgl good agreements withy THIA
tune AW Monte Carlo predictionsiERwIG produces much less activity), although the agreement
between theory and data is not perfect. We also compared wideading jet underlying
event results and observed reasonably close agreementh wialy indicate the universality of
underlying event modeling.



3 Corrédation Studies

The rate of change of pr > versus charged multiplicity is a measure of the amount ol har
versus soft processes contributing to collisions and iesgive to the modeling of the multiple
parton interactions [6]. This variable is one of the mostsgem® to the combination of the
physical effects present in MB collisions and is also the inpa®rly reproduced variable by
the available Monte Carlo generators. If only the soft bdssam remnants contributed to min-
bias collisions ther< pr > would not depend on charged multiplicity. If one has two psses
contributing, one soft (beam-beam remnants) and one hard ghto-2 parton-parton scattering),
then demanding large multiplicity would preferentiallyess the hard process and lead to a high
< pr >. However, we see that with only these two processegsr > increases much too
rapidly as a function of multiplicity. Multiple-parton ietactions provides another mechanism
for producing large multiplicities that are harder than leam-beam remnants, but not as hard
as the primary 2-to-2 hard scattering.

Fig. 4(a) shows the data corrected to the particle level enatleragepr of charged
particles versus the multiplicity for charged particleshwir > 0.5 GeV/c and|n| < 1 for Z-
boson events from this analysisSErRwIG (without MPI) predicts the< pr > to rise too rapidly
as the multiplicity increases. FerERwIG (without MPI) large multiplicities come from events
with a highpr Z-boson and hence a large ‘away-side’ jet. This can be seen clearly in Fig.
4(b) which shows the averagg- of the Z-boson versus the charged multiplicity. Without MPI
the only way of getting large multiplicity is with high;(Z) events. For the models with MPI
one can get large multiplicity either from high-(Z) events or from MPI and hence pr(Z2) >
does not rise as sharply with multiplicity in accord with ttega.PYTHIA tune AW describes the
Z-boson data fairly well.

Fig. 4(d) shows the data corrected to the particle level enateragepr of charged
particles versus the multiplicity for charged particleshyiz > 0.5 GeV/c and|n| < 1 for
Z-boson events in whichr(Z) < 10 GeV/c and Fig. 4(c) shows the same distribution for
minimum bias events, compared to somerHIA Min-Bias production tunings. Regardless of
all the improvements in the comprehension of Ipwproduction, the models are still unable
to reproduce second order quantities such as final statelparbrrelations. We see that
pr > still increases as the multiplicity increases although a®fast. If we requirgr(Z) <
10 GeV/¢, thenHERWIG (without MPI) predicts that thec pr > decreases slightly as the
multiplicity increases. This is because without MPI andhwiit the highpr ‘away-side’ jet
which is suppressed by requiring lgw:(7), large multiplicities come from events with a lot of
initial-state radiation and the particles coming fromialistate radiation are ‘softPYTHIA tune
AW describes the behavior ef pr > versus the multiplicity fairly well even when we select
pr(Z) < 10 GeV/c. This strongly suggests that MPI are playing an importalatiroboth these
processes.

4 Summary and Conclusions

We are making good progress in understanding and modelmgadfier physics. CDF tunes
A and AW describe the data very well, although we still do net lyave a perfect fit to all the
features of the CDF underlying event and min-bias data.rEwtudies should focus on tuning the



Average Charged p; versus Charged Multiplicity

P ~
@ N o
T T

.
T

o

r  CDF Run2Prelimnary
[ Py>05 Gevicand n| <1

L Drell-Yan PYTHIA Tune AW
E Drell-Yan Data
e Drell-Yan HERWIG
Drell-Yan HERWIG with JIMMY

F 70<M, < 110 Gevi?

Average Charged Transverse Momentum (GeVic)

E Pythia hadron level

<p,> [Gevic]
s e

- Atlas Tune  /

/' CDF Runll Preliminary

Average Pair p; versus Charged Multiplicity

s

Average Pair Transverse Momentum (GeV/

80

o o
g 3
T

s
8
TTT

N
S
T

F Pr>05 GeVicand | <1

~
3
RARRI

E = e  Drel-YanData

E 70<M, <110Gevi¢

@
<l
T

S
T

CDF Run 2 Preliminary 278"

Drell-Yan PYTHIA Tune AW

s Drell-Yan HERWIG
Drell-Yan HERWIG with JIMMY

E Tuncanomel  / Average Charged p, versus Charged Multiplicity (Z-p, < 10 GeVic)
[ — TuneAp =1.5 / — T
E J g
L& Tweap=o y CDF Run 2 Preliminary L-2.7fb

P> 05 GeVicand jn| <1

Drell-Yan PYTHIA Tune AW
Drell-Yan Data

e Drell-Yan HERWIG

Drell-Yan HERWIG with JIMMY

70< M, < 110 GeV/

= DataRun i

Inls 1and p 2 0.4 GeVic

multiplicity

Average Charged Transverse Momentum (GeV/c)

Fig. 4: Charged multiplicity against charged transverseneratum average correlation plots. While (a), (b) and (d)
show Drell-Yan data, (c) comes from minimum-bias studies.

energy dependence for the event activity in both minimurs bied the underlying event, which
at the moment seems to be one of the least understood aspelitthhe models. The underlying
event is expected to be much more active in LHC and it is afitic have sensible underlying

event models containing our best physical knowledge anition, tuned to all relevant available
data.

References

[1] CDF Collaboration, D. Acostet al., Phys. Rev. Ir0, 072002 (2004).

[2] T. Sjostrandet al., Computer Physics Commui35, 238 (2001).

[3] CDF Collaboration, R. Field and R. C. Group (2006gp- ph/ 0510198.

[4] CDF Collaboration, R. Field. Proceedings of TeV4LHC 800orkshop 4th meeting, Batavia, lllinois, 20-22
Oct 2006,hep- ph/ 0610012.

[5] G. Corcellaet al., JHEP1, 10 (2001).
[6] P.Skands and D. Wicke, Eur. Phys. J5& 133 (2007).



