View metadata, citation and similar papers at core.ac.uk

brought to you by .{ CORE

0806.4250v1 [hep-ph] 26 Jun 2008

arxXiv

M ultiple Interactions in Hew g+ +
M anuelBahr', Stefan G ieseke’ and M ichaelH . Seym our

1 — Institut fur T heoretische Physk
U niversitat K arlsruhe, 76128 K arlsruhe, G em any

2 —Schoolof Physics and A stronom y, U niversity of M anchester; and
Physics D epartm ent, CERN ,CH -1211 G eneva 23, Sw itzerland

In this contrbution we describe a new m odel of m ultiple partonic interactions that
has been in plem ented In Herw g+ + . Tuning its two free param eters we nd a good
description of CD F underlying event data. W e show extrapolations to the LHC and
discuss intrinsic PD F uncertainties.

1 Introduction

W ith the advent of the Large Hadron Collder (LHC ) In the near future it will becom e
ncreasingly in portant to gain a detailed understanding of all sources of hadronic activity
In a high energy scattering event. An im portant source of additional soft Fts w ill be the
presence of the underlying event. From the experim ental point of view , the underlying
event contains all activity in a hadronic collision that is not related to the signal particles
from the hard process, eg. leptons or m issing transverse energy. T he additional particles
m ay result from the initial state radiation of additional gluons or from additional hard (or
soft) scatters that occur during the sam e hadron {hadron collision. Jet m easurem ents are
particularly sensitive to the underlying event because, although a gt's energy is dom nated
by the prim ary hard parton that initiated it, gt algorithm s inevitably gather together all
other energy deposits in its vichity, giving an In portant correction to its energy and intermal
structure.

In this note, based on Refs. [1,[2], we want to focus on the description of the hard com —
ponent of the underlying event, which stem s from additional hard scatters w ithin the sam e
proton. Not only does this m odel give us a sin ple unitarization of the hard cross section,
it also allow s to give a good description of the additional substructure of the underlying
events. Tt tums out that m ost activity in the underlying event can be understood in tem s
of hard m inikts. W e therefore adopt this m odel, based on the model JMM Y [3,[4], for
our new event generator Hemw g+ + [3]. Thus far, we do not consider a description beyond
m ultiple hard Interactions. A n extension of our m odel tow ards softer interactions along the
lines suggested in [@]is planned and w illalso allow us to describem inin um bias interactions.
Asa rststep, the allowed param eter space for such m odels at LHC has been denti ed in
Ref. [11.

2 Tevatron results

W e have perform ed a tune of the m odel by calculating the total ? against the data from
Ref. [§]. For this analysis each event is partitioned into three parts, the tow ards, aw ay
and transverse regions. T hese regions are equal in size In space and classify where
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particles are located in this gpace w ith respect to the hardest gt In the event. W e com pare
our predictions to data for the average num ber of charged particles and for the scalar pr
sum In each of these regions.

T he param eter space for this tune istwo
din ensional and consists of the pr cuto
ot and the inverse hadron radius squared,

2. InFig.dweshow the 2 contourforde-
scribing all six observables. W e have used
theM RST 2001 LO @]PDFsbuilt in to Her-
w i+ + for this plot, and discuss the PDF -
dependence In the next section. For these,
and all subsequent plots, we use Hemw g+ +
version 2.2.1, with all param eters at their
default values except the two we are tuning
and, in the next section, the PDF choice.

T he description of the Tevatron data is
truly satisfactory for the entire range of con—
sidered values of pf ™. For each point on
the x-axis we can nd a point on the y-
axis to give a reasonable t. Nevertheless
an optinum can be ound between 3 and 4 ure 1: Contour plts for the ? per degree
G eV . The strong and constant correlation of freedom of all considered observables.
between gt  and 2 isdue to the fact that
a sn aller hadron radiusw illalw aysbalance againsta largerpr cuto asfarastheunderlying
event activity is concemed. Asa defaul tineweuse g ' = 34GeV and 2= 15Gev?,
which results n an overall 2=N 4o of 1.3.

12 [GeV?]

4
prn [GeV]

2.1 PDF uncertainties

For precision studies it is in portant to quantify the extent to which hard scattering cross
sections are uncertain due to uncertainties n the PDFs. A swe have already m entioned, ft
cross sections are particularly sensitive to the am ount of underlying event activity, which
Introduces an additional dependence on the PDF In our model. In particular, it relies
on the partonic scattering cross sections down to an all transverse m om enta, which probe
momentum fractionsassmallasx 10 7 attheLHC and x 10 °© atthe Tevatron,w here
the PDFs are only indirectly constrained by data. One will have m easured the am ount
of underlying event activity at the LHC by the tim e precision m easurem ents are being
m ade, so one m ght think that the size of the underlying event correction w ill be known.
However, In practice, $t cross section corrections depend signi cantly on rare uctuations
and correlations in the underlying event, so the correction m ust be represented by a m odel
tuned to data, rather than by a single num ber m easured from data. This will therefore
entail In principle a retuning of the param eters of the underlying event m odel for each new
PDF.Thiswould m ake the quanti cation of PDF errors on a given gt cross section, or of
extracting a new PDF set from Pftdata,m uch m ore com plicated than a sin ple rew eighting
of the hard scattering cross section.
In this section we explore the extent to which this e ect is In portant, by studying how

the predictions w ith xed param eters vary as one varies the PDF . To quantify the e ect
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of the uncertainties w ithin a given PDF set, we have used the error sets provided w ith the

CTEQ 6 fam ily, and the form ula

i=1

from Ref. [10]. Here, X is the observable of interest and X (S;
based on the PDF sets S; from the eigenvector basis.

W ehave studied the relative PD F uncer—
tainty, ie. X=X (S ), as a function of the
num ber of points used oreach X (S; ). W e
show the result in Fig.[d for one bin corre-
sponding to 35 36 G &V of the leading Ft
for the m ultiplicity observables. The nal
statistics are obtained from 20M fully gen—
erated eventsforeach PD F setand thevalue
on the x axis is the num ber of events falling
w ithin thisbin. W e see that w ith these 20M

10

relative pdf uncertainty [%]

107

) are the predictions for X

b

Ng,

TVT Runl, 35GeV < pt < 36 GeV

events, we have still not com pletely elin — 1= . Ny = kN + P2 E
nated the statistical uncertainties. How— F +;;2;Verse X2/ ndf 2632/ ]
ever, a departure from the straight line on i o owards K 30032095 i
a bg{bg pbt t}-lat wouh bﬁ g(pecw br -1 ‘ L Lol H‘ L \P L1l \H‘4VO45\i 0\1?‘3\1\ \H‘

pure statistical errors, 1= N, is clearly 0%, 102 10°

10
observed. W e use this to extract the true Number of points

PDF uncertainty, P, by tting a curve of

the Hrm Figure2: Rehtive PD F uncertainty in percent

r— for the m ultiplicity observables. The di erent

k_2 L p2 curves show the results for the three di erent

N regions de ned in the experim ental analysis.
ThePDFsused are CTEQ 6M [10]and its cor—
responding error sets. The t result shown as
a solid line is for the transverse region. A Iso
shown asa lightdashed line isthe tassum ing
a purely statistical error.

fN)=

to thesedata. In perform ing the twegeta
reliable result already for a m oderate num —
ber of events. Usihg our t, we have a
clear indication that the PDF uncertainty
is around 4% for the m ultiplicity and 4.5%
for the pi™™ in the transverse region.

It is notew orthy that the di erence between the centralvaliesofthe M RST and CTEQ
PDF sets (shown in R ef. [J]) is Jarger than the uncertainty on each,atabout10 % . A Ithough,
aswe have already m entioned, the underlying event w ill have already been m easured before
m aking precision m easurem ents or using gt cross sections to extract PDF's, a m odel tuned
to that underlying event m easurem ent w ill have to be used and its tuning w ill depend on
the PDF set. W e consider an uncertainty of 5{10% large enough to warrant further study
in this direction.

3 LHC extrapolation

For calculating the LHC extrapolationswe left the M P I param eters at their default values,
ie.the tto Tevatron CDF data. Tn Ref. [11]]a com parison of di erent predictions for an
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analysism odelled on the CDF one discussed earlier was presented. A s a benchm ark observ—
able the charged particle m ultiplicity in the transverse region was used. A 1l expectations
reached a plateau in this observable for p%jEt > 10 G &V .0 ur prediction for this observable
also reached a roughly constant plateau w ithin this region. T he height of this plateau can
be used for com parison. In Ref. [I]PYTHTA 6214 [I2]ATLAS tune reached a height of

65, PYTHIA 6214 CDF Tune A of 5 and PHOJET 112 [I3]of 3. Ourmodel
reaches a height of 5 and seem s to be close to the PYTHIA 6214 CDF tune, although
our m odel param eters w ere kept constant at their values extracted from the tto Tevatron
data.

W e have seen already In the previous section that our t results n a at valley of
param eter points, w hich allgive a very good description ofthedata. W ew illbrie y estim ate
the spread of our LHC expectations, using only param eter sets from this valley. T he range
of predictions that we deduce w ill be the range that can be expected assum ing no energy
dependence on our m ain param eters. T herefore, early m easurem ents could shed light on
the potential energy dependence of the Input param eters by sin ply com paring rstdata to
these predictions. W e extracted the average valuie of the two transverse observables for a
given param eter set In the region 20 G&V < p?ét < 30GeV. Wedd that for the best t
points at three di erent values for pf N namely 2GeV,34GeV and 45G&V.

LHC predictions | M aggi™®"™® | Bpd'™ 172" G eV ]
TVT best t 51 03 50 05
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