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In this contribution we describe a new m odelofm ultiple partonic interactions that

has been im plem ented in Herwig+ + . Tuning its two free param eters we �nd a good

description ofCD F underlying event data. W e show extrapolations to the LHC and

discussintrinsic PD F uncertainties.

1 Introduction

W ith the advent ofthe Large Hadron Collider (LHC) in the near future it willbecom e

increasingly im portantto gain a detailed understanding ofallsourcesofhadronic activity

in a high energy scattering event. An im portantsource ofadditionalsoft jets willbe the

presence ofthe underlying event. From the experim entalpoint ofview, the underlying

eventcontainsallactivity in a hadronic collision thatisnotrelated to the signalparticles

from the hard process,e.g.leptons or m issing transverse energy. The additionalparticles

m ay resultfrom the initialstate radiation ofadditionalgluonsorfrom additionalhard (or

soft) scatters that occur during the sam e hadron{hadron collision. Jet m easurem ents are

particularly sensitiveto theunderlying eventbecause,although a jet’senergy isdom inated

by the prim ary hard parton thatinitiated it,jet algorithm sinevitably gathertogetherall

otherenergydepositsin itsvicinity,givingan im portantcorrection toitsenergyand internal

structure.

In thisnote,based on Refs.[1,2],wewantto focuson the description ofthehard com -

ponentoftheunderlying event,which stem sfrom additionalhard scatterswithin the sam e

proton. Notonly doesthism odelgive usa sim ple unitarization ofthe hard crosssection,

it also allows to give a good description ofthe additionalsubstructure ofthe underlying

events.Itturnsoutthatm ostactivity in the underlying eventcan be understood in term s

ofhard m inijets. W e therefore adopt this m odel,based on the m odelJIM M Y [3,4],for

ournew eventgeneratorHerwig+ + [5]. Thusfar,we do notconsidera description beyond

m ultiplehard interactions.An extension ofourm odeltowardssofterinteractionsalong the

linessuggested in [6]isplanned and willalsoallow ustodescribem inim um biasinteractions.

Asa �rststep,the allowed param eterspaceforsuch m odelsatLHC hasbeen identi�ed in

Ref.[7].

2 Tevatron results

W e have perform ed a tune ofthe m odelby calculating the total�2 againstthe data from

Ref.[8]. For this analysis each event is partitioned into three parts,the tow ards, aw ay

and transverse regions. These regionsare equalin size in � � � space and classify where
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particlesarelocated in thisspacewith respectto thehardestjetin theevent.W e com pare

our predictions to data for the average num ber ofcharged particles and for the scalarpT

sum in each ofthese regions.

Figure1:Contourplotsforthe �2 perdegree

offreedom ofallconsidered observables.

Theparam eterspaceforthistuneistwo

dim ensionaland consists of the pT cuto�

pm in
T

and theinversehadron radiussquared,

�2.In Fig.1weshow the�2 contourforde-

scribing allsix observables. W e have used

theM RST 2001LO [9]PDFsbuiltin toHer-

wig+ + forthis plot,and discussthe PDF-

dependence in the nextsection. Forthese,

and allsubsequentplots,we use Herwig+ +

version 2.2.1,with allparam eters at their

defaultvaluesexceptthetwo wearetuning

and,in the nextsection,the PDF choice.

The description ofthe Tevatron data is

trulysatisfactoryfortheentirerangeofcon-

sidered values ofpm in
T

. For each point on

the x-axis we can �nd a point on the y-

axis to give a reasonable �t. Nevertheless

an optim um can be found between 3 and 4

G eV.The strong and constant correlation

between pm in
T

and �2 isdueto thefactthat

asm allerhadron radiuswillalwaysbalanceagainstalargerpT cuto� asfarastheunderlying

eventactivity isconcerned. Asa defaulttune we use pm in
T

= 3:4 G eV and �2 = 1:5 G eV
2
,

which resultsin an overall�2=N dof of1.3.

2.1 P D F uncertainties

Forprecision studies itisim portantto quantify the extentto which hard scattering cross

sectionsareuncertain dueto uncertaintiesin thePDFs.Aswehavealready m entioned,jet

cross sections are particularly sensitive to the am ountofunderlying event activity,which

introduces an additionaldependence on the PDF in our m odel. In particular, it relies

on the partonic scattering crosssections down to sm alltransverse m om enta,which probe

m om entum fractionsassm allasx � 10� 7 attheLHC and x � 10� 6 attheTevatron,where

the PDFs are only indirectly constrained by data. O ne willhave 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 ight think that the size ofthe underlying event correction willbe known.

However,in practice,jetcrosssection correctionsdepend signi�cantly on rare uctuations

and correlationsin the underlying event,so the correction m ustbe represented by a m odel

tuned to data,rather than by a single num ber m easured from data. This willtherefore

entailin principle a retuning ofthe param etersoftheunderlying eventm odelforeach new

PDF.Thiswould m ake the quanti�cation ofPDF errorson a given jetcrosssection,orof

extracting a new PDF setfrom jetdata,m uch m orecom plicated than a sim plereweighting

ofthe hard scattering crosssection.

In thissection we explorethe extentto which thise�ectisim portant,by studying how

the predictions with �xed param eters vary as one varies the PDF.To quantify the e�ect
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ofthe uncertaintieswithin a given PDF set,we haveused the errorsetsprovided with the

CTEQ 6 fam ily,and the form ula

�X =
1

2
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@
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)� X (S

�
i
)
�2

1

A

1=2

from Ref.[10]. Here,X isthe observable ofinterestand X (S
�
i
)are the predictionsforX

based on the PDF setsS
�
i
from the eigenvectorbasis.

Number of points
10 210 310 410

re
la

ti
ve

 p
df

 u
nc

er
ta

in
ty

 [
%

] 

-110

1

10

210

 / ndf 2χ  3.632 / 9

k         20.95± 300.3 

P         0.1831± 4.045 

 / ndf 2χ  3.632 / 9

k         20.95± 300.3 

P         0.1831± 4.045 

transverse

away

towards

 , TVT Run1, 35 GeV < pt < 36 GeVchN

2/N + P2kf(N) = 

Figure2:RelativePDF uncertaintyin percent

forthem ultiplicity observables.Thedi�erent

curvesshow the resultsforthe threedi�erent

regions de�ned in the experim entalanalysis.

ThePDFsused areCTEQ 6M [10]and itscor-

responding errorsets.The �tresultshown as

a solid line is forthe transverse region. Also

shown asalightdashed lineisthe�tassum ing

a purely statisticalerror.

W ehavestudied therelativePDF uncer-

tainty,i.e.�X =X (S 0),asa function ofthe

num berofpointsused foreach X (S
�
i
).W e

show the resultin Fig.2 forone bin corre-

sponding to 35� 36 G eV ofthe leading jet

for the m ultiplicity observables. The �nal

statisticsare obtained from 20M fully gen-

eratedeventsforeachPDF setandthevalue

on thex axisisthenum berofeventsfalling

within thisbin.W eseethatwith these20M

events, we have stillnot com pletely elim -

inated the statisticaluncertainties. How-

ever,a departure from the straightline on

a log{log plot that would be expected for

pure statisticalerrors,� 1=
p
N ,is clearly

observed. W e use this to extract the true

PDF uncertainty,P ,by �tting a curve of

the form

f(N )=

r

k2

N
+ P 2

to thesedata.In perform ingthe�twegeta

reliable resultalready fora m oderate num -

ber of events. Using our �t, we have a

clear indication that the PDF uncertainty

isaround 4% forthe m ultiplicity and 4.5%

forthe psum
T

in the transverseregion.

Itisnote-worthy thatthedi�erencebetween thecentralvaluesoftheM RST and CTEQ

PDF sets(shown in Ref.[2])islargerthan theuncertaintyon each,atabout10% .Although,

aswehavealready m entioned,theunderlying eventwillhavealready been m easured before

m aking precision m easurem entsorusing jetcrosssectionsto extractPDFs,a m odeltuned

to thatunderlying eventm easurem entwillhave to be used and its tuning willdepend on

the PDF set. W e consideran uncertainty of5{10% large enough to warrantfurtherstudy

in thisdirection.

3 LH C extrapolation

Forcalculating theLHC extrapolationsweleftthe M PIparam etersattheirdefaultvalues,

i.e.the �tto Tevatron CDF data. In Ref.[11]a com parison ofdi�erentpredictionsforan
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analysism odelled on theCDF onediscussed earlierwaspresented.Asa benchm ark observ-

able the charged particle m ultiplicity in the transverse region was used. Allexpectations

reached a plateau in thisobservable forp
ljet

T
> 10 G eV.O urprediction forthisobservable

also reached a roughly constantplateau within thisregion. The heightofthisplateau can

be used forcom parison. In Ref.[11]PYTHIA 6.214 [12]ATLAS tune reached a heightof

� 6:5,PYTHIA 6.214 CDF Tune A of� 5 and PHO JET 1.12 [13]of� 3. O ur m odel

reachesa heightof� 5 and seem sto be close to the PYTHIA 6.214 CDF tune,although

ourm odelparam eterswerekeptconstantattheirvaluesextracted from the�tto Tevatron

data.

W e have seen already in the previous section that our �t results in a at valley of

param eterpoints,which allgiveaverygood description ofthedata.W ewillbriey estim ate

the spread ofourLHC expectations,using only param etersetsfrom thisvalley.The range

ofpredictions thatwe deduce willbe the range thatcan be expected assum ing no energy

dependence on our m ain param eters. Therefore,early m easurem ents could shed light on

the potentialenergy dependenceofthe inputparam etersby sim ply com paring �rstdata to

these predictions. W e extracted the average value ofthe two transverse observables for a

given param eterset in the region 20 G eV < p
ljet

T
< 30 G eV. W e did that for the best �t

pointsatthree di�erentvaluesforpm in
T

,nam ely 2 G eV,3.4 G eV and 4.5 G eV.

LHC predictions hN chgi
transv hpsum

T
itransv[G eV]

TVT best�t 5:1� 0:3 5:0� 0:5
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