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Abstract

This contribution to the "First Lnternational Workshop on Multiple Par
tonic lnteractions at the LHC (MPLI@LHC)", held in Perngia, ltaly,
27- 31 October 2008, summarizses the studies of the Undedying Event
(UE) in ATLAS and the impact of its uncertainties an the sarly LHC
physics. Emphasis is given to the methods that are curently under in-
vestigation in ATLAS to constrain the models of UE at the LHC. The
meent ATLAS tune of the new PYTHLA model (FYTHLA 6.416) for
the UE iz described and extrapolated to the LHC en=igies. 5tndies of
UE in Drell-Yan and Top events will also be discussed.

1 Inireduction

At the LHT essentially all physice will arise from quark and gluon interactions, affecting bath
the small and the lagge trameves:s momentum i pr) mgimes. The high pr regimes, associated to
the hard parton-parton interactions, are well described by QCD, wheress the low pr regimes, i.e.
soft or s2mi-hard intemctions, which are the dominating processes at hadron collideis, are anly
described by phenomenological models.

Great progress has been made at Tevaton in understanding the phenomenological aspects
of the soft and semi-hard interactions, however several models are available and compatible with
Tevaton data. Since many of these models extmpolated to the LHT ensigy provide strikingly
different predictions, we are confident that the LHC data will bring new insight of the soft physics
and will provide stringent constmints on many aspects of its modelling.

The Underlying Event (LUE) iz an important element of the soft and semi-had physics in
the hadmnic emvironment, which affects all physics, from Higgs searches to physics beyond the
standad model. In a ham scattering process it can be defined in many ways, the most geneml
definition is that the UE is everything accompanying an event but the hard scattering componznt
of the hadronic collision.

The correct modelling of the UE is a necessary condition for a good undestanding of the
high pr physics. For example the UE is important for the nnderstanding of the energy flow, the
jet and the leptan isolation, the jet flavour tagging ete.

The undedying event has been extersively stdied by COF and compared to predictions
foom different models, such as FYTHLA [L], HERWLS [2] and JIMKY [3,4] Seveml tunes of
these models to Tevaton and previous experimental data have been imvestigated so far, however
all these models suffer of large uncertainties and provide different predictions for the amonnt of

LIE activity at the LHT, based on extmpolatiors from the lower eneigy data. The lage uncer-
tainties on the LE at the LHC strongly depend on the limited knowledge of the parton density
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Fig. 1: {a) Pictoril repres=ntition of a donble pronic inferaction in a proton-proton collision. (b The infegraded
cross section for prodoction of foor jets with [y| < 3 asa fonction of minimom jet pr cot. The cominooos corve is the

lmding single parionic inferaction 2 — J, the dashed corve & the comrbotion of dooble mrton collisions (2 — 2}"'.

functiors at the LHC energy regime, the amonnt of the initial and final state QCD radiation (ISR
and FSR mspectively) and the modelling of the Nulti Partonic Intemctions (MPL). There is a
strong experimental evidence from previous experiments for the occurence of mom than one
hard or semi-hard imtemction in one proton-(antijpmoton collision (WMEPL). Since mmlti partonic
imeractiore will be enhanced at the LHT eneigies we belisve that the LHC and the ATLAS
experiment can provide stringent constraints on the coment models and shed new light on its
underlying mechanism.

2 The hMulti Partonic Inderaction af the LHC

The croes section for a double partonic intemction, & 5, ie. the simmltaneons occurence of an
hard and asemi-hard imemection, A and B, can be appoximated as follows

TATg
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where o 4 and o g are the cioss sections for the single partonic intemctions, A and B respectively,
and o.¢¢ is an effective cross section that contaire the information of the parton comelation in
the tmnsverse space (s=e the pictoral mpressntation in fig. 1(a)). The double parttonic interaction
oo depends an the minimmm transverss momentum cut applied, p‘i'-"*.

The dovble partonic croes ssction op grows mor mpidly than the single partonic cmss

section & function of /s, the collider centre-of-mass ensigy. For this reason its contribution
becomes mor important at the LHC energy mgime.



Az fig. Lib) [5] shows for the 4-jet production, the donble partonic croes ssction o 5 de-
creases more tapidly than the single partonic cross section for increasing valves of the jet pr
while gmwe more mpidly 28 pr — 0. In fact the donble partonic cross section becomes domi-
nant at the LHC for the jet pr < 20 Ge'V.

Wlulti partonic imemctions are expectsd to give lage effects in varome poossses at the
LHC and their backgmundk, forsxampls HW, W/Z+jsts, t& and multi jot final state for p2 -
20, 30 GeW.

Z1 'The Underlying Event Mhlodds

There are many models available for the underlying event and the mmlti partonic imteraction
machanism. Her follows a short and non exhmstive overview of same models, foonsed on
those mentioned in the following sections.

JIWWY [3, 4] implements the eikonal model, which dedves from the observation that for
partonic scatters above some minimmm trarsverss momentum, 5357, the valoes of the hadronic
momentum fmction, =, decrmass as the centre-of-mass eneigy, o5, increasess. Since the proton
density functions rise mpidly atsmall x, the perturbatively-calenlated cmss section grows mpidly
with /5. At such high densities, the probability of more than ens partonic scattering in asingle
hadmwn-hadron event may become significant. Allowing snch multiple scatters recoces the total
coss section, and incrasss the activity in the final state of the collisiors. The JIMBY model
assnmes some distribution of the matter inside the hadon inimpact pammeter (bj space, which is
independent of the momemum fmction, z. The multi partonic intemction rate is then calculated
mweing the cmss section for the hard subprocess, the comventional parton densities, and the area
everlap function, A(b).

PYTHLA [1] intraduces an effective 3™ scale (of the order of 1.5-2.5 Ge'V), below which
the perturbative cmss section is stongly damped and allows the poesibility to nses differ=nt mod-
elz for the BIFL From PYTHLIA vemion 6.3, a more advanced model is available. 1n this new
model, sach multiple interaction is associated with its s=t of 15R and F5 R and the 15R is inter-
leaved with the KIFL chain, in one commeon ssquence of decreasing pr values. 1n other words, a
semi-hard second interaction iscorsidered before asoft 15R branching associated with the hard-
est intemction. This is made possible by the adoption of the pr sale as the common evalution
variable.

3 The ATLAS Tunes

The cument ATLAS tune for IMMY version 4.3 has notchanged since [6] , whemras the ATLAS
tune for FY THLA has comsidembly changed since the intmduction of the new Kl FL model and par-
ton shower in FYTHLA (KIS TR 8L k=21). Here the tune of FYTHLA vemion & 416 will be briefly
discnzsed, for a mome detailed description please wefer to the contibution by Arthur Moraes, The
tunes are done vsing CTEQAI(LO fit with LO a,). In FYTHLA 6.416 better agreement with
CDF data is found by minimising the total string length in the colour reconnection between the
hard scatter and the soft systems (MSTR95 =2, PARP{ 78 =0.3), slightly increasing the pr cut-
off (FARF(82)1=2.1), increasing the fraction of matter in the hadwnic core ( FARFY 83 =0.8) and
incremsing the hadronic core radine ( PARP(841=0.7) with mspect to the defanlt valnes.
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Fig 2: The ATLAS tnnes of FYTHLA 6416 and JIMMY 43 extrapolaied 1o the LHC snegies. The < Moo =
distrbotions a1 5 = 10,14 TV for FYTHLA (a)and JIMLIY (biand the < PE“™ - distrbmions at /s = 14 TeV
for both FYTHLA and JIMBIY (c).

In the comtribution by Arthur hlomes we can sze reasonable ageements with Tevatron
data for both NMBY 43 and FYTHLA 6416 ATLAS tunes in jet events for the leading jet
pr > 6 G2V, in vatous observables s=nsitive to the UE and MPL Puthermors, both FYTHLA
and KM Y extrapolated at low ensrgies provide a good description of the data fom pf collisions
at /8 = 630 GeV.

3.1 Predictions Brihe LHC

The cument plan to increass the LHC beam eneigy in discimte steps, 5 = 10,14 T2V, offers
the opportunity to corstrain the energy dependent pammetsrs in UE models in the high eneigy
regime. For example, one major issne in extmpolating the UE to LHC eneigies is the possible
eneigy dependence of the tamsvess momentum cut-off between hard and soft scatters, 57" in
the models.

1t has been established by the CDF Collaboration that we can define mgiors in the 7 — @
space that are sersitive to the UE components of the hadwnic intemction. 1n jet events the
direction of the leading jet is meed to define regions of 7 — ¢ space that are s=rsitive to the UE, in
particular, the *Tmnsvese Region”, defined by G0° - |cn — @ fuuding 1_|,| < 1207, is particularly
seTEitive to the UE.

The fig. Xa) and 2(bj show differ=nt LHC predictions for the average demsity of charged
particles, < N.y, = in the Tmnsvese Region for ttacks with || < 1 and pr > 0.5 GeV



varsts the tmrevess momenum of the leading jet ' The charged particls density is constrocted
by dividing the avemge mimber of charged partticles per event by the ara in 7 — ¢ space. The
multiple parton imeractiors make the predictions rise rapidly and then mach an approximately
flat platem =gion.

Fig. 2(a) and X(b) show that the particle density in the Tramnsverse Region grows substan-
tially fiom the Tevatron energy to the LHC energies of 10 TeV and L4 TeV, by the factors =1 2.5
and =1 3.0 mspectively. The plots also show that ATLAS tunes for FY THLA and JIMBLY are in
reasonable agreement at both LHC collision energies. However, fig. Xc) shows that the agree-
ment between PYTHLA and JIMMY is not universal, in fact they disagee comsidembly on the
< P24 = distritution, i.e. the average scalar pr sum of charged particles per event divided by
the areain 17 — @ space. This FYTHLA tune predicts hader particles than the JIMBIY tune: the
< Fzww = platean predicted by PYTHLA is abowt 30% higher than JIMMY. This is a result of
the tuning of the colour reconnection parametes in FYTHLA 6.4 model, which has been specifi-
cally adjnsted to prodoce haer particles to fit better the COF data. This feature is not mvailable
in JIWIWY 4.3,

1t iz imterssting to notice that, whemas the discrepancy in < P2%"™ = between the two
models is small at Tevatron, it becomes corsiderable when the models are extmpolated to the
LHC energy mgime. This gives s an estimate of the lagge uncertainty on the cument UE models
for the LHC.

4 UE studies with Z+jels and Top evenls

Memuring the LE in varions Standud Model produoction processes like jet, Drell-Yan and Top
events one can imestigate the possible process dependence of the UE and partially isolate the
varioms components contributing to the UE.

Direll-Yan lepton pair procoction provides avery clean emvimonment to study the UE: after
removing the lepton-pair from the event everything else is LIE. The LHC will copiously produce
Drell-Yan events with and without associated jets and the large statistics available will allow an
important croes check of the jet event menlts since sady LHT mnning.

Figure 3 shows the opposite effect of the fragmentation and the LUE on the pr distribution
of the leading jet in Z+jets events. The impact of fmgmentation is to rechice the amonnt of energy
in the jet cone. Thig, from fmgmentation effects alone, jets at the hadron level tend to have lower
pr than jets at the parton level, sze fig. X a). The impact of the undedying eventis to add eneigy
to the hadron level jet. In general, the undedying event tends to add more energy to the jet than
lost by fmgmentation, s=e fig. 3(h ), but the exact mtio depends on the mdivs of the jet: the effect
of the UE increases for larger radii, whereas the effect of fragmentation becomes smaller for
larger mdii. The non-perturbative effects become negligible for jets with pr = 40 Ge'V in the
FY TH1A tune nsed for this analysis.

Soft and semi-hard sub-processes in top podoction events may potentially have a serious
impacton top mconstricted pammeters, «.g. the top mass, the single top and tt production coss
s=ctions. Varistiore on the level of LE and 1SR/FSR affect observables on which szlactiors
cits are applied to identify the top quad:, for example the jet mmltiplicity, the patticles pr ete.

VATL AS Cone jet finders with AF =0.7
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Fig 3: Rafio of ATLAS Cone 2R = 0.4 jei pr disirbofions (a) betwesn stindard PYTHLA 6403 and FYTHLA
45.403 withont fmgmemation and (b) between standard FYTHLA 6 403 and PYTH1A 6403 witho m non-perintative

corrections.

1t iz important to estimate the nncertainties on the Econstmctad top parametes from LUE and
L5R/FSR. Thess two contribitions are strongly coupled together. The ATLAS collaboration has
studied the effect of 15 R/FSR by varying some of their parameter values in FY THLA to maximise
= and minimise * the recomstructed top mass. These two different s=ttings give a variation on
the tt event selection efficiency of sbout 10% and contribute by about 10% to the systematic
uncertainty of the tt cross section measurament with sarly LHC data.

5 Conclusions

Ln this contribution to the “Fist Intemational Wodshop on Multiple Partonic Intemctions at
the LHC (MPL@LHC )", held in Permgia, ltaly, 27- 31 October 2008, we have discussed the
importance of undedying event stodies for the whole LHC physics progmm. We have reported
an the large nncertainties for the LE predictions at the LHC and the apportinity for the LHT and
the ATLAS experiment to provide nnprecedentsd corstmints an the cument models.

The ATLAS tunes of JIMNY 4.3 and the new FYTHLA model 6,418 is discossed and the
extrapolations to the LHT collider ENSIZies Are pPrese ntad. The platzan in the =7 Nop, = distribtm-
tion incremes by a factor =v 2.5 and = 3.0fom 2 = 18 TeVio /&8 = 10 TeVand /5 = 14
TeV respectively. The tunes of PYTHLA 6.416 and JIMMY 4.3 are in good agreement in the
<. Nohg = prediction, but show a lage discrepancy in the < F2*™ > distiibution: FYTHLA
predicts the level of the < P2Y"™ = platean = 0%, higher than JIMI Y

PARFGL =035, MSTR T =0, PARFG2 =10, PARXE =007
"FARFGl =010%, FISTR T =, PARFG2Z=30, PARKS I'=0 25



Direll-Yan processes at the LHC will provide an important croes check of the results ob-
tained in jet events in early LHC data and offer a very clean emvimnment to study the process
dependence of the UE mechanism. ATLAS has stoadied the competing and op posite effects of the
fmgmentation and the UE in the pr distribution of the leading jet in Z+jets events. This stody
shows the importance of non-perturbative physics in the low pr jet spectm, below 40 Ge'V.

We have alzo shown that the UE and 15R/FS R can bring a significant contribation to the
systematic uncertainty on the top mass mconstroction, single top and tt cross section measure-
ments. We have estimated an uncertaimty of abount 109 on the tt event szlection efficiency and a
contribution of abort 10% to the systematic nncertainty of the tt cross s=ction memsurement, doe
to the L15R/FS R uncertainty at the LHCT.
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