View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by CERN Document Server

Deter mination of QCD Backgroundsin ATLAS:
A challenge for SUSY searches

Bernhard Meirose
On behalf of the ATLAS Collaboration

Albert-Ludwigs-Universitat Freiburg
Hermann-Herder-Str. 3 79104 Freiburg i. Br., Germany

Abstract. In this paper we briefly discuss the estimation of uncerénih QCD backgrounds to
searches for Supersymmetry under development by the ATLloNShmration.
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INTRODUCTION

The understanding of QCD jet events is the dominant backgltaletermination chal-
lenge in Supersymmetry (SUSY) searches, in events contpjats and missing trans-
verse energy B{"9). Effects such as jet punch through the calorimeters anchicos
ray backgrounds can affect thi‘T“iss. Other effects like pile-up of cavern and beam
halo backgrounds can dramatically increase the crossesent high Ef"* QCD back-
grounds. Sources of systematic uncertainties in the estimaf QCD backgrounds in-
clude sensitivity to underlying event models and partorrithigtion functions. In the
next sections we discuss important techniques for estigatie QCD backgrounds
uncertainties in searches for SUSY, under development &yATiLAS [1] collabora-
tion. We evaluate the effects in terms of the effective masse defined as M =
S Pr(ji)j+ EMSS for its important discriminative power for SUSY. All stuei
shown here are for 14 TeV center-of-mass energy, but the adsthre also valid at
lower energies.
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JET ENERGY SCALE

QCD background estimates from Monte Carlo, contributege@reducible uncertainty

to Mest measurement, which derives from the uncertainty in thefetrgy-scale (JES).
These effects are estimated in what follows. For each etlemgnergy and momentum
of each jet has been scaled by a constant factor, corresppmalia 10%, 5%, 3% and
1% uncertainty on the JES. TIEg"®has also been adjusted accordingly, by an amount
corresponding to the change in the sum of the jet momentaeinx thnd y directions.
Figure 1 shows the resulting  distribution. The shaded bands show the uncertainties
on the distribution for the four different values of the JE& ertainty considered. For

a 10% value, the uncertainty on thegMdistribution ranges from 50-150%. An
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FIGURE 1. The Mg distribution for simulated QCD events satisfying the ATLSSSY jet cutsl[2].
The left plot shows the number of events per bin and the ritgttghows the fractional uncertainty with
respect to the central prediction. The shaded bands shoestireated uncertainty on the observable for
assumed JES uncertainties of 10% (light), 5% (medium-Jj@¥# (medium) and 1% (dark).

improved understanding of the JES to a level of 5% reducesitivertainty on Mg
by more than a factor of two, while a 3% value shows an imprauszkrtainty on Mg
of between 10-30%. If 1% uncertainty in JES is achievable, the uncetyan Mg
willbe  5-10%.

GENERATOR COMPARISON

In this section we compare systematic uncertainties @iswom Monte Carlo genera-
tors. For comparison we use the leading-order ALPGEN 2.06dd8e and the conven-
tional stand-alone parton-shower generator PYTHIA 6.403 |

PYTHIA events were generated in different transverse-mudnoma (pr) ranges of
the two leading partons to study the high energy tails witfiigent statistics. Such
sliced-sample production is also possible in ALPGEN. Theaber of PYTHIA events
passing the ATLAS SUSY jet selection cuts [2] is 2.1 timegéarthan the number of
ALPGEN events for the same integrated luminosity. Both damwere normalized to
1fb 1 and ALPGEN samples were further multiplied by a factor of. Efror bars on
each histogram are based on the Monte Carlo statistics nghdistudy.

Figure 2 (left) shows ther distribution of the leading jet for ALPGEN and PYTHIA
events. In PYTHIA, for example the 2 2 scattering processes give softer leadmg
jets because of the emmission of additional partons fromebding ones. The M
distribution between generators are shown in Figure 2 trihe Mg distribution of
ALPGEN events is harder than that of PYTHIA events, as exquefrtbm Figure 2, left.

DATA DRIVEN BACKGROUND ESTIMATES

The inherent systematic and statistical uncertainties onti®1Carlo based QCD back-
ground estimates, limit their use in early LHC [6] runninchelunderstanding of the
ATLAS detector and the underlying physics of QCD processésgh energy, will re-
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FIGURE 2. The pr of the leading jet (left) and ATLFAST.[5] Mk (right) distributions for PYTHIA
(open circles) and ALPGEN (histogram) events.

quire a sufficient amount of data. For this reason data-dipgekground estimates with
minimal reliance on Monte Carlo simulation will be a prigritor the early phase of
data-taking. The data driven approach in ATLAS relies onaming the jet transverse
momenta in regions of loviE{"s® using a data-measured response function. This re-
sponse function is defined as the distribution of eventimneratios of measured jet
pr to true jetpt . The method to measure the calorimeter response to jetsdedanis
divided in three steps: Gaussian response function measuatefull response function
measurement including non-Gaussian tails and finallpjesmearing.

The measurement of the gaussian response function reliéisediiE"® projection
method". In this procedure the gaussian response is egtrdcim the transverse mo-
mentum conservation in the+ jet events (photon-jgtr balance is required).

For the non-gaussian response, events wittEté® vector unambiguously associated
to the jet ing, are used. Finally one combines the Gaussian and non-Gaussinpo-
nents of the jet response measured. The full jet responsgidunnis plotted in Fig. 3,
left.

The final step of the method consists of generating the evanéss QCD Monte
Carlo simulation using the full Gaussian + non-Gaussiapaese function to smear
the jet transverse momenta in multijet events with IB{'*S. These are referred to
below as 'seed’ events. Smeared events are constructedefagomselected seed event
by smearing the transverse momenta of their constituesityéh the full jet response
function determined in the second step. H{€®® of smeared events is then calculated
by replacing, in theE%"iSS, the contribution from they of the 'seed’ jets, by the one from
the pr of the equivalent smeared jets.

Fig. 3 on the right shows the 3 distribution for 23.8 pb of GEANT4 7] simulated
“data” compared to smeared 'seed’ events (QCD estimateshipgthe ATLAS SUSY
jet cuts [2]. Good agreement can be seen between the edimateGEANT4 “data”
M distributions.



— S
10°E ATLAS

ATLAS E
—— QCD estimate 1
B ocD 'data’
— Other SM
— Su3

=
QU

i
o
S L AL R ALLL B AL B B AL N

Full smearing function

2
10° Gaussian component

arbitrary units
g,

Non-gaussian component

N
<

10%E

Events / 200GeV / 23.8pb™*

10

[N

1000 2000 3000 4000 5000 6600
M [GeV]

N
-
N

Ol vl 0l
IS

FIGURE 3. Left: smearing function for a jet of 250 GeV (thick line), WiGaussian and non-Gaussian
components (right and left facing hatches respectivelpwshseparately. Right: M distribution for
smeared events and GEANT4 “data” passing O-lepton SUSYujst [2]. Also included for comparison
are 23.8 pb! of SUSY (SU3) events and the summed contribution from Zv + jets, W! * v+ jets
andtt + jets.

SUMMARY

We examined techniques for estimating the QCD backgrouértainties in searches
for Supersymmetry at ATLAS. In particular, we examined utaaties arising from
jet-energy-scale and Monte Carlo generators. We showeeximmple that if a 1% jet-
energy-scale uncertainty is achieved, this would affeztMi; uncertainty ina 5-10%
level. We also explored the ATLAS data-driven technique®trly-data with minimum
reliance on Monte Carlo simulations. Such techniques hageatlvantage to be less
prone to Monte Carlo input systematics, and can, in somescasaefit from the large
statistics of the control channels used to measure thetdetgerformance.
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