Chapter 1

The ATLAS Experiment at the Large Hadron
Collider LHC

1.2
- =#= Monte CarloZ- e

1.1 ATLASPhysics Analysis ]
Since long the MPP ATLAS group continuously worl £ 1~ =e= Monte Carlo b e -
on the preparation of physics analysis of hadron ¢ [ =m= Monte Carloc- e ]
lision data at the LHC. The results obtained in t 08~ E
years 1997-2007, including preparatory work bas 0.6
on Tevatron data, are described in the previous r
ports [1, 2, 3], and references therein. 0.4
The present physics studies for the ATLAS exp: -
iment cover a broad physics range. Already at t 0.2
early stage of data taking, a number of Standard Mc C
(SM) processes occur in abundance. These proce O 01> 14 16 18 20 22 24
allow for detailed studies of the detector performan E, [GeV]
as well as for the precision measurement of QCD and
electroweak observables. In this respect the top-qué&iure 1.1:Monte-Carlo prediction of electron reconstruc-
physics is of particular interest. A good understantion efficiency for electrons from heavy quark afidboson
ing of SM processes is essential also for new discd{gcays after the optimization of the electron identificatio
eries. The ATLAS discovery potential is explored ifi'™
searches for the Higgs boson both in the Standard
Model and in supersymmetric extensions, as well Bmenta below about 30 GeV/c and in decays of
in a generic search for supersymmetric particles. THeand Z boson at higher transverse momenta. The

ongoing investigations are described in more detail B4P1 group significantly contributed to the optimiza-

Efficiency

low. tion of the electron selection criteria to arrive at an
electron selection efficiency which is flat in the trans-
1.1.1 Measurement of Standard Mode verse electron momentum (see Figure 1.1). The first
Processes measured inclusive electrons spectrum at a centre-of-

_ _ mass energy of 7 TeV at the LHC shown in Figure
Measurement of Inclusive Lepton Cross Sections 1 2 agrees with the prediction of the Pythia minimum

At the LHC pp collision events with highly energybias Monte-Carlo prediction within about 20%. The
electrons and muons in the final provide clean signfdP! group contributes to the analysis of this discrep-
tures for many physics processes of interest. A goBacy with increasing statistics of the inclusive electron
understanding of the inclusive electron and muon cr&&mple. _ ' _

section is therefore of great importance. The MPIThe MPI group is also involved in the measure-
group contributes to the measurement of the inclusitent of the inclusive muon cross section contributing
electron and muon cross section [4, 5, 6]. with its experience in muon performance studies. The

At the LHC electrons are produced predominantjéasured inclusive muopy spectrum is presented

produced in decays of heavy quarks for transver§eFigure 1.3 where it is compared with the Pythia
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Figure 1.2:Comparison of the measured distribution of t ot Bl SRR .
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Figure 1.4:Distribution of the difference of the muon mo-
mentum measurements in the inner detector and the muon
spectrometer normalized to the inner detector momentum
measurements in simulated data. Decays of pions and kaons
in flight lead to a large tail to positive values as the inner
detector measures the pion and kaon momentum while the
muon spectrometer measures the momentum of the decay
muon.
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eter will be estimated from data by comparing the mo-

mentum measured in the inner detector with the mo-
mentum measured in the muon spectrometer. For late
pion and kaon decays in the inner detector lead to a
large momentum inbalance between the inner detector
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5 10 15 20 25 30 35 40 45 50 and muon spectrometer as illustrated in Figure 1.4.
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Muonp_. [GeV] Study of Processes with Electroweak Gauge Bosons
Figure 1.3: Comparison of the measured inclusive mudBtandard Model processes are studied with the motiva-
transverse momentum spectrum with the Pythia 6.4 mitien of estimating the backgrounds to the production
mum bias Montg-CarIo prediction. The Monte-Carlo dagg Higgs bosons and supersymmetric particles from
is decomposed into the three sources of muons, namelyifls qata and to improve the Monte Carlo simulations.
flight decays of charged pions and kaons and the decayﬁ.ma processes under investigation are QCD high
heavy-flavour hadrons. . . . .

and multi-jet production, forward jet productionjet

production, inclusivéV, Z andtt production as well
6.4 minimum bias Monte-Carlo prediction. The measz — t1*1~ decays.Z — efe  andp'p~ decays
sured spectrum is well reproduced by the Monte-Ca#ee being studied for the purpose of detector calibra-
simulation. The main sources of the muon at trangon and data quality monitoring. The analysis meth-
verse momenta below 20 GeV/c are in-flight decagsls developed will be applied to first measurements of
of charged pions and kaons and the decays of heamylti-jet, bb and inclusive W and Z production cross-
flavour hadrons according to the Monte-Carlo simulgections with the early data.
tion. Decays oW and Z bosons become important Figure 1.5 shows the transverse mass distribution of

for pr > 20 GeV/c. The contribution of pion andhew — pv, candidates in the first 16.6q nbof pp
kaon decays in-flight to the inclusive muon spectrom-
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2 1 m3l i A first measurement of thé&/ production cross sec-
O 10°F —e— pata2010 s=7Tev) ERE . . . )
e F w IL=16_6 nb~ 3 tion could also performed and is summarized in Table
L - Hv .
~ B 1 1.7
ot [ aco ]
Eanz ElZ-w _ .
e 100 3w 1 1.1.2 Top-Quark Physics
- {1 Overview
10 The top-quark is by far the heaviest known elemen-

tary building block of matter. The precise knowledge
of the quantum numbers of the top-quark helps to fur-
ther constrain the parameters of the Standard Model,
and is a mandatory prerequisite for any study of new
ﬁ physics that will almost inevitably suffer from top-
L Lol .11, .1 quark reactions as background processes. In addition,
20 40 60 80 100 120 the top-quark should have the strongest couplings to
m, [GeV] any mechanism that generates mass, which makes it a
very interesting object for an unbiased search for this
Figure 1.5:Transverse mass distribution\&f — pv, can- mechanism.
didates found in the first 16 n of pp collision data col-  The present main interest of the top-quark physics
lected by ATLAS. analysis work of the MPP group is the investigation
of thett production process, and particularly the de-

e — Data 2010 §5=7 TeV) termination of the mass of the top-quankydp) Emd

Q10°= MC normalized ~ C32-kMc the production cross-sectionf) in the reactiortt —

E?_ Bl W - pv MC N N/ _

2 to data events B 7o MC bb WrwW-~.

£10? - pp MG The analyses use two decay channels of the W-

L R boson pair, the lepton +jets channel, where the W-
10

boson pair decays inttv qq with ¢ = e, p(branching
Jr ratio, BR = 30%) and the all-jets channel, where both
W-bosons decay into@q pair (BR = 44%). In both
channelany,, is obtained from hadronically decaying
W-bosons and the corresponding b-jet.

The main background reactions td production,
as determined from Monte Carlo simulations, are the
W + n-jets production, QCD multijet production, sin-
gle top-quark production, and that fraction of ttie

10"
102

10°

0 20 40 60 B0 100 120 production where the W-boson pair decays via the
M., [GeV] other decay channels. The QCD multijet production

) process is special due to the huge cross-section be-
Figure 1.6: Invariant dimuon invariant mass distributiofg e any cut, such that event samples fully covering

for isolated muonss in the first 16 nbof pp collision data
collected by ATLAS. An excess of B events is visible in
the distribution consistent with the Monte-Carlo predinti

the signal phase space cannot be simulated with suf-
ficient statistics, especially for the lepton + jets chan-
nel, where the selected lepton mostly results from a
wrongly reconstructed jet. Eventually this background
collision data collected by ATLAS. The measured digontribution has to be obtained from data. So far, ini-
tribution is consistent with the Monte-Carlo predictiofa| studies of this background based on Monte Carlo
and has a negligible background contamination. In tsgmples have been performed and methods to evaluate
same set oppcollision data ATLAS has observeds it from the data, like the matrix-method, have been im-
boson candidates as can be seen as an excess of e’p}l@%’ented. The matrix-method was successfully ap-
at theZ mass in the dimuon mass spectrum of Figufied to estimate the background fraction from Monte
1.6 [7]. Carlo samples with a deliberately unknown composi-
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| | W | W | W= |
Electron channel

|| value | stat | syst | lumi || value | stat [ syst | lumi || value | stat | syst | lumi
Background-
subtracted
signal 256 | 4.8 0.3 0.1 17.8 | 3.8 0.3 0.1 434 | 59 0.4 0.2
Correction Cy 0.653 - | 0.033 - || 0.660 - | 0.033 - || 0.656 - | 0.033 -
Fiducial cross
section (nb) 23 | 04 0.1 0.3 1.6 | 03 0.1 0.2 39 | 05 0.1 0.4
Acceptance Ay || 0.466 - | 0.014 - || 0.457 - | 0.014 - || 0.462 -1 0.014 -
Total cross
section (nb) 51| 0.9 0.3 0.6 34 | 0.7 0.2 0.4 84 | 12 0.4 0.9

Muon channel

|| value | stat | syst | lumi || value | stat | syst | lumi || value | stat | syst | lumi
Background-
subtracted
signal 438 | 6.9 0.6 0.3 228 | 5.0 0.3 0.2 66.7 | 8.5 0.7 0.5
Correction Cy 0.822 - | 0.057 - || 0.804 - | 0.057 - || 0.814 - | 0.056 -
Fiducial cross
section (nb) 32| 05 0.2 04 17 | 04 0.1 0.2 49 | 0.6 0.4 0.5
Acceptance Ay, || 0.484 - 1 0.014 - || 0.475 -1 0.014 - || 0.480 -1 0.014 -
Total cross
section (nb) 6.6 | 1.0 0.5 0.7 3.6 | 0.8 0.3 04 103 | 1.3 0.8 1.1

Figure 1.7:Results for the fiducial cross sectiomgy (for |n| < 2.5) and total cross sectian, for W, W, andw= in

the electron and muon channels. Shown are the observed nsinftségnal events after background subtraction for each
channel, the average corrections fa@gy, the fiducial cross sections, the geometrical acceptanmteatmn factors, and
the total cross sections with their statistical, systeepaind luminosisty uncertainties quoted in that order.

tion of signal and background events [8]. In the MPPepton + Jets Channel
investigations, for the first time the-jet algorithm has

. ) The lepton+jets channel is the best compromise
been used in top physics analyses at ATLRY]] Be- P J P

f 2 better stabilit inst di thi of branching fraction and signal-to-background ratio
cause ol a better stability against divergences, this &gy jefined as the ratio of signal events to physics

gorithm is theoretically preferred over the traditiona"%ackground events. Therefore most of the effort is in-

applied cone-jet algorithm. By now also the EXPelasted in this channel. At MPP a number of analyses
mental advantages became apparent, such that s

i ant of it v th ot alaorith i been performed to arrive at the most sensitive ob-
_rect:r? n gl’ixgnatn 3 ! aname y the arkgijet algorithm servable and analysis strategy for obtaining, from
IS the standard. the invariant mass of the three jets assigned to the de-

At present the analyses are optimized on Mon f the h call . i K
Carlo samples and are ready to be applied to the dﬁ% products of the hadronically decaying top-quark.

S erent event- and jet selection algorithms, observ-
to be taken still this year. The analyses are mostly P&hles jet calibration schemes (see S8, and fitting
formed assuming the initially envisaged proton-prot ' "

center of mass energy gfs = 10TeV and for in ethods have been exploited for this.
. N " In the lepton + jets channel the charged lepton with
tegrated luminositiei,; of several 100 pbl. An P . 9 P

) S a high transverse momentd from the deca
overview of the recent activities is given below, the ¢ ntpr) Y

initial investigations were reported in [2, 3]. !In the ATLAS right-handed coordinate system thexis
points towards the center of the LHC ring, tlyeaxis points
upwards and the-axis points in the direction of the counter-
clockwise running proton beam. The polar an§leand the
azimuthal anglegp are defined with respect to theaxis and
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of one W-boson is utilized to trigger and identify the
event, and to efficiently suppress background witho

entries

genuine charged leptons, i.e. from the QCD multijc 500 R .
production. In general, the event selection for the le

ton + jets channel requires an isolated electron or mu a00 N B
within the good acceptance of the detectors, which h “

a transverse momentum of more that 20 GeV and li
within the rapidity range ofn| < 2.5. Since the ini- 300~
tial state is balanced ipt, to account for the neutrino
a missing transverse energy of more than 20 GeV
required. In addition, at least four jets are require
within the same range of rapidity, and having tran:
verse momenta of more than 40GeV for the thre¢ 100~
highestpr jets, and more than 20 GeV for the fourtt

jet. All jets should be well separated from the ident A R
fied lepton. Given the different emphasis of the an 5 00 350 400 4201
lyses, these requirements are slightly modified or a.. !
ditional requirements like the presence of identified lt_1: )

. L . . igure 1.8: The reconstructed top-quark mass together
jets, or restrictions to the reconstructed invariant mass " it

of the W-boson are imposed. With these selections,

for each lepton sample an average signal efficiency of .
about 10% is reached, and the S/B is abo6t 1 of 1725 GeV, secondly that the shape of the combi-

The standard assignment of jets to the top-quark dwyjorial background can well influence the fitted peak
the W-Boson are as follows. For each event, frolflué, and thirdly that the shown W +n-jets contribu-
all jets with pr > 20GeV the three jet combinatiorfion is still sizeable and not entirely flat.
which maximizes the transverse momentum is choser] "€S€ issues are addressed, e.g. by using other al-
to form the hadronically decaying top-quark. This afCrthms to select the jet triplet, or by exploiting ad-
gorithm is named ther-max method. Out of this theditional variables or a constrained fit that both help
two jet pair with the smallesAR is taken to representt© Separate signal from background. Additional algo-
the W-hoson. A typical top-quark mass spectrum ofithms studied include the so-calléiR method that
served with these requiremen®, [and only using sig- _exploits the angular correlations between _the two b-
nal events and W + n-jets events, is shown in Fig. 1gtS that should have a larg&R, and the two light-jets
In this example, the spectrum is fitted with a Gaulfat should have a smaliR. This algorithm works
sian function to parameterize the correct combinatioffhout explicitly using b-jet identification, instead
leading to the top-quark mass and width, and a sihygm apr ordered jet list the first two jets are assumed
of Chebyshev polynomials used to describe the eveftd€ the b-jets and the next two jets to stem from the
stemming from the sum of the physics backgrourffBoson decay. On these jets the angular require-
events and wrong jet combinations in selected sigiafNts are applied. Whether the decrease in statistical
events. The Gaussian part of the fit is also shown s@fECiSion compared to ther-max method is compen-
arately and compared to the red histogram made fr§ff€d by superior features like an improved resolution,
the correct jet triplet. In this case correct jet triplef® @ Smaller bias in the reconstructed mass, is under
are defined as those combinations of jets where the!R¥estigation.
constructed four-vector of the jet triplet coincides with PUe to the presence of the decay of the top-quarks
that of the top-quark to withidR = 0.1. that correlate the W-Bosons and their corresponding

From this figure it is clear that firstly the correct jg@-auarks, the signal events should exhibit a different
triplets constitute only a small part of the events fPrrelation of the observed jet structure than the back-

the peak region around the generated top-quark mg&und processes without top-quarks. The separation
of the jets can be monitored when running thget
x-axis, respectively. The pseudo-rapidity is definednas= algorithm by studying thejmerge(M — M — 1) val-
—In(tan(6/2)) and the radial distance im, ¢) space isAR = . ¥ . . .

/BN + A ues at which aM-jet configuration is reduced to an

(M — 1)-jet configuration. In a multivariate analysis

200~
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Figure 1.9:Same as Fig. 1.8 but with an additional likeliFigure 1.10:The top-quark mass distribution when apply-
hood selection. ing a constrained fit selection.

it was found that thelmerge Values in signal and back-pression of the W + n-jets events compared to Fig. 1.8
ground events are not sufficiently different to be usélapparent. It has been verified that this improvement,
as discriminating variables?]. In contrast, a likeli- is very stable against variations of the assumed object
hood function build from seven event variables, likeesolutions. Since at the moment only initial approxi-
e.g. the invariant mass of the charged lepton and its astions are made for the resolution of the objects, the
signed b-jet, or théR between the W-Boson and thgossible improvement in the mass resolution is not yet
b-jet from the hadronically decaying top-quark candexploited.
date, is clearly able to significantly improve the S/B, The largest systematic uncertainty in any determi-
while retaining most of the events where the correct jeation ofmy, stems from the imperfect knowledge of
triplet was selected. This is demonstrated in Fig. 1.9he jet energy scale (JES), which depends on kinematic
A kinematic fit exploiting as constraints the knowproperties likepr andn of the jets, and is different for
W-Boson mass both for the leptonic and the hadronight-jets and b-jets. Therefore, one of the most im-
W-Boson decays, and in addition the equality glortant features of angnop, estimator is the stability
the two corresponding reconstructed top-quark masagainst the variation of the JES. To minimize the JES
mainly serves three purposes. Firstly, it increases thecertainty on the measured, two paths are fol-
efficiency for selecting the correct jet triplet by makewed: one is a calibration by means of the known W-
ing more detailed use of the entire event. Secondipson mass\{;P®) to obtain the JES for light-jets, the
it provides a quality measure, namely the probabilityther is exploring the stabilized top-quark mas%gb,
P(x?) of the fit, to better suppress background evensee below) to be as independent as possible of the ac-
Finally, it improves on the resolution of the top-quartual JES value, without actually determining it.
mass provided the uncertainties of the measured quarin the lepton + jets channel an iterative in-situ cali-
tities and their correlations are properly understodkation of the JES for the selected events has been per-
something that is only expected after a larger data f&imed [11]. Jets are treated in the massless limit with
has been analyzed. Compared to fhemax method unchanged reconstructed angles, such that any change
the efficiency for selecting the correct jet triplet is inin the invariant two-jet massv[{y°’) can be expressed
creased by about 15% absolute, and about 25%immenergy dependent JES factors. The jet calibration
the background events can be removed [10] by requhien makes use of the fact the{5°° calculated from
ing P(x?) > 0.15. An example of such a selectiomhe jets assigned to the W-boson decay has to match
for events with four reconstructed jets and requiring\ﬁ,DG. The energy bins are chosen logarithmically
P(x?) > 0.15 is shown in Fig. 1.10. The better supfrom 50 GeV to 400 GeV and the resulting calibration
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Figure 1.11:In-situ calibration of the W-Boson mass a&igure 1.12: Stability of migs® and mi3® against JES

function of the light-jet energy. changes.

> M0 e
factors, which are consecutively applied per iteratio & ATLAS Preliminary ~ * L= 100pb7, pseudo-experiment
are shown in Fig. 1.11 for the initial situation, th€ 9 S 120 Smulation e oSt bactoround
iteration and the final result. The flatness of the ca & 100 ilpi;tlzbazgevd
bration factors of the® iteration with values close to = g0l i
unity clearly shows that the fit has converged. Cor
paring the initial and final situation reveals that the i 601~ n
erations slightly change the simple picture one wou a0 _
have obtained by once adjusting the peak of the ir S it 16 10 1020
tial distribution toM{PC. When applying this global 20 "
scaling method the uncertainty ong, from the JES e T T T a ‘4'(‘)’0‘ — e Aottt

uncertainty is considerably reduced [11]. e [Gev]
The variablerfggbis calculated as the ratio of the re-
ConSFrUCted masses of the top—quarl.< and the W_Boiqaure 1.13:Pseudo-experiment mimicking early ATLAS
candidates from the selected jet triplet. For convgsia in the muon channel.
nience this ratio is multiplied byHP®. The main

consequence of using?égb is a strong event-by-event . o :
cancellation of the JES dependence of the threeﬁe?ev' The total systematic uncertainty is estimated to

and two-jet masses in the mass ratio, while retaini § about C-BG_eV for eat_:h C?anne:’] St\;':zio]fn'nl‘?‘tid .by
the sensitivity tomyp. The quantitative gain in stabil- edsby_stemagc uncertainty from the or light jets
ity when usingnfggbinstead of the jet triplet invariant2"d P-Jets [12].

massneis apparent from Fig. 1.12 taken from [12] The determination of the combinatorial- and

op :
Using this variable a template analysis has been detysics backgro_und from datg rather than from Monte
arlo samples likely results in a reduced systematic

oped [8, 13, 12]. In this analysis Probability Densit9 ) hi q dri hod
Functions (PDFs) are constructed from templates (gpcertainty.  For this purpose a data driven metho

€Cco —
the signal events at various assunmg, values and was developed that explores tingss> and Riop =

op

eco reco H; i 1 i H
from a template of the combined physics backgrouﬁ@op /My distributions at the same time. The idea
events. The signal PDF linearly depends gy,

is to use e.g. the events from the sideband region of
whereas the background PDF does not. Using pseuﬂi\t?—m{mJ

£C0 distribution to predict the shape of the back-
experiments for a given luminosity the sensitivity oqround contribution to thékop distribution. An ini-

the method, together with the systematic uncertaintfé%I investigation ignoring possible shape differences

from various sources, has been estimated. An exaf?mhe combinatorial- and physics background, and us-

ple of a pseudo experiment is shown in Fig. 1.13 g9 @ simple four-vector smearing approach, yields
the muon channel and fay's — 10 TeV andCin — promising results, and will be extended to fully sim-
= int =

100 pb-L. For this situation the statistical uncertainty!ated Monte Carlo events and eventually data.
€0 distribution and the tem-

: ) )
for the combined electron and muon channel is aboufb‘ direct fit to the Miop
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plate method lead to different systematic uncertaintiemalysis strategy to determine the top-quark mass, a

An analysis is underway to systematically compare theeasurement that will soon be dominated by the sys-

two approaches. This is done for the-max and for tematic uncertainty. The methods in hand allow for a

a selection method that defines the top-quark as thegetss-calibration of the result for gaining confidence in

triplet with the minimum sum of the thre&R values. their stability. Members of the group are actively par-
Concerning the cross-section measurement an tigipating in the ATLAS efforts, and have presented

tial investigation of a cut and count analyses wiffop Physics results from the MPP group and beyond

and without using b-jet identification has been peat international conferences [15, 16]

formed [14]. It exploits the lepton +jets channel at

Vs = 10TeV and forline = 200pb*. Within the 11.3 Searchesfor the Higgs Boson

systematic uncertainties investigated the total system-

atic uncertainty estimated is about 30% The origin of particle masses is one of the most im-
portant open questions in particle physics. In the Stan-

dard Model (SM), the answer to this question is con-
nected with the prediction of a new elementary parti-
In the all-jets channel only jet requirements and jele with neutral charge, the Higgs boskdn The mass
topologies can be used to separate the signal from the of the Higgs boson is an unknown parameter of
background reactions. Consequently, this channel shie theory. The experimental lower bound of 115 GeV
fers from a much higher background from the QCBas been set by the LEP experiments, while the recent
multijet production. Here, events with isolated lesearches at the Tevatron have excluded a SM Higgs
tons are vetoed, and the missing transverse energiadson in the mass range of 62ny <166 GeV. The
required to be consistent with zero. In addition, #teoretical upper limit of about 800 GeV still leaves a
least six jets, not consistent with being purely electradde mass range to be explored.

magnetic, and two of which are identified b-jets, are In the minimal supersymmetric extension of the
required within|n| < 2.5. By exploring the trans- Standard Model (MSSM), the Higgs mechanism pre-
verse energies of the jets and the angular correlatigiots the existence of five Higgs bosons, three neutral
of the two b-jets, the S/B is improved by several oth/H /A) and two charged onds®. Their production
ders of magnitude to about 18, while retaining a cross-sections and decays are determined by two inde-
signal efficiency of about 10%. In this procedure th@endent parameters, e.g. the ratiofaf the vacuum
use of b-jet identification is absolutely essential. kxpectation values of the two Higgs doublets in this
addition, the availability of a multi-jet trigger with ap-model and the mass, of the pseudoscalar Higgs bo-
propriate thresholds is imperative to not loose the sigpn. Current experimental searches at LEP and Teva-
nal events already at the trigger stage. This involveen exclude at a 95% confidence level theboson

a delicate optimization to retain a sufficiently high efnass values below 93 GeV, as well as the@amlues
ficiency for the signal events, while not saturating theelow 2. For arA boson mass of up to 200 GeV, also
ATLAS readout system with the QCD multijet eventshe high tar3 values above 40 are excluded.

The trigger conditions have been carefully studied, The search for the Higgs boson is one of the main
and the use of some trigger signals are suggestednistivations for the LHC and the ATLAS experiment.
ATLAS. Under the assumption that these will be avaiFhe high cross sections of the background processes
able, and when exploiting the above event selectiongxaxeeding the signal by many orders of magnitude call
mass distribution has been isolated, where the sigfalselective triggers, efficient background suppression
starts to be visible on a still large background. Fand reliable prediction of the background contribu-
this analysis the next steps are the optimization of ttiens. Until recently, our studies were devoted to the
background description and a fit to the distribution fweparation for an early Higgs boson discovery during

All-Jets Channel

access the sensitivity tp. the first years of LHC running at the nominal center-
of-mass collision energy of 14 TeV. The obtained re-
Summary sults can be found in the newly published review of

the ATLAS physics potential [17]. As of lately, the

In summary the MPP analyses in the Top Physics ars?f’alrches are being optimized for the initial LHC op-

are well advanced. A variety of paths are exploree éftion at a centerer-of-mass energy of 7 TeV. With a

in the search for the most appropriate variable ap atively low expected total integrated luminosity of
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1 fb~1, the Higgs boson discovery is rather unlikelpoth signal and background processes [19]. We also
under these operating conditions. However, the akaluate the potential to exclude a part of the allowed
lowed Higgs mass range can be constrained beydfiggs mass range in the initial phase of LHC opera-
the present experimental limits, as summarized in [18pn [20], including the development of the methods
for the precise determination of the background con-
The Standard Model Higgs Boson tributions from data. The expected exclusion limits

_ . are shown in Fig. 1.15 (top picture). The best upper
The expected potential for the Standard Model Higgs

boson discovery is shown in Fig. 1.14. In the mass B e e e e VST TEV
""_—' d
18 S — Median
. > SVedon: 39
§u| ATAS T coppnes G0 : ;
5 L=10fb vy E [ 1
w4 1T =
3 WWOj - ev uv d [ )
S 12 | } P 2+ i
g WW2j - evpv % |
10 o
. i i
6
L 7
4 L ]
2 7\ L ‘ L1l ‘ Ll ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1l \7
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my (Gev) il\c% 10k ATLAS Preliminary (Simulation) _|
g E ---------- WW+ZZ+yy Combined E
z ) |:| +lo ]
Figure 1.14: Discovery potential of the ATLAS experi- g [ ez |
ment for the Standard Model Higgs boson. The statisti- & .
cal significance expected for an integrated luminosity of ; E Qe :
10 fo~! at a centerer of mass energy of 14 TeV is shown 2 f ]
for the different Higgs decay modes and their combination ° | et i - |
as a function of the Higgs boson mass. I R e

P RN AR |
180 190 200
M,[GeV]

1016120 130 140 150 160 170
range above 180 GeV, the key discovery channel is the

Hi into four char I Nns via two interme-
ggs decay into four charged leptons via two inte Elgure 1.15Expected upper limits (95% confidence level)

diateZ bosons. The lower mass range can only be Cf the Standard Model Higgs boson production rate in the

ered by the combination of searches in several Higgs , 77(+) _, 4/ channel alone (top picture) and after the

decay modes. combination with theH — WW — /v/v andH — vy
The clearest signature is found in the four-lepton derannels (bottom picture), shown as a function of the Higgs

cay channeH — ZZ®*) — 4¢ which also allows for mass at an integrated luminosity of 1-foand a centre-

a precise Higgs mass measurement. The reconst@fghass energy of 7 TeV and normalized to the Standard

tion of this channel strongly relies on the high leptoijode! prediction. The bands indicate the 68% and 95%

identification efficiency and good momentum resoIB—ropab'“ty regions in which the limit is expected to fluctu-

) . — ate in the absence of signal.

tion of the ATLAS detector. The reduciblébb and

tt background processes can be suppressed by meaNg o, the Higgs boson production, obtained for the
of the Z boson mass reconstruction and the requifgiggs mass around 200 GeV, is still about a factor of
ment of a low jet activity in the vicinity of each leptony g ahove the Standard Model prediction. The exclu-
The remaining redl.meIe background is small_ COjon reach is especially low in the mass region around
pared to the irreducibl&Z*) background. In addition 150 Gev where thel — 77* decays are strongly sup-

to the optimization of the analysis selection Criteri%ressed by the Higgs boson decays into two on-skiell
our studies include the detailed evaluation of the thgs<qns.

oretical and experimental systematic uncertainties forp,a g the high branching ratio for the dedey—
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WFTW~ — (/v)(¢v), the Higgs boson with a masguential cuts on the discriminating variables, as shown
between 140 GeV and 180 GeV can be excludediinFig. 1.16.

this channel during the initial phase of LHC opera-
tion. In combination with the four-lepton decay chan-
nel, the exclusion reach is slightly improved to covel
the mass range from 135 GeV to 190 GeV, as show
in Fig. 1.15 (bottom picture). Due to the two neutrinos
in the final state of the Higgs decays int bosons,
no precise measurement of the Higgs mass is possib
Precise determination of the background contribution
is therefore required to exclude the presence of sign 2
events. For this purpose, we are measuring the Sta
dard Model background processes with present LHt

Ty T e e e T
Reference cuts B2 i1 + ih - channel
== /h - channel

== Il - channel

Significance [o]

i
(A R RN

-

data. TheH — WW decay channel also allows for an my [Gevl
early Higgs boson discovery during the LHC operatior &, 7A‘NN énalyéls ‘ Tttt
at 14 TeV. Parallel to the optimization of the event se & ) /\.\

lection criteria in this context [21], we have developec 5
a new algorithm for the jet reconstruction [22, 23],

o

ITic

which is used for the suppression of thandw + jets 5 ha //';N\ﬂ

backgrounds to the Higgs production via theorZz /‘/ \\‘

gauge boson fusion. The algorithm reconstructs th 3r / = // , |h- channel

jets using particle tracks in the inner detector instea o £= /h - channel

of energy deposition in the calorimeters. The inne c ®=l-channel
detector tracks can be associated to common vertic 05 110 115 120 125 130 136
leading to a jet reconstruction probability which is in- my [GeV]
sensitive to the presence of multiple proton-proton in-

teractions per beam collision (pile-up events). Figure 1.16: Discovery potential for the Higgs boson

In the mass range below 140 GeV, the Higgs bossgarch in théed — t"1~ decay channel, shown separately
predominantly decays intiob pairs. Due to the largefor the fully leptonict*t~ decay mode#f), semi-leptonic
contribution of QCD background in the g|u0n_fusioﬁ’10de ¢h) and their combination at an integrated luminosity
production mode, this decay can only be triggered afif© fo~* and a center-of-mass energy of 14 TeV. The re-
discriminated from the background in the productiosnults are obtained using the standard analysis with sequen-

de of the Hi b ) it it @ai tial cuts on the discriminating variables (top picture), as
moae of the Higgs boson In association WIL PaAIr. - || g5 for neural network based analysis (bottom picture).

Our studies have shown that the discovery potentialifle shaded bands indicate the effect of the experimental
theH — bb decay channel is very much limited by theystematic uncertainties.

large experimental systematic uncertainties [24, 25].
The second most frequent mode which can be ob-

served in the mass range below 140 GeV is the de¢ayggs Bosons Beyond the Standard M odel (M SSM)

intoat™t~ pair. This decay can only be discriminate .
against the background processes in the Higgs prodﬁg-e searches for the three neutral Higgs bosons pre-

tion mode via thal' or Z gauge boson fusion wherd icted by the MSSM differ to some extent from the
O%earches for the SM Higgs particle. The neutral Higgs

two additional forward jets in the final state provide ecay mo des into two intermediate gauge bosons are
signature for background rejection. The decay mo . )
g g ) Y suppressed in MSSM, while th& andH boson de-

ith both T lept d ing leptonicall d
with both t leptons decaying leptonically’ mode) cays into charged lepton paigs,u~ andt*1~ are en-

as well as with one hadronic and one leptonigeca
P y htanced compared to the Standard Model. The later

(¢h mode) have been studied ([26], [27]). The eve . .
selection criteria have been optimized using multivafl - channel has an about three hundred times higher

ate analysis technigues. With a neural network bas rg_ncfllmtg ratio cotmp?red (;[o the _f(ljrst onel but is m(_)re
background rejection method, the signal significan greutt o r(;ccins ruc t.an provides a less precise
is improved compared to the standard analysis with é—gggs mass determination.
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Our studies of MSSM Higgs decays into twdéep- dimuon and the dielectron final states. The expected
tons are summarized in [28]. The dominant backatio of invariant dielectron and dimuon mass distribu-
ground contribution originates from th& — 1"t~ tions is shown in Fig. 1.18 after all analysis selection
andtt processes and can be suppressed by the requirgeria and after correcting for the different electron
ments on thé quark jet reconstruction and large angwand muon reconstruction and identification efficiency.
lar separation between the two decaying leptons. Th*-
channel provides the highest sensitivity reach for th
neutral MSSM Higgs bosons. )

Motivated by the excellent muon reconstruction in
the ATLAS detector, we also study the prospects fo _ 14
the search in the channel with MSSM Higgs boson de 51 '
cays into two oppositely charged muons. The ever 3 ,
selection criteria are optimized for the best discover ™ os
potential taknig into account the theoretical and expel z"‘ Fit:Neo /N, = 0954732+ 0007967
imental systematic uncertainties [29]. The invarian 0 ' 10 20 10 M0 10 80 A ant mas [GeV]
dimuon mass distribution after all analysis selectior
criteria is shown for the signal and dominant bac
ground processes in Fig. 1.17. The dominant—

IR T R T S

total background

TR FIAF F1F

1
+
f

Fit: Noe / N, = 0.954732+ 0.007967

v
OFFHFFFTFH

Iﬁigure 1.18:Ratio of the dilepton invariant mass distribu-
tions for theete~ control sample and the totat u~ back-
ground for the Higgs search in thgA/H — ptp~ chan-

< A I Y C VY nel, shown for an integrated luminosity of 4th.
G 10¢E PP(A->up) = 22?0-3) lightjets 3 _ .
T | mrescenario E We perform a detailed study of the background estima-
g [ tanB=30 W B tion from data in [30, 31]. The presented method al-
E 10°E | — 30yt . 77 lows for a significant decrease of systematic uncertain-
B ] ties and thus in the imroved sensitivity reach for the
1025 M, =200 Gev . MSSM Higgs boson search in thg p~ decay chan-
T 1 nel. Especially during the initial phase of LHC run-
i TR 7 ning with the limited amount of data, the introduced
108 ri i, I d | ial for obtaining reli-
c control data samples are essential for obtaining reli
i able exclusion limits. The exclusion reach with early
150 200 280 300 350 data at a center-of-mass collision energy of 7 TeV (See
m,, (GeV) Fig. 1.19) has been evaluated in [32].

Figure 1.17:Invariant dimuon mass distributions of thel'l'4 ches for Supersymmetric Particles

main backgrounds and t#eboson signal at massééy = Supersymmetry (SUSY) is the theoretically favoured
150, 200 and 300 GeV and tr 30, obtained for the inte- model for physics beyond the Standard Model. The
grated luminosity of 30 fb* at a center-of-mass energy ofe\y symmetry uniting fermions and bosons predicts
14 TeV. Only events with at least one reconstrudiegiark for each Standard Model particle a new supersym-
jet in the final state are selected. . . . e

: metric partner with spin quantum number differing

utu- andtt background contributions are rather larg®y 1/2.  Supersymmetry provides a natural expla-
compared to the signal and are subject to sizeable gtion for Higgs boson masses near the electroweak
perimental systematic uncertainties, particularly wifi¢ale. In addition, the lightest stable supersimmet-
regard to the jet energy scale. It is therefore irfic particle is a good candidate for dark matter. If
portant to measure this background contribution withe mass scale of the SUSY is accessible at LHC, the
data. This can be done by combining the informatigfiuarks and gluinos (the superpartners of quarks and
from the side-bands of the invariant dimuon mass d@tions with spin 0 and /2, respectively) will be co-
tribution with the measurements on teee~ control Piously produced inpp collisions. In order to sup-
sample. The later is motivated by an almost vanispress the processes violating the barionic and leptonic
ing Higgs boson decay probability into two electron§uantum numbers, R-parity is introduced. The con-
while the background contributions are similar for thgequences of R-parity are that supersymmetric parti-



12 REFERENCES

g 60— =t 600
Ee] C ] e C -
%) C ] = r ]
3 b E 2 ¢ —e— tf . bb Ivlv ]
SOONANNNNNNNNNT oy 1 — |
§ L ] @ S00ETNANY —a— T bb g ]
4 F P 1 SR NN —— W B
S a0 o TATLAS Preliminary 200NN -2 1
S F e (Simulation) ] 400Ky su1 ]
» f ] NN Su3 ]
% b h/H/A - 1 NN — .
8 F - HH . ] 300RNY -
@ F ----@---- >0 b-jets, no uncertainties ] §§§§§§§§§§§§ .
8 20:* —sa— >0 b-jets, with uncertainties = 200§§§§§§§§§§§ ATLAS 1
L - ¢ ]

r . — - -1 1 s ]

10~ pp: \Ns=7TeV,L=1fb = é%s;s&wm% ]

o mM_scenario 1 s .

r h ] 100fsssssesss v =

? S Y I S RS SR B %&&&&& - - - - Weneenn 7

20 140 160 180 200 S NN : . -

m, (G eV) OO><><><>< ><><><><1 = sz x = g é = -

Nb-jetpairs
Figure 1.19:The tarP values needed for an exclusion or

the neutral MSSM Higgs bosons shown as a function gl‘

. . ) gure 1.20:Number of b-jet paird\s_ jetpairs Passing the
the Higgs bpsqn MasTa for the ana]y5|s mode W't.h at.kinematic requirements of process with both t-quarks de-
least one b-jet in the final state. An integrated luminosi

Byed to b-quark, neutrino and lepton (elect
of 1 fb~! and a center-of-mass energy of 7 TeV are ayed to b-quark, neutrino and lepton (electron or muon).

) . he No_ jetpairs > 0 region is mainly populated ky. This
sumed._ Dashed Ime_s represent the results assuming ¢ b?on is used as a “control sample” for the estimations of
uncertainty on the signal and background, while the f

i d 1o th its with both sianal and b background witht-lepton and non-identified electrons
Ines correspond fo the results with both sighal and bagy mons in SUSY searches with one lepton. The bin
ground uncertainty taken into account.

Nb—jetpairs = O is filled by the gauge boson production pro-
cesses and by the SUSY events simulated by two typical
cles must be produced in pairs and each will dec&pdels labeled SU1 and SUS.
to weakly interacting lightest supersymmetric parti-
cle via decay chains involving production of quarksrocess. The resulting variable, denoting the number
and leptons. Therefore, the SUSY events are chafb-jet pairs passing the kinematic constrains is used
acterised by large transverse missing energy, high emseparate the signal region into SUSY-dominated re-
ergetic hadron jets and leptons. The Standard Mod@n andtt-dominated region.
processes with similar signature are top quarRsafid  Similar strategy is used for isolation of the con-
gauge bosonsW and Z) production. In these pro-trol sample withtt events with one top quark decayed
cesses the large transverse missing energy is originateget, neutrino and lepton (electron or muon), and
from neutrino. These processes constitute the battke other top quark decayed to b-quark and two light
ground to SUSY searches at LHC. Jet production fragarks [34]. In this case the discriminating variable is
QCD process with “fake” transverse missing energlge invariant mass of three close hadron jets, which is
originated from jet energy mis-measurement is anotl@ose to mass of the top quark farevents.
important source of the background. Our studies areThe tt events with tau leptons produced be top-
concentrated on the data-driven estimation of the backrark decay are reproduced by the events of the “con-
grounds to SUSY searches, which is a key point wbl sample” by replacing the electron or muon with a
early discovery of SUSY by ATLAS detector. tau lepton and simulating the tau lepton decay. Similar,
With Monte Carlo simulations we have studiethe contribution with non-identified electron or muon
methods for determining thét background from is reproduced by treating the lepton as if it had not
data [33]. The background estimation is performed bgen identified.
selection of SUSY-free “control sample” from which
the prediction of background is derived. Ttiepro- References
duction with top quark decays involving thelep-
tons and non-reconstructed electrons or muons is e
timated from similar events with identified muons and
electron. The “control sample” composed mainly byl2l The MPI ATLAS group, ATLAS AnalysisReport to the
Fachbeirat 2004-2006 Part Il, (2006), 106-112.
events where both top quarks decayed to b-quark, neu-
trino and lepton (electron or muon) is selected by apf3] The MPP ATLAS groupATLAS Physics Analysidnnual
plying the set of kinematic constrains particular to this ~ Report 2006-2007 Part Il, (2008), 107-116.
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~ Fachbeirat 1997-2003, (2004), 82-84.
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