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0.1 ATLASPhysics Analysis e e e

) =#= Monte Carlo Z- e 1
For a long time the MPP ATLAS group has been cc £ 1— == Monte Carlob e -
tinuously working on the preparation of physics an [ =®= Monte Carloc- e ]
ysis of hadron collision data at the LHC. The resu 0.8 —
obtained in the years 1997-2007, including prepa 0.6k

tory work based on Tevatron data, are described in C

Efficiency
T

previous reports [89, 90, 91], and references therei 0.4
The present physics studies for the ATLAS exp: i
iment cover a broad physics range. Already at 0.2
early stage of data taking, a number of Standard Mc C
(SM) processes occur in abundance. These proce O 1514 16 18 20 25 27
allow for detailed studies of the detector performan E, [GeV]

as well as for the precision measurement of QCD
and electroweak observables. The data collectedFégure 1: Monte-Carlo prediction of the electron recon-
far allow for the first measurements of inclusive legtruction efficiency for electrons from heavy quark ahd
ton distributions, as well as the observation of ele@son decays. [94]

troweak gauge bosons. Also the processes invoIviggO.OL Tttt e
top-quarks will very soon become measurable as the o-e

integrated luminosity increases. A good understand- 0-06; IL=13'8 ot
ing of SM processes is essential also for new discog- 0.05%,

L1l

@ Data 2010 (/s=7 TeV)]

. . L LB == Monte Carlo
eries. The ATLAS discovery potential is explored irg

searches for the Higgs boson both in the Stand&rd0.04
Model and in supersymmetric extensions, as well as

in a generic search for supersymmetric particles and =~
other phenomena like the lepton flavour violation. The 0.02f
ongoing investigations are described in more detail be- 0 01*
low. T

11lllllllllllllllllllllll
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0.1.1 Standard Model Processes

Inclusive Lepton Cross Sections _
Figure 2: Comparison of the measured distribution of the

At the LHC pp collision events with highly energetictransverse energies of prompt electrons fromndb de-
electrons and muons in the final state provide cleasys with the Pythia 6.4 minimum bias Monte-Carlo pre-

signatures for many physics processes of interest.diations. [94]
good understanding of the inclusive electron and muon

cross sections is_ therefore of great importance. THgy, discrepancy between data and Monte-Carlo pre-
MPP group contributes to these measurements [92, §3tion. using the increasing statistics of the inclusive

94]. _ electron sample.
At the LHC electrons are produced predominantly the mppP group is also involved in the measure-

in decays of heavy quarks for transverse energies Rgsnt of the inclusive muon cross section contribut-
low about 30 GeV and in decays W andZ bosons jng with its experience in muon performance stud-
at higher transverse energies. The MPP group signifz The measured inclusive mupR spectrum is pre-
icantly contributed to the optimization of the electroganied in Fig. 3 where it is compared to the Pythia 6.4
selection criteria to arrive at an electron selection efﬁiinimum bias Monte-Carlo prediction. The measured
ciency which is flat in the transverse electron e”erg}ﬂectrum is well reproduced by the Monte-Carlo sim-
(see Fig. 1). The first measured inclusive electrogtion. The discrepancy observed for > 20 GeV
spectrum at a center of mass energy of 7 TeV at {&jye to muons originating frow andZ boson de-
LHC is shown in Fig. 2 in comparison with the prezays  According to the Monte-Carlo simulation, the

diction of the Pythia minimum bias Monte-Carlo. Th&,ain sources of muons at transverse momenta be-
MPP group contributes to the study of the observed
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Figure 3: Comparison of the measured inclusive muggjgyre 4: Distribution of the difference of the muon mo-

transverse momentum spectrum with the Pythia 6.4 Miglantym measurements in the inner detector and the muon

mum bias Monte-Carlo prediction. The Monte-Carlo daigecrometer normalized to the inner detector momentum
is decomposed into three sources of muons, namely in-fli

2 asurements in simulated data. [93]
decays of charged pions and kaons and the decays of heavy-

flavour hadrons. [93]
are decaying into electrons, muonstdeptons.
an The first measurements of inclusiVé andZ pro-
T[(i‘_jluection cross-sections have recently been performed.
Ig. 5 shows the transverse mass distribution of the

low 20 GeV are in-flight decays of charged pions
kaons and the decays of heavy-flavour hadrons.

contribution of pion and kaon decays in-flight to t i~ W, candidates in the first 16.6 nb of pp

inclusive muon spectrum will be esUmated_ from .dacollision data collected by ATLAS. The Monte-Carlo
by comparing the momentum measured in the innér

. . rediction is consistent with the measured distribution
detector with the momentum measured in the muon o -
) : .—and has a negligible background contamination. A
spectrometer. Late pion and kaon decays in the in

er , )
. irst measurement of thé&/ production cross section
detector lead to a large momentum imbalance between )

: . ould also be performed. The measuvégroduction
the inner detector and muon spectrometer as illustrate . . .
- . . —cross section agrees well with the NNLO calculations
in Fig. 4, as the inner detector measures the pion or
kaon momentum while the muon spectrometer me

%ls_shown in Fig. 6.
sures the momentum of the decay muon. In the same set gbp collision data ATLAS has ob-

served 8 candidates for th& boson decay into two
) muons which can be seen as an excess of entries at the
Electroweak Gauge Boson Production Z mass in the dimuon mass spectrum of Fig. 7 [95].
The measurement of tM¢ andZ boson production is
a first essential step in understanding hard electrowerk.2 Top-Quark Physics
processes in the high-energy regime of the LHC. Wi .

> . verview
a sufficient amount of collected data, precise inclu-
sive and differential cross section measurements ddre top-quark is by far the heaviest known elemen-
be performed to probe the parton density functions. tiry building block of matter. The precise knowledge
addition, these processes are studied with the motigthe quantum numbers of the top-quark helps to fur-
tion of estimating the backgrounds to the searches tber constrain the parameters of the Standard Model,
Higgs bosons and supersymmetric particles. Of pand is a mandatory prerequisite for any study of new
ticular interest here is the electroweak gauge bosgiysics that will almost inevitably suffer from top-
production in association with jets, where the bosofsark reactions as background processes. In addition,
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Figure 5:Transverse mass distributionf — pv,, candi- Figure 7:Invariant dimuon invariant mass distribution for

dates found in 16.6 nt3 of pp collision data collected by jsolated muons in 16.6S nb of pp collision data col-

ATLAS. [95] lected by ATLAS. An excess of B boson events is visible
in the distribution consistent with the Monte-Carlo predic

the top-quark should have the strongest couplingst'toon' [95]

any mechanism that generates mass, which makes it a

very interesting object for an unbiased search for thi® WHW~.

mechanism. The analyses use two decay channels of the W-
The present main interest of the top-quark physiggson pair, the lepton +jets channel, where the W-

analysis work of the MPP group is the investigatioposon pair decays inttv qq with ¢ = e, p (branching

of the tt production process, and particularly the déatio, BR = 30%) and the all-jets channel, where both

termination of the mass of the top-quankdp) and W-bosons decay into@q pair (BR = 44%). In both

the production cross-sectiomyf) in the reactiortt — channelsmyp is obtained from hadronically decaying
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W-bosons and the corresponding b-jet. methods have been exploited for this.

The main background reactions to production, In the lepton +jets channel the charged lepton with
as determined from Monte Carlo simulations, are tlehigh transverse momentdinipr) from the decay
W + n-jets production, QCD multijet production, sinef one W-boson is utilized to trigger and identify the
gle top-quark production, and that fraction of ttie event, and to efficiently suppress background without
production where the W-boson pair decays via tigenuine charged leptons, i.e. from the QCD multijet
other decay channels. The QCD multijet productigeroduction. In general, the event selection for the lep-
process is special due to the huge cross-section fog+ jets channel requires an isolated electron or muon
fore any cut, such that event samples fully coveringthin the good acceptance of the detectors, which has
the signal phase space cannot be simulated with sutransverse momentum of more that 20 GeV and lies
ficient statistics, especially for the lepton +jets cham4thin the rapidity range ofn| < 2.5. Since the ini-
nel, where the selected lepton mostly results fromtial state is balanced ipr, to account for the neutrino
wrongly reconstructed jet. Eventually this backgrourad missing transverse energy of more than 20 GeV is
contribution has to be obtained from data. So far, imequired. In addition, at least four jets are required
tial studies of this background based on Monte Carlithin the same range of rapidity, and having trans-
samples have been performed and methods to evalvatse momenta of more than 40GeV for the three
it from the data, like the matrix-method, have been irhighestpr jets, and more than 20 GeV for the fourth
plemented. The matrix-method was successfully gpt. All jets should be well separated from the identi-
plied to estimate the background fraction from Monfeed lepton. Given the different emphasis of the ana-
Carlo samples with a deliberately unknown composyses, these requirements are slightly modified or ad-
tion of signal and background events [96]. In the MPditional requirements like the presence of identified b-
investigations, for the first time the-jet algorithm has jets, or restrictions to the reconstructed invariant mass
been used in top physics analyses at ATLAS [17, 931 the W-boson are imposed. With these selections,
Because of a better stability against divergences, tfis each lepton sample an average signal efficiency of
algorithm is theoretically preferred over the traditiorabout 10% is reached, and the S/B is abobt 1
ally applied cone-jet algorithm. By now also the The standard assignment of jets to the top-quark and
experimental advantages became apparent, such thatW-Boson are as follows. For each event, from
since recently a variant of it, namely the aktijet al- all jets with pr > 20 GeV the three jet combination
gorithm is the ATLAS standard. which maximizes the transverse momentum is chosen

At present the analyses are optimized on Monte form the hadronically decaying top-quark. This al-
Carlo samples and are ready to be applied to the dateithm is named th@r-max method. Out of this, the
to be taken still this year. The analyses are mostly peso jet pair with the smallesAR is taken to represent
formed assuming the initially envisaged proton-protdhe W-boson. A typical top-quark mass spectrum ob-
center of mass energy gfs = 10TeV and for in- served with these requirements [20], and only using
tegrated luminositie<i; of several 100 pbt. An signal events and W + n-jets events, is shown in Fig. 8.
overview of the recent activities is given below, thim this example, the spectrum is fitted with a Gaus-

initial investigations were reported in [90, 91]. sian function to parameterize the correct combinations
leading to the top-quark mass and width, and a sum
L epton + Jets Channel of Chebyshev polynomials used to describe the events

he | : h |is the b stemming from the sum of the physics background
The lepton+jets channel is the best COMProMizGents and wrong jet combinations in selected signal

of branching fraction and signal-to-background ratig s The Gaussian part of the fit is also shown sep-
(S/B), defined as the ratio bf signal events to physics

““arately and compared to the red histogram made from
background events. Therefore most of the effort is in-
vested in this channel. At MPP a number of analyses ‘In the ATLAS right-handed coordinate system thexis
have been performed to arrive at the most sensitive §BiNs towards the center of the LHC ring, tiyeaxis points
ble and analvsis strateqv for obtaini from upwards and the-axis points in the direction of the counter-
ser\{a . y gy_ . Mo clockwise running proton beam. The polar an@leand the
the invariant mass of the three jets assigned to the ggmuthal anglep are defined with respect to theaxis and
cay products of the hadronically decaying top-quarkaxis, respectively. The pseudo-rapidity is definednas=
Different event- and jet selection algorithms, observ-In(tan(®/2)) and the radial distance im, ¢) space isAR =

ables, jet calibration schemes (see 3%, and fitting " An® + A
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Figure 8:The reconstructed top-quark mass together wifigure 9:Same as Fig. 8 but with an additional likelihood
a fit. selection.

the correct jet triplet. In this case correct jet triplets-quarks, the signal events should exhibit a different
are defined as those combinations of jets where thecerrelation of the observed jet structure than the back-
constructed four-vector of the jet triplet coincides witround processes without top-quarks. The separation
that of the top-quark to withidR = 0.1. of the jets can be monitored when running thget
From this figure it is clear that firstly the correct jealgorithm by studying th@ergdM — M — 1) val-
triplets constitute only a small part of the events ues at which arM-jet configuration is reduced to an
the peak region around the generated top-quark mé@ds— 1)-jet configuration. In a multivariate analysis
of 1725 GeV, secondly that the shape of the comht-was found that thé@merge Values in signal and back-
natorial background can well influence the fitted peakound events are not sufficiently different to be used
value, and thirdly that the shown W + n-jets contribwas discriminating variables [20]. In contrast, a likeli-
tion is still sizeable and not entirely flat. hood function build from seven event variables, like
These issues are addressed, e.g. by using otheeaj- the invariant mass of the charged lepton and its as-
gorithms to select the jet triplet, or by exploiting adsigned b-jet, or thé&R between the W-Boson and the
ditional variables or a constrained fit that both helpjet from the hadronically decaying top-quark candi-
to separate signal from background. Additional algdate, is clearly able to significantly improve the S/B,
rithms studied include the so-call&kR method that while retaining most of the events where the correct
exploits the angular correlations between the two jet triplet was selected. This is demonstrated in Fig. 9.
jets that should have a larddr, and the two light-jets A kinematic fit exploiting as constraints the known
that should have a smallR. This algorithm works W-Boson mass both for the leptonic and the hadronic
without explicitly using b-jet identification, insteadV-Boson decays, and in addition the equality of
from a pr ordered jet list the first two jets are assumetie two corresponding reconstructed top-quark masses
to be the b-jets and the next two jets to stem from theainly serves three purposes. Firstly, it increases the
W-Boson decay. On these jets the angular requiedficiency for selecting the correct jet triplet by mak-
ments are applied. Whether the decrease in statistiogl more detailed use of the entire event. Secondly,
precision compared to the--max method is compen-it provides a quality measure, namely the probability
sated by superior features like an improved resolutid®(x?) of the fit, to better suppress background events.
or a smaller bias in the reconstructed mass, is uné@nally, it improves on the resolution of the top-quark
investigation. mass provided the uncertainties of the measured quan-
Due to the presence of the decay of the top-quatitees and their correlations are properly understood,
that correlate the W-Bosons and their correspondiagmething that is only expected after a larger data set
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in the invariant two-jet massa\{{y° can be expressed
Figure 10:The top-quark mass distribution when applyingn energy dependent JES factors. The jet calibration
a constrained fit selection. then makes use of the fact tHe{S° calculated from
the jets assigned to the W-boson decay has to match

has been analyzed. Compared to fremax method M{;P®. The energy bins are chosen logarithmically
the efficiency for selecting the correct jet triplet is inffrom 50 GeV to 400 GeV and the resulting calibration
creased by about 15% absolute, and about 25%fastors, which are consecutively applied per iteration,
the background events can be removed [98] by requife shown in Fig. 11 for the initial situation, th&'9
ing P(x?) > 0.15. An example of such a selectiofferation and the final result. The flatness of the cali-
for events with four reconstructed jets and requiririgyation factors of the'9 iteration with values close to
P(x?) > 0.15 is shown in Fig. 10. The better supunity clearly shows that the fit has converged. Com-
pression of the W + n-jets events compared to Fig. 8dgring the initial and final situation reveals that the it-
apparent. It has been verified that this improvemegtations slightly change the simple picture one would
is very stable against variations of the assumed objbave obtained by once adjusting the peak of the ini-
resolutions. Since at the moment only initial approxiial distribution toM{P®. When applying this global
mations are made for the resolution of the objects, thealing method the uncertainty ong, from the JES
possible improvement in the mass resolution is not y#icertainty is considerably reduced [99].
exploited. The variablenfggbis calculated as the ratio of the re-

The largest systematic uncertainty in any deterngionstructed masses of the top-quark and the W-Boson
nation ofm, stems from the imperfect knowledge otandidates from the selected jet triplet. For conve-
the jet energy scale (JES), which depends on kinematience this ratio is multiplied byP®. The main
properties likepr andn of the jets, and is different forconsequence of usir’rg?égb is a strong event-by-event
light-jets and b-jets. Therefore, one of the most ingancellation of the JES dependence of the three-jet
portant features of anynp estimator is the stability and two-jet masses in the mass ratio, while retaining
against the variation of the JES. To minimize the JEI®e sensitivity ton,p. The quantitative gain in stabil-
uncertainty on the measured,p two paths are fol- ity when usingn'ﬁggbinstead of the jet triplet invariant
lowed: one is a calibration by means of the known Viassmigs®is apparent from Fig. 12 taken from [100]
boson massM{°®) to obtain the JES for light-jets, theUsing this variable a template analysis has been de-
other is exploring the stabilized top-quark mag;%gb, veloped [96, 101, 100]. In this analysis Probability
see below) to be as independent as possible of the@ensity Functions (PDFs) are constructed from tem-
tual JES value, without actually determining it. plates of the signal events at various assumegg)

In the lepton +jets channel an iterative in-situ calalues and from a template of the combined physics
bration of the JES for the selected events has been fpa&ckground events. The signal PDF linearly depends
formed [99]. Jets are treated in the massless limit with mp, Whereas the background PDF does not. Us-
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25— tial investigation ignoring possible shape differences

20 R of the combinatorial- and physics background, and us-
op . . . .

1S ing a simple four-vector smearing approach, yields

10 promising results, and will be extended to fully sim-

ulated Monte Carlo events and eventually data.
A direct fit to the migs° distribution and the tem-
plate method lead to different systematic uncertainties.
- An analysis is underway to systematically compare the
ATLAR. Felminan two approaches. This is done for tpg-max and for
09 0o 1 105 11 a selection method that defines the top-quark as the jet
JES triplet with the minimum sum of the thre®R values.
Concerning the cross-section measurement an ini-
Figure 12:Stability of m{gs°andniia®against JES changestial investigation of a cut and count analyses with
and without using b-jet identification has been per-

shift of peak position [GeV]

-10
-15
-20
-25—

> 140 ‘AT‘L\A‘S‘P@%‘"{;& T e ] formed [102]. It exploits the lepton +jets.channel at
S Lol Simulation e est it backaround | V/S = 10TeV and forliy = 200pbt. Within the
2 Best Fit i + background systematic uncertainties investigated the total system-
é 1001~ Moy = 17124 3.2 Gev ] atic uncertainty estimated is about 30%.
G gop -
sol- All-Jets Channé
a0l In the all-jets channel only jet requirements and jet
topologies can be used to separate the signal from the
201~ background reactions. Consequently, this channel suf-
fers from a much higher background from the QCD

olb— PRI R IR TR R o
100 200300 400 500 r:?:i [Gezgo multijet production. Here, events with isolated lep-
tons are vetoed, and the missing transverse energy is
required to be consistent with zero. In addition, at
%east siX jets, not consistent with being purely electro-
magnetic, and two of which are identified b-jets, are
_ . _ o required within|n| < 2.5. By exploring the trans-
ing pseudo-experiments for a given luminosity thgyrse energies of the jets and the angular correlation
sensitivity of the method, together with the systemgs the two b-jets, the S/B is improved by several or-
atic uncertainties from various sources, has been ggis of magnitude to about 18, while retaining a
timated. An example of a pseudo experiment is showgyna| efficiency of about 10%. In this procedure the
in Fig. 13 for the muon channel and fofs = 10TeV  ge of b-jet identification is absolutely essential. In
and Liny = 100pb*. For this situation the statisticalaggition, the availability of a multi-jet trigger with ap-
uncertainty for the combined electron and muon chgspriate thresholds is imperative to not loose the sig-
nel is about 2 GeV. The total systematic uncertainty is| events already at the trigger stage. This involves
estimated to be about&GeV for each channel, still gelicate optimization to retain a sufficiently high ef-
dominated by the systematic uncertainty from the J§iency for the signal events, while not saturating the
for light jets and b-jets [100]. _ _ ATLAS readout system with the QCD multijet events.
The determination of the combinatorial- angne trigger conditions have been carefully studied,
physics background from data rather than from Monigy the use of some trigger signals are suggested to
Carlo samples likely results in a reduced systemaji§| AS. Under the assumption that these will be avail-

uncertainty. For this purpose a data driven methgge and when exploiting the above event selection, a

was developed that explores tiegs® and Rop = mass distribution has been isolated, where the signal

Migp’/ Miy*° distributions at the same time. The idegarts to be visible on a still large background. For
is to use e.g. the events from the sideband regionigf analysis the next steps are the optimization of the

the migp° distribution to predict the shape of the back;ackground description and a fit to the distribution to
ground contribution to th&op distribution. An ini-  5ccess the sensitivity yop.

Figure 13: Pseudo-experiment mimicking early ATLA
data in the muon channel.
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0.1.3 Searchesfor the Higgs Boson The Standard Model Higgs Boson

The origin of particle masses is one of the most inthe expected potential for the Standard Model Higgs
portant open questions in particle physics. In the Stdeson discovery is shown in Fig. 14. In the mass range
dard Model, the answer to this question is connected
with the prediction of a new elementary neutral par 18
cle, the Higgs bosohl. The massny of the Higgs bo-
son is a free parameter of the theory. The experimer

ATLAS e Cor{)\bined

N
(2]
N
NH
!
&

L=10fb" vy
lower bound of 115 GeV has been set by the LEP€e¢ @514 — - T
periments, while the recent searches at the Tevat & ,,| s o

expected significance
=
SN

have excluded a SM Higgs boson in the mass range
162 Ge\k my <166 GeV. The theoretical upper limi
of about 800 GeV still leaves a wide mass range to 8
explored. 6

In the minimal supersymmetric extension of th
Standard Model (MSSM), the Higgs mechanism pr

=
o

dicts the existence of five Higgs bosons, three neut 2 1
(h/H/A) and two charged onds*. Their production ol L L . L
cross sections and decays are determined by two in 100 200 300 400 500 600

pendent parameters, e.g. the ratiofiasf the vacuum My (GeV)

expectation values of the two Higgs doublets in this

model and the mass, of the pseudoscalar Higgs bogigyre 14:Discovery potential of the ATLAS experiment
son. Current experimental searches at LEP and Tejthe Standard Model Higgs boson. The statistical signif-
tron exclude at a 95% confidence level tAeboson icance expected for an integrated luminosity of 10%lat
mass values below 93 GeV, as well as thefamlues a center of mass energy of 14 TeV is shown for the differ-
below 2. For arA boson mass of up to 200 GeV, als@nt Higgs boson decay modes and their combination as a
the high tar values above 40 are excluded. function of the Higgs boson mass,. [105]

for selective triggers, efficient background SUPPreSason decay modes
sion and reliable prediction of the background con- '

e ) The clearest signature is found in the four-lepton
tributions. Until recently, the MPP group has bee(ﬁbcay channebp — H — 7z — 4¢ which also

dgvoted to th(_e prepare}tion for an early Higgs_ bos%ﬂows for a precise Higgs boson mass measurement.
drllscovery dlurlng the ff'rSt years of LHfC Funning 8¢ reconstruction of this channel strongly relies on
the nominal cent_er o mass energy o 14 Tev'_ﬂfﬁe high lepton identification efficiency and good mo-
results obtained in these studies can be found in m%ntum resolution of the ATLAS detector. The re-
qewly published review of the ATLAS physic; IOOt‘:‘\n(jlucibleZbB andtt background processes can be sup-
“"’?' [1dof5]. hA S O_f_ I?tEIy’ the sez_;lrches are beln? Optﬂ)’ressed by means of tiZeboson mass reconstruction
mized for the initial LHC operation at a center of masg, j e requirement of a low jet activity in the vicinity

. - 1 ) _ At each lepton. The remaining reducible background is
integrated luminosity of 1 fb*, the Higgs boson d's'small compared to the irreducibfep — ZZ(*) back-

covery is rather unlikely under_these operating COn(zifound. In addition to the optimization of the analy-
tions. However,_ the allowed Higgs boson Mass rangg selection criteria, our studies include the detailed
can be constralngd b(_eyond the present eXpe”me%@éluation of the theoretical and experimental system-
limits, as summarized in [106, 107]. atic uncertainties for both signal and background pro-
cesses [108]. We also evaluate the potential to ex-
clude a part of the allowed Higgs boson mass range
in the initial phase of LHC operation [109], including
the development of the methods for the precise deter-
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mination of the background contributions from datd90 GeV, as shown in Fig. 15 (bottom picture). Due

The expected exclusion limits are shown in Fig. 16 the two neutrinos in the final state of the Higgs bo-

(top picture). The best upper limit on the Higgs bos@on decays int®V bosons, no precise measurement of
the Higgs boson mass is possible. Precise determina-

‘ ‘\‘/s=7 TeV

s AR AR AR AR EAARS RARS p tion of the background contributions is therefore re-
u ATLAS Preliminary quired to exclude the presence of signal events. For
=10 (Simulation) | this purpose, we are measuring the Standard Model
z 1 background processes with present LHC data. The
g 1 H — WW decay channel also allows for an early
S 2 Higgs boson discovery d'urling f[he LHC operation at
@ | — Median | 14 TeV. Parallel to the optimization of the event selec-
EMedianx 10 tion criteria in this context [110], we have developed

a new algorithm for the jet reconstruction [111, 112],
which is used for the suppression of thandw + jets
1507500 250300350 400 450 800 =20 & backgrounds to the Higgs boson production viawhe

My (GeV) or Z gauge boson fusion. The algorithm reconstructs
3z [T A R AR R AR the jets using particle tracks in the inner detector in-
S 10% ATLAS Preliminary (Simulation) _J stead of energy depositions in the calorimeters. The
t . By Comemed inner detector tracks can be associated to common ver-
3 [Jx2 1 tices leading to a jet reconstruction probability which
g | is insensitive to the presence of multiple proton-proton
% ST £ interactions per beam collision (pile-up events).
o T 1 In the mass range below 140 GeV, the Higgs boson
2T ] predominantly decays intiob pairs. Due to the large
I I““Zl fo \s=7Tev | contribution of QCD background in the gluon-fusion
10476126136 140150 160 170 180 190 500 production mode, this decay can only be triggered and

M{Gev] discriminated from the background in the production

_ mode of the Higgs boson in association wittt pair.
Figure 15: Expected upper limits (95% confidence levefpur studies have shown that the discovery potential in
on the Standard Model Higgs boson production rate in thes 4 _, pp decay channel is very much limited by

H — zZ®) — 4¢ channel alone (top picture) and after th : ; .
combination with théd — WW — £y andH — yychan- the large experimental systematic uncertainties [113,

nels (bottom picture). Both figures are shown as a fun]c:!'4]' .

tion of the Higgs boson mass at an integrated luminosity of 1 "€ second most frequent mode which can be ob-
1 fb~! and a center of mass energy of 7 TeV, normalized$¢rved in the mass range below 140 GeV is the decay
the Standard Model prediction. The bands indicate the 680 a1t~ pair. This decay can only be discrimi-
and 95% probability regions in which the limit is expectedated against the background processes in the Higgs
to fluctuate in the absence of signal. [107] boson production mode via thié or Z gauge boson fu-

) ) ] sion where two additional forward jets in the final state
production, obtained for the Higgs boson mass aro vide a signature for background rejection. The de-

200 GeV, is still gbgut a factor of twp above th_e Staeéy modes with both leptons decaying leptonically
d_ard Modgl prediction. The exclusion reach is esp@—g mode) as well as with one hadronic and one lep-
cially low in t*he mass region around 160 GeV, Wheigic 1 gecay ¢h mode) have been studied [115, 116].
theH — ZZ" decays are strongly suppressed by thq oyent selection criteria have been optimized us-
Higgs boson decays into two on-shiélibosons. ing multivariate analysis techniques. With a neural
Eugto the+h|ghPranch|ng_rat|o for the deddy— ayork based background rejection method, the sig-
WIW™ — (£7v)(¢7v), the Higgs boson with a mass, | ignificance is improved compared to the stan-

between 140 GeV and 180 GeV can be excluded {34 analysis with sequential cuts on the discriminat-
this channel during the initial phase of LHC operqﬁg variables, as shown in Fig. 16.

tion. In combination with the four-lepton and the two-
photon decay channels, the exclusion reach is slightly
improved to cover the mass range from 135 GeV to
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= 7;|‘?|"‘w‘”wmw”‘w”'w'”'wi by the requirements on the presencd ¢dts in the fi-
5 L eference cuts 21/ + ih-channel | 1| state and large angular separation between the two
2 & === /h - channel - decaying leptons. This channel provides the highest
3 = [ ~snEnnel 1 sensitivity reach for the neutral MSSM Higgs bosons.
= 55 ’ ] Motivated by the excellent muon reconstruction in
-UQ)’ 4 —  the ATLAS detector, we also study the prospects for
b 3 the search in the channel with MSSM Higgs boson de-
B 1 cays into two oppositely charged muons. The event
2 f\ T selection criteria are optimized for the best discov-
£ R L O T rsanaagae A ery pgtential taking intp account_ the theoretical a_nd
experimental systematic uncertainties [118]. The in-
L [Ge\/] variant dimuon mass distribution after all analysis se-
v S ‘ T ™ lection criteria is shown for the signal and domi-
I 7 ANN anaIyS|S 1 nant background processes in Fig. 17. The domi-
2 g =
-8 5E ] < L L B A T
E=R] \-. 1S TLAS 1
w 1 F mP®*-scenario -z bjes 1
3E &8 // + Ih - channel 1 & GLePT¥ ]
o &&= |h - channel 4 5 B L=30fb" :
= =/ - Channel H * ]
P PR Lol ey ] m,=200 GeV

T
130 135
my [GeV]

105 110 115 120 125

102

T

|
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Figure 16:Discovery potential for the Higgs boson searc
intheH — 11~ decay channel, shown separately for tr
£¢ and ¢h decay modes and their combination at an int 1
grated luminosity of 30 fb! and a center of mass energy c
14 TeV. The results are obtained using the standard an:
sis with sequential cuts on the discriminating variablep (t

picture), as well as for neural network based analysis (bot-

tom piCtUrE). The shaded bands indicate the effect of Qure 17:Invariant dimuon mass distributions of the main
experimental systematic uncertainties. [116] backgrounds and th&boson signal at masss = 200 GeV

and tar3 = 30, obtained for the integrated luminosity of
30 fb~! at a center of mass energy of 14 TeV. Only events
with at least one reconstructddjet in the final state are

selected. [118]
The searches for the three neutral Higgs bosons pre-

dicted by the MSSM differ to some extent from thﬁantz N uﬂLIJ* and tt_ background contributions

searches for the SM Higgs particle. Compared to thee rather large compared to the signal and are sub-
Standard Model, the neutral Higgs boson decay mogeg to sizable experimental systematic uncertainties,
into two intermediate gauge bosons are suppresgggkicularly with regard to the jet energy scale. It is
in the MSSM, while theA andH boson decays intotherefore important to measure this background con-
charged lepton pairgs"p~ and Tt~ are enhanced.tripution with data. This can be done by combining
The later decay channel has an about three hundgigsl information from the side-bands of the invariant
times higher branching ratio compared to the first o@gmuon mass distribution with the measurements on
but is more difficult to reconstruct and provides a legiseet e~ control sample. The latter is motivated by an
precise determination of the Higgs boson mass.  aimost vanishing Higgs boson decay probability into
Our studies of MSSM Higgs boson decays inigyo electrons, while the background contributions are
two T leptons are summarized in [117]. The domsimilar for the dimuon and the dielectron final states.
inant background contribution originates from thehe expected ratio of invariant dielectron and dimuon
Z — T1'1” andtt processes and can be suppressgfhss distributions is shown in Fig. 18 after all anal-

T T

P IR |
300 350
m,,, (GeV)

L
150 200 250

Higgs Bosons Beyond the Standard M odel (M SSM)
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ysis selection criteria and after correcting for the di
ferent electron and muon reconstruction and identi
cation efficiency. We perform a detailed study of tr

80——————————————————

al

50

20 _...-=" ATLAS Preliminary

tan B for 95% C.L. exclusion

E e a- (Simulation) B
18 T T T T T T T T T T T C i
16f total background = 30 h/HIA - pu —
o L4 = F ----3---- >0 b-jets, no uncertainties .
Z:L 12p = 201~ —s— >0 b-jets, with uncertainties =
~ 1T —_— — E ]
S oos E 10 pp: Ns=7Tev,L=1fb *
06 3 r mr®-scenario ]
Y . 3 C_ L L | L L L | L L L | L L L 1 ]

04l Fit: p % 8p, =0.955£0.008 E £20 140 160 180 200
030 100 1l0 120 130 T40 150 160 170 180 190 200 \3] 0 m, (GeV)

invariant mass [Ge'

Figure 18: Ratio of the dilepton invariant mass distribuFigure 19: The tar values needed for an exclusion of

tions for theete™ control sample and the total u~ back- the neutral MSSM Higgs bosons shown as a function of

ground for the Higgs boson search in thd/H — ptu~  the Higgs boson massi for the analysis mode with at

channel, shown for an integrated luminosity of 4 b least one b-jet in the final state. An integrated luminosity

. [119] of 1 fb~! and a center of mass energy of 7 TeV are as-
sumed. Dashed lines represent the results assuming zero

background estimation from data in [119, 120]. Thencertainty on the signal and background, while the full

presented method allows for a significant decreaseliogs correspond to the results with both signal and back-
systematic uncertainties and thus in an improved s@feund uncertainty taken into account. [107]

sitivity reach for the MSSM Higgs boson search in

the Ty~ decay channel. Especially during the inian excess of events with reconstructetéptons and

tial phase of LHC running with the limited amount ofarge missing transverse energy above the high back-
data, the introduced control data samples are essgmwund of standard model decays of top quark pairs. In
tial for obtaining reliable exclusion limits. The exclufFig. 20, the discovery region in thier;, tanp) plane is
sion reach with early data at a center of mass eneghown for a charged Higgs boson in the above produc-
of 7 TeV has been evaluated for théH /A — ppu~  tion and decay mode assuming different amounts of
channel in [121], see Fig. 19. At an integrated lumintegrated luminosity. The theoretical and experimen-
nosity of 1 flo-! one cannot improve the current limits

reached by the Tevatron experiments using this chi 50 discovery sensitivity

nel alone. However, its combination with searches ir s
more sensitivdh/H /A — 171~ decay channel allows 50

for an improved coverage of then, tanp) parameter 45
space. 40

The light neutral MSSM Higgs boson is difficull 4 *
to distinguish from the Standard Model Higgs bc § of
son. Clear evidence for physics beyond the Ste | 0t
dard Model would be provided by the discovery ¢ sl I -0 f?l'l
charged scalar Higgs bosons. We have studied ,|  ScemarioB o ]
prospects for the search for the charged MSSM Hig s ATLAS |
bosons in the decay chanrtét — t®v; which dom- o I I I e e i i o
inates for relatively small Higgs boson masses & m, - [GeV]

low 200 GeV [122, 123]. The charged Higgs bosons .

are produced in top quark decays ip — tt — Figure 20:The tar_B values needed for adlscove.ry of the

(bHi)(bWJF) events. The leptons fromH £ decays charged MSSM Higgs bosops shown as a fu_nctlon of the
. . . Jiggs boson masswy+ for different levels of integrated

are reconstructed in their hadronic decay modes wh inosity. A center of mass energy of 14 TeV is as-

the W bosons from top quark decays are required {med. The decayd* — 1*v; can be discovered with

decay leptonically. Sincel* mass cannot be reconzt east % significance in all shaded regions of the parame-
structed because of the undetected neutrinos in theadi-space. [122]

nal state, these events can only be distinguished as
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tal systematic uncertainties have been taken into__

T T T T e S T
count. We have developed the methods to decreasa 4so. ATLAS Preliminary - 4 jots 1 Jlggton E
.. . . = 1;01- V---fm:\:di =i 2 jets 2 leptons OS]
original instrumental background uncertainty of 5=, | 0 1€ e T 2Jets 2 leptons SS |
down to 10% by means of the control measuremg 4% "™ o TR
on data [123, 124]. 350 i ©
: 300 e, o]
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for each Standard Model particle a new supersymr
ric partner with the spin quantum number differing
1/2. Supersymmetry provides a natural explanauon
for Higgs boson masses near the electroweak sc@lgyyre 21:The 5o discovery reach of the ATLAS experi-
In addition, the lightest stable supersymmetric partient in the search for the mMSUGRA signal using channels
cle is a good candidate for the dark matter. The SUSith various jet and lepton multiplicities in theng, my )
models can also provide solutions to the problem p#rameter space of the mSUGRA model. The discovery
the unification of the fundamental forces. In ordépach is evaluated for the center of mass energy of 10 TeV
to suppress the SUSY-induced processes violating fiid an integrated luminosity of 200 ph
barionic and leptonic quantum numbers, the so-called
R-parity has been introduced as a conserved quanturifhe searches for SUSY signatures with conserved
number. Each SM particle has an R-parity equal toR-parity are performed in ATLAS by searching for an
while the supersymmetric partners carry an opposégcess of events in various channels. These channels
sign, i.e. an R-parity of -1. explore a large variety of possible signatures in the
If the mass scale of the SUSY particles is accessilgetector, divided according to different jet and lepton
at the LHC, the squarks and gluinos (the superpartnefgltiplicities. Fig. 21 shows thedbdiscovery reach
of quarks and gluons with spin 0 and2, respectively) for the mSUGRA model in the final states with 4 jets
will be copiously produced ipp collisions. Assum- and 0 leptons, the states with 4 jets and 1 lepton or in
ing that the R-parity is conserved in these processgt final states with 2 jets and 2 leptons.
all supersymmetric particles must be produced in pairsThe Standard Model processes with similar signa-
and each will decay to the weakly interacting lightures as the signal are the top-quark p#y &nd the
est supersymmetric particle via decay chains involyauge bosonsN andZ) production. These processes
ing the production of quarks and leptons. Thereforsre characterized by a large missing transverse en-
the SUSY events at the LHC are characterized by by originating from weakly interacting neutrinos and
large missing transverse energy, highly energetic jefierefore constitute the main background to SUSY
and leptons. searches at the LHC. Additional important source of
If the supersymmetry would be a conserved syrhe background is the QCD jet production in which the
metry, each particle and its superpartner are expecteid-measured jet energy can lead to the high-energy
to have an equal mass. However, since the supersyails in the distribution of the missing transverse en-
metric partners of the Standard Model particles are rtyy. It is expected that at the LHC the Monte Carlo
observed so far, SUSY must be a broken symmetry.pfediction will not be sufficient to achieve the good un-
model with the SUSY breaking mechanism mediatg@rstanding and the control of the background for the
by the gravitational interaction is called MSUGRA an§USY searches. Our studies are concentrating on the
is described by the common mass tenmgsand my > data-driven estimation of these, which is essential for
for all boson and fermion masses, respectively, at an early discovery of SUSY with the ATLAS detector.
energy scale above 10GeV, where the electroweak We have developed the methods for the determina-
and strong interactions are unified (GUT scale).  tion of thett background contribution from data [128].
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Figure 22:Number of b-jet paird\y_ jetpairs Selected after Figure 23: Invariant mass of the tree nearby jets in each
the kinematic constraints on tie — (¢vb)(¢vb) process. event. This variable is used for the selection of the con-
The No—jetpairs > O region is mainly populated by thé trol data sample oft — (¢vb)(qqgb) events, needed for an
events. This region is used as a control data sample for éistimation of thét background in SUSY searches with no-
estimations of thét background to the searches for SUS¥pton signatures. The arrows indicate the selected window
signatures with one lepton in the final state. The events with this variable. The contributions of the Standard Model
Nob— jetpairs = O originate predominantly from the gauge bgprocesses are shown by the stacked hatched histograms.
son production processes and by the SUSY signal. The filee SUSY contribution for two typical SUSY mSUGRA
typical SUSY models labeled SU1 and SU3 are shown fmodels (SU3 and SU4) are overlayed. [129]

the signal. [128]
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—— ti-bbqq v, Monte Carlo ]
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------- SU4 signal b
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Over estimate due to SU3J
[EY] Over estimate due to SU4

The background contribution is measured by mear
the control data samples which are free of the SL
signal contribution. The contribution from thepro-
duction with top quark decays involving thdeptons
and non-reconstructed electrons or muons is estim
from similar events with identified muons and ele
trons. The control data sample is composed ma
of tt events in which both top quarks decay into a
quark, neutrino and a lepton (electron or muon). Ac
tional kinematic constraints are applied on these ev
similarly to the criteria used for the signal selectic
The number of b-jet pairs passing the kinematic con-

strains is used to divide the measured data sample intgUre 24: Missing transverse energy distribution in the

the SUSY-dominated and thisdominated region (Seeone-lepton final state. The solid line shows the Monte Carlo

. estimate, circles are the result of data-driven estimation
Flg.-22.). . i The shaded histograms show the increase of the data-driven

Similar strategy is used to define the control sagstimates due to the contaminating SUSY signal (repre-
ple with semi-leptonid¢t — (évb)(qqb) decays [129]. sented by SU3 and SU4 models) in the control data sample
In this case the discriminating variable distinguishinand the dashed lines show the SUSY signals stacked on the
between the signal and the background region is tiag of thett background. [129]

invariant mass of the three nearby jets. In case of the

tt events, the value of this variable will be close to thge contribution oftt with a non-identified electron

top quark mass (see Fig. 23). _ or muon by removing the reconstructed leptons from
The contribution of thet background with tau lep- .51 event in the control data sample.

tons produced in top-quark decays can be estimategye analyzed a set of the most important kinematic
from the control data sample by replacing the recofisiiapies for the 70 nbt of data collected by the

structed electron or muon with a simulated tau leptoi og experiment [130]. We find a good agreement
decay (see Fig. 24). Similarly, one can also estimate
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sensitivity of the ATLAS detector to the — Huu

% . oF e T Bata 2010 (s = 7 Tev) | X i
o 10 I,_ dt~70 bt £ Vonte Carlo decay, where the tau lepton is produced in the de-
g 10° -\?v+_jets cay of W boson [131]. This process is character-
8 1o - riers ized by a large missing transverse energy from the
Eoeb & T SU4(40) non-detectable neutrino and by the three nearby muon
e Two Jet Channel tracks. The main background processes are the pro-
duction of charmed and beauty mesons, with their sub-
10 sequent decays into muons (see Fig. 26).
P e
-
102 :43 | T | T | | e
0 20 40 60 80 100 120 140 160 180 200 o 7
Emiss [GeV] :L 10 =
T -~ 7
3 ]
Figure 25: Distribution of missing transverse energy O 1 -
the two-jets final state. Black points show the measurer 8 3
results with 70 nb?! of data collected by the ATLAS ex S 7
periment. Shaded histograms show the contribution f > 10t 4
the gauge boson and top-quark production processes. -2 &
open red histogram is the QCD di-jet production proct & Y
The prediction of the low-mass mSUGRA model SU4 ( 102 4
hanced by a factor of 10) is shown by a black das ]
line. [130] g
103 =
fizva il 1 71 | A4

between data and Monte Carlo predictions, indica
that the Standard Model backgrounds for the SL
searches are well under control (see Fig. 25).

1 12 14 16 18 2 22 24
My, (GeV)

Other Extensions of the Standard Mode Figure 26: Invariant mass distribution of the tree nearby
muons, shown for the signal and background processes after

The discovery of the neutrino flavour oscillations happlying all analysis se!ection criteria. Th_e: signal cefssi
shown that the lepton flavour is not a conserved quahihet — pupdecays with tau leptons originating from the
tity within the Standard Model. Beyond the SM, thv bosons (green), while the background processes include

lepton flavour violation can occur in many SUSY e)}-he decays of charmed and beauty mesons. Histograms are

. fthe | fl iolati normalized to an integrated luminosity of 10-fbat a center
tensions. One of the lepton flavour violating Procesf mass energy of 14 TeV. Non-shaded area represents the

accessible at the LHC is a neutrinoless decay ok@ected mass window for the evaluation of the limits on the
tau leptont — ppp Although the Standard Modelbranching ratio. [131]

predicts a very small branching ratio for this decay,

BR(T — pul < 10714, some extensions of the Stan- The study with the simulated data shows that the

dard Model, such as SUSY and models with doubWpper limit of BR(t — ppy < 5.9- 107 can be

charged Higgs boson, predict the values which are saghieved with 10 fb* of collected data. Extrapolating

eral orders of magnitude higher. Therefore, the médhis expected sensitivity to higher integrated luminosi-

surement of the branching ratio for the— uuude_ ties, an Integrated IUmanSlty-Of 1001&) has to be

cay will put stringent limits on the parameters of suc§pllected by the ATLAS experiment to reach the cur-

models beyond SM. rent best upper limit oBR(t — ppy < 3.2-10°8
During one year of data-taking at the low luminog90% CL) by the BELLE experiment.

ity of 1033 cm~2s~1, ATLAS will collect 10'2 1 lepton ~ In addition to the described study of the lepton

decays. Due to the very large background contribilavour violation, we pursue the searches for non-

tion only a fraction of these decays can be observ@tfndard Model heavy neutral gauge bo&n This

in ATLAS, namely the decays of leptons originat- Particle is predicted by some extensions of the Stan-

ing from theW and Z boson decays. We studied théard Model which address the problems of the mass
hierarchy and the number of generations of lepton and
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quarks.

0.1.5 AnalysesSummary

In summary the MPP physics analyses are well a&l-l]
vanced. First measurements of the inclusive lepton
distributions and of the electroweak gauge boson pro-
duction have recently been performed. A variety Jfl 2l
paths are explored in the search for the most appro-
priate variable and analysis strategy to determine tie]
top-quark mass, a measurement that will soon be dom-
inated by the systematic uncertainty. In the context of
the searches for new physics phenomena, many ngwi
methods have been developed to understand the back-

ground contribution originating from the above SM

processes. Strategies for the Higgs boson and sup@s]
symmetry searches are optimized for the highest pos-
sible sensitivity during the early data taking phase.
Members of the group are actively participating in thete)
ATLAS efforts and have presented their own and the

ATLAS collaboration results at international confer-
ences [103, 104, 125, 126, 127, 132, 133, 134, 135].
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