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0.1 ATLASPhysicsAnalysis

Efficiency

For a long time the MPP ATLAS group has been cc
tinuously working on the preparation of physics ana B
sis of hadron collision data at the LHC. The results ¢ 08
tained in the years 1997-2007, including preparat 0.6
work based on Tevatron data, are described in the i
vious reports P] (p.82-84), [?] (p.106-112), ], and 0.4
references therein. -
The present physics studies for the ATLAS exp 0.2~
iment cover a broad physics range. Already at - C
early stage of data taking, a number of Standard Mc 68 10 12 14 16 18 20 22 24
(SM) processes occur in abundance. These proce E, [GeV]
allow for detailed studies of the detector performance,
as well as for the precision measurement of QQBgure 1: Monte-Carlo prediction of the electron recon-
and electroweak observables. The data collectedsggction efficiency for electrons from heavy quark ahd
far allow for the first measurements of inclusive lefRoson decays?]

ton distributions, as well as the observation of elec- g o7

=m= Monte Carloc- e

L L e B e B B B |

troweak gauge bosons. Also the processes involvifjg o-e i
top-quarks will very soon become measurable as the0.061- J"‘ 138t ® Data 2010 W=7 TeV)]
integrated luminosity increases. A good understang- E ]

. . . = 0.05 == Monte Carlo
ing of SM processes is essential also for new discay- E

eries. The ATLAS discovery potential is explored itk 0.045
searches for the Higgs boson both in the Standard0
Model and in supersymmetric extensions, as well as E
in a generic search for supersymmetric particles ando.02f-
other phenomena like the lepton flavour violation. The E
ongoing investigations are described in more detail be- E
low. o] =

.03

0.01—

T | gl
16 18 20 22 24
E; [GeV]

0.1.1 Standard Model Processes

Inclusive L epton Cross Sections Figure 2: Comparison of the measured distribution of the

transverse energies of prompt electrons fromndb de-
At the LHC pp collision events with highly energeticcays with the Pythia 6.4 minimum bias Monte-Carlo pre-

electrons and muons in the final state provide cledigtions. 7]
signatures for many physics processes of interest. A

good understanding of the inclusive electron and mug{pp group contributes to the study of the observed

cross sections is.therefore of great importance. Thgo, discrepancy between data and Monte-Carlo pre-
MPP group contributes to these measurement®,[ diction, using the increasing statistics of the inclusive

7 _ electron sample.
At the LHC electrons are produced predominantly the mpp 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 g with its experience in muon performance stud-
at higher transverse energies. The MPP group sigids The measured inclusive mupn 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 energ¥ectrum is well reproduced by the Monte-Carlo sim-
(see Fig. 1). The first measured inclusive electrofiBion. The discrepancy observed for > 20 GeV
spectrum at a center of mass energy of 7 TeV at §a&jye to muons originating frow/ andZ boson de-

LHC is shown in Fig. 2 in comparison with the prézays  According to the Monte-Carlo simulation, the
diction of the Pythia minimum bias Monte-Carlo. The



4 CONTENTS
>1065TTT‘TTTT{TTTT‘TTTT{TTTT{TTTT{TTTT{TTTT‘YYYY{TTTE NBOGVTT‘TTT‘TTT{TTT‘TTT‘TTT‘TTT T 17T T 17T TYA
N 1 2 | [@Heavy flavours !
< 105L + Data 2010 Ns=7TeV)! 7 250l [1Piondecays ]
=~ E El 3 - -
o f 3 Heavy flavours 1 2 I Kaon decays 1
2 - Pion decays 1 € C 1
= 10*E Kaon decays 5 W200- .
10°¢ 4 150- ]
10%¢ E 100 7
I AR . ] B ]
]6\ 1l §§§§§§§§§§§§§§I§i§§§§§§ ANVANAA AN AANAVA VA VAN N 7 Ok Bz hmmm el ‘, .53;‘3 SN :

5 10 15 20 25 30 35 40 45 50 "1 -0.8-0.6-0.4-0.2 0 0.20.4 0.6 0.8 1

Muon P [GeV] (p D~P msP param)/p ID

Figure 3: Comparison of the measured inclusive mugsigyre 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 dafg,ectrometer normalized to the inner detector momentum
is decomposed into three sources of muons, namely in-fli

! asurements in simulated datg. [
decays of charged pions and kaons and the decays of heavy-

flavour hadrons.q]
production in association with jets, where the bosons

main sources of muons at transverse momenta 8re decaying into electrons, muonstdeptons.
e\N bosons have already been observed in the first

low 20 GeV are in-flight decays of charged pions and, ¢ 1 ¢ 1 o llision data collected with ATLAS:
kaons and the decays of heavy-flavour hadrons. .W bosons in thev. final state and 6TV boson.
e

contribution of pion and kaon decays in-flight to the i g
) . . 4 n the pv, final state. As expected fqup collisions,
inclusive muon spectrum will be estimated from data + _
. . . “moreW" thanW~ bosons have been detected W0
by comparing the momentum measured in the inner _ . .
. : and 40W~ bosons. The first measurements of inclu-
detector with the momentum measured in the muon : .
. . . _SlveW andZ production cross-sections have also been
spectrometer. Late pion and kaon decays in the inner . L
. erformed. Fig. 5 shows the transverse mass distribu-
detector lead to a large momentum imbalance between . . .
1on of theW — pv,, candidates in the first 16.6 nb

the inner detector and muon spectrometer as '”usnaoefdppcollision data collected by ATLAS. The Monte-

in Fig. 4, as the inner detector measures the pioné)r o . i -
. arlo prediction is consistent with the measured distri-
kaon momentum while the muon spectrometer meba—. . L
ution and has a negligible background contamination.

sures the momentum of the decay muon. X . .

A first measurement of th& production cross section
could also be performed. The experimental error of
the cross section is dominated by the statistical error
The measurement of ¥ andZ boson production is Of the number of observed/ candidates and the 10%

a first essential step in understanding hard electrowg#icertainty of the luminosity measurement. The mea-
processes in the high-energy regime of the LHC. WigtuiredW production cross section agrees well with the
a sufficient amount of collected data, precise inclNLO calculations as shown in Fig. 6.

sive and differential cross section measurements cai\lso candidates foZz — ¢*¢~ decays with iso-
be performed to probe the parton density functions. lsted charged leptons were observed by ATLAS.
addition, these processes are studied with the motia-the recently collected 229 nb of pp colli-
tion of estimating the backgrounds to the searches §®n data ATLAS observes cleaZ peaks in the
Higgs bosons and supersymmetric particles. Of pdilepton invariant mass spectra as shown in Fig. 7
ticular interest here is the electroweak gauge bosd@s ~ The measured cross sections .72 =+

Electroweak Gauge Boson Production
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Figure 6:Comparison of the measur&d cross section with the NLLO prediction?][The expected asymmetry in the
production cross sections @f* and theW~ boson is confirmed by the cross section measurements.
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Figure 7:Invariant massn,, of Z candidates in the electron (a) and muon (b) chann@]s. |

0.11(stat}-0.10(syst}-0.08(lumi)| nb forZ —

and[0.89 + 0.10(stat}+0.07(syst}-0.10(lumi)| nb for o

e"e” 0.1.2 Top-Quark Physics

verview

Z — utu are in agreement with the theoretical pre-

diction as illustrated int Figure 8.

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
physics that will almost inevitably suffer from top-
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Figure 8:Comparison of the measured valuesogf- BR(Z — £¢) for ¢ = e, p with the theoretical predictions based on
NNLO QCD calculations. 7]

a3l T TTTTTTTETTETTTTTT ] the production cross-sectionif) in the reactiort t —
0 10°E —— pa2010¢5=7Tev) B 13 ppWEW-
O J.L—16.6 nb™ 3 :
~ L - The analyses use two decay channels of the W-
3 T ESCD 1 boson pair, the lepton +jets channel, where the W-
S10%F O Y o 3 boson pair decays inttv qq with ¢ = e, p (branching
wF o 1 ratio, BR = 30%) and the all-jets channel, where both

: ] W-bosons decay into@q pair (BR = 44%). In both

10 channelanyy 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
production where the W-boson pair decays via the
200 40 60 80 100 120 other decay channels. The QCD multijet production
m, [GeV]  process is special due to the huge cross-section be-
fore any cut, such that event samples fully covering
Figure 5:Transverse mass distribution\wf — pv, candi- the signal phase space cannot be simulated with suf-
dates found in 16.6 nt3 of pp collision data collected by ficient statistics, especially for the lepton +jets chan-
ATLAS. [7] nel, where the selected lepton mostly results from a
wrongly reconstructed jet. Eventually this background

quark reactions as background processes. In addmgw,]trlbutlon has to be obtained from data. So far, ini-
the top_quark should have the Strongest Coup”ngsti@ studies of this baCkground based on Monte Carlo
any mechanism that generates mass, which makesSggples have been performed and methods to evaluate
very interesting object for an unbiased search for thigrom the data, like the matrix-method, have been im-
mechanism. plemented. The matrix-method was successfully ap-
The present main interest of the top-quark physieded to estimate the background fraction from Monte
analysis work of the MPP group is the investigatiorarlo samples with a deliberately unknown composi-
of thett production process, and particularly the délon of signal and background evenfd.[In the MPP
termination of the mass of the top-quankyg,) and investigations, for the first time the-jet algorithm has
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been used in top physics analyses at ATLRSY Be-
cause of a better stability against divergences, this
gorithm is theoretically preferred over the traditionall -

applied cone-jet algorithm. By now also the exper A eorect eeminaions
mental advantages became apparent, such that si A
recently a variant of it, namely the arigijet algorithm
is the ATLAS standard.

At present the analyses are optimized on Mon 300~
Carlo samples and are ready to be applied to the d
to be taken still this year. The analyses are mostly pi
formed assuming the initially envisaged proton-protc
center of mass energy gfs = 10TeV and for in-
tegrated luminositiesCin; of several 100 pbl. An 100/~
overview of the recent activities is given below, th

initial investigations were reported if?][(p.106-112), A / ? %
[7] % 50 100 150 200 250 300 350 400 450 500
?/|. my; [GeV]
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v signal + background

Wjets and comb. background
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200~
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s
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L epton + Jets Channel Figure 9: The reconstructed top-quark mass together with

The lepton +jets channel is the best compromiddit.
of branching fraction and signal-to-background ratio
(S/B), defined as the ratio of signal events to physicswithin the same range of rapidity, and having trans-
background events. Therefore most of the effort is iperse momenta of more than 40 GeV for the three
vested in this channel. At MPP a number of analysgighestpr jets, and more than 20 GeV for the fourth
have been performed to arrive at the most sensitive @ét: All jets should be well separated from the identi-
servable and analysis strategy for obtaining, from fied lepton. Given the different emphasis of the ana-
the invariant mass of the three jets assigned to the f&es, these requirements are slightly modified or ad-
cay products of the hadronically decaying top-quarditional requirements like the presence of identified b-
Different event- and jet selection algorithms, obserjets, or restrictions to the reconstructed invariant mass
ables, jet calibration schemes (see &%, and fitting of the W-boson are imposed. With these selections,
methods have been exploited for this. for each lepton sample an average signal efficiency of
In the lepton +jets channel the charged lepton wiethout 10% is reached, and the S/B is aboBt 1
a high transverse momenttinipr) from the decay The standard assignment of jets to the top-quark and
of one W-boson is utilized to trigger and identify thehe W-Boson are as follows. For each event, from
event, and to efficiently suppress background withagit jets with pr > 20 GeV the three jet combination
genuine charged leptons, i.e. from the QCD multijgthich maximizes the transverse momentum is chosen
production. In general, the event selection for the lefe- form the hadronically decaying top-quark. This al-
ton + jets channel requires an isolated electron or mugsyithm is named ther-max method. Out of this,
within the good acceptance of the detectors, which hag two jet pair with the smalle&tR is taken to repre-
a transverse momentum of more that 20 GeV and ligsnt the W-boson. A typical top-quark mass spectrum
within the rapidity range ofn| < 2.5. Since the ini- observed with these requiremen®, [and only using
tial state is balanced ipr, to account for the neutrinosignal events and W + n-jets events, is shown in Fig. 9.
a missing transverse energy of more than 20 GeViisthis example, the spectrum is fitted with a Gaus-
required. In addition, at least four jets are requiregian function to parameterize the correct combinations
'In the ATLAS right-handed coordinate system thaxis leading to the top—quar_k mass and Wldth’ and a sum
points towards the center of the LHC ring, tyeaxis points Of Chebyshev polynomials used to describe the events
upwards and the-axis points in the direction of the counterstemming from the sum of the physics background
clockwise running proton beam. The polar angleand the events and wrong jet combinations in selected signal
azimuthal angleg are defined with respect o theaxis and o ents. The Gaussian part of the fit is also shown sep-
x-axis, respectively. The pseudo-rapidity is definednas= .
—In(tan(®/2)) and the radial distance i, g) space iAR — arately and compared to the red histogram made from
VBN? + A@. the correct jet triplet. In this case correct jet triplets
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are defined as those combinations of jets where the
constructed four-vector of the jet triplet coincides wit -
that of the top-quark to withidR = 0.1.

From this figure it is clear that firstly the correct je
triplets constitute only a small part of the events i 59—
the peak region around the generated top-quark m % vies sackground
of 1725 GeV, secondly that the shape of the comk  ,qq1
natorial background can well influence the fitted pe:
value, and thirdly that the shown W + n-jets contribL ;50—
tion is still sizeable and not entirely flat.

These issues are addressed, e.g. by using other 441
gorithms to select the jet triplet, or by exploiting ad
ditional variables or a constrained fit that both hel
to separate signal from background. Additional alg
rithms studied include the so-callé&xR method that Doty o o p |
exploits the angular correlations between the two 0 50 1 300 350 400 420 01°
jets that should have a largeR, and the two light-jets !
that should have a smallR. This algorithm works
without explicitly using b-jet identification, insteao’sz
from apr ordered jet list the first two jets are assume

to be the b-jets and the next two jets to stem from the

W-Boson decay. On these jets the angular requif@ﬁ_‘ir_‘ly serves three_ purposes. Firs_tly, i_t increases the
ments are applied. Whether the decrease in statistfgiciency for selecting the correct jet triplet by mak-
precision compared to ther-max method is compen-'Ng more detailed use of the entire event. Secondly,
sated by superior features like an improved re:soluticﬂwlorzov'des a quality measure, namely the probability
or a smaller bias in the reconstructed mass, is un&éx ) of the fit, to better suppress background events.
investigation. Finally, it improves on the resolution of the top-quark
Due to the presence of the decay of the top-quarR&ss provided the uncertainties of the measured quan-
that correlate the W-Bosons and their correspondifigs and their correlations are properly understood,
b-quarks, the signal events should exhibit a differepMething that is only expected after a larger data set
correlation of the observed jet structure than the badl@s been analyzed. Compared to fremax method

ground processes without top-quarks. The separaﬂBﬁ efficiency for selecting the correct jet triplet is in-
of the jets can be monitored when running tadet creased by about 15% absolute, and about 25% of

algorithm by studying th@lnegdM — M — 1) val- the background events can be removelddy requir-

ues at which aM-jet configuration is reduced to arf"d P(x?) > 0.15. An example of such a selection
(M — 1)-jet configuration. In a multivariate analysiéo" events with four reconstructed jets and requiring
it was found that thelerge values in signal and back-P(X?) > 0.15 is shown in Fig. 11. The better sup-

ground events are not sufficiently different to be us@§€SSion of the W +n-jets events compared to Fig. 9 is
as discriminating variables?[. In contrast, a likeli- @Pparent. It has been verified that this improvement,

hood function build from seven event variables, liké Very stable against variations of the assumed object

e.g. the invariant mass of the charged lepton and its ESolutions. Since at the moment only initial approxi-
signed b-jet, or th&R between the W-Boson and thénhations are made for the resolution of the_ obj_ects, the
b-jet from the hadronically decaying top-quark Candp_033|ple improvement in the mass resolution is not yet
date, is clearly able to significantly improve the S/gXploited. _ o _
while retaining most of the events where the correct jet ' N€ largest systematic uncertainty in any determi-
triplet was selected. This is demonstrated in Fig. 107ation 0fMgp stems from the imperfect knowledge of
A kinematic fit exploiting as constraints the know€ Jét énergy scale (JES), which depends on kinematic
W-Boson mass both for the leptonic and the hadrorjEoPerties likepr andn of the jets, and is different for
W-Boson decays, and in addition the equality Jght-jets and b-jets. Therefore, one of the most im-

the two corresponding reconstructed top-quark masB@&tant features of angnop estimator is the stability
against the variation of the JES. To minimize the JES

signal + background

entries

S35 correct combinations
NN

W-ets and comb. background

50—

igure 10:Same as Fig. 9 but with an additional likelihood
lection.
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[«] E =
uncertainty on the measuretd,, two paths are fol- = 12 E
lowed: one is a calibration by means of the known V/ s
boson mass\{,°©) to obtain the JES for light-jets, the 20F ATLAS Preliminary |
heri loring the stabilized top-quark masg® SN SN N sl IE
other Is exploring P-q ¥ 25709 0.95 1 1.05 11

see below) to be as independent as possible of the
tual JES value, without actually determining it.

In the lepton +jets channel an iterative in-situ calijgyre 13:Stability ofme and§iaagainst JES changes.
bration of the JES for the selected events has been per-
formed [?]. Jets are treated in the massless limit with
unchanged reconstructed angles, such that any chatigece this ratio is multiplied bj{P®. The main
in the invariant two-jet massv[{y°’) can be expressedconsequence of USi”@tsé‘Sb is a strong event-by-event
in energy dependent JES factors. The jet calibratié@ncellation of the JES dependence of the three-jet
then makes use of the fact tHa{S° calculated from and two-jet masses in the mass ratio, while retaining
the jets assigned to the W-boson decay has to mafed sensitivity tomp. The quantitative gain in stabil-
MEPS. The energy bins are chosen logarithmicallfy when usingmga® instead of the jet triplet invari-
from 50 GeV to 400 GeV and the resulting calibrationt massmgg°is apparent from Fig. 13 taken frorf][
factors, which are consecutively applied per iteratiodsing this variable a template analysis has been de-
are shown in Fig. 12 for the initial situation, thé& 9 veloped P, ?, ?]. In this analysis Probability Density
iteration and the final result. The flatness of the cafftinctions (PDFs) are constructed from templates of
bration factors of the® iteration with values close tothe signal events at various assunmag, values and
unity clearly shows that the fit has converged. Corfiom a template of the combined physics background
paring the initial and final situation reveals that the ievents. The signal PDF linearly depends g,
erations slightly change the simple picture one wouéhereas the background PDF does not. Using pseudo-
have obtained by once adjusting the peak of the igXperiments for a given luminosity the sensitivity of
tial distribution tOM\IIDVDG' When applying this global the method, together with the systematic uncertainties

scaling method the uncertainty on,, from the JES from various sources, has been estimated. An exam-

JES

uncertainty is considerably reduced]. | ple of a pseudo experiment is shown in Fig. 14 for
The variabler§i®®is calculated as the ratio of the rethe muon channel and fays = 10TeV andLint =

constructed masses of the top_quark and the W-Bodél9 pb_l For this situation the statistical uncertainty
candidates from the selected jet triplet. For convi& the combined electron and muon channel is about
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e e e All-Jets Channd
ATLAS Preliminary e L, =100 pb”, pseudo-experiment
120 Simulation ... Best Fit background 1 In the all-jets channel only jet requirements and jet
Best Fit tf + background | topologies can be used to separate the signal from the
o = 1T EES25EY background reactions. Consequently, this channel suf-
fers from a much higher background from the QCD
I 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
least six jets, not consistent with being purely electro-
Y A R magnetic, and two of which are identified b-jets, are
100200 300 400 500 600 700 yequired within[n| < 25. By exploring the trans-
Mo’ [GeV] verse energies of the jets and the angular correlation
of the two b-jets, the S/B is improved by several or-
Figure 14: Pseudo-experiment mimicking early ATLASjers of magnitude to about 18, while retaining a
data in the muon channel. signal efficiency of about 10%. In this procedure the
use of b-jet identification is absolutely essential. In
2 GeV. The total systematic uncertainty is estimateddddition, the availability of a multi-jet trigger with ap-
be about 3 GeV for each channel, still dominated bypropriate thresholds is imperative to not loose the sig-
the systematic uncertainty from the JES for light jetsal events already at the trigger stage. This involves
and b-jets P]. a delicate optimization to retain a sufficiently high ef-
The determination of the combinatorial- anticiency for the signal events, while not saturating the
physics background from data rather than from Mor®d LAS readout system with the QCD multijet events.
Carlo samples likely results in a reduced systemalibe trigger conditions have been carefully studied,
uncertainty. For this purpose a data driven methadd the use of some trigger signals are suggested to
was developed that explores ting55° and Rop = ATLAS. Under the assumption that these will be avail-
mige/ Miy“° distributions at the same time. The ideable, and when exploiting the above event selection, a
is to use e.g. the events from the sideband regionnofiss distribution has been isolated, where the signal
the migs° distribution to predict the shape of the baclkstarts to be visible on a siill large background. For
ground contribution to thd,p distribution. An ini- this analysis the next steps are the optimization of the
tial investigation ignoring possible shape differencémckground description and a fit to the distribution to
of the combinatorial- and physics background, and wgcess the sensitivity tOp.
ing a simple four-vector smearing approach, yields
promising results, and will be extended to fully simg.1.3  Searches for the Higgs Boson

ulated Monte Carlo events and eventually data. o ] ) ]
A direct fit to the me distribution and the tem- 1he origin of particle masses is one of the most im-
op

plate method lead to different systematic uncertainti@Qrta@nt open questions in particle physics. In the Stan-
An analysis is underway to systematically compare tHa"d Model, the answer to this question is connected
two approaches. This is done for the-max and for with the prediction of a new elementary neutral parti-

a selection method that defines the top-quark as theﬁl& Fhe Higgs bosohl. The massny of the Higgs _bo'
triplet with the minimum sum of the thre&R values. son is a free parameter of the theory. The experimental

Concerning the cross-section measurement an m}/_\/er bound of 115 GeV has been set by the LEP ex-

tial investigation of a cut and count analyses Witrheriments, while the recent searches at the Tevatron

and without using b-jet identification has been pei@ve excluded a SM Higgs boson in the mass range of

formed [7]. It exploits the lepton +jets channel at62 Ge\k my <166 GeV. The theoretical upper limit

/S = 10TeV and forliy = 200pbL. Within the of about 800 GeV still leaves a wide mass range to be

140

100—

Entries / 10 GeV

80—

60—

40—

20—

peet 0T

systematic uncertainties investigated the total systefPlored. _ _

atic uncertainty estimated is about 30%. In the minimal supersymmetric extension of the
Standard Model (MSSM), the Higgs mechanism pre-
dicts the existence of five Higgs bosons, three neutral
(h/H/A) and two charged ong4*. Their production
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cross sections and decays are determined by two in
pendent parameters, e.g. the ratiofaf the vacuum
expectation values of the two Higgs doublets in th

=
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ATLAS —_— Co(ry)bined

[N
o
T
N
N
1
£}
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model and the mass, of the pseudoscalar Higgs bo L=10f" v

son. Current experimental searches at LEP and Te WWOj — ev v
12 + - WW2j - evpuv

tron exclude at a 95% confidence level tAeboson
mass values below 93 GeV, as well as theamlues
below 2. For arA boson mass of up to 200 GeV, als 8
the high tarf3 values above 40 are excluded.

The search for the Higgs boson is one of the me

expected significance
=
N
T

=
o

motivations for the LHC and the ATLAS experiment 4

The high cross sections of the background proces 5

exceeding the signal by many orders of magnitude ¢ o ‘ ‘ ‘ ‘ ‘

for selective triggers, efficient background suppressi 100 200 300 400 500 600
and reliable prediction of the background contribt m,, (GeV)

tions. Until recently, the MPP group has been devot. ..
to the preparation for an early Higgs boson discove|[_¥

. . ; . Flgure 15:Discovery potential of the ATLAS experiment
during the first years of LHC running at the nomln%r the Standard Model Higgs boson. The statistical signif-

center of mass energy of 14 TeV. The results Obta'nﬁgnce expected for an integrated luminosity of 10%flat

in these studies can be found in the newly published gecenter of mass energy of 14 TeV is shown for the differ-
view of the ATLAS physics potential?]. As of lately, ent Higgs boson decay modes and their combination as a
the searches are being optimized for the initial LHfOnction of the Higgs boson mass;. [?7]

operation at a center of mass energy of 7 TeV. With a

relat_l\iely Iow_expected totz_;ll mtegra_ted Ium|n05|_ty s selection criteria, our studies include the detailed
11b™" the Higgs b‘?SO” d|S(_:c_>very is rather unI'kebévaluation of the theoretical and experimental system-
under these operating conditions. However, _the ﬁlﬁc uncertainties for both signal and background pro-
lowed Higgs boson Mass range can be constralne_d @@s’ses’.{l. We also evaluate the potential to exclude a
yond the present experimental limits, as summanzggrt of the allowed Higgs boson mass range in the ini-

in[?, 7] tial phase of LHC operation?], including the devel-
_ opment of the methods for the precise determination of
The Standard Model Higgs Boson the background contributions from data. The expected

The expected potential for the Standard Model Hig§¥clusion limits are shown in Fig. 16 (top picture). The
boson discovery is shown in Fig. 15. In the mass rang@st upper limit on the Higgs boson production, ob-
above 180 GeV, the key discovery channel is the Higigdned for the Higgs boson mass around 200 GeV, is
boson decay into four charged leptons via two intermatlll about a factor of two above the Standard Model
diateZ bosons. The lower mass range can on|y be Cd};ediction. The exclusion reach is especially low in
ered by the combination of searches in several Hig§§ mass region around 160 GeV, wherelthe- ZZ*
boson decay modes. decays are strongly suppressed by the Higgs boson de-
The clearest signature is found in the four-leptdifys into two on-shellV bosons.
decay channepp — H — zZ*) — 4¢ which also Due to the high branching ratio for the deddy—
allows for a precise Higgs boson mass measuremdMt W~ — (£7V)(£7v), the Higgs boson with a mass
The reconstruction of this channel strongly relies di¢tween 140 GeV and 180 GeV can be excluded in
the high lepton identification efficiency and good mdbis channel during the initial phase of LHC opera-
mentum resolution of the ATLAS detector. The rdion. In combination with the four-lepton and the two-
ducibIeZbBandtt_background processes can be Sughoton decay channels, the exclusion reach is slightly
pressed by means of tffeboson mass reconstructiodmproved to cover the mass range from 135 GeV to
and the requirement of a low jet activity in the vicinityt90 GeV, as shown in Fig. 16 (bottom picture). Due
of each lepton. The remaining reducible backgroundi®sthe two neutrinos in the final state of the Higgs bo-
small compared to the irreducibjep — ZZ*) back- SON decays int®V bosons, no precise measurement of
ground. In addition to the optimization of the analythe Higgs boson mass is possible. Precise determina-
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- = A 1 sensitive to the presence of multiple proton-proton in-

ATLAS Preliminary teractions per beam collision (pile-up events).

(Simulation) In the mass range below 140 GeV, the Higgs boson
predominantly decays intbb pairs. Due to the large
contribution of QCD background in the gluon-fusion

) production mode, this decay can only be triggered and
I H- 220 4 discriminated from the background in the production
% m:g:gﬂi%% mode of the Higgs boson in association wittt air.

U _ Our studies have shown that the discovery potential in
i 1 theH — bb decay channel is very much limited by the

el b b b b b b b b g i 1 1 i f
S L s o b o large experimental systematic uncertaintigs?].

10

95% CL limit/SM for 1 fb*

M,, (GeV) The second most frequent mode which can be ob-
9. [T T served in the mass range below 140 GeV is the decay
Z%w 10- ATLAS Preliminary (Simulation) _| into att1~ pair. This decay can only be discriminated
5 B — gy Comiined 1 against the background processes in the Higgs boson
5 [ [ Js2 i production mode via th&V or Z gauge boson fusion
5 1 where two additional forward jets in the final state pro-
. @& : vide a signature for background rejection. The decay
g o N modes with bottt leptons decaying leptonically’{
B ] mode) as well as with one hadronic and one leptonic
i ILdt=1 o \s=7Tev | 1-decay (h mode) have been studie®, [?]. The event
1076120 136 140 150 160 170 iso 1s0 s00  selection criteria have been optimized using multivari-

MiGev] ate analysis techniques. With a neural network based

background rejection method, the signal significance
Figure 16: Expected upper limits (95% confidence levels improved compared to the standard analysis with se-

on the Standard Model Higgs boson production rate in thgential cuts on the discriminating variables, as shown
H — ZZz*) — 4¢ channel alone (top picture) and after thg, Fig. 17.

combination with théed — WW — ¢vév andH — yychan-
nels (bottom picture). Both figures are shown as a func-
tion of the Higgs boson mass at an integrated luminosity [d199s Bosons Beyond the Standard M odel (M SSM)

1 fb~* and a center of mass energy of 7 TeV, normallzedﬁ]e searches for the three neutral Higgs bosons pre-

. - A
the Standard Model prediction. The bands indicate the G%I/&ed by the MSSM differ to some extent from the

and 95% probability regions in which the limit is expecte ) )
to fluctuate in the absence of signal [ searches for the SM Higgs particle. Compared to the
Standard Model, the neutral Higgs boson decay modes

) o _ into two intermediate gauge bosons are suppressed
tion of the background contributions is therefore r¢; the MSSM, while theA andH boson decays into

quired to exclude the presence of signal events. '%:‘Plrarged lepton pairgftu~ and Tt~ are enhanced.
this purpose, we are measuring the Standard Moggls |ater decay channel has an about three hundred
background processes with present LHC data. Tfiges higher branching ratio compared to the first one
H — WW decay channel also allows for an early; s more difficult to reconstruct and provides a less
Higgs boson discovery during the LHC operation gfecise determination of the Higgs boson mass.

14 TeV. Parallel to the optimization of the event selec- o studies of MSSM Higgs boson decays into two

tion criteria in this contextq], we have developed ar |eptons are summarized if][ The dominant back-
new algorithm for the jet reconstructiof,[?], which ground contribution originates from the — T+1~

is used for the suppression of ti@ndW + jetsback- ang tf processes and can be suppressed by the re-
grounds to the Higgs boson production viaWeor Z - qirements on the presencelmfets in the final state
gauge boson fusion. The algorithm reconstructs thgq |arge angular separation between the two decaying

jets using particle tracks in the inner detector inStePébtons. This channel provides the highest sensitivity
of energy depositions in the calorimeters. The iNNgIach for the neutral MSSM Higgs bosons.
detector tracks can be associated to common verticeotivated by the excellent muon reconstruction in

leading to a jet reconstruction probability which is inpe ATLAS detector, we also study the prospects for



0.1. ATLAS PHYSICS ANALYSIS 13
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c B // - channel ] g £ mI"™-scenario Z+(1-3) bjets ]
O = 4 [ - tt i
= 5F ; 1 & [ @nk=30 ww
5’ 4:, E S 10 ; L = 30 fi5 N zz §
F E 107, E
5 e e e b v b e e b b Ly \: [ —
1™905 110 115 120 125 130 135 10 ;
My [GeV] i 1
— e S SN 1 A B R B |
s r : 7 150 200 250 300 350
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> F ANN analysis ] My, (GeV)
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c 6f ]
8 r v ]
= C o e BT 7 . . . L . .
= S 1 Figure 18:Invariant dimuon mass distributions of the main
D g4 4 £ 4 backgrounds and th&boson signal at masea = 200 GeV
w B 4 and tar} = 30, obtained for the integrated luminosity of
3b B/ + Ih - channel — 30fb! at a center of mass energy of 14 TeV. Only events
- B /h - channel 1 with at least one reconstructddjet in the final state are
2F 1 selected.q)
B = Il - channel ]

405 110 115 120 125 130 135
my [GeV] theet e~ control sample. The latter is motivated by an

almost vanishing Higgs boson decay probability into

Figure 17:Discovery potential for the Higgs boson searcvO €lectrons, while the background contributions are
intheH — 171~ decay channel, shown separately for treimilar for the dimuon and the dielectron final states.
¢¢ and ¢th decay modes and their combination at an int&he expected ratio of invariant dielectron and dimuon
grated luminosity of 30 fb* and a center of mass energy ofnass distributions is shown in Fig. 19 after all analy-
14 TeV. The results are obtained using the standard angjys selection criteria and after correcting for the dif-
sis with sequential cuts on the discriminating variablep (tf(?rent electron and muon reconstruction and identi-

picture), as well as for neural network based analysis (b . - .
tom picture). The shaded bands indicate the effect of %atlon efficiency. We perform a detailed study of

experimental systematic uncertaintied. [

1.8
1.6

the search in the channel with MSSM Higgs boson ¢ 5
cays into two oppositely charged muons. The eve Z **

T T T T T

}V\H\HHHHH

T T T T
total background

T FE A A

N

selection criteria are optimized for the best disco S osl o - 3
ery potential taking into account the theoretical ar = osf- =
experimental systematic uncertaintied.[ The in- o4 Fitp,x3p,=0955:0008 3
variant dimuon mass distribution after all analys %0 W0 110 120 10 W0 B0 160 Hifvariant mass [GeV]

selection criteria is shown for the signal and dom-

inant background processes in Fig. 18. The donhilgure 19: Ratio of the dilepton invariant mass distribu-
nantZ — ptp~ andtt background contributionstions for theete™ control sample and the totat i~ back-
are rather large compared to the signal and are sgund Iforhthe Hf'ggs boson Sea(;CIh in theA/ Hf_’%ﬂ;
ject to sizable experimental systematic uncertainti€g2nnel. shown for an integrated luminosity of 4t [?]

particularly with regard to the jet energy scale. It e background estimation from data if?, PJ. The

therefore important to measure this background can-

o . . .. presented method allows for a significant decrease of
tribution with data. This can be done by combinin . - . .
. . . : . stematic uncertainties and thus in an improved sen-
the information from the side-bands of the invarian

sitivity reach for the MSSM Higgs boson search in

dimuon mass distribution with the measurements an Ut decay channel. Especially during the ini-
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tial phase of LHC running with the limited amount o$tructedt leptons and large missing transverse energy
data, the introduced control data samples are essameve the high background of standard model decays
tial for obtaining reliable exclusion limits. The excluef top quark pairs. In Fig. 21, the discovery region in

sion reach with early data at a center of mass enetgg(mﬁ, tanp) plane is shown for a charged Higgs bo-

of 7 TeV has been evaluated for théH /A — ptu~  sonin the above production and decay mode assuming
channel in P], see Fig. 20. At an integrated luminosdifferent amounts of integrated luminosity. The theo-

ity of 1 fbo—! one cannot improve the current limits
reached by the Tevatron experiments using this chi
nel alone. However, its combination with searches ir
more sensitivdh/H /A — 171~ decay channel allows

50 discovery sensitivity

for an improved coverage of tiena, tan3) parameter 45
space. 40
35
<
c 60— — — — 4 g 30
S F ] -
E soF 8] 501
s ] o1 [ e
S 4ok ATLAS Preliminary | al Scenario B [ i
< r IR a° (Simulation) 7 10 ]
e r 3 [ ATLAS |
2 30f hiHIA - Py 7 ° ‘ ‘ ‘ ‘ ‘ ‘ ‘
a r <<= >0 b-jets, no uncertainties ] 9 100 110 120 130 140 150 160 170
= 20} obi ] o { m [GeV]
+— C —_— ]ets, with uncertainties n
F . _ _ 1 h . .
lor pp: Ns=7TeV, L=1fb E Figure 21:The tarp values needed for a discovery of the
- M -scenario . charged MSSM Higgs bosons shown as a function of the

L L L 1 L L L L L L 1 L L L 1 L
£20 140 160 180 200 Higgs boson massy, + for different levels of integrated lu-
My (GeV) minosity. A center of mass energy of 14 TeV is assumed.
The decay$i* — t*v; can be discovered with at least 5

Figure 20: The tarp values needed for an exclusion o$ignificance in all shaded regions of the parameter spdge. [
the neutral MSSM Higgs bosons shown as a function of
the Higgs boson massi for the analysis mode with atretical and experimental systematic uncertainties have

least one b-jet in the final state. An integrated luminosibeen taken into account. We have developed the meth-
of 1 fo~! and a center of mass energy of 7 TeV are agds to decrease the original instrumental background

sumed. Dashed lines represent the results assuming fi€ertainty of 50% down to 10% by means of the con-
uncertainty on the signal and background, while the foEoI measurements on dafa []

lines correspond to the results with both signal and back-

ground uncertainty taken into accourf] | )
0.1.4 Search for Physics Beyond the

The light neutral MSSM Higgs boson is difficult Standard M odel
to distinguish from the Standard Model Higgs boso
Clear evidence for physics beyond the Standard Mode
would be provided by the discovery of charged scalakpersymmetry (SUSY) is the theoretically favored
Higgs bosons. We have studied the prospects for tAedel for physics beyond the Standard Model. The
search for the charged MSSM Higgs bosons in the d&w symmetry uniting fermions and bosons predicts
cay channeH* — T:tVT which dominates for rela- for each Standard Model particle a new supersymmet-
tively small Higgs boson masses below 200 G&y [ric partner with the spin quantum number differing by
?]. The charged Higgs bosons are produced in tdp2. Supersymmetry provides a natural explanation
quark decays ipp — tt — (bH*)(bWT) events. The for Higgs boson masses near the electroweak scale.
T leptons fromH* decays are reconstructed in thelp addition, the lightest stable supersymmetric parti-
hadronic decay modes while thg bosons from top cle is a good candidate for the dark matter. The SUSY
quark decays are required to decay leptonically. Sing@dels can also provide solutions to the problem of
H* mass cannot be reconstructed because of the urifie- unification of the fundamental forces. In order
tected neutrinos in the final state, these events can dflpuppress the SUSY-induced processes violating the
be distinguished as an excess of events with recégrionic and leptonic quantum numbers, the so-called

persymmetric Particles
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R-parity has been introduced as a conserved qual__

) ; S T T T T L b e
number. Each SM patrticle has an R-parity equal ta 450/ ATLAS Preliminary .. 4jets 1 lepton ]

. . - 1ﬂ"T&V B discove wimmn 2 jets 2 leptons OS]
while the supersymmetric partners carry an oppc=; % oudanmrs i~ o 2 ets 2 leptans SS
sign, i.e. an R-parity of -1. g Ao L SR

If the mass scale of the SUSY particles is access 354 Y . =
at the LHC, the squarks and gluinos (the superpart i + ]

P oy T, +
0 + -

of quarks and gluons with spin 0 and2 respectively) 300} ™ 2, == 7 n e o0
. . . .. [= R + r, + .

will be copiously produced ipp collisions. Assum- ¢ ¢ - = ety

ing that the R-parity is conserved in these proces F oo

all supersymmetric particles must be produced inp 200
and each will decay to the weakly interacting lig
est supersymmetric particle via decay chains inv
ing the production of quarks and leptons. Therefc 100
the SUSY events at the LHC are characterized by

large missing transverse energy, highly energetic

and leptons.

If the Supersymmetry \_NOUId be a conserved SylTﬂl'gure 22:The 5o discovery reach of the ATLAS experi-
metry, each particle and its superpartner are expecteght in the search for the mMSUGRA signal using channels
to have an equal mass. However, since the supersyih various jet and lepton multiplicities in theng, my2)
metric partners of the Standard Model particles are matrameter space of the mSUGRA model. The discovery
observed so far, SUSY must be a broken symmetryrech is evaluated for the center of mass energy of 10 TeV
model with the SUSY breaking mechanism mediat@gd an integrated luminosity of 200 pb
by the gravitational interaction is called mMSUGRA and

is described by the common mass temmgsandm, > data-driven estimation of these, which is essential for
for all boson and fermion masses, respectively, at g early discovery of SUSY with the ATLAS detector.
energy scale above 10GeV, where the electroweak e have developed the methods for the determina-
and strong interactions are unified (GUT scale).  tjon of thett background contribution from dat&][

The searches for SUSY signatures with conservgge background contribution is measured by means of
R-parity are performed in ATLAS by searching for ahe control data samples which are free of the SUSY
excess of events in various channels. These chan@gisal contribution. The contribution from thiepro-
explore a large variety of possible signatures in tigiction with top quark decays involving thdeptons
detector, divided according to different jet and leptaihd non-reconstructed electrons or muons is estimated
multiplicities. Fig. 22 shows theddiscovery reach from similar events with identified muons and elec-
for the mSUGRA model in the final states with 4 jetﬁons_ The control data Samp|e is Composed main|y
and O leptons, the states with 4 jets and 1 lepton orgptt events in which both top quarks decay into a b-
the final states with 2 jets and 2 leptons. quark, neutrino and a lepton (electron or muon). Addi-

The Standard Model processes with similar signgonal kinematic constraints are applied on these events
tures as the signal are the top-quark p#iy &nd the similarly to the criteria used for the signal selection.
gauge bosonsN andZ) production. These processes$he number of b-jet pairs passing the kinematic con-
are characterized by a large missing transverse gftains is used to divide the measured data sample into

ergy originating from weakly interacting neutrinos anghe SUSY-dominated and ttiedominated region (see
therefore constitute the main background to SUSg, 23).

searches at the LHC. Additional important source of Similar strategy is used to define the control sam-
thg background' is the QCD jet production in yvhlch tl']@e with semi-leptoniat — (¢vb)(qgb) decays 7).
mis-measured jet energy can lead to the high-enefgthis case the discriminating variable distinguishing
tails in the distribution of the missing transverse eBetween the signal and the background region is the
ergy. Itis expected that at the LHC the Monte Carigyariant mass of the three nearby jets. In case of the

prediction will not be sufficient to achieve the good unt events, the value of this variable will be close to the
derstanding and the control of the background for thgy quark mass (see Fig. 24).

SUSY searches. Our studies are concentrating on thehe contribution of thét background with tau lep-
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Figure 23:Number of b-jet paird\,_jetpairs Selected after Figure 25: Missing transverse energy distribution in the
the kinematic constraints on the — (/vb)(¢vb) process. one-lepton final state. The solid line shows the Monte Carlo
The No_jetpairs > O region is mainly populated by thé estimate, circles are the result of data-driven estimation
events. This region is used as a control data sample for The shaded histograms show the increase of the data-driven
estimations of thét background to the searches for SUS¥stimates due to the contaminating SUSY signal (repre-
signatures with one lepton in the final state. The events withnted by SU3 and SU4 models) in the control data sample
Nb—jetpairs = O originate predominantly from the gauge bcand the dashed lines show the SUSY signals stacked on the
son production processes and by the SUSY signal. The twp of thett background.?]

typical SUSY models labeled SU1 and SU3 are shown for

the signal. 7] )
or muon by removing the reconstructed leptons from
S N — each event in the control data sample.
& 102H ATLAS preliminary (M -bbagy - We analyzed a set of the most important kinematic
g | Simuaton :’Eerb]gts 1 variables for the 70 nt' of data collected by the
2 tf:bﬁ E,?V 1 ATLAS experiment P]. We find a good agreement
8 o ng 1 between data and Monte Carlo predictions, indicating
2 104 < that the Standard Model backgrounds for the SUSY
g E searches are well under control (see Fig. 26).
17 Other Extensions of the Standard M odel
. THEEM T The discovery of the neutrino flavour oscillations has
0 100 200 300 400 500

shown that the lepton flavour is not a conserved quan-
tity within the Standard Model. Beyond the SM, the
lepton flavour violation can occur in many SUSY ex-
Figure 24:Invariant mass of the tree nearby jets in eagBnsjons. One of the lepton flavour violating process
event. This variable is used for the selection of the COQzcessible at the LHC is a neutrinoless decay of a

trol data sample oft — (¢vb)(qqgb) events, needed for an

estimation of thet background in SUSY searches with not-au leptont — pup Although the Standard Model

lepton signatures. The arrows indicate the selected windBWd'CtS a very small branching ratio for this decay,
for this variable. The contributions of the Standard Mod&R(T — HuY) < 1074, some extensions of the Stan-
processes are shown by the stacked hatched histografasd Model, such as SUSY and models with doubly
The SUSY contribution for two typical SUSY mSUGRAcharged Higgs boson, predict the values which are sev-
models (SU3 and SU4) are overlayed. | eral orders of magnitude higher. Therefore, the mea-
surement of the branching ratio for the— pppde-

tons produced in top-quark decays can be estimaf&y will put stringent limits on the parameters of such
from the control data sample by replacing the recofodels beyond SM.

structed electron or muon with a simulated tau leptonPuring one year of data-taking at the low luminos-
decay (see Fig. 25). Similarly, one can also estima@s0f 10% cm~?s~%, ATLAS will collect 10** 1 lepton
the contribution oftt with a non-identified electrondecays. Due to the very large background contribu-

Mo (GeV)
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the two—je_ts final state. Black points show the measurer 1 12 14 16 18 29 24
results with 70 nb?* of data collected by the ATLAS ex GeV
periment. Shaded histograms show the contribution f My (GEV)

the gauge boson and top-quark production processes. The

open red histogram is the QCD di-jet production processigure 27: Invariant mass distribution of the tree nearby
The prediction of the low-mass mSUGRA model SU4 (emuons, shown for the signal and background processes after
hanced by a factor of 10) is shown by a black dashe@plying all analysis selection criteria. The signal cetssi
line. [?] of thet — pppdecays with tau leptons originating from the

W bosons (green), while the background processes include

. | fracti f th d be ob thé decays of charmed and beauty mesons. Histograms are
tion only a fraction of these decays can be ObServglimajized to an integrated luminosity of 10fbat a center

in ATLAS, namely the decays afleptons originating of mass energy of 14 TeV. Non-shaded area represents the
from theW andZ boson decays. We studied the seBelected mass window for the evaluation of the limits on the
sitivity of the ATLAS detector to the — pppdecay, branching ratio. 7]
where the tau lepton is produced in the decaydfo-
son [?]. This process is characterized by a large mis‘i-l'5 Analyses Summary
ing transverse energy from the non-detectable neu-
trino and by the three nearby muon tracks. The mdfhsummary the MPP physics analyses are well ad-
background processes are the production of charnyéficed. First measurements of the inclusive lepton
and beauty mesons, with their subsequent decays #igributions and of the electroweak gauge boson pro-
muons (see Fig. 27). duction have recently been performed. A variety of
The study with the simulated data shows that tiR@ths are explored in the search for the most appro-
upper limit of BR(t — pup) < 5.9- 107 can be priate variable and analysis strategy to determine the
achieved with 10 fb? of collected data. Extrapolatingtop-quark mass, a measurement that will soon be dom-
this expected sensitivity to higher integrated luminodnated by the systematic uncertainty. In the context of
ties, an integrated luminosity of 100fh has to be the searches for new physics phenomena, many new
collected by the ATLAS experiment to reach the cumethods have been developed to understand the back-
rent best upper limit oBR(T — pup) < 3.2-10°8 ground contribution originating from the above SM
(90% CL) by the BELLE experiment. processes. Strategies for the Higgs boson and super-
In addition to the described study of the leptofymmetry searches are optimized for the highest pos-
flavour violation, we pursue the searches for nofible sensitivity during the early data taking phase.
Standard Model heavy neutral gauge bo@n This Members of the group are actively participating in the
particle is predicted by some extensions of the Stah[LAS efforts and have presented their own and the
dard Model which address the problems of the ma®8ELAS collaboration results at international confer-
hierarchy and the number of generations of lepton a@aces, 2, ?,?2,?,?2,?,7?,7].
quarks.
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