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The cover photo shows two crystals to be used for the CRES8D¢Enic Rare Event Search with Supercon-
ducting Thermometers) experiment located at the Labadrhl@zionali del Gran Sasso (LNGS) in Italy. The
CRESST experiment is designed for direct detection of wetdteracting massive particles, accounting for
the dark matter observed in the universe. The Max-Planstitin fir Physik is substantially contributing to all
essential aspects of the experiment.
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Since long the MPP ATLAS group continuously worl i 1~ =e= Monte Carlob- e -
=m= Monte Carloc- e ]

on the preparation of physics analysis of hadron ¢ B
lision data at the LHC. The results obtained in t 08~
years 1997-2007, including preparatory work bas 0.65
on Tevatron data, are described in the previous C
ports [1, 2, 3], and references therein. 0.4
The present physics studies for the ATLAS exp: -
iment cover a broad physics range. Already at t 0.2
early stage of data taking, a number of Standard Mc C
(SM) processes occur in abundance. These proce O®~"§ 710 12 14 16 18 20 22 24
allow for detailed studies of the detector performan E, [GeV]
as well as for the precision measurement of QCD and
electroweak observables. In this respect the top-qué&iure 1: Monte-Carlo prediction of electron reconstruc-
physics is of particular interest. A good understantion efficiency for electrons from heavy quark afidboson
ing of SM processes is essential also for new discd{gcays after the optimization of the electron identificatio
eries. The ATLAS discovery potential is explored ifi'™
searches for the Higgs boson both in the Standatdo.o7—+—F———F+——1—1——1——1——7—

Model and in supersymmetric extensions, as well @ F Q-e ]
in a generic search for supersymmetric particles. Tﬁeo'%? IL =13.8nb* @ Data 2010 (s=7 Tevf;
ongoing investigations are described in more detail @s 0.05% == Monte Carlo .
low. g r

L 0.04F

0.1.1 Measurement of Standard Model 0.03F

Processes E
0.02F

M easurement of Inclusive L epton Cross Sections .

11lllllllllllllllllllllll

At the LHC pp collision events with highly energy R ‘ | |
electrons and muons in the final provide clean signa- 16 18 20 22 24
tures for many physics processes of interest. A good E, [GeV]
understanding of the inclusive electron and muon cross

section is therefore of great importance. The MPigure 2: Comparison of the measured distribution of the

group contributes to the measurement of the inclusiyansverse energies of prompt electrons foamdb decays
electron and muon cross section [4, 5, 6]. with the Pythia 6.4 minimum bias Monte-Carlo predictions.

At the LHC electrons are produced predominantly
produced in decays of heavy quarks for transveliggy with its experience in muon performance stud-
momenta below about 30 GeV/c and in decay$\bf jes. The measured inclusive mupq spectrum is pre-
andZ boson at higher transverse momenta. The M&4nted in Figure 3 where it is compared with the Pythia
group significantly contributed to the optimization 0§.4 minimum bias Monte-Carlo prediction. The mea-
the electron selection criteria to arrive at an electr@ired spectrum is well reproduced by the Monte-Carlo
selection efficiency which is flat in the transverse E|e§'|-n]u|ation_ The main sources of the muon at trans-
tron momentum (see Figure 1). The first measured {f&rse momenta below 20 GeV/c are in-flight decays
clusive electrons spectrum at a centre-of-mass eneg¥:harged pions and kaons and the decays of heavy-
of 7 TeV at the LHC shown in Figure 2 agrees with thavour hadrons according to the Monte-Carlo simula-
prediction of the Pythia minimum bias Monte-Carlgon. Decays ofW andZ bosons become important
prediction within about 20%. The MPI group confor p; > 20 GeV/c. The contribution of pion and
tributes to the analysis of this discrepancy with inaon decays in-flight to the inclusive muon spectrom-
CreaSing statistics of the inclusive electron Sample. eter will be estimated from data by Comparing the mo-

The MPI group is also involved in the measurgnentum measured in the inner detector with the mo-
ment of the inclusive muon cross section contribut-
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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 Mifentym measurements in the inner detector and the muon
mum bias Monte-Carlo prediction. The Monte-Carlo daiectrometer normalized to the inner detector momentum
is decomposed into the three sources of muons, namelyi{fsasyrements in simulated data. Decays of pions and kaons
flight decays of charged pions and kaons and the decay§Oflight lead to a large tail to positive values as the inner

heavy-flavour hadrons.

detector measures the pion and kaon momentum while the

muon spectrometer measures the momentum of the decay

mentum measured in the muon spectrometer. For |JHO"-
pion and kaon decays in the inner detector lead % 3
large momentum inbalance between the inner dete (9 10

F —e— Data 2010 (/s =7 TeV) L=16.6 b-l E
, - c =16.6 nb ™ 1
and muon spectrometer as illustrated in Figure 4. © | [LJw-w I ]
w F [Coco ]
] Q A

Study of Processes with Electroweak GaugeBosons = 10%F E
5 F [ Jw-w ]
Standard Model processes are studied with the ma C ]
tion of estimating the backgrounds to the produci - 1

of Higgs bosons and supersymmetric particles fi 10

the data and to improve the Monte Carlo simulatic
The processes under investigation are QCD higt
and multi-jet production, forward jet productiolnjet
production, inclusivéV, Z andtt production as wel
asZ — 171~ decays.Z — e"e” andputu~ decays
are being studied for the purpose of detector cali
tion and data quality monitoring. The analysis me 40 60 80 100 120
ods developed will be applied to first measurement m; [GeV]
multi-jet, bb and inclusive W and Z production cross-
sections with the early data. F_lgure 5: Tran_sverse_ mass distributionw_ﬂ My, can-

Figure 5 shows the transverse mass distribution $ifates found in the first 16 nB of pp collision data col-

. . . lected by ATLAS.

theW — pv, candidates in the first 16.6q nbof pp
collision data collected by ATLAS. The measured dis-
tribution is consistent with the Monte-Carlo predictiohoson candidates as can be seen as an excess of entries
and has a negligible background contamination. In tAetheZ mass in the dimuon mass spectrum of Figure
same set opp collision data ATLAS has observedB 6 [7].
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> LI L I L L U B W-bosons decay into @ pair (BR = 44%). In both
G 10°E MC normalized Iz amme channelsmyy, is obtained from hadronically decaying
g to data events = W pv MC W-bosons _and the correspondipg b-jet. _
24092 ﬁ:;hﬁ: The main background reactions to production,
E B 5 5 MG as determined from Monte Carlo simulations, are the
10 B o2 sy MC W + n-jets production, QCD multijet production, sin-
Jr gle top-quark production, and that fraction of ttie

production where the W-boson pair decays via the
other decay channels. The QCD multijet production
process is special due to the huge cross-section be-
fore any cut, such that event samples fully covering
the signal phase space cannot be simulated with suf-
ficient statistics, especially for the lepton + jets chan-
10° nel, where the selected lepton mostly results from a
0 ‘2‘0' : ‘4'0' ‘ '6'0' ‘ 'B'O‘ : 160 =120 Wrongly reconstructed jet. Eventually this background
M,, [GeV] contribution has to be obtained from data. So far, ini-
tial studies of this background based on Monte Carlo
Figure 6: Invariant dimuon invariant mass distribution fos@mples have been performed and methods to evaluate
isolated muonss in the first 16 nbof pp collision data it from the data, like the matrix-method, have been im-
collected by ATLAS. An excess of B events is visible in plemented. The matrix-method was successfully ap-
the distribution consistent with the Monte-Carlo precdjnti p||ed to estimate the background fraction from Monte
Carlo samples with a deliberately unknown composi-

A first measurement of tH&/ production cross sec-tion of signal and background events [8]. In the MPP
tion could also performed and is summarized in Tadivestigations, for the first time thie-jet algorithm has

10"

102

7. been used in top physics analyses at ATLR]] Be-
cause of a better stability against divergences, this al-

0.1.2 Top-Quark Physics gorlt_hm is the(_)retlcally_preferred over the tradltlonally
applied cone-jet algorithm. By now also the experi-

Overview mental advantages became apparent, such that since

The top-quark is by far the heaviest known elemefﬁcently a variant of it, namely the arifijet algorithm
tary building block of matter. The precise knowledgé the ATLAS standard. o
of the quantum numbers of the top-quark helps to fur-At Present the analyses are optimized on Monte
ther constrain the parameters of the Standard Modefl0 Samples and are ready to be applied to the data
and is a mandatory prerequisite for any study of né%be taken Stl|! this ye_ar._The anf_;llyses are mostly per-
physics that will almost inevitably suffer from top_formed assuming the initially envisaged proton-proton
quark reactions as background processes. In additigfter of mass energy qf's = 10Tev and for in-
the top-quark should have the strongest couplings!ggrated luminositiesCin of several 100 pb~. An
any mechanism that generates mass, which makesqV&/view of_ the_ recent activities is given below, the
very interesting object for an unbiased search for tifitial investigations were reported in [2, 3].
mechanism.

The present main interest of the top-quark physiegpton +Jets Channel

analysis work of the MPP group is the investigatiofipe |epton +jets channel is the best compromise
of the tt production process, and particularly the dgs pranching fraction and signal-to-background ratio
termination of the mass of the top-quankidp) and (g/B), defined as the ratio of signal events to physics
the production cross-sectionif) in the reactiontt —  p5ckground events. Therefore most of the effort is in-
bb Wrw™. vested in this channel. At MPP a number of analyses
The analyses use two decay channels of the Waye heen performed to arrive at the most sensitive ob-
boson pair, the lepton+jets channel, where the \Wsnyaple and analysis strategy for obtaining, from
boson pair decays intw qqf with £ = e, p(branching {he invariant mass of the three jets assigned to the de-
ratio, 5R = 30%) and the all-jets channel, where botf,y products of the hadronically decaying top-quark.
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| | W | W | W= |
Electron channel

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

Muon channel

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

Figure 7:Results for the fiducial cross sectiomggy (for [n| < 2.5) and total cross sectiamo; for W+, W, andW= in

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

Different event- and jet selection algorithms, obsertial state is balanced ipr, to account for the neutrino
ables, jet calibration schemes (see 8%, and fitting a missing transverse energy of more than 20 GeV is
methods have been exploited for this. required. In addition, at least four jets are required

In the lepton + jets channel the charged lepton wittithin the same range of rapidity, and having trans-
a high transverse momentdinfpr) from the decay verse momenta of more than 40GeV for the three
of one W-boson is utilized to trigger and identify thaighestpr jets, and more than 20 GeV for the fourth
event, and to efficiently suppress background withget. All jets should be well separated from the identi-
genuine charged leptons, i.e. from the QCD multijéed lepton. Given the different emphasis of the ana-
production. In general, the event selection for the lefyses, these requirements are slightly modified or ad-
ton +jets channel requires anisolated electron or mutitional requirements like the presence of identified b-
within the good acceptance of the detectors, which hats, or restrictions to the reconstructed invariant mass
a transverse momentum of more that 20 GeV and liglsthe W-boson are imposed. With these selections,
within the rapidity range ofn| < 2.5. Since the ini- for each lepton sample an average signal efficiency of

n , _ . about 10% is reached, and the S/B is aboht 1

__In the ATLAS right-handed coordinate system thaxis The standard assignment of jets to the top-quark and
points towards the center of the LHC ring, tlyeaxis points
upwards and the-axis points in the direction of the counterth® W-Boson are as follows. For each event, from
clockwise running proton beam. The polar angleand the all jets with pr > 20 GeV the three jet combination
azimuthal angleg are defined with respect to treaxis and whjch maximizes the transverse momentum is chosen
x-axis, respectively. The pseudo-rapidity is definednas= to form the hadronically decaying top-quark. This al-

—In(tan(8/2)) and the radial distance ifm, @) space isAR = . . -
VANZ + A gorithm is named thgpr-max method. Out of this,
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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 two jet pair with the smalle&R is taken to repre- that should have a smallR. This algorithm works
sent the W-boson. A typical top-quark mass spectrumithout explicitly using b-jet identification, instead
observed with these requiremen®, [and only using from a pr ordered jet list the first two jets are assumed
signal events and W + n-jets events, is shown in Fig.t8.be the b-jets and the next two jets to stem from the
In this example, the spectrum is fitted with a Gaus¥y-Boson decay. On these jets the angular require-
sian function to parameterize the correct combinatioments are applied. Whether the decrease in statistical
leading to the top-quark mass and width, and a syomecision compared to ther-max method is compen-
of Chebyshev polynomials used to describe the eveséded by superior features like an improved resolution,
stemming from the sum of the physics backgrourmt a smaller bias in the reconstructed mass, is under
events and wrong jet combinations in selected sigr@lestigation.
events. The Gaussian part of the fit is also shown sepbue to the presence of the decay of the top-quarks
arately and compared to the red histogram made framat correlate the W-Bosons and their corresponding
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 thecgerrelation of the observed jet structure than the back-
constructed four-vector of the jet triplet coincides witground processes without top-quarks. The separation
that of the top-quark to withidAR = 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 imes at which aM-jet configuration is reduced to an
the peak region around the generated top-quark méds— 1)-jet configuration. In a multivariate analysis
of 1725 GeV, secondly that the shape of the comht-was found that th&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?]. 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 otheedal- the invariant mass of the charged lepton and its as-
gorithms to select the jet triplet, or by exploiting adsigned b-jet, or th&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-callgkR 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 largdR, and the two light-jets A kinematic fit exploiting as constraints the known
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Figure 11: In-situ calibration of the W-Boson mass as
AN 3 function of the light-jet energy.

100 150 200 250 00
m, , [Gev] light-jets and b-jets. Therefore, one of the most im-
portant features of angp estimator is the stability
Figure 10:The top-quark mass distribution when applyinggainst the variation of the JES. To minimize the JES
a constrained fit selection. uncertainty on the measuret,, two paths are fol-
lowed: one is a calibration by means of the known W-
W-Boson mass both for the leptonic and the hadroriieson mass\{,>®) to obtain the JES for light-jets, the
W-Boson decays, and in addition the equality efther is exploring the stabilized top-quark masgg’
the two corresponding reconstructed top-quark masse€ below) to be as independent as possible of the ac-
mainly serves three purposes. Firstly, it increases thal JES value, without actually determining it.
efficiency for selecting the correct jet triplet by mak- In the lepton +jets channel an iterative in-situ cali-
ing more detailed use of the entire event. Secondpyation of the JES for the selected events has been per-
it provides a quality measure, namely the probabilifprmed [11]. Jets are treated in the massless limit with
P(x?) of the fit, to better suppress background event#ichanged reconstructed angles, such that any change
Finally, it improves on the resolution of the top-quarka the invariant two-jet massv{jy“° can be expressed
mass provided the uncertainties of the measured quiénenergy dependent JES factors. The jet calibration
tities and their correlations are properly understodéien makes use of the fact the(y° calculated from
something that is only expected after a larger data #& jets assigned to the W-boson decay has to match
has been analyzed. Compared to themax 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%fasgtors, which are consecutively applied per iteration,
the background events can be removed [10] by requife shown in Fig. 11 for the initial situation, thé&9
ing P(x?) > 0.15. An example of such a selectiofteration and the final result. The flatness of the cali-
for events with four reconstructed jets and requiririyation factors of the®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. 8agring 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{PC®. When applying this global
mations are made for the resolution of the objects, thealing method the uncertainty oo, from the JES
possible improvement in the mass resolution is not y#hcertainty is considerably reduced [11].
exploited. The variablensggbis calculated as the ratio of the re-
The largest systematic uncertainty in any deterngionstructed masses of the top-quark and the W-Boson
nation ofmyp stems from the imperfect knowledge ofandidates from the selected jet triplet. For conve-
the jet energy scale (JES), which depends on kinematience this ratio is multiplied byv;°®. The main
properties likepr andn of the jets, and is different forconsequence of usingga’is a strong event-by-event
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25— be about B GeV for each channel, still dominated by

20 the systematic uncertainty from the JES for light jets
-'-rnll)p -

15 - and b-jets [12].

10 The determination of the combinatorial- and

physics background from data rather than from Monte
Carlo samples likely results in a reduced systematic
uncertainty. For this purpose a data driven method
o was developed that explores thggs® and Rop =
ATEAS. Hreiminany MiSSe/MiEee distributions at the same time. The idea
09 0o 1 105 11 is to use e.g. the events from the sideband region of
JES the migs° distribution to predict the shape of the back-
ground contribution to thép distribution. An ini-
Figure 12:Stability of m{ss°andniia®against JES changestial investigation ignoring possible shape differences
of the combinatorial- and physics background, and us-

shift of peak position [GeV]

-10
-15
-20
-25—

> 140 ‘AT‘L\A‘S‘P}AM‘"@& T e ] ing a s_imple four-vector_smearing approach, yi_elds
O ool Simulation  w.oo... Best Fit bakground ] promising results, and will be extended to fully sim-
2 Best Fit i + background ulated Monte Carlo events and eventually data.
é 1001~ M, = 171.2 3.2 Gev I A direct fit to the migs° distribution and the tem-
TR - plate method lead to different systematic uncertainties.
An analysis is underway to systematically compare the
oo two approaches. This is done for tpg-max and for
401~ a selection method that defines the top-quark as the jet
20l triplet with the minimum sum of the thre®R values.
Concerning the cross-section measurement an ini-

0=060 500500400 500 600 —voo  tial investigation of a cut and count analyses with

mzp’ [GeV] and without using b-jet identification has been per-
formed [14]. It exploits the lepton +jets channel at
Figure 13: Pseudo-experiment mimicking early ATLASYS = 10TeV and forliy = 200pbt. Within the
data in the muon channel. systematic uncertainties investigated the total system-
atic uncertainty estimated is about 30%.

cancellation of the JES dependence of the three-jet

and two-jet masses in the mass ratio, while retainiAgl-Jets Channel

the sensitivity tamyp. The quantitative gain in stabil-|, the all-jets channel only jet requirements and jet
ity when usingmiz3instead of the jet triplet invariantyopologies can be used to separate the signal from the
massmigp© is apparent from Fig. 12 taken from [12}5ckground reactions. Consequently, this channel suf-
Using this variable a template analysis has been deygls from a much higher background from the QCD
oped [8, 13, 12]. In this analysis Probability Density,itijet production. Here, events with isolated lep-
Functions (PDFs) are constructed from templates ghs are vetoed, and the missing transverse energy is
the signal events at various assunmagy values and required to be consistent with zero. In addition, at
from a template of the combined physics backgroupghs; six jets, not consistent with being purely electro-
events. The signal PDF linearly depends miap, magnetic, and two of which are identified b-jets, are
whereas the background PDF does not. Using pseuF&]‘uired within|n| < 2.5. By exploring the trans-
experiments for a given luminosity the sensitivity Qferse energies of the jets and the angular correlation
the method, together with the systematic uncertaintissine two b-jets, the S/B is improved by several or-
from various sources, has been estimated. An exajgis of magnitude to about 1, while retaining a

ple of a pseudo experiment is shown in Fig. 13 f@fyna efficiency of about 10%. In this procedure the
the muon channel and fay's = 10TeV andLint = se of b-jet identification is absolutely essential. In
100 pb L. For this situation the statistical uncertaintéddition, the availability of a multi-jet trigger with ap-

for the combined electron and muon channel is abQjppriate thresholds is imperative to not loose the sig-
2GeV. The total systematic uncertainty is estimated{g)| events already at the trigger stage. This involves
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a delicate optimization to retain a sufficiently high efnass values below 93 GeV, as well as thefamlues
ficiency for the signal events, while not saturating theelow 2. For arA boson mass of up to 200 GeV, also
ATLAS readout system with the QCD multijet eventghe high tarf3 values above 40 are excluded.

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

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

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

In summary the MPP analy'ses in the Top Physics atea, cnes are being optimized for the initial LHC op-
are well advanced. A variety of pa_ths are ,eXploreeqation at a centerer-of-mass energy of 7 TeV. With a
in the _search for the most_appropnate variable aﬂQativer low expected total integrated luminosity of
analysis strategy to determine the top-quark mass; ?D—l, the Higgs boson discovery is rather unlikely
measurement that will soon be dominated by the Sygije; thege operating conditions. However, the al-
tematic uncertainty. The methods in hand allow forlgWeol Higgs mass range can be constrained beyond

cross-calibration of the result for gaining confidence {He present experimental limits, as summarized in [18].
their stability. Members of the group are actively par-

ticipating in the ATLAS efforts, and have presente .

Top Physics results from the MPP group and beyof@e Standard Model Higgs Boson

at international conferences [15, 16] The expected potential for the Standard Model Higgs
boson discovery is shown in Fig. 14. In the mass range

0.1.3 Searchesfor the Higgs Boson

=
[e0]

The origin of particle masses is one of the most ir 3 .

portant open questions in particle physics. Inthe Ste 16|~ ATLAS oo

dard Model (SM), the answer to this question is co % Ll L=10 ot vy

nected with the prediction of a new elementary par 3 WWOj - evpy

cle with neutral charge, the Higgs bosn The mass ~ § 12| T WW2j - eviy
()

my of the Higgs boson is an unknown parameter
the theory. The experimental lower bound of 115 Ge
has been set by the LEP experiments, while the rec
searches at the Tevatron have excluded a SM Hig
boson in the mass range of X62ny <166 GeV. The 4
theoretical upper limit of about 800 GeV still leaves
wide mass range to be explored.

In the minimal supersymmetric extension of th S0 w0 300 a0 =0 s00
Standard Model (MSSM), the Higgs mechanism pr m,, (GeV)
dicts the existence of five Higgs bosons, three neut
(h/H/A) and two charged ongs*. Their production
cross-sections and decays are determined by two ingi§ure 14:Discovery potential of the ATLAS experiment

pendent parameters, e.g. the ratiofiaf the vacuum for the Standard Model Higgs boson. The statistical signif-

. . . icance expected for an integrated luminosity of 10%lat a
expectation values of the wo Higgs doublets in th(':Senterer of mass energy of 14 TeV is shown for the different

model and the mass, of the pseudoscalar Higgs bOpiggs decay modes and their combination as a function of
son. Current experimental searches at LEP and Tey@rHiggs boson mass,.

tron exclude at a 95% confidence level thedoson

=
o
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above 180 GeV, the key discovery channelisthe Higg e U85 TEV
decay into four charged leptons via two intermediat¢ g
Z bosons. The lower mass range can only be covere 5 — Median

by the combination of searches in several Higgs dece = M Medians 10

modes. 2 10

mi

The clearest signature is found in the four-lepton de
cay channeH — zZ*) — 4¢ which also allows for
a precise Higgs mass measurement. The reconstrt 8
tion of this channel strongly relies on the high leptor &
identification efficiency and good momentum resolu- i ]
tion of the ATLAS detector. The reduciblébb and
tt background processes can be suppressed by me: | _
of the Z boson mass reconstruction and the require
ment of a low jet activity in the vicinity of each lepton. L
The remaining reducible background is small com 150 200 250 300 350 400 450 500 550 €
pared to the irreducibl&Z*) background. In addition My (GeV)
to the optimization of the analysis selection criteria
our studies include the detailed evaluation of the the
oretical and experimental systematic uncertainties fc
both signal and background processes [19]. We als
evaluate the potential to exclude a part of the allowe
Higgs mass range in the initial phase of LHC opera
tion [20], including the development of the methods
for the precise determination of the background con
tributions from data. The expected exclusion limits ILdt=1 b’ \5=7 Tev
are shown in Fig. 15 (top picture). The best uppe  10%15 956136 146 150 160 170 180 190 00
limit on the Higgs boson production, obtained for the M.[GeV]
Higgs mass around 200 GeV, is still about a factor of
two above the Standard Model prediction. The exclgigure 15: Expected upper limits (95% confidence level)
sion reach is especially low in the mass region arouegd the Standard Model Higgs boson production rate in the
160 GeV, where thel — ZZ* decays are strongly supH — zZ*) — 4¢ channel alone (top picture) and after the
pressed by the Higgs boson decays into two on-sielcombination with thed — WW — fvfv andH — yy
bosons. channels (bottom picture), shown as a function of the Higgs

. . . mass at an integrated luminosity of 1fband a centre-
Due to the high branching ratio for the deddy— of-mass energy of 7 TeV and normalized to the Standard

WHW™ — (¢v)(év), the Higgs boson with a mass belt_/lodel prediction. The bands indicate the 68% and 95%
tween 140 GeV and 180 GeV can be excluded in tijebability regions in which the limit is expected to fluctu-

channel during the initial phase of LHC operation. late in the absence of signal.
combination with the four-lepton decay channel, the

exclus;on ref;g g S\I/'q[hﬂilglg] gro\\//ed to;]: Over.thﬁ.ma?%sction criteria in this context [21], we have developed
fange from evio €V, as snown in =1g. ]a new algorithm for the jet reconstruction [22, 23],

(bottom picture). Due to the two neutrinos in the f\/'vhich is used for the suppression of thandw+ jets

na | state of the Higgs decays Intg bos_ons, no pre- backgrounds to the Higgs production via theor Z
cise measurement of the Higgs mass is possible. P

. L o qrgfjge boson fusion. The algorithm reconstructs the
cise determination of the background contributions. using particle tracks in the inner detector instead
therefore required to exclude the presence of sigtja?

. . energy deposition in the calorimeters. The inner
events. For this purpose, we are measuring the St

dard Model back d th (L tector tracks can be associated to common vertices
ard Mocel background processes with presen leading to a jet reconstruction probability which is in-

data. T.heH — WW glecay chanr_1e| also allows for Al ensitive to the presence of multiple proton-proton in-
early Higgs boson discovery during the LHC operatlo[grac,[ions per beam collision (pile-up events).

at 14 TeV. Parallel to the optimization of the event se- In the mass range below 140 GeV, the Higgs boson

CLI

LB R B LA BN IR
ATLAS Preliminary (Simulation) _|
------- WW+ZZ+yy Combined
[
[ J+20

=
o

=

95% CL Upper Bound on c/ogh';lo
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e
= /I + Ih - channel
== /h - channel

predominantly decays intob pairs. Due to the large
contribution of QCD background in the gluon-fusiol
production mode, this decay can only be triggered a
discriminated from the background in the productic
mode of the Higgs boson in association wittt @air.

Our studies have shown that the discovery potential
theH — bb decay channel is very much limited by th 3

L I I B
Reference cuts

= I/l - channel

Significance [o]

\
I
ff

large experimental systematic uncertainties [24, 25] 4 _i—

H A\\
The second most frequent mode which can be ¢ 20— —
served in the mass range below 140 GeV is the de« 08910 418 120 i2e 930 13s
intoat™t~ pair. This decay can only be discriminate my [GeV]

against the background processes inthe Higgs prod...
tion mode via theN or Z gauge boson fusion where 2 7- ANN analysis

tvyo additional forward jets in th_e final state provide S /0/‘\\
signature for background rejection. The decay moc & /
with both T leptons decaying leptonically{ mode) £ 5 S

igni

as well as with one hadronic and one leptoridecay
(¢/h mode) have been studied ([26], [27]). The eve
selection criteria have been optimized using multiva 3
ate analysis techniques. With a neural network bas

/ — T
/ e ——
" ==/l + Ih - channel

== /h - channel

o ) o 2
background rejection method, the signal significan E= /- channel
is improved compared to the standard analysis with =208 910 418 120 25 930 135
quential cuts on the discriminating variables, as sho my [GeV]

in Fig. 16.

_ Figure 16:Discovery potential for the Higgs boson search
Higgs Bosons Beyond the Standard Model (MSSM)  in theH — t+1~ decay channel, shown separately for the

o > -
The searches for the three neutral Higgs bosons gHYY leptonicT"t™ decay mode), semi-leptonic mode
¢h) and their combination at an integrated luminosity of

dicted by the MSSM differ to some extent from th 0 fo~! and a center-of-mass energy of 14 TeV. The results

searches for the SM Higgs particle. The neutral Higg obtained using the standard analysis with sequential cu
decay modes into two intermediate gauge bosons gkehe discriminating variables (top picture), as well as fo
suppressed in MSSM, while the and H boson de- neural network based analysis (bottom picture). The shaded
cays into charged lepton paigs; i~ andt™1~ are en- bands indicate the effect of the experimental systematic un
hanced compared to the Standard Model. The |aggftainties.
decay channel has an about three hundred times higher
branching ratio compared to the first one but is mopetential taknig into account the theoretical and exper-
difficult to reconstruct and provides a less precis@ental systematic uncertainties [29]. The invariant
Higgs mass determination. dimuon mass distribution after all analysis selection
Our studies of MSSM Higgs decays into twdep- criteria is shown for the signal and dominant back-
tons are summarized in [28]. The dominant backround processes in Fig. 17. The domin&nts ptu~
ground contribution originates from th& — 1"t~ andtt background contributions are rather large com-
andtt processes and can be suppressed by the requiegred to the signal and are subject to sizeable exper-
ments on thé quark jet reconstruction and large angumental systematic uncertainties, particularly with re-
lar separation between the two decaying leptons. Thisrd to the jet energy scale. It is therefore important to
channel provides the highest sensitivity reach for théeasure this background contribution with data. This
neutral MSSM Higgs bosons. can be done by combining the information from the
Motivated by the excellent muon reconstruction iside-bands of the invariant dimuon mass distribution
the ATLAS detector, we also study the prospects faith the measurements on tleée~ control sample.
the search in the channel with MSSM Higgs boson dehe later is motivated by an almost vanishing Higgs
cays into two oppositely charged muons. The evasdson decay probability into two electrons, while the
selection criteria are optimized for the best discovelyackground contributions are similar for the dimuon
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able exclusion limits. The exclusion reach with early

e L bb(lA Sup) ‘ mm oon  ATLAS t data at a center-of-mass collision energy of 7 TeV
< WE _ e e has been evaluated for thgH /A — -~ channel

> i trg'ﬁ[s e t ] in [32], see Fig. 19. At an integrated luminosity of
j’gj 10° | _ 0t e 1 fb~! one cannot improve the current limits reached
w B by the Tevatron experiments using this channel alone.

|

m,=200 GeV However, its combination with searches in a more sen-
sitive h/H/A — 171~ decay channel allows for an
improved coverage of th@na, tan3) parameter space.

T T
7

|

ul

B0+ ©

150 200 250 300 350
My, (GeV)

[E=Y
T

50

“"ATLAS Preliminary

o =" (Simulation)

30 h/HIA - g

----@---- >0 b-jets, no uncertainties

Figure 17:Invariant dimuon mass distributions of the mai
backgrounds and th& boson signal at masséé, = 150,

200 and 300 GeV and tfi+= 30, obtained for the integratec 20

tan 3 for 95% C.L. exclusion

—s— >0 b-jets, with uncertainties

luminosity of 30 fo! at a center-of-mass energy of 14 Te\ 10 pp: \s=7TeV,L=1fb *
Only events with at least one reconstructeduark jet in m™-scenario
the final state are selected. T I T R T S T v S—TT

m, (GeV)

and the dielectron final states. The expected ratio of

invariant dielectron and dimuon mass distributions fdgure 19: The tar@ values needed for an exclusion of
shown in Fig. 18 after all analysis selection criteri@e neutral MSSM Higgs bosons shown as a function of
and after correcting for the different electron and mudpf Higgs boson massy, for the analysis mode with at

east one b-jet in the final state. An integrated luminosity
reconstruction and identification efficiency. We per- _
of 1 fb~! and a center-of-mass energy of 7 TeV are as-

sumed. Dashed lines represent the results assuming zero
uncertainty on the signal and background, while the full

1.8F T T T T T T T T T T T 7 . ) .
16l- total background 3 lines correspond to the results with both signal and back-
- 14l 3 ground uncertainty taken into account.
= 12; =
I O;,_ — === ] The light neutral MSSM Higgs boson is difficult
Z ek 4 todistinguish from the Standard Model Higgs boson.
0.42— Fit: Ny, /N, = 0.954732% 0.007967 — Clear evidence for physics beyond the Standard Model
03700 710 720 Ta0 740 750 760 10 7e0_ 0 200 _zio  would be provided by the discovery of charged scalar

invariant mass [GeV]

Higgs bosons. We have studied the prospects for the
search for the charged MSSM Higgs bosons in the de-
cay channeH* — t*v; which dominates for rela-
tively small Higgs masses below 200 GeV [33, 34].
The charged Higgs bosons are produced in top quark
decays inpp — tt — (bH*)(bWT) events. The
form a detailed study of the background estimatidnleptons fromH= decays are reconstructed in their
from data in [30, 31]. The presented method atadronic decay modes while th& bosons from top
lows for a significant decrease of systematic uncerta(iﬂJark decays are required to decay leptonically. Since
ties and thus in the imroved sensitivity reach for tHé™ mass cannot be reconstructed because of the unde-
MSSM Higgs boson search in the'u~ decay chan- tected neutrinos in the final state, these events can only
nel. Especially during the initial phase of LHC runbe distinguished as an excess of events with recon-
ning with the limited amount of data, the introduce8tructedr leptons and large missing transverse energy
control data samples are essential for obtaining re#Pove the high background of standard model decays

Figure 18: Ratio of the dilepton invariant mass distribu-
tions for theete~ control sample and the totpl u— back-
ground for the Higgs search in thgA/H — ptp~ chan-
nel, shown for an integrated luminosity of 4fb.
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of top quark pairs.In Fig. 20, the discovery region iarder to suppress the processes violating the barionic
the(mﬁ, tanp) plane is shown for a charged Higgs baand leptonic quantum numbers, R-parity is introduced.
son in the above production and decay mode assumirige consequences of R-parity are that supersymmetric
different amounts of integrated luminosity. The thegarticles must be produced in pairs and each will decay
to weakly interacting lightest supersymmetric particle
‘ ‘ via decay chains involving production of quarks and
- ] leptons. Therefore, the SUSY events at LHC are char-

50 discovery sensitivity

60

50 1 acterized by the large transverse missing energy, high

45 1 energetic hadronic jets and leptons.

40 1 Supersymmetry requires equal mass for the parti-
« P 1 cle and its superpartner. As the supersymmetric part-
g %o ] ners of Standard Model particles are not observed so

zz [0 far, SUSY must be a broken symmetry. A model with

ol I -0 ﬂjl'l ] SUSY breaking mediated by gravitational interaction

Lol ScenarioB . ] is called MSUGRA and is described by the common

sl ATLAS | boson mass and common fermion mass at energy scale

T P T ST above 16° GeV, where the electroweak and strong in-
m,- [GeV] teractions are unified (GUT scale).

_ _ The searches for SUSY signatures with R-parity
Figure 20:The tarp values needed for a discovery of thegnservation in ATLAS are performed by searching an
charged MSSM Higgs bosons shown as a function of {ag.ass of events in various channels. These channels

Higgs boson massy, + for different levels of integrated Iu-e lore a large varietv of possible signals. e dif-
minosity. A center-of-mass energy of 14 TeV is assumecf(p 9 y orp 9 » €.9.

The decay$i* — T+, can be discovered with at least 5 fef"rent jet and lepton multiplicities. Fig. 21 showsx_S—
significance in all shaded regions of the parameter spacdliscovery reach for the nSUGRA model for the 4 jet 0

lepton, the 4 jet 1 lepton and the 2 jet 2 lepton channels
retical and experimental systematic uncertainties hamghe parameter space of mnMSUGRA model defined by
been taken into account. We have developed the meathmmon mass of fermiom, , and common mass of
ods to decrease the original instrumental backgoupasonsr at the GUT scale.
uncertainty of 50% down to 10% by means of the con- The Standard Model processes with similar signa-

trol measurements on data [34, 35]. ture are top quarkgt) and gauge boson¥\ and Z)
production. In these processes the large transverse
0.1.4 Search for Physics Beyond the missing energy is originated from weakly interacting
Standard M odel neutrino. These processes constitute the main back-

ground to SUSY searches at LHC. Jet production from
QCD process with “fake” transverse missing energy
Supersymmetry (SUSY) is the theoretically favoure@figinated from jet energy mis-measurement is another
model for physics beyond the Standard Model. TH@portant source of the background. Itis expected that
new symmetry uniting fermions and bosons predicé LHC the Monte Carlo prediction will not be suffi-
for each Standard Model particle a new supersy®i€nt to achieve the good understanding and the con-
metric partner with spin quantum number differing bifol of the background to SUSY searches. Our studies
1/2. Supersymmetry provides a natural explanati@ie concentrated on the data-driven estimation of the
for Higgs boson masses near the electroweak scaleb@gkgrounds to SUSY searches, which is a key point
addition, the lightest stable supersymmetric particlegéearly discovery of SUSY by ATLAS detector.
a good candidate for dark matter. Another theoreticalWith Monte Carlo simulations we have studied
problems which can be solved by SUSY is the unificaethods for determining thét background from
tion of the fundamental forces. data [36]. The background estimation is performed by
If the mass scale of the SUSY particles is acces8glecting the SUSY-free “control sample” from which
ble at LHC, the squarks and gluinos (the superpaifte prediction of background is derived. Tttepro-

ners of quarks and gluons with spin 0 an@1respec- duction with top quark decays involving thelep-
tive|y) will be Copiou3|y produced |rp)p collisions. In tons and non-reconstructed electrons or muons is es-

Supersymmetric Particles
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Figure 22: Number of b-jet pairdNy_ jetpairs Passing the
kinematic requirements of process with both t-quarks de-
cayed to b-quark, neutrino and lepton (electron or muon).
The Np—jetpairs > O region is mainly populated ky. This
region is used as a “control sample” for the estimations of
background witht-lepton and non-identified electrons

m, (GeV)

Figure 21: ATLAS 5-o0 discovery reach for the the
mMSUGRA model for the channels with various jet and le

ton multiplicity in the parameter space of mMSUGRA modg d muons in SUSY searches with one lepton. The bin

defined by common mass of fermiom,;, and common b_jetpairs = O is filled by the gauge boson production pro-

. N
mass of bosorsy atthe GUT scale. The dl_scovery reachi esses and by the SUSY events simulated by two typical
estimated for the center-of-mass energy is 10 GeV and

integrated luminosity is 20pb—. Sdels labeled SU1 and SU3.

§ T T T T [ T T T T [ T T T T [ T T T T [ T T 1T

>

> I T T
timated from similar events with identified muons & S 10°] Q&Sastiﬂf“mmary {}vﬁbj%tqsqlv E
electron. The “control sample” composed mainly }' g CJtt-bbaqv ]
events where both top quarks decayed to b-quark, & th?EJE v
trino and lepton (electron or muon) is selected by 8 a0 | BEAR 0 -
plying the set of kinematic constrains particular tot 2 % E
process. The resulting variable, denoting the nun g 0 ]
of b-jet pairs passing the kinematic constrains is L E §
to separate the signal region into SUSY-dominatec N
gion andtt-dominated region. c § i ‘ |

Similar strategy is used for isolation of the cc 0 100 200 300 400 (Ge\?;)o

trol sample withtt events with one top quark decay Mhad
to jet, neutrino and lepton (electron or muon), and

the other top quark decayed to b-quark and two lighigure 23: Distribution of invariant mass of tree nearby
quarks [37]. In this case the discriminating variable jets. This variable used for the selection of the “control
the invariant mass of three close hadron jets, whichSRmple” oftt events with one top quark decayed to jet, neu-
close to mass of the top quark fitrevents. trino and lepton (electron or muon), and the other top quark

— . . ecayed to b-quark and two light quarks. This “control sam-
Thett events with tau leptons produced in tOp'quagie“ is used to derive the data-driven productiontdfack-

decay are reproduced by the events of the “contibynd in SUSY searches with no-lepton signatures. The
sample” by replacing the electron or muon with a taitrows show the chosen window for this variable. The Stan-
lepton and simulating the tau lepton decay. Similatard Model contributions are shown by the stacked hatched
the contribution with non-identified electron or muohistograms. The SUSY contribution for two typical SUSY
is reproduced by treating the lepton as if it had nBISUGRA models labeled as SU3 and SU4 are overlaid.
been identified.

We analyzed a set of the most important kin@010 [38]. We find good agreement between data and
matic variables for the first 70 nb of data collected Monte Carlo simulation indicating that the Standard
by ATLAS experiment during the period March-Julyodel backgrounds to SUSY searches is under good
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10° 3 Of atau leptort — pup Although the Standard Model
— iJé’Ei;‘ﬂ;Y" Monte Carlo§  predicts very small branching ratio for this decay,
....... SU4 signal f B(T N uuw < 10—147

—— ti-bb qg Iv, estimated
\ ; Over estimate due o SUS]  gome extensions of the Standard Model, such as SUSY
by [ Over estimate due to SU47] . .

and models with double charged Higgs Boson, pre-
dicts sizable value for it. Therefore, the measurement
of branching ratio of — pppwill put stringent limits
; on the parameters of these models.
m During one year of data-taking at the low luminos-
= 117 Mo R ; ; 2
100 200 300 40000606 o6 "a50 _9(‘)0 0o Ity phase ATLAS will collect 162 1 Ie_pton decays.
E™s(Gev) Due to severe background only fraction of these de-

cays can be observed in ATLAS, namely decays of

Figure 24:Distribution of transverse missing energyttn T lepton .p.rc_)duced via W and Z bosons. We studied
events. The solid line shows the Monte Carlo estimate, dip€ sensitivity of the ATLAS detector to the— uup

cles show the result of data-driven estimation. The shadé@cay, where the tau lepton is produced by decay of
histograms show the increase of data-driven estimates¥hboson [39]. This process is characterized by large
the presence of SUSY signal (represented by SU3 and Stihsverse missing energy produced by non-detectable
models) in the “control sample” and the dashed lines showgytrino, and by three nearby muon tracks. The main
the SUSY signals stacked on the toptobackground.  y50kground processes are production of charmed and

beauty mesons, with following decay to muons.

_ ATLAS preliminary
;. Simulation

No. Events / 200pb™/ 40 GeV
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Figure 25: Distribution of missing transverse energy foFIgure 26; In:j/at:iant massddistribu_ttiﬁrl of Itrete nearby

events with two jets. Black points shows the first 70-hb muor:js prov\lljcbe y = HHU ecda);)w;h iu ip on p(;o-

of data collected by ATLAS experiment during the perio((-!luce via POSON (green) and by the background pro-
l9_ssed, including decay of charmed and beauty mesons. All

March-July 2010. Shaded histograms shows the contrif§ ioct " tofth ton the sh iabl
tion of gauge boson and top quark production process%é%.ec 1on cuts exceptofthe cut on tn€ shown variable are ap-

The open red histogram shows the QCD di-jet producti lied to the Monte Carlo data, normalised to the integrated
inosi 1
process. The prediction of low-mass mMSUGRA model S inosity of 10 fb". Non-shaded area shows the cut on

(enhanced by factor 10) is shown by black dashed line. the invariant mass of trge muons.
The study with the simulated data shows that the up-

per limit of B(t — ppp < 5.977 can be achieved

control. with 10 fo~! of collected data. With the expected sen-
sitivity, an integrated luminosity of 100 i3 has to be
Other Extensions of the Standard M odéel collected by ATLAS experiment to reach the current

est upper limit oB(t — puy) < 3.278 (90% CL) of

Since the discovery of the neutrino flavour oscillatimp i
e BELLE experiment.

it is known that the lepton flavour is not conserved i
particle interactions. One of the lepton flavour violat- |, 4qdition. we pursue searches for non-Standard
ing process accessible at LHC is a neutrinoless deggyqq| heavy1 neutral gauge bosa predicted by
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