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The cover photo shows two crystals to be used for the CRESST (Crigogare Event Search with Supercon-
ducting Thermometers) experiment located at the Laboratori NazionaGm@el Sasso (LNGS) in Italy. The

CRESST experiment is designed for direct detection of weakly interactirsgineaparticles, accounting for

the dark matter observed in the universe. The Max-Planck-Indiiturfiysik is substantially contributing to all

essential aspects of the experiment.



Contents

1 The ATLAS Experiment at the Large Hadron Collider LHC
1.1 The Muon Spectrometer . . . . . . . . . e e
1.1.1 Muon Detector Software . . . . . . . ...
1.1.2 Measurement of the Performance of the Muon Identification in ATLAS. . . . . .
1.1.3 Detector Development for ATLAS Upgrades . . . . . .. .. .. ... ... ..
1.2 ATLAS PhysicsS Analysis . . . . . . . . .
1.2.1 Measurement of inclusive lepton cross sections . . . . . .. .. . . ... ...
1.2.2 Study of Standard Model Processes . . . . . . .. .. ... .. ... ...,
1.2.3 Top-Quark Physics . . . . . . . . . . e e
1.2.4 Searchesforthe HiggsBoson . ... ... ... ... ... .. ... .. co..
1.2.5 Searches for Supersymmetric Particles . . . . . . . . .. ... .. ...
1.3 Publications . . . . . . L e

w W

12
12
13

17
22



CONTENTS



Chapter 1

The ATLAS Experiment at the Large Hadron
Collider LHC

1.1 The Muon Spectrometer of 3080 V) and provide a position resolution of about

80um . The sense wires are positioned within a cham-
The muon spectrometer [1, 2] of the ATLAS experper with an accuracy of better than @ in order to

ment is equipped with three layers of muon detectoghieve the required spatial resolution of the cham-
in a toroidal magnetic field of 3 6 Tm bending power pe(g (3],

generated by a superconducting air-core magnet sysy, the years 2001 to 2006, 88 MDT chambers were
tem. The spectrometer is designed to provide mughnstructed at the MPI [4] containing about 36000
momentum resolution of better than 10% for trangsift tubes of 38 m length. They cover about 15% of
verse momenta up to 1TeV/c over a pseudo-rapidilye active area of the spectrometer. The installation
range ofin| < 2.7. This requires a very accurate trackf these chambers in the outermost layer of the barrel
sagitta measurement with three layers of muon detgest of the spectrometer took place in 2005 and 2006.
tors which have to be aligned relative to each othepe commissioning of the chambers in the ATLAS de-
with an accuracy of up to 3@m in the bending direc- tactor was completed in summer 2008, just before the
tion in the magnetic field. Drift chambers with verngist of LHC data taking [5, 6, 7]. The one year long
high spatial resolution of 40m, the Monitored Drift jnterruption of the LHC operation caused by severe
Tube (MDT) chambers, have been developed to COfam magnet failures in September 2008 was used to
the active area of the spectrometer of 5560with ¢jibrate and align the muon spectrometer and to com-

only 5% gaps mainly in the region of the detector feghission the muon identification with muons from cos-
The cylindrical central part of the spectrometer (bags;ic rays.

rel) contains eight race-track shaped magnet coils of
25m length and 5m radial Wldth. The layout of thﬁ.l.l Muon Detector Software
muon chambers follows the eightfold symmetry of the
magnet around the proton beam axis in eight small ahlde MPI group is contributing to all aspects of the
eight large azimuthal sectors (see Fig. 1.1). The baeftware development for the analysis of the ATLAS
rel part of the spectrometer is complemented by twiauon detector data, including the calibration of the
endcaps each consisting of eight superconducting ceigce drift-time relationsship of the MDT cham-
housed in a common cryostat fitting into the inner bobkers [8, 9, 10, 11, 12, 13, 14, 15], the alignment of
of the barrel toroid magnet and three wheel-shapég muon spectrometer with muon tracks [17, 18, 19,
layers of muon detectors. 20, 21], the evaluation and monitoring of the data qual-
The MDT chambers built in Munich consist of twdty of the muon detector [22, 23], optimization of the
triple layers of 30 mm diameter aluminium drift tubegiuon reconstruction for the high background rates ex-
of 3.8m length equipped with a central gold-plategected at the LHC [19, 24], and the Monte Carlo sim-
tungsten-rhenium sense wire which are separatedutgtion programs for the muon spectrometer [25, 26].
an aluminum space frame. The drift tubes are opéihe first two projects which are of central importance
ated with Ar:CQ (93:7) gas mixture at a pressure dpr the operation and performance of the ATLAS muon
3bar and a gas amplification of 20,000 (corresporgpectrometer and in which the MPI group plays a lead-
ing to a operating voltage between tube wall and witeg role are discussed in more detail in the following.
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Figure 1.1:The barrel part of the ATLAS muon spectrometer viewed fromlthC tunnel after completion of the muon
chamber installation in November 2006. The MDT chamberk buMunich are mounted on rails on the outside of the
eight superconducting magnet coils.

Drift Tube Calibration We have developed fast and efficient algorithms
|hthe determination of the space drift-time relation-
ip [8, 9] and of the spatial resolution [10] of the
DT chambers which are now part of the ATLAS
ita reconstruction software. The algorithms have
?e en extensively tested with simulated data, cosmic

The pressurized drift-tube technology has been chog
for the ATLAS muon tracking chambers because
the high spatial resolution of better than|88 which

can be achieved for individual drift tubes by measuri
the drift time of the ionization electrons to the sen L .
wires. In order to reach the required spatial resoluti commissioning data [8, 6, 7], in & muon beam at

: RN [11, 12] and under LHC operating conditions,
of the chambers of 40m not only the the sense wire T )
y SI magnetic fields and at high background rates, us-

have to be positioned in a chamber with an accura Y, test beam data taken by our group at the Gamma
of 20pm but also the space drift-time relationshi - .
Hm bu P e I P radiation Facility at CERN [13]. A model for mag-

the approximately 400,000 drift tubes in ATLAS hat

to be known with the same precision. The drift pro;?—et'c field corrections to the space drift-time relation-

erties of the electrons depend on the temperature gmfhhas been derived from the measurements [14].

) e e large sample of cosmic ray muons recorded by
pressure of the drift gas as well as on the magnetic field . )
and the rate of background hits from neutrons and p e ATLAS detector in 2008 and 2009 allowed detailed

tons which can be very high at the Large Hadron C tudies of the robustness of the calibration algorithms.

lider (LHC). For the regular calibration of the spac her-t calibration algorithm showed robust operathn
or all the chambers apart from the chambers with

drift-time relationship, correlations between the posi- £ 30incid | h Il dirift radii
tions measurements of the drift tubes hit by a travefS- ONs &t suincidence angies where all driit radil are
ual. Ther-t calibration method originally applied

ing muon can be used. €q
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Figure 1.2:Accuracy of the calibration of the space drift-time relasbip of the drift tubes of the ATLAS MDT chambers
as a function of the number of cosmic muon tracks used per lsbanteft: Simulated data. Right: Cosmic ray data
confirming the predictedt accuracies.

to straight track segments in triplelayers of the mudhuon Chamber Alignment with Tracks

f:hambers had to be extendeq to curved track Segm%’?)t%l(:hieve the required momentum resolution of the
in the muon chambers to achieve the same level of r,

. AFLAS muon spectrometer up to the highest muon en-
bustness for all muon chambers [27]. Figure 1.2 Shogl’cgies, the relative positions of the chambers have to

thg zctt): uiﬁcy' of the Zpa(:lgbdr:ft-t|mle rg![z;]\tlonshlr; PrBa continuously monitored and misalignment correc-
vided by the Improved caribration aigorithm as a IUngg, o 1 ave to be applied to the measured track sagitta
tion of the number of collected muon track segmen th an accuracy of 3am. The MPI group contributed

. : : . _ Q?gnificantly to the development and test of the high-
required accuracy of 2m is realibly achieved with precision optical alignment monitoring system for the

3000 muons per chamber for all chambers of the muon | spectrometer [1]. The group also developed al-

spectror_neter: The predicted accuracy is confirmed é)grithms for the alignment of the ATLAS muon spec-
theTﬁtud(;es ngh muonsffrt?]m (;Oitm,': rays. h trometer with muon tracks [17, 18, 19, 20, 21].
€ dependence of the drit time on e Mag-, e parrel part of the spectrometer, only the large

netic field strength measured With COSMIC rays in tIaﬁamber sectors mounted in between the magnet coils
ATLAS detector agrees well with the model based Wn be fully aligned with optical sensor measurements.

the test beam megsuremen_ts (see Fig. 1.3). The small chamber sectors mounted on the coils (see
The MPI group is operating one of the three com-

i ires dedicated to th librati dt Ig. 1.1) have to be aligned with respect to the large
pIL.j N9 cetn ;e:; ZT:anSe o the C?' ra |ton i‘g sectors with muon tracks passing through the overlap
alignment ottne muon spectrometer [15] YSegions between the the small and large sectors. The
ing a special data stream of muon tracks reconstruc[\(ﬁaI group is providing these alignment corrections

by the ATLAS second level trigger algorithms. Th sing the muon calibration data at the Munich calibra-

commitment of the MPI group to calibrate roughli/ion and alignment computing centre [15, 17].

one third of the MDT chambers and to align the muon Straight muon tracks measured while the toroid
detectors with muon trajectories includes the develorpl-

tof fully aut ted calibrati dall N agnets are turned off are needed for the precise de-
mentotiully automated caflbration and allgnment Pros mination the initial chamber positions after instal-
cedures and monitoring tools [16].

lation as a starting point for the monitoring of further
chamber movements by the optical sensors mounted
on the chambers. An efficient algorithm has been de-
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Figure 1.3:Magnetic field corrections to the drift tintein different regions of magnetic-field strength (0.47 T oa th
left, 0.54 T on the right) in MDT chambers in the middle layétte large sectors of the barrel muon spectrometer as
a function of the drift distance. The measured difference in the drift times with and withamatgnetic fieldB agrees
well with the model expectation in red derived from test beapasurements. The error bars of data points correspond
to the estimated-t accuracy of 20num. The drift time correction increases with the distancehtowire because of the
deflection of the drifting electrons in the magnetic fielceotied in the direction of the tube axis.
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cosmic ray data. The red line illustrated the fitted resula-

Figure 1.4:Mean values of the apparent sagittas of straighn Which is the quadratic sum of a term proportional to
muon tracks after the initial alignment with straight muoi€ inverse momentum taking into account multiple scatter-
track in ATLAS cosmic ray data. The statigrindex labels ing and a constant term (of 1@in) reflecting the limitation

the chamber position from the inside to the outside of tREthe resolution by the spatial resolution and the alignmen

barrel of the muon spectrometer. The results are shown $bthe muon chambers.

large barrel chambers; similar results are obtained for the

small barrel chambers. mate accuracy of 3gm. Improvements of the align-
ment accuracy are expected when chamber deforma-

veloped and successfully applied to cosmic ray comtmwns will be taken into account in the track recon-

missioning data [18]. Figure 1.4 shows the mean valsieuction. The measurement of the sagitta resolution

of the apparent sagitta of straight cosmic muon traastraight tracks in the muon spectrometer as a func-

after the initial alignment with straight cosmic muotion of the muon momentum measured by the inner

tracks. The accuracy of the initial alignment is of theetector is presented in Figure 1.5. It improves with

order of 50pum or better and close to the desired ultincreasing momentum as multiple scattering decreases
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with increasing momentum ans reaches a plateau v >
of about 100um at high momenta reflecting the lim 5 1 R U sosenagizsets®ee,
ited spatial resolution and the residual misalignmen'S I A ‘ 4‘$| ]
the muon chambers. The achieved resolution is at% - v D
a factor 2 larger than the target value ofsfl because 0.8 o n
the chambers are only aligned with ffh instead of L ]
30um precision. u ; .
The method is being extended to the alignment 0.6/~ ]
the muon chambers with curved muon tracks in 1 L .
magnetic field during normal operation of the expt i §
iment in order to verify the optical alignment corre: L ATLAS ]
tions. This requires an independent measuremer - .
the muon momentum which is insensitive to misalig B
ment of the MDT chambers along the muon track. T - —— Up hemisphere .
MDT chambers with their two triple or quadruple la - —— Down hemisphere -
ers of precisely positioned drift tubes measure not o 0 I
track coordinates with high accuracy but also the lo -1 0 1
track direction. This feature can be utilized for ind n of ID track
pendent momentum determination from measurement
of the track deflection angles between the inner and fHigure 1.6: Track reconstruction efficiency in the muon
outer chamber layer and between the two mu|ti|ayeq%ectrometer as a function of the pseqdorapidity of the cos-
of the chambers in the middle layer located inside tfuC '@ muon reconstructed by the inner detector. The

tic field. Studi ith simulated data sh mpon momentum in the inner detector was requested to be
magnetic hieid. udies with simulated data s OWS ater than 5 GeV for the top part and greater than 9 GeV

th.at .the required alignmeqt accuracy can be achieygtkhe hottom part. The loss of efficiency in the region near

within two days of data taking at the nominal LHC lum| = 0is due to acceptance holes of the muon spectrometer

minosity of 13cm—2s71 [19, 21]. needed for services of the inner detector and the calorime-
ters.

1.1.2 Measurement of the Performance of
the Muon Identification in ATLAS

The huge sample of cosmic ray muons made it pos 014 Moore
ble to study the performance of the muon identific “*E @ Muonboy
tion in great detail up to muon momenta of 300 GeV '
[28, 29]. Figure 1.6 shows the track reconstruction ¢
ficiency in the ATLAS muon spectrometer for cosmi E
ray muons reconstructed in the inner detector. The o o o
ficiency is close to 100% in the instrumented regio 10 10° pricevi®
of the muon spectrometer. The drop of the efficiency at

In| = 0 is caused by the acceptance gap of the muoigure 1.7:Transverse momentum resolution of the muon

spectrometer which is needed for the services of fectrometer evaluated by comparing the momentum of
inner detector and the calorimeters cosmic ray muons measured in the top part of the spectrom-

The momentum of cosmic ray muons traversing tﬁ%erwith the momentum in the bottom part of the spectrom-
Y eter in the barrel region of the muon spectrometer. The re-

entire ATLAS detector are measured tWice,'first in t@%lts of two complementary track reconstruction algorghm
top part of the muon spectrometer, then in the bahow similar performance.

tom part of the muon spectrometer. The comparison of

the two momentum measurements allowed us to mea- ) o
sure the fractional momentum resolution of the mud¢cted above 300 GeV/c due to the residual misalign-
spectrometer up to muon withy — 300 GeV/c (see MeNt of the muon spectrometer.

Figure 1.7). The measured momentum resolution js'Ne muon reconstruction efficiency and the mo-

in agreement with the expected momentum resolutiBWntur'l Sfale and resolution will be measured with
for pr < 100 GeV/c, but is a factor 2-3 worse than e — H'W decays inpp collision data at the LHC

0.2 _—

a(PYIPt
o
=
[ee]
I

ATLAS Cosmics 2008-2009

o
=
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Figure 1.8: Comparison of the relative efficiency of the
standard muon reconstruction algorithm with respect to r?figure 1.9: Comparison of the momentum resolution in

erence muons as defined in the text with the Monte-CaglQ, 56| part of the muon spectrometer measured with
prediction forpr > 4 GeV/c. The star-shaped symbols I3y, 4ns frompp collisions in comparison with the expected
belled as MC truth show the standard muon reconstructiony,tion from Monte-Carlo data and the analysis of cos-

gfficiency for muons identified as true muons in the simulgs;. ray data. The measured resolution agrees with the pre-
tion. diction within the measurement uncertainties.

[30, 31]. The position of the resonance peak iS &tandard muon reconstruction with respect to the al-
measure for the momentum scale, its width & M&gsnative selection is shown as a function of the trans-
sure f_or the.rr_lomentl_Jm resolution. The muon recAfls,se muon momentum in Figure 1.8 [32]. The rel-
struction efficiency will be measured by the so-calleg; o efficiency agrees with the Monte-Carlo predic-
"tag-and-probe method”. In the tag-and-probe methqdy, yithin errors. It is lower than the true efficiency

events with an isolated muon and an inner deteclal he gjternative muon selection has a lower rejection
track giving an invariant mass compatible with the .\, against muons from pion and kaon decays in
boson mass are selected. The fact that one of hl&nt than the standard reconstruction.

two tracks is identified as muon ensure that the secong&t transverse momenta below 20 GeV/c the mo-

track is also a muon and one can count how often g m resolution in the momentum resolution is sig-
second track is reconstructed as a muon. The methag oty larger than in the inner detector and can be
has been studied on Monte-Carlo data and is ablegia,qyred by comparing the momentum measured in
reproduce the muon reconstruction efficiency withige myon spectrometer with the momentum measured
systematic uncertainty of 0.2%. _ in the inner detector. The resolution measured this way
In the early phase of the LHC operation the rajg jn agreement with the Monte-Carlo prediction and
of dimuon decays oZ bosons is too low for the tag-yne measurement with cosmic ray muons within the
and-probe method and alternative methods have tohg < ,rement uncertainties (see Figure 1.9) [33].
used to get a handle on the muon spectrometer rérpe gnalysis of cosmic ray data and the first results
construction efficiency. The efficiency of the standagg o analysis ofpp collision data confirm the ex-

muon reconstruction is measured with respec to an ﬁé‘cted performance of the muon spectrometer.
ternative muon identification approach. In the alterna-

tive approach an inner detector track which deposits
only little energy in the calorimeters and which can be
matched with a track segment in the muon spectrome-
ter is identified as muon. The relative efficiency of the
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Figure 1.10: Comparison of the drift-time spectra o
30 mm and 15 mm diameter drift tubes with Ar:g(®3:7) 3
gas mixture at 3bar and the same gas amplification oq
20,000 which are in good agreement with the simulations

Wri]th ﬂlﬁ GARFIIZL_th f_rogram- tThe 15 Thm gg‘mete(;_t“b%round count rates from neutrons and photons as
show the same drift time spectrum as the 30 mm diam o,
tub_es up to the cut off at thg maximum Qrift time of 180 nfg?’prodfut::.tshof the protop —phroton collt|13|onbs. TI’;e ef-
which corresponds to the smaller tube diameter. ects of high count ratgs Int e_ MD_T C am grs ofupto
500 Hz/cn? at the design luminosity in the inner lay-
ers of the forward regions have been studied by our
1.1.3 Detector Development for ATLAS group in a muon beam at the Gamma Irradiation Facil-
Upgrades ity at CERN [13]. In addition to a degradation of the

For the searches for the Higgs boson and other ngh@tial resolution of the drift tubes from gt with-
phenomena at the LHC, as high as possible luminosiyt background to about 1Q@n at the highest rates
of the accelerator is desirable. The design luminosfigused by fluctuations of the increasing space charge
of the LHC of 134 cmr2s L is expected to be reachedh the tubes, the muon detection efficiency of the tubes
after a few years of data taking at lower luminosit§iéteriorates quickly from 94% to 70%. New muon
With a series of upgrades of the CERN acceleratgfambers with faster response time and high track re-
complex a further increase of the LHC luminosity b nstruction efficiency are required for the ten times
an order of magnitude can be envisaged (Super-L tgher background rates expected at a Super-LHC in
or SLHC). Then, at the latest, a major upgrade of iffae spectrometer endcap regions, and are desirable for
ATLAS detector will be necessary including parts dhe highest-rate regions already at the LHC design lu-
the muon spectrometer, in particular in the forward rBUNOSIty.
gions with respect to the proton beams where the back] he development of faster muon detectors for
ground rates will be the highest. The planning of @uper-LHC at MPI builds on the extensive experience
possible detector upgrade has started already withiith the design and operation of the present ATLAS
the ATLAS collaboration. In this context, we hav&DT chambers. First tests [37] confirmed the expec-
developed a research program and submitted prod@éi-on that by reducing the drift tube diameter by a fac-
als for the development of improved muon drift tubf®r Of two while leaving the gas mixture, pressure and
detectors [34], of radiation tolerant readout electrofi@in unchanged, the maximum drift time is reduced by
ics [35] and of methods to reduce the data volume [3&factor of 3.5 (see Fig. 1.10). At the same time, the
or increase the bandwidth of the data acquisition sy@UNt rates caused by neutron and photon conversions
tem of the MDT chambers [35] for operation of th& the drift tube walls will decrease proportional to the
ATLAS detector at very high luminosities. tube circumference by a factor of two, reducing the
Already at the design luminosity, the MDT chandrift tube occupancy (the product of maximum drift
bers have to cope with unprecedentedly high padjne and count rate) and, consequently, the efficiency

fFigure 1.11: Front view of bundles of drift tubes with
mm (left) and 15 mm (right) diameter.
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loss by a factor of 7. In addition, the number of drift [7] J. von Loeben (for the ATLAS collaboratiorfirst Cosmic
tube layers fitting into the same volume as the present Ray Results of the ATLAS Muon Spectrometer with Mag-

muon chambers can be increased by up to a factor o

two (see Fig. 1.11) improving the chamber resolution
and track reconstruction efficiency.

A concept for the drift tube and chamber design has8
been developed with the aim to construct and test !a]
prototype chamber in 2008. The development of new

radiation hard readout electronics for the MDT cham-
bers has also started.
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1.2 ATLAS Physics Analysis section is therefore of great importance. The MPI

group contributes to the measurement of the inclusive

Parallel to the construction of the detector compélectron and muon cross section.
nents the MP1 ATLAS group started the preparation of At the LHC electrons are produced predominantly
physics analysis of hadron collision data at the LH@roduced in decays of heavy quarks for transverse
The results obtained in the years 1997-2006, inclugtomenta below about 30 GeV/c and in decay¥\of
ing preparatory work based on Tevatron data, are @&dZ boson at higher transverse momenta. The MPI
scribed in the previous reports [1, 2], and referencg&up significantly contributed to the optimization of
therein. the electron selection criteria to arrive at an electron

The present physics studies for the ATLAS expeﬁe|ecti0n efficiency which is flat in the transverse elec-
ment cover a broad physics range. Already at an edfign momentum (see Figure 1.12). The first mea-
stage of data taking, a number of Standard Model pg#ed inclusive electrons spectrum at a centre-of-mass
cesses will occur in abundance. These processeseergy of 7 TeV at the LHC shown in Figure 1.13
low for detailed studies of the detector performance, @grees with the prediction of the Pythia minimum bias
well as the precision measurement of QCD and elddonte-Carlo prediction within about 20%. The MPI
troweak observables, the top-quark physics being@pup contributes to the analysis of this discrepancy
particular interest. Good understanding of the Staith increasing statistics of the inclusive electron sam-
dard Model processes is essential also for the new dit.
coveries. The ATLAS discovery potential is explored The MPI group is also involved in the measure-
in the searches for the Higgs boson both in the Stdnent of the inclusive muon cross section contributing
dard Model and in supersymmetric extensions, as wéith its experience in muon performance studies. The
as in a generic search for supersymmetric particléeasured inclusive muopr spectrum is presented
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large momentum inbalance between the inner detector
and muon spectrometer as illustrated in Figure 1.15.

Figure 1.14:Comparison of the measured inclusive much.2.2  Study of Standard Model Processes

transverse momentum spectrum with the Pythia 6.4 mig;[ dard Model tudied with th "
mum bias Monte-Carlo prediction. The Monte-Carlo da andard Model processes are studied wi € mouva-

is decomposed into the three sources of muons, namelytiAl Qf estimating the backgrounds to the production
flight decays of charged pions and kaons and the decay®bfiggs bosons and supersymmetric particles from
heavy-flavour hadrons. the data and to improve the Monte Carlo simulations.

The processes under investigation are QCD high

in Figure 1.14 where it is compared with the Pyth%nOI multi-jet production, forwa@ Jet productianjet
roduction, inclusivelV, Z andtt production as well

6.4 minimum bias Monte-Carlo prediction. The med”

- +am -
sured spectrum is well reproduced by the Monte-CafigZ, —> T decays.Z — eve” andj"| decays

simulation. The main sources of the muon at trarfa~ being studied for the purpose of detector calibra-

verse momenta below 20 GeV/c are in-flight deca%gn and data quality monitoring. The analysis meth-

. developed will be applied to first measurements of
f charged dk d the d f heay® ceveioped il be .
of charged pions and kaons and Me decays of Neg ulti-jet, bb and inclusive W and Z production cross-

flavour hadrons according to the Monte-Carlo simula-

tion. Decays oW andZ bosons become importan?eCtlonS with the early data.
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Figure 1.16: Transverse mass distribution & — pv,, Figure 1.17:Invariant dimuon invariant mass distribution

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

Figure 1.16 shows the transverse mass distribution

of theW — pv,, candidates in the first 16 nb of pp the mass measurement all systematic effects that may
collision data collected by ATLAS. The measured di§hange the obtained mass and resolution are impor-
tribution is consistent with the Monte-Carlo predictiofnt; in contrast, for the cross-section measurement the
and has a negligible background contamination. In tR&in émphasis is on the detailed understanding of all

same set opp collision data ATLAS has observedzs efficiencies.

boson candidates as can be seen as an excess of entrjE3€¢ analyses use two decay channels of the W-

at theZ mass in the dimuon mass spectrum of FiguR9Son pair, the semi-leptonic channel, where the W-

1.17. boson pair decays intév qq with ¢ = e, p, (30%
branching ratio) and the full-hadronic channel, where
5 . . o :
1.2.3 Top-Quark Physics both W-bosons decay intog pair (44% branching

ratio). In both channels, the mass of the top-quark will
The top-quark is by far the heaviest elementary builge obtained from hadronically decaying W-bosons and
ing block of matter. Therefore it should have thghe corresponding b-jet.
strongest couplings to any mechanism that generate$he main background reactions, as determined from
mass, which makes it a very interesting object for aflonte Carlo simulations, are the W+N-jets production
unbiased search for this mechanism. In addition, thed that fraction of thét production, where the W-
precise knowledge of the quantum numbers of the tagson pair decays into the other decay channels. An
quark helps to further constrain the parameters of théditional potential background process is the QCD
Standard Model, and is a mandatory prerequisite {@ulti-jet production, especially for the analyses of the
any study of new physics that will almost inevitablyull-hadronic channel. For this background, in the
suffer from top-quark reactions as background preemi-leptonic channel, the lepton candidate stems ei-
cesses. ther from a semi-leptonic decay of a heavy quark of the

The main interest of the top-physics analyses wogfCD multi-jet final state, or from instrumental back-

of the MPI group is the investigation of thé pro- ground. Before any selection, this background is huge,
duction process, and particularly_the determination §ich that event samples covering the full phase space
the mass of the top-quark and theproduction cross- cannot be simulated, and eventually this background
section in the reactiott — bbW*"W~. The empha- contribution has to be obtained from the data them-
sis in these two measurements is rather different. fseflves. At present, only initial studies of this back-
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Cut Flow ::*’“ﬁ port_ance are _the b-tagging performance and the cal_i-
_151};"‘: bration of the jet energy scale, which at present consti-
100000 i i tutes the most important uncertainty on the mass of the
— Vil top-quark as determined at the Tevatron collider. Since
— viuprnn arather clean sample tifevents can be selected with-

10000

out employing b-tagging, and the b-quarks are mostly
the highesp jets, the performance of the b-tagging al-
gorithms can be studied in an rather unbiased sample.
The jet calibration can make use of the fact that the
No Cuts Lepton Cuts Jet Cuts MET Cuts invariant mass of theq pair stemming from the W-
boson decay has to match the known W-boson mass.
Figure 1.18:Event composition in the semi-leptonic sam- The steering of the b-tagging algorithm is a com-
ple. promise of efficiency and purity, while attaining an ac-
ceptable rejection rate for jets originating from light
alarks. This light jet rejection rate is most important
Qr suppressing events from QCD multi-jet production,

I —

1000

Events, L = 100 pb™*

|

ground have been performed, and it is not includ

in the numbers quoted below. In the semi-leptoni hich is dominated by iets f light ks. Si
channel the charged leptons with high transverse rr_\?(l)-'c IS dominated Dy Jets Irom light quarks. >im-

menta from the decay of one W-boson are utiliz rly, it helps to suppress the W+N-Jets background.

to identify the event and to efficiently suppress bac(l%1

ground from the QCD multi-jet production. In the. . . .
. . . . rithms, when requesting a 50% b-tagging efficiency
full-hadronic channel only kinematic requirements ca%n . R . :
r all collections. In this situation, the light jet re-

be used, therefore, this channel suffers from a mua”l ) ) ) . )
higher background from QCD multi-jet production. jection varies from about 100 to 700 with the inclusive

The event selection for the semi-leptonic channel (té:Jet glgorlttt;]m gorlf - f0'4 (see below for a defini-
quires an isolated electron or muon within the good a&qn) giving the best performance. .
Both semi-leptonic and full hadronic top-pair events

ceptance of the detectors, which has a transverse rgl

mentum of more that 20 GeV and lies within the ra-?ow forla s%—]cai!ed In-situ Cal;btrr?t'?/?/ of th;) et eg_t
pidity range ofin| < 2.5. To account for the neutrino =19y Scale. 1he Known mass of the YW can be Used 1o

a missing transverse energy of more than 20 Gevfl%rc;s”"".'”\}c% energy ct):] th? light Iquarfl_< jelts flr_(t))m che
required. In addition, at least four jets are required’71 ronic ecays either o apply a final catibration

within the same range of rapidity, and having trangEep especially in early data taking where the uncer-

verse momenta of more than 40GeV for the thréaeIntyln the jet energy scale is expected to be large, or

highestp;-jets, and more than 20 GeV for the fourtII1O verify the applied calibration.

jet. All jets should be well separated from the ident'k/I Be:seg oln generatdd ev;r\llt/ifl\rlo_mt the MC;@_I\:LOCI)b
fied lepton. The event composition for the main stegnsOn € Larlo program, an “JE1s as predicted by

of the selection are shown in Fig. 1.18. With this sele e Alpgen generator, an analysis has been performed

tion, an average signal efficiency of about(30)% is to obtain the mass of the top-quark in the semi-leptonic

reached for the electron (muon) samples, and the S(iégnnel. For each event, the four jets with the highest

nal to background ratio improves by a factor of ten {o nsverse momenta are assumed to stem frorbtihe

about 16. For the full-hadronic channel the requiret"’—_md ?d sf){;tems. Theyfe:;]e %ro;pe(_j I?I ot;taln t_he 33_
ments on the isolated lepton and the missing transverae o Of (N Masses of the hadronically decaying -

energy are inverted. In addition, at least six jets, Wg?son_ and the_ ass ouate_rd top—q_ua_rk. At present, the
three jet combination which maximizes the transverse

separated from electrons, are required within the same ) .

region of rapidity, and having transverse momenta _rgfomentum is chosen tp form the_hadronlgally decay-
more than 20 GeV. Here, the selection efficiency 'l%g top-guark._ OUt.Ofth'S’thetWOJet combination that
about 25% but the amount of QCD and W+N_je{§esults in an invariant mass closest to the known W-
background has yet to be evaluated. oson mass is taken to represent the W-boson. In fu-

ture other choices will be compared to this. The spec-

Thett production is not only of prime physics in- T - ) . :
terest, but also presents a very clean event samplé“t'(gn n F'g.' 1.191is fitted with a_Gags&an fur_mtlon to
arameterize the correct combinations leading to the

improve on the reconstruction algorithms. Of key it

e b-tagging performance has been studied for a stan-
rd ATLAS algorithm as a function of the jet algo-
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Figure 1.19:Fit to reconstruct the top-quark mass for kigure 1.20:Top-quark mass value and uncertainty as a
sample containingt and W+N-Jets events. function of the parameters of the jet algorithms.

top-quark mass and width, and a sum of Chebysh&ue ofR = 1 (not shown anymore), since for the lat-
polynomials used to describe the background stetar choice for many events the two jets stemming from
ming from the W+N-jets events and wrong jet conthe W-Boson decay are merged into one reconstructed
binations in signal events. This figure shows the resjdt, thereby resulting in a loss of the event. On the
when using the inclusivie-jet algorithm andR = 0.4. vertical axis Fig. 1.20 the mean value and the sigma
The central value of the fitted spectrum as well a$ the Gaussian are shown for the standard selection
the width of the distribution strongly depend on théescribed above, and when using the additional re-
choice of the jet algorithm and jet steering paramguirement that the reconstructed mass of the W-boson
ters, the calibration of the calorimeters, and varioasincides with the known mass to within 20 GeV. A
other details of the analysis. Using the present sgwod performance is signalled by small variations of
tus of the knowledge of the jet energy scale, a detailde mean value when changing the steering parameter,
study of the dependence of the reconstructed top-quarkl a small ratio of width and mean. In contrast, the
mass on the jet algorithms and their parameters lsolute value mainly reflects the present level of cali-
been performed [4] using onty events where at leastoration, which can be seen e.g. be comparing Kt4 and
on W-boson decays leptonically, and with a top-quaki4*. This means the best performance is achieved
mass of 175 GeV. Fig. 1.20 shows the results for théth the inclusivek-jet algorithm and medium values
cone-jet algorithm, and thiky-jet algorithm in the E for R, aroundR = 0.4 — 0.5. The requirement on the
recombination scheme, and using both the inclusMéboson mass does not improve on the mass deter-
and the exclusive mode, as function of the parametermation. Clearly, the final value of the-parameter

of the jet algorithms. The abbreviations at the homeeds to be found once the calibration of the hadronic
izontal axis denote the algorithm and the values foalorimeters is finalized.

the steering parameters, i.e. the valudRdbr the ra-  As stated above, the jet assignment to the W-boson
dius of the cone-algorithm and the distance parameagid top decay products is not unique and also not very
R for the k;-jet algorithm. The exclusivé-jet algo- efficient. For comparison, at the Tevatron ist has been
rithm modes are indicated by the invariant mass cédaund that the correct jet-to-quark assignment is only
e.g.D = 5°Ge\?, or the requested jet multiplicity,achieved in about 40% of the cases. This led to the
e.g.N = 4. All collections use calibrated top clusdevelopment of the matrix element method in which,
ter as input, the" denotes an additional calibratiomather than choosing one particular combination, each
based on cone-jets witR = 0.4. In this study, for combination is considered, and weighted by the cor-
the first time thek-jet algorithm has been used in topesponding probability, given by the matrix element.
physics analyses at ATLAS. Because of its better sta-order to better understand the jet assignment and
bility against divergences, this algorithm is theoretiesolution, and to find new observables to further sup-
cally preferred over the traditionally applied cone-jgiress the W+N-Jets background, an analysis has been
algorithm. One result of the investigation is that vaperformed investigating the correlation of jets recon-
ues of theR-parameter oR = 0.4 — 0.5 (Kt4 and structed from stable hadrons to jets reconstructed from
Kt5 in Fig. 1.20) are much preferred over the defaudalo topo clusters. Here, a pair of jets is called matched
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o trigger efficiencies. Utilising this, the next step is to

obtain a trigger efficiency grid in transverse momenta
- L and rapidity of the leptons for correcting the data.
100120\ el In conclusion, initial analyses have been performed
for both the mass and the cross-section measurements
Figure 1.21:Thedmergd4 — 3) distribution for signal and investigating some sources of systematic uncertainties.
background. The future work will concentrate on investigations of
other sources of systematic uncertainties.
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derge Value 43 e by the leptons of high transverse momenta. The trig-
3000 ean . ] - -

: : \ mis__1ss|  ger efficiency for the signal sample is about(®0)%
2500~ E‘“TSGW)'“X for the electron (muon) sample, rather flat in rapid-

L W* (uv) +2j . . . .

: wau ’_ ity (when excluding crack regions), and with a steep
2000 )+ 3

F [ we )+ turn-on at transverse momenta around 20 GeV. A sub-
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if for a stable hadron jet the closest reco jet falls within _
a distance ofAR = 0.15, where each reco jet can onlyt.2.4 Searches for the Higgs Boson

be assigned to one stable hadron jet. For the sigffk standard Model Higgs Boson
sample, it has been found that the overall matching ef-

ficiency is 92%, rather constant in rapidity but with 2h€ origin of particle masses is one of the mostimpor-
steep turn-on at low transverse momenta. tant open questions in particle physics. In the Standard
The separation of jets can be monitored when ru{0del, the answer to this question is connected with
ning thek-jet algorithm by studying thelmergd M — the preo!lctlon of a new elementary particle Wlth spin
M — 1) values at which an M-Jet configuration is réd: the Higgs boson H. The discovery of the Higgs bo-
duced to an (M-1)-Jet configuration. For sufficientf§on. the last missing particle of the Standard Model,
different jet structure in signal and background event$ e main motivation for the LHC experiments. The
this event shape variable can be used as discrimif#@ss of the Higgs boson is not predicted by the theory.
tor. As an example, thelnergd4 — 3) distribution The present experimental lower bound of 115 GéV/c
is shown in Fig. 1.21 for signal and W+N-Jets bacind the theoretical upper limit of about 1 Te¥/e-
ground events wittN = 2 — 5 andW — pv deacys. quire a wide mass range to be explored. The preferred
For this distribution, the semi-leptonic event selectiopfandard Model Higgs mass range derived from the
has been performed. Clearly, the tail at low valuesREECision measurements of the parameters of the elec-
more pronounced for the background events, e.g. f@weak gauge theory is below 200 Gév/ _
quiring dmergd4 — 3) > 20 GeV reduces the signal In the mass range above 1SQ Ge%//the key dis-
efficieny by only about 2%, while improving the pufoVery channel which also provides a direct measure-
rity by about 5%. The implication on the reconstructdgent of the Higgs boson mass is the Higgs decay into
top-quark mass is under study. four charged leptons via two intermediate Z bosons.
Concerning the cross-section measurement a ggi lower mass range can be covered by searches for
consistent analysis has been performed for the sefifveral Higgs decay modes (see Fig. 1.22). Although
leptonic channel by declaring one tenth of the sigrf¥ ATLAS detector has been designed for a discovery
and background samples as data, and using the rem@ffbe Higgs boson over the full mass range, Higgs bo-
ing events to obtain the signal efficiency and perforfi?" searches at the Large Hadron Collider remain chal-
the background subtraction. With this, the input crod§Nging because of the high cross sections of the back-

section could be recovered and the analysis now mo@gund processes exceeding the signal by many orders
on to obtain systematic uncertainties. of magnitude. Selective triggers, efficient background

Inevitably, one main initial uncertainty will comeSuppression and reliable prediction of the background
from the luminosity determination, which is provide§ontributions are essential.
by external measurements. Another important ingre-OUr present studies focus on the preparation for
dient is the trigger efficiency. For the semi-lepton@n €arly discovery of the Higgs boson during the
channel it is found that an efficient trigger is providetfSt years of running at the initial LHC luminosity
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1 b ‘ L Figure 1.23:Invariant mass distribution of reconstructed
10 10> bb jet pairs in simulate¢pp — ttH, H — bb events with
My (GeV) 3 Higgs mass of 120 GeVAtogether with the contributions

) ) ) ) fromtﬂ)b_andtt_jj background for an integrated luminosity
Figure 1.22: Discovery potential of the ATLAS experi-of 30fp~1. The red and the blue curves show the correct

ment for the Standard Model Higgs boson. The statisfind the wrongb combinations in the signal events, respec-
cal significance expected for an integrated luminosity gfely.

30fb~! is shown for the different Higgs decay modes dis-
cussed in the text and their combination as a function of
the Higgs boson mass in the range below 200 Geéyre- analysis [5] uses a neural network based discrimina-
ferred by previous precision tests of the Standard Modgbn method to study the observability of thid —
The grey shaded region ha; been excluded by dirgct Hi%%b)(qu)(ba) channel, where one top quark decays
boson searches of the experiments at the &P collider. semileptonically providing a high momentum lepton
trigger and the other one hadronically. Four bottom
of 103cm2s1. In the first year of LHC opera-quark jets have to be identified in these complex final
tion, accumulation of a data sample correspondings@tes.
an integrated luminosity of + 10fo~! is expected.  Fig. 1.23 shows the invariant-mass distributions of
Within three years of stable running of the experimerifie correct and the wrongb combinations in the
30fb~! of data can be collected. As described in tiségnal events, as well as the contributions from irre-
following, most of the Higgs boson decay channetiicible pp — ttbb + X) and reduciblegp — ttjj +
which are promising for a discovery are investigatet) background. The signal significan&v/B ~ 2
by our group. Detection and comparison of signatetermined from the numbers of signal (S) and back-
in several decay modes will be crucial to confirm thground (B) events in a®, mass window around the
existence of the Higgs boson and to distinguish bgimulated Higgs mass of 120 GeV¥/does not include
tween the predictions of the Standard Model and g¥stematic uncertainties. Due to the relatively low ef-
its possible extensions. The analyses are perfornfisiency of theb jet reconstruction and the similarity
with detailed Monte Carlo simulations of the signaif the bb invariant mass distributions for signal and
and background processes in the ATLAS detector igckground, high integrated luminosity and a precise
ing the latest description of the detector geometry afiétermination of the Standard Model background con-
performance. tributions from data is needed for an observation of
In the mass region below 120 Ge¥/cthe Higgs the Higgs boson in this channel. We work on im-
boson predominantly decays inbip pairs. Due to provements of the signal discrimination from the back-
large QCD background in the gluon-fusion producticground and on methods to estimate the background
mode, this decay can only be triggered and discrigentributions from the first LHC data which are essen-
inated from the background in the production modil for the detection of the Higgs boson in this decay
of the Higgs boson in association withttapair. Our channel.
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A feasibility study has been performed of th
tection ofH — bb decays in the Higgs produc

Hott- |l

process by W or Z gauge boson fusion [6]. A Wz
other Higgs decay modes (see below), the ass [ I

forward-jet production and corresponding cent
suppression provide signatures for additional
ground rejection. The trigger efficiency for this
cess with standard ATLAS lepton and jet trigger
found to be acceptable. However, the backgrour
especially from direcbb production, is too high
identifying a signal in this channel.

The second most frequent Higgs decay mode 0
can be observed in the mass range below 140 ( 60 80 100 120 140 160 180 200 Zﬁgr %égv)
is the decay into a*t~ pair. This decay can ¢.----
be discriminated against background processe:

Events/(5GeV)

Higgs production mode via vector-boson fusiony 3 [ WIHo1T- Ih
two additional forward jets in the final state prov 8 > Bzt Ih
signature for background rejection. The decay | g 4 L_IT;

with both T leptons decaying leptonically as we %

with a hadronic and a leptonicdecay have been <
ied. The selection criteria have been optimized
multivariate analysis techniques. Théet~ invaria 2
mass is determined under the approximate asst
that allt decay products are emitted in the dire
of thet lepton. The expected invariant mass dis
tion for the S|gnal of a_120 QeV?d—hggs boson ¢ 0RO T80 100 1o 0 o0 R0 00 oomn0
backgrounds is shown in (Fig. 1.24). Mt (GeV)
The mass range above 130 Ged/fmn be covered

with the decayH — W*W~ — (¢v)(¢v) both in Figure 1.241nvariantt pair mass distribution in simulated
gauge-boson fusion and, at higher masses, in glidn- 11~ decays in vector-boson fusion production with
fusion production. Parallel to the optimization of tha Higgs mass of 120 GeV/together with background con-
event selection for these channels, we are Studymautions fromtt andZ+ jets production for an integrated

11on: )
the performance of the forward-jet reconstruction aH#mnosny. of 30t ~. The twor leptons have been recon-
structed either both in purely leptonic decays (top pigture

of the veto against C(_entral Jei productlo_n, which aE? one in leptonic and the other one in hadronic decay mode
used for the suppression of ttteandW W+ jets back- (yttom picture).

grounds to the vector boson fusion production pro-

cesses. A new jet reconstruction algorithm using par- . . )
ticle tracks in the inner detector instead of energy de&SS Of signal events. For this pupose, we are studying

position in the calorimeters has been developed [#]€ Meéasurement of the Standard Model background
The tracks forming a jet can be associated to a coRfocesses with the early LHC data. _
mon vertex suppressing the reconstruction of spurioug*\Pove a Higgs mass of 130 GeV/the clearest sig-
jets in the presence of multiple proton-proton interag@ture is found in the four-lepton decly— z7%) —
tions per beam collision (pile-up events) and, theretfyy, Which also allows for precise Higgs mass mea-
improving the effiency of the central jet veto. surement. The. reconstruction of thI.S chanqel strongly
While this decay channel allows for fast Higgs pdelies on the high Iepton—_ldentlflcatlon efficiency and
son discovery with an integrated luminosity of le°0d momentum resolution of the ATLAS detector.
than 10fbrL, it cannot provide a precise measuremefur initial analysis of the four-muon final state [8]
of the Higgs mass because of the two neutrinos in th@S Peen extended to include also the four-electron
final state. Precise determination of the backgroufid 22u final states. The reduciblpp — tt + X

contributions is, therefore, required to observe an d}@ckground can be rejected by requiring lepton isola-
tion and cutting on the masses of the reconstructed Z
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bosons. 2 [ mme T TS
After the optimization of the cuts, the contribu & °F =z ATLAS preliminary 3
of thett andZ + bb backgrounds become small¢ & °¢ =« ™
pared to the irreduciblpp — ZZ*) + X backgrour :: =
Fig. 1.25 shows the four-lepton invariant mass -E 3
butions forH — ZZ*) — 4¢ decays with 130 GeV £ =
and 300 GeV/¢ Higgs mass and for the backgr P o U TR TR ETS- i)

processes corresponding to an integrated luminc LJE A 4

10fb~1 [9]. The first one is the most difficult cas g"-" ‘42—  Haaad) ATLAS preliminary —
the lower end of the sensitive mass range whe E e E
decay branching ratio becomes very small. For ol ]
parion, for a Higgs mass of 300 Ge¥/¢theH — Z sf L =
decay reaches the maximum of its branching rat ‘B s E
is the best channel for discovering the Higgs L ;‘; e e o e S e 73_,8%_%00
Our recent studies include the precise determi M(al) (GeV)

of the background contributions from the data and the

influence of pile-up events and radiation backgroufig@ure 1.25: Four Iepton(*i)nvariant mass distribution in
in the ATLAS cavern. simulatedpp — H — ZZ* — 4/ events with a Higgs

mass of 130 GeV/c(top picture) and of 300 GeVidbot-
tom picture) together with the background contributions
Higgs Bosons Beyond the Standard Model from tt andZZ*) production for an integrated luminosity

- . . f10fb~1 [9].
The minimal supersymmetric extension of the Stan- 0fb=[9]

dard Model (MSSM) predicts the existence of five
Higgs bosons, a relatively light neutral ohebehav- leptons. Fig. 1.26 shows the invariant mass distribu-
ing like the Standard model Higgs boson, two heatigns of the lepton pairs in MSSM/H — u"u~ [10]
neutral oneH and A and two heavy charged HiggeindA/H — t*1~ [11] decays together with the con-
bosonsdH=. Their production cross sections and dec&jfibutions from competing background processes cor-
branching ratios are determined by two independéasponding to 30fb! of integrated luminosity. In
parameters, e.g. the ratio famf the vacuum expec-Fig. 1.27, the regions of the t@ma parameter space
tation values of the two Higgs doublets in this mod# which theA/H /h — pp~ and theA/H — 171~
and the pseudoscalar Higgs boson nragsvhere the signal, respectively, can be detected with a signifi-
production cross sections increase withfeend fall cance of at least 5 standard deviations are shown for
with increasingma. an integrated luminosity of 10 f [10],[11]. The dis-
The neutral Higgs decay modes into two interméovery region for thé/H — 171~ decays is extended
diate gauge bosons are suppressed in this model. @mpared to theA/H — p*p~ channel to smaller
the other hand, th& or H boson decays into chargedanp values by about a factor of 5 at the lower end
lepton pairsptp~ andttt—, are enhanced compare@f the A boson mass range and more with increasing
to the Standard Model. The latter decay channel Has.
an about three hundred times higher branching ratioThe light neutral MSSM Higgs boson is difficult
than the first one but is more difficult to reconstru¢@ distinguish from the Standard Model Higgs bo-
and provides a less precise Higgs mass determinatie®). Clear evidence for physics beyond the Standard
Final states with both leptons with one hadronic andViodel would be provided by the discovery of charged
one leptonia decay have been studied. scalar Higgs bosons. We have studied the search for
In spite of the enhanced MSSM production raté)e charged MSSM Higgs bosons in the decay chan-
the signal events are still hidden under laje— nelH* — 1*v; which dominates for relatively small
uru-/ttT- andtt backgrounds. The detection oHiggs masses below 200 Ge¥/cThe charged Higgs
the b quark jets in thegg — bb(A/H) + X pro- bosons are produced in top quark decaypm —
duction process, which dominates for large aand tt — (bH®)(bW¥) events. The leptons fromH= de-
ma, allows for strong background rejection. Addicays are reconstructed in their hadronic decay modes
tional background suppression is achieved by requithile theW bosons from top quark decays are required
ing large angular separation between the two dedgydecay leptonically. Since t¢* mass cannot be re-
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A/H — tt1~ decays (bottom picture) can be observed
with at least & significance for an integrated luminosity

Figure 1.26: Invariant mass distributions of muon pair§f 10fo™.
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in the tanB3—my+ plane for a charged Higgs boson n:

the above production and decay mode is shown for

Igi@ure 1.28:The region of the taB-my+ parameter space
Qhatched region and above) in which charged Higgs decays

integrated luminosity of 1 fb! assuming a systemati

error on the background estimation of 10% [12]. W@+ —, 1= v, can be observed with at least Significance

are developing methods for a reliable determinationfof an integrated luminosity of 1 fi.
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the background contributions from the LHC data

> LB [ LU [ LU [ LB [ LB [ LU [ V-V V-V [ LU [ LU [ LB
ing methods similar to the ones described in the t § 1P e, e Stssgna .
section. 2 F oeresmaes0sus ]
e : over-estimate due to tf - bb vag :
L | | P e
1.2.5 Searches for Supersymmetric Particles g
5 10 ATLAS _|
. > E =
Supersymmetry (SUSY) is the most favoured ext @ £ | '/ i E
sion of the Standard Model. The new symmetryu 2 [ | = & i ]

ing fermions and bosons predicts for each Stanc
Model particle a new supersymmetric partner w 1
spin quantum number differing by/2. Supersym:- Covio b L i i g Lgrig (7 i ]

: . : 0 100 200 300 400 500 600 700 800 900 1000
metry provides a natural explanation for Higgs bo: Missing E__ (GeV)
masses near the electroweak scale if the supersyr....._
try breaking scale is not much higher. If, as expecte
this case, the superpartners of the Standard Model
ticles, in particular squarks and gluinos (the superg
ners of quarks and gluons with spin 0 arf® lrespec-
tively) have masses below 1 Te¥/they will be copi-
ously produced at the LHC. Since details of the SU
breaking mechanism are not known, possible su 1
symmetric extensions of the Standard Model popu
a large parameter space preventing a prediction o
superpartner masses.

In supersymmetric models without R-parity viola- _
tion, the superpartners eventually decay into the ligftigure 1.29:Missing transverse energgf"** distributions
est supersymmetric particle which is stable and Weam simulated su_persymmetric particle de_cays W_ith one (top
interacting and escapes detection. Typical signatuP%:C%ures) and with two leptons (bottom picture) in the final

. . . ate in a representative SUSY model (SU3) together with
for decays of supersymmetric particles in the ATLAEett_backgrounds estimated from a control data sample

experiment are, therefore, large missing energy, eN&ke text) for an integrated luminosity of 1fb[13]. The
getic hadron jets and up to three leptons produceduiicertainties in the background estimates due to contamina
the decay chain. tion of the control sample with signal events are indicated.

Our studies concentrate on the early discovery of
such inclusive signatures of supersymmetric parti Fo-1 of integrated luminosity. The uncertainties in

proo_luct|on and decays. The ATLAS d_etector IS Wehe background estimates due to contamination of the
equipped for such measurements. Reliable estlmat(L’

L = _ Yhtrol sample with signal events are also shown. For
of ;he bac_kgr%ulg d tc ontcrjlbus_lon.s 1;rhotm, W/ Z+Je§ the model studied, a clear excess of SUSY events
and generic QCD jet production is the main conc "-above the background is visible at large missing trans-

production is the dominant background for large mis\?érse energy

ing energies where the signal is expected. With MonteIn addition, we persue searches for long-lived par-
Carlo simulations we have studied methods for det%- ’

ining thett back P data 1131, First les detectable only in the muon spectrometer and
mining thett background from da a_[ ]'. rsta purg,, lepton number violating decays into three muons
background sample is selected using kinematic ¢

) . — . . hich occur in various extensions of the Standard
straints specific fott production. The properties o

f . . .
. del including many supersymmetric models.
this control sample are then extrapolated to the SU%’I\? g y SUpErsy

signal region by replacing parts of the event topolo
by signatures specific for the signal events.

Fig. 1.29 shows the missing transverse energy didi] The MPI ATLAS group, ATLAS AnalysisReport to the
tributions for supersymmetric particle decays with one ~ Fachbeirat 1997-2003, (2004), 82-84.
and with two leptons in the final state, respectively, 2] The MPI ATLAS group, ATLAS AnalysisReport to the
for a representative SUSY model together with the Fachbeirat 2004-2006 Part II, (2006), 106-112.
expectedtt background after accumulation of only
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