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Abstract. The ATLAS experiment is situated at the Large Hadron Collider at CERN
(Geneva). It was designed to cover a wide range of physics topics, such as precision
measurements of Standard Model physics, the determination of the Electroweak Symmetry
Breaking mechanism through the search for the Higgs boson, and searches for new physics
beyond the Standard Model, like super-symmetric particles. ATLAS started operation at the
LHC at the end of 2009, collecting poton-proton collisions at 7 and 8 TeV centre of mass energies.
In this paper a summary of some of the most interesting recent physics ATLAS results will be
presented.

1. Introduction
ATLAS [1] is one of the four Large Hadron Collider (LHC) experiments at CERN. It is also the
result of more than 20 years of continuous work executed by more than 3000 physicists from
about 40 different countries around the world. ATLAS aims at exploring the unprecedented high
energy proton-proton (pp) collisions delivered by the LHC, with focus on precise measurements
of Standard Model predictions, search for the Higgs boson, search for super-symmetry (SUSY)
and any other expected or unexpected new physics process that may appear.

ATLAS started operation in 2009, when the LHC delivered the first pp collisions. Since then
it has collected a total integrated luminosity of about 5 fb~! of 7 TeV pp collisions and about 21
fb~1 of 8 TeV pp collisions. In addition, over 150 ub~! of lead-lead collisions were collected at 2.76
TeV centre of mass energy per nucleon, for a dedicated heavy ion physics program?. The ATLAS
detector operated with very high efficiency, with above 99% of the detector channels working.
From the delivered luminosity, 93.7% was collected and had good quality for physics analysis.
These data have been used to study many different physics processes. In this proceedings some
of the most relevant ATLAS recent results will be reviewed.

2. Jet production cross section

Jet production is the most abundant high transverse momentum (pr) process at the LHC,
constituting an important tool to understand the strong interaction, to determine the proton
structure and to search for physics beyond the SM. ATLAS has measured the jet production
cross section in 7 TeV pp collisions using 37 pb~! of integrated luminosity [2], covering a wide
range in rapidity®, up to |y| < 4.4.

1 Copyright 2013 CERN for the benefit of the ATLAS Collaboration. CC-BY-3.0 license.

2 Not covered in this paper.

3 The ATLAS coordinate system is a right-handed system with the x axis pointing towards the centre of the
LHC ring, the z axis following the direction of the beam and the y axis pointing upwards. The azimuthal angle,
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Jets are defined using the anti-k; [3] algorithm, as implemented in the FASTJET [4] package,
with two different radius parameters R=0.4 and R=0.6. The resulting jets are corrected by all
detector and reconstruction effects. Truth jets in the Monte Carlo (MC) simulation are identified
using the anti-k; algorithm and are built from stable particles, which are defined as those with a
proper lifetime longer than 10 ps. This definition includes muons and neutrinos from decaying
hadrons.
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The inclusive jet production cross section as a function of pr and in bins of rapidity, for
jet pr > 20 GeV and for a jet radius of R = 0.4 is shown in figure 1. The term inclusive
means that all the jets in the event have been considered. This measurement extends up to
a jet pt of 1.5 TeV, the highest ever measured, and spans over ten orders of magnitude in
cross section. The error bars, which are usually not visible, represent the statistical uncertainty.
The total systematic uncertainty, dominated by the jet energy scale systematic uncertainty,
is shown with shaded area. There is an additional 3.4% systematic uncertainty due to the
luminosity that is not shown. Data is compared to the NLO perturbative QCD calculations
using NLOJET++ [5] to which non-perturbative corrections have been applied. The CT10
NLO parton density function (PDF) set [6] has been used. The data to MC ratios are shown
in figure 2. The results are also compared with predictions obtained using the MSTW 2008 [7],
NNPDF 2.1 [8,9] and HERAPDF 1.5 [10] PDF sets. There is an overall agreement between the
MC predictions and the data. However, the data shows slightly smaller cross section values that
become worse for the most forward bins in rapidity. This difference is of the same order of the
total systematic uncertainty on the measurement, including both experimental and theoretical
uncertainties, providing some sensitivity to test the theoretical predictions.

These results constitute a comprehensive test of perturbative QCD in a large kinematic regime
and may be used to constrain the parton distribution functions at large x and high momentum
transfer.

3. Search for di-jet mass resonances at the LHC

Several extensions beyond the SM predict new heavy particles, accessible at LHC energies, that
can decay into two energetic partons, such as excited quarks ¢* that would be the result of quark
compositeness [11-13], axigluons predicted by the chiral colour models [14, 15] or technicolor
particles. ATLAS has performed a model independent search for di-jet mass resonances, using

¢ is measured from the positive x axis and the polar angle € is measured from the positive z axis. When dealing

with massive jets and particles, the rapidity y = %ln(m) is used, where E is the jet energy and p. is the

E—-p-
z-component of the jet momentum.
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Figure 2. Ratios of inclusive jet double-differential cross section to the theoretical prediction
obtained using NLOJET++ with the CT10 PDF set [2]. The ratios are shown as a function of
jet pr in different regions of rapidity.

13 fb=1 of pp collisions at 8 TeV centre of mass energy [16]. This study used as a benchmark
the excited quark model, that predicts accessible cross sections at the LHC, imposing limits on
the acceptance times cross section (o x A) for resonant states with intrinsic widths narrower
than the experimental resolution. The analysis technique consists of searching for a peak in a
continuous falling background. New di-jet resonances would be visible as a significant excess
over the fitted background.
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Figure 3. Left: di-jet invariant mass distribution for 13 fb=! of 8 TeV pp collisions. The
background fitting function is shown with a solid line [16]. Right: The 95% CL upper limit on
the production cross section times acceptance of a new di-jet mass resonance as a function of
di-jet invariant mass (black filled circles). The blue dashed curve represents the excited-quark
cross section times acceptance prediction [16].
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The di-jet mass spectrum is shown in figure 3 (left) for 13 fb=! of pp collisions at 8 TeV. The
background fitted function is shown with a solid line. The BumpHunter algorithm [17, 18] is
used to test the presence of resonances in the dijet mass spectrum, assuming Poisson statistics
and taking proper account of the look-elsewhere effect [19]. No significant excess was observed
and, in the absence of a signal, a Bayesian method is applied to calculate the 95% Confidence
Level (CL) limits on the cross section times acceptance of new resonances [16]. The resulting
limits are shown in figure 3 (right). The observed (expected) lower limit on the mass of excited
quarks is 3.84 TeV (3.70 TeV).

4. Top quark physics
With a top quark pair production cross section twenty times larger than the Tevatron, the LHC
is a top quark factory, providing ideal conditions to measure precisely the top quark properties.

The top quark is the heaviest of all the quarks, with a mass similar to an atom of gold. Its
Yukawa coupling to the Higgs is close to unity, which frequently leads to speculation that it may
play a special role in the Electroweak Symmetry Breaking mechanism. Due to its very short
lifetime, it decays before hadronization, preserving the properties of the bare quark, like the
spin information that can be visible through the angle correlation of the decay products.

The top quark plays also a special role in Beyond the Standard Model scenarios, where
new particles may decay to top quark pairs, be produced in its decay or modify its properties.
Therefore, precise measurements of the properties of the top quark are very important to verify
the SM prediction and search for new physics beyond it.

The top quark decays almost always to a W boson and a b quark in the SM. Depending on
the decay of the W boson the final states will contain leptons and missing transverse energy due
to the escaping neutrino, b-jets and/or additional jets.

4.1. tt production cross section

ATLAS has measured the t¢ production cross section in 7 TeV pp collisions with a precision
of about 7% [20] using the semileptonic channel (only one of the W bosons decays to a
lepton* and a neutrino), the dilepton channel (both W decay semileptonically) and the all
hadronic channel (both W decay hadronically). The result of this combination is a value
o = 177 £ 3 (stat) ™5 (syst) +7 (lumi) pb that exceeds the theoretical prediction of
o = 167f}§ pb [21] by about 6%, being still compatible with it within one sigma.

A new measurement has recently been performed [21] in the one-lepton plus jets channel
in which one of the leptons contains a soft muon from the b-quark decay. This measurement
can be sensitive to processes of cascade decays of non-SM bottom-flavoured objects, such as
b — bX — pcX' in SUSY, that would enhance the cross section value and might modify
the kinematic and charge distribution of the soft muons. The measured cross section value is
o = 165+2 (stat) £17 (syst) £3 (lumi) pb, in good agreement with the theoretical expectation.

The tt production cross section has also been measured with 5.8 fb~! [22] of pp collisions
at 8 TeV centre of mass energy, using the semileptonic channel. The event selection requires
a good quality isolated lepton (electron or muon), at least 3 jets and at least one of the jets
b-tagged. A multivariate likelihood technique is used to enhance the signal to background ratio.
The number of ¢t events is determined from a fit to the likelihood discriminant variable. The
resulting cross section is o, = 241 £ 2 (stat) £31 (syst.) £9 (lumi) pb, in good agreement with
the theoretical expectation of 238732 pb [22].
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Figure 4. Jet multiplicities in ¢t events for two different jet pr thresholds: 25 GeV (left) and
80 GeV (right) [23].

4.2. Jet multiplicities in tt events

The measurement of the t¢ production with additional jets as a function of the jet transverse
momentum can constrain initial and final state radiation (ISR/FSR) models and tests
perturbative QCD at the LHC energies. The jet multiplicity has been measured in t¢ events for
different jet pr thresholds, in the single-lepton channel, within the kinematic range accessible
at ATLAS [23]. The multiplicities, fully corrected for the effects of the detector efficiencies,
resolution and biases, are shown in figure 4 for two different jet pr thresholds (25 and 80 GeV).
Data is compared to the prediction obtained by different MC simulations (ALPGEN [24] with
HERWIG [25] or PYTHIA to simulate the showering and fragmentation , MC@QNLO [26] with
HERWIG and POWHEG [27] with PYTHIA). The data points are shown with error bars that
correspond to the statistical uncertainty, while the total uncertainty (systematic plus statistics)
is shown as a shaded area. In the MC, the jets are defined using the same algorithm as in data
(anti-k; with radius parameter R = 0.4) running on all the stable particles except muons and
neutrinos. Particles from the underlying event were included in this definition, whereas particles
from overlaid inelastic events were not. For the lower pr thresholds, all the MC generators
describe the data multiplicities within the uncertainties, while MCQNLO underestimates the
data for multiplicities higher than 5 jets. For the higher pt threshold, MCQ@QNLO underestimates
the data almost for all the bins, suggesting that the jet pr spectrum it generates is too soft.
All the other predictions are in agreement with the data within the uncertainties, for both jet
pr thresholds. The present measurement is limited by systematic uncertainties, dominated by
the background modelling at lower jet multiplicities and by the jet energy scale at higher jet
multiplicities.

4.8. Top quark polarization in tt events
According to the SM, top quarks are expected to be produced unpolarized at the LHC, due to
QCD parity conservation and to the unpolarized initial state. New physics models might result

4 Only muons or electrons are considered.
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in a sizeable polarization, measurable at the LHC. The top quark polarization is preserved in
its decay and can be extracted from the W decay products by studying the polar angle of the
lepton in the rest frame of its parent top quark. In order to do so, the full reconstruction of the
tt system kinematics is necessary. A likelihood fit is used to determine the neutrino momentum
and the assignment of final state jets to the top and antitop quark decays [28]. The polar angle
distribution, cos @, is fitted using templates obtained from the MC simulation of signal events
with positive and negative polarization. The fraction of positively polarized top quarks

1 N(cos >0)— N(cosb <0)

== 1
/ 2+N(00595>0)+N(cos91<0) )

is obtained from the fit.

The fraction f has been measured using 4.66 b~ of 7 TeV pp collisions recorded in 2011,
using tt events in the semileptonic decay channel. The result of the template fit is a fraction
of positively polarized top quarks of f = 0.470 + 0.009 (stat) fg:g%g (syst) in agreement with
the SM prediction of fgy;s = 0.5. This result is dominated by the systematic uncertainty, which
mainly comes from the determination of the jet energy scale and the effect of the top quark
mass on the signal modelling.

4.4. Top quark spin correlations
At the LHC, tt pairs are produced mainly through gluon-gluon fusion, which is dominated at low
invariant mass of the ¢t pair by the fusion of like-helicity gluon pairs. This produces top quarks
in the left-left or right-right helicity configurations [29]. New physics models may change the t¢
spin correlations while keeping the total cross section unchanged. When the ¢ and ¢ decay, if
both W bosons decay semileptonically, the spin correlations can be observed in the correlation of
the azimuthal angle of both leptons in the laboratory frame, A¢. In this case, it is not necessary
to reconstruct the full kinematics of the ¢t pair.

The degree of correlation, A, is defined as the fractional difference between the number of
events where the top and antitop quark spin orientations are aligned and those where they have
opposite alignment

_ N(D +N(L) = N(1) = N(11) o)
N(IT) + N(ID) + N (D) + N (D)

where the arrows denote the spin of the top/antitop quarks with respect to the quantization
axis.

The A¢ distribution is fitted to templates obtained with the MC simulation to determine the
fraction A. Two different bases are used: the helicity basis, using the direction of flight of the
top quark in the ¢ rest frame and the maximal basis, which is optimized for ¢¢ production from
gg fusion [30]. The SM predictions for A, obtained with MC@QNLO MC at matrix element level,
are the following: APM . =0.31 and ASM = 0.44.

helicity maximal
The measured asymmetry values, obtained with 2 fb~! of pp collisions at 7 TeV in the centre of

mass, are: Apelicity = 0.40+0.04 (stat) fg:g? (syst) and Apaximal = 0.57+£0.06 (stat) fgj% (syst).
MC pseudo-experiments are used to calculate the probability that the observed degree of
correlation or larger is measured, assuming no spin correlation. The spin zero hypothesis is
excluded with a significance of 5.1 standard deviations (expected value 4.2).

5. Diboson production

The SM predicts Triple Gauge boson Couplings (TGC) fully constrained by the Electroweak
symmetry, with some vertices that are allowed (like WW+~ and WW Z) and others that are
forbidden (ZZ~, Z7ZZ). The inclusive and differential di-boson production rates are sensitive



DISCRETE 2012 — Third Symposium on Prospects in the Physics of Discrete Symmetries IOP Publishing
Journal of Physics: Conference Series 447 (2013) 012014 doi:10.1088/1742-6596/447/1/012014

to the TGC, that could be modified by new physics models introducing anomalous TGC, new
particle decays or a composite structure of the Z and W bosons.

5.1. WW production cross section
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Figure 5. Left: normalized differential WW fiducial cross section as a function of the leading
lepton pr [31]. Right: limits on the anomalous WW Z and W W+ anomalous triple gauge boson
couplings Akz, Az and Ag? [31].

The WW Standard Model production cross section in pp collisions at 7 TeV centre of mass
energy is predicted to be 44.71%51) pb [32]. A 126 GeV Higgs boson decaying into WW* would
increase this value by approximately 3%. The measured value of the WW production cross
section for 4.6 fb~! of data is oy = 51.94£2.0 (stat)£3.9 (syst) £2.0 (lumi) pb [31]. It exceeds
the theoretical prediction by more than one standard deviation.

The leading lepton pr distribution is sensitive to anomalous TGC that would manifest as an
increase in the high pr tail of the distribution. The Lorentz invariant Lagrangian describing the
WW Z and WW+ interactions has fourteen independent coupling parameters [33]. Assuming
electromagnetic gauge invariance and C and P conservations, the number of independent
parameters reduces to five: g1 , kz, k, , Az and A,. In the SM, these parameters have the
values: g1 = kz =k, =1 and Az = A\, = 0. Form factors that vanish at high parton centre of
mass energy are introduced to ensure unitarity at high energies. These form factors depend on
a cutoff parameter A.

The measured leading lepton pr distribution is shown in figure 5 (left). The data distribution
is compared to the SM prediction and to the distributions that would be obtained in the case of
anomalous triple gauge boson couplings. The leading lepton pr distribution is corrected by the
experimental effects due to the detector acceptance, resolution and reconstruction efficiency. A
test likelihood function that considers the observed number of candidate events, the expected
signal as a function of the anomalous TGC and the estimated number of background events in
each pr bin is defined and used to estimate the anomalous TGC. With the assumption that the
WW Z and WW+~ couplings are equal, the 95% CL limits on the deviations of the parameters
from their SM value, Akz and Az, are [—0.061, 0.093] and [—0.062, 0.065] respectively, for a cutoff
scale A = 6 TeV, which is the largest value preserving unitarity. These limits are compared to
the CMS [34], CDF [35], DO [36] and LEP [37-40] results in figure 5 (right). They are better
than the limits obtained at Tevatron due to the higher production cross section at the LHC and
they are approaching the precision obtained by the combined LEP results.
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5.2. W~ and Z~ production cross section

The W+ and Z+ (called collectively V) production cross sections have been measured for 1.02
fb~! of pp collisions at 7 TeV centre of mass energy, as a function of the photon transverse
energy [41]. Two different cross sections have been studied: inclusive, where there is no
requirement on additional jets, and exclusive, where there is no hard jet in the event. In the
inclusive V' cross section there is a significant contribution from final state radiated photons
from the fragmentation process, while in the exclusive production the photons come primarily
from the initial state radiation or from triple gauge boson vertices of the type WW+ in the W+
events.

Figure 6 shows the inclusive and exclusive production cross sections for W~ (left) and Z~
(right) as a function of the photon transverse energy. The data values are compared to the
SM predictions obtained with the MCFM [42] MC generator. The data to MC ratios are also
shown. There is a good agreement of the measured exclusive cross sections with the MCFM
predictions. The inclusive production cross sections differ from the MCFM prediction at high
photon transverse energy. This is probably due to the fact that MCFM only includes real parton
emission up to one radiated quark or gluon and therefore it misses higher order QCD corrections,
resulting in an underestimation of the inclusive V'~ cross sections.
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Figure 6. Inclusive and exclusive production cross section of W~ (left) and Z~ pairs as a
function of the photon transverse energy, in 7 TeV pp collisions [41].

Assuming C and P conservation separately, the anomalous TGC are normally parameterized
as Ak, = ky — 1 and \, for the WW+ vertex and hY and hy for the ZVy vertices (see [41] and
references therein). The measurement of exclusive V' production for high photon transverse
energy has been used to search for anomalous TGC. No evidence of new physics beyond the SM
has been observed, and therefore limits on anomalous triple gauge boson couplings were derived.
These limits, shown in figure 7, are compatible with the ones obtained at LEP and Tevatron.

5.8. ZZ production cross section

The ZZ production cross section has been measured by ATLAS for 4.6 fb~! of 7 TeV pp
collision [43] and for 5.8 fb=! of 8 TeV pp collisions [44] using the channels ZZ — [lll and
Z 7 — llvv for the 7 TeV analysis and the four lepton channel for the 8 TeV analysis.
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Figure 7. Limits on the anomalous TGC Ak, Ay, hY, hZ hYV, nZ, f1, f£, f and fZ in
comparison to the values obtained by D0, CDF and the LEP experiments (see [41,43] and
references therein).

The non resonant ZZ pairs are produced in the SM mainly through the ¢-channel and s-
channel quark-antiquark annihilation process, with a small contribution from gluon-gluon fusion.
No TGC ZZ~ and ZZ Z are allowed in the SM. The predicted SM cross sections for 7 and 8 TeV
pp collisions are 5.89J_r8:%§ pb and 7.4+ 0.4 pb, respectively, when the two Z bosons are on shell.
The contribution of a 126 GeV Higgs boson would be of the order of 3% (not included before).

The measured cross sections are: ozz = 6.7 & 0.7 (stat) 703 (stat) 0.3 (lumi) pb and
o7z =9.3715 (stat) T93* (syst) £0.3 (lumi) pb for 7 and 8 TeV pp collisions, respectively. Both
results are consistent within errors with the SM expectation.

Neutral TGC can be parameterized in terms of two CP violating (f] and f#) and two CP
conserving (fJ and fZ) complex parameters (see [43] and references therein). A form factor
that depends on a cutoff parameter A is introduced to ensure unitarity at high energies, in the
same way as before.

The leading Z boson pr distribution is used to impose limits on anomalous neutral triple
gauge boson couplings using a maximum profile likelihood ratio [43]. The resulting 95%
confidence limits are shown in figure 7 (bottom right), in comparison with previous results.
The ATLAS limits improve the limits obtained at LEP and at Tevatron by about a factor five.
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6. Higgs searches

In July 2012, the ATLAS and CMS collaborations announced the discovery of a new boson
observed in the Higgs searches at the LHC [45]. The ATLAS result was based on three search
channels: H — WW — lvlv, H — ZZ — llll and H — ~v that used 5.8-5.9 fb~! of 8 TeV
pp collisions and 4.6-4.8 tb=1 of 7 TeV pp collisions. In the same analysis, any other SM Higgs-
boson was excluded with 95% CL in a large mass range, from 111-122 and 131-559 GeV. Since
this discovery, the focus of the ATLAS collaboration has been the measurement of this new
boson’s properties, in order to understand if it is indeed the SM Higgs boson, and in particular
its detection in all the possible decay and production modes.

In what follows, an overview of new ATLAS results obtained from July till December 2012,
using 13 fb~! of 8 TeV pp collisions, will be presented. They refer to three different searches: an
update of the H — WW results, the search for the Higgs decay to b-quark pairs and to 7 lepton
pairs. In all the cases a blind analysis was performed, i.e., the analysis strategy was fixed based
on the MC simulation and data control regions before looking at the signal region in data.

In the SM the Higgs boson is produced mainly through gluon-gluon fusion, with a cross
section of the order of a few pb for the low mass range. The second most important production
mechanism, with a cross section about an order of magnitude smaller, is the vector boson fusion
process (VBF), that can be identified using the signature of the two forward /backward jets. The
associated production of a vector boson (W or Z) and a Higgs, has an even smaller cross section,
but the clear signatures provided by the leptonic decays of the W or Z boson can be used to
reject background in complicated decay channels such as the H — bb. Finally, the associated
production mode of a Higgs boson with a t¢ pair has the smallest cross section, with reduced
sensitivity for the current integrated luminosities [46].

In the low mass range where the new boson was observed, the dominant decay branching
ratio is to b-quark pairs, followed by WW pairs. The branching ratios to ZZ or ~vy are one
or two orders of magnitude smaller but the clean experimental signatures, together with the
very good mass resolution, mean that these channels could still provide the greatest sensitivity.
The H — bb and H — 77 are both affected by very large backgrounds, providing the smallest
sensitivity.

6.1. H—-WW

Events with two isolated, high pr leptons of different flavour (ep or pe) and large missing
transverse energy were selected for this analysis [47]. The event selection was further optimized to
reduce the main backgrounds: W+jets, top quark production, di-boson production and Z/Drell-
Yan. Where possible, data driven techniques were considered to estimate the background yield
(top, WW and W+jets). Different analysis categories that are sensitive to different production
mechanisms and affected by different background compositions were considered. The categories
were selected requiring in addition zero or one jet with pp above 25 GeV.

In figure 8 (left) the transverse mass, my, distribution of the selected events with a leading
electron is shown. A broad excess of events, compatible with being produced by a 125 GeV
Higgs boson, is visible.

The myp distributions for 0- and 1-jet categories are combined in a profile likelihood fit to
estimate the signal strength® y, to measure the probability that a background fluctuation is
equal or larger than the data observation (i.e., the py value) and the 95% confidence exclusion
limits. The minimum pg value, 3 x 1073, is obtained for a mass of 111 GeV and corresponds
to 2.8 standard deviations. Due to the limited mass resolution of the H — WW analysis,
the minimum of the py distribution is very broad, so its value at 125 GeV is still 4 x 1073,
corresponding to 2.6 standard deviations.

5 The ratio of the observed cross section times branching ratio with respect to the predicted SM values.
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Figure 8. Left: invariant mass distribution of events with a leading electron [47]. Right: po
value obtained in the H — WW analysis [47].

The fitted signal strength, j, at 125 GeV is u = 1.487035 (stat) T34 (syst theor) 7025 (syst
exp) £0.05 (lumi). It is compatible with the SM hypothesis within the uncertainty, which is
dominated by the theoretical uncertainty on the normalization of the WW background.

6.2. H— bb

Due to the overwhelming QCD background of b-quark pairs, the search for the H — bb is
performed in the associated production channel of a vector boson and a Higgs [48]. Three
different channels are considered: WH — lvbb, ZH — 1lbb and ZH — vwbb. The event
topologies are characterized by high pr isolated leptons, large missing transverse energy, Eﬁ?iss
(in the case of the WH and ZH — IIbb) and exactly two b-tagged jets. Different categories,
based on the pr of the vector boson or E%”SS , are considered. The invariant mass distribution
for the most sensitive category is shown in figure 9.

The different analysis categories are combined in a profile likelihood ratio to calculate the
exclusion limits and the py value. The limits are exercised by searching for the di-boson
signal WZ and ZZ when one of the Z bosons decays to a bb pair and the other vector
boson decays leptonically. This di-boson signal has a cross section that is about 5 times
larger than the Higgs, with softer p% spectrum and peaking at a lower di-b-jet invariant
mass. The result of the fit in the search for the di-boson signal yielded a strength parameter
Hdi—boson = 1.09 £ 0.20 (stat) £0.22 (syst), in good agreement with the SM expectations.

The 95% CL obtained in the fit to search for the SM Higgs boson in the associated production
with a vector boson and decaying to a bb pair is shown in figure 10 (left). The expected sensitivity
at 125 GeV is around 1.9 standard deviations, while the observed limit is 1.80, corresponding
to a pg value of 0.64.

6.3. H— 771
The search for the Higgs boson decay to 7-lepton pairs is done dividing the analysis in different
channels, depending if the 77 pair is accompanied by zero, one or two jets with pt above
25 GeV [49]. The zero-jet category is more sensitive to the gluon-gluon production mechanism,
while the 2-jet final state is more sensitive to the VBF mechanism.

7-leptons decay about 55% of the time to a narrow jet made of one or three charged pions
plus several neutral pions. A multivariate analysis technique is used to select the hadronically
decaying 7-leptons. Approximately 36% of the time, taus decay to another lepton and a neutrino.
In that case, the invariant mass of the 7 is reconstructed using the missing mass calculator, that
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Figure 9. Invariant mass distribution of the di-b-jet pair in the search for H — bb in the
associated production mode with a vector boson [48]. The distributions show the most sensitive
categories in each of the channels considered (zero, one and two leptons in the final state).
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Figure 10. 95% combined CL exclusion limits as a function of the mass of the Higgs, obtained
in the Higgs search in the associated production with a vector boson when the Higgs decays to
bb pairs [48](left) and in the H — 77 search [49](right).

constrains the neutrino momentum using the tau decay kinematics [50]. In this analysis, all the
possible final state 7-lepton topologies are considered [49].
Due to the softer pt spectrum of the lepton produced in the semileptonic 7 decays, the large
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backgrounds affecting the hadronic signatures and the limited mass resolution, this channel has
limited sensitivity, similar to the H — bb channel.

The combined 95% confidence level exclusion limits in the H — 77 channel are shown in
figure 10 (right). The combined expected limits vary between 1.2 and 3.4 times the predicted
SM cross-section times branching ratio for the mass range 100-150 GeV, while the observed
values vary between 1.3 and 3.3 times the predicted value. The expected (observed) limit at
125 GeV is 1.2 (1.9) times the SM cross section times branching ratio. For this mass, the local
significance is 1.7 standard deviations and the best fitted signal strength is gy = 0.7 £ 0.7.

6.4. Combination

A combined fit on all the available ATLAS results has been performed in [51]. The best fit
signal strength parameter obtained was: p = 1.3 + 0.3 for 126 GeV Higgs boson signal. The
compatibility of the different results is at the 36% level, while the compatibility with the SM
hypothesis is 23%. The excess with respect to the SM expectation is driven by the H — ~y
results [45] (not presented here).

7. Summary and conclusions

A wide range of physics processes has been measured by the ATLAS Collaboration with the data
collected so far, comprising precision measurements of Standard Model processes and searches
for physics beyond it. Overall, the results are consistent with the SM, with no clear evidence of
new physics.

The search for the Standard Model Higgs boson, responsible for the Electroweak Symmetry
breaking mechanism, lead to the discovery in July 2012 of a new boson with a mass of 126 GeV.
The focus of the ATLAS collaboration goes now into understanding the nature of this particle
and measuring its properties. Three decay channels were updated in between July and December
2012 and have been presented in this paper. The results show that, within the limited statistics
available for the moment, the new boson is still compatible with the SM hypothesis.
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