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Presentation

I.     LHC start & ATLAS Operation
II.    Jets & Limit on Q*
III.   ETmiss & first SUSY search
IV.   W&Z and MW prospect
V.    Conclusions

What is not presented
Detailed detector commissioning, performance & operation
Particle identification (electrons, muons, photons, …..)
Evidence for prompt photon production (cf Louis Fayard’s presentation)
Soft Physics
Top
Even more uncovered topics



Credits

• I was inspired by the lectures/presentations prepared by
• Fabiola Gianotti, Pascal Pralavorio, Tancredi Carli, Jim Virdee, Louis Fayard, 

Beate Heinemann, Ariel Schwartzman, Laurent Serin, …..

• Most of results presented today are from ATLAS CONFerence Notes 
prepared for ICHEP & HCP conferences and available at
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/RESULTS/summer2010.html
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pp collisions at √s = 7 TeV

• Why a hadron collider when
• Hadrons are complicated objects

• the elementary process is then not known (quark, gluons)
• the kinematics of the interaction not fully constraint
• pollution by other components (underlying event)

• But
• Can reach higher energies
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J. Virdee
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From cosmic muons to collisions: LHC

• With nominal parameters: LHC is a factor ~1000 more powerful than Tevatron
• Energy: ELHC = 7⋅ETevatron

• Luminosity: LLHC = 3-30⋅LTevatron

• Physics cross sections factor 10-1000 larger
• First collisions at 7 TeV were collected on 30.03.2010

• Generous harvest since then

LHC design LHC 2009-2011 Tevatron

√s 14 TeV 0.9, 2.1, 7 TeV 1.96 TeV

Number of bunches 2808 2-400 (40) 36

Bunch spacing 25 ns 75-150 ns? 396 ns

Energy stored in beam 360 MJ 2 MJ for 40 bunches 1 MJ

Peak Luminosity 1033-1034 cm-2s-1 1028-1033 cm-2s-1(1031) 3⋅1032 cm-2s-1

∫ℒ⋅dt- one year 10-100 evts/fb 0.1-1 evts/fb (3 evts/pb) ~2 evts/fb



Cross-section Measurement

7

Number of 
selected evts

Number of 
background evts

Selection 
efficiency

Luminosity
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Collider luminosity ℒ

• Luminosity is given by the beam optics:

• Nevents = ℒ × σ 
• Experiments count the number of events
• ℒ has to be known to be able to measure cross sections

• Best estimate of ℒ is given today by the measurement of the LHC beam currents:
±11%

• Dedicated detectors, measuring events from known cross-sections will be used and 
ultimately provide a measurement of the luminosity to ±2-3%

• ALFA detector to measure elastic p-p scattering at small angle being installed
• Physics processes with well calculated cross-sections

Luminosity Working Group 02/19/096

Plans for Absolute Calibration

H. Burkhardt



∫Ldt~0.3 evts/pb

The best fill so far

Luminosity so far with pp collisions at √s = 7 TeV
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Very fast progress
1 fill today = 

all data collected between April & July
(on Sunday: >430nb-1 recorded)

Needs to take into account
data taking efficiency

~95%

1031cm-2s-1

3 evts/pb



Cross-sections -> Triggering
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Triggering in pp collisions at √s = 7 TeV
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Track momentum scale

• Precise measurement of magnetic field (2006) 
• Momentum scale known to a few ‰ in low pT range
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! At low pT : from early peaks and cascade decays

" Momentum scale known to few permil in low pT range

" Inner Detector material known at 10%

! Knowledge of Inner Detector Material
" Looked at using #####ee conversion 

and hadronic interaction secondary vertices

" Found some discrepancies data-MC

" Today ~10% level. Ultimate goal: 1%

PDG(2009) m=1321.7 MeV

Incorrect description 

# will be fixed in MC
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Electromagnetic Calorimeter Performance: π0
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EM EM showershower energyenergy scalescale

! Taste of EM calorimeter uniformity with first million of !!!!0""""""""""""

M= 135.05 !!!! 0.04 MeV (PDG: 134.98)
"""" ~ 20 MeV Systematics: m~1%, """"~10%

ET(cluster)>0.4 GeV, pT("""""""")>0.9 GeV
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Muon Performance
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Muon ReconstructionMuon Reconstruction

! Combined Inner Detector (ID) + Muon Spectrometer (MS) measurement

Very good understanding at low pT (high pT needs more data)

Trigger: 6 GeV pT threshold, Combined muons, |z|<1cm 

~0.2 %

ID driven MS driven 

~2 %
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Jets in ATLAS

• Reconstruction in ATLAS
• 3D calorimeter clusters + anti-kT algorithm (R=0.4, 0.6)
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Jet Jet physicsphysics (1)(1)

! High pT jets abundantly produced at LHC 

" Evidence of jet production shown 28 years ago in ICHEP Paris (pT~60 GeV, Mjj~140 GeV) !

" In ATLAS: Jet = 3D calorimeter cluster + Anti-kt algorithm (R=0.4, 0.6)

Highest jet pT ~ 1.12 TeV

in central detector region 

pT(j1)= 1120 GeV

pT(j2)=   480 GeV

pT(j3)=   155 GeV

pT(j4)=     95 GeV

4 jets in this event:



Jet Energy Scale
• Need to account for 

• Calorimeter non-compensation

• Energy losses in inactive regions 
of the detector (des material)

• Particles which are not totally 
contained in the calorimeter

• Particles that fall out of the 
reconstructed jets but are 
included in the truth jet

• Inefficiencies in calorimeter 
clustering and jet correction
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Figure 1: Jet energy scale correction as a function of jet transverse momentum at the electromagnetic
scale pjet,EM

T for jets in the central barrel (black circles) and endcap (red triangles) regions, averaged in
pjet,EM

T bins and η regions.

6 Jet energy scale uncertainties

The JES systematic uncertainty is derived combining information from single pion test-beam measure-
ments, uncertainties on the material budget of the calorimeter, the description of the electronic noise,
the theoretical model used in the Monte Carlo generation, the comparison of test beam data for the
hadronic shower model used in the simulation, and and other effects such as a shifted beam spot and the
electromagnetic scale uncertainty for the calorimeters.

Dedicated Monte Carlo simulation test samples are generated with different conditions and jets re-
constructed with different parameters with respect to the nominal Monte Carlo simulation sample de-
scribed in section 3.3. These variations are expected to provide a conservative estimate of the systematic
effects contributing to the JES uncertainty. The energy scale of jets in these test samples is calibrated us-
ing the procedure described in section 5. The calibration constants have been derived using the nominal
Monte Carlo simulation sample.

The pseudorapidity bins used for the estimate of the JES uncertainty divide the ATLAS detector in
five η regions: 0.0 ≤ |η |≤ 0.3, 0.3 ≤ |η |≤ 0.8, 0.8 ≤ |η |≤ 1.2, 1.2 ≤ |η |≤ 2.1 and 2.1 ≤ |η |≤ 2.8. In
the following, jets with pseudorapidity up to 1.2 are considered central, while jets with 1.2 ≤ |η | ≤ 2.8
belong to the endcap region.

The JES systematic uncertainty for the endcap region7 considered in this study (1.2 < |η | < 2.8) is
determined using the JES uncertainty for the central barrel region (0.3 < |η | < 0.8) as a baseline, and
adding a contribution from the relative calibration of the jets with respect to the central barrel region.
This choice is motivated by the better knowledge of the calorimeter composition and geometry in the
central region, and leads to a conservative estimate because the main contributions to the uncertainty
decrease with jet energy.

This chapter focuses on the description of the sources of systematic uncertainties and their effect
on the calibrated jet response. In section 6.1, the selection of jets used to derive the JES systematic
uncertainty is outlined. The contributions to the JES systematics belonging to the categories below are

7The endcap region includes the transition in the ATLAS detector between the barrel and the endcap, which needs special
consideration because of its geometry and material composition.

6

the two leading jets is between 50 GeV and 110 GeV and the resulting uncertainty is applied to
all pjet

T . This choice is made on the basis that this uncertainty includes jets from the lower pjet
T

considered in this study; for higher pjet
T than what is considered in the intercalibration study the

main sources of uncertainties have been shown to decrease. The dead material uncertainty is also
expected to decrease with increasing energy. Therefore this choice leads to a conservative estimate
of the uncertainty in the endcap region.
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Figure 4: Jet pjet
T response (pjet,probe

T /pjet,reference
T ) after the JES calibration relative to jets in the central

region (0 < |η |< 0.8) used as a reference, obtained by exploiting the pjet
T balance of as a function of jet

η in data and simulation.

6.3 Uncertainties due to the hadronic shower model

The properties of the hadronic showering of particles interacting in the calorimeter influence the shape
and extent of the energy deposits and therefore the jet energy scale. The contributions to the JES uncer-
tainty from the hadronic shower model are evaluated using the following Monte Carlo samples:

• QGSP the QGSP set of parameters for hadronic interactions in the detector simulated by GEANT4
follows the QGSP BERT details used for the nominal sample described in section 3.3, but with the
Bertini nucleon cascades not simulated.

• FTFP BERT the Quark Gluon String fragmentation model from the QGSP BERT is substituted
with the Fritiof model [32].

ATLAS test-beam data for single pions with energies ranging from 2 to 180 GeV have been compared
to simulations using the two set of parameters for the description of hadronic showers above. In this
study, described in [16], the measured mean single pion response has been shown to lie within these
two descriptions. Below 2 GeV, QGSP BERT and FTFP BERT follow the Bertini cascades model, while
the QGSP follows the Low Energy Parameterized (LEP). Monte Carlo simulations of single particles that
make use of the QGSP BERT model and analysis of isolated tracks matched to energy deposits [6] agree
within 5%, while the LEP description has a much lower response with respect to the Bertini model at
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• Explot jet pT balance to 
• inter-calibrate central-forward jets

ATLAS-CONF-2010-056
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Figure 8: Relative jet energy scale systematic uncertainty as a function of pjet
T for jets in the pseudora-

pidity region 0.3 < |η | < 0.8 in the calorimeter barrel. The total uncertainty is shown as the solid light
blue area. The individual sources are also shown, with statistical errors if applicable.
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Figure 9: Relative jet energy scale systematic uncertainty as a function of pjet
T for jets in the pseudorapid-

ity region 2.1 < |η |< 2.8. The JES uncertainty for the endcap is extrapolated from the barrel uncertainty,
with the contribution from the η intercalibration between central and endcap jets in data and Monte Carlo
added in quadrature. The total uncertainty is shown as the solid light blue area. The individual sources
are also shown, with statistical errors if applicable.
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Relative Jet Energy Scale Systematic Uncertainty 

17

<10 %
Aim: 1%

ATLAS-CONF-2010-056



Jets Physics

• Statistics presented at ICHEP conference
• pTjet>80 GeV (and sub-leading jets pTjet>40 GeV) & |yjet|<2.8
• Only show statistical errors

18
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Jet Jet physicsphysics (2)(2)

! Full ICHEP stat, MC normalised to data

" Main jet : pT>80 GeV (and sub-leading jets: pT>40 GeV) in |yjet|<2.8

" Statistical error only

Tevatron !s=1.96 TeV !!

Already start to explore new phase space ! 

Few Top candidates in !

ATLAS-CONF-2010-084

Start to probe new phase space



Inclusive Jet Differential cross-section

• Inclusive Jet Cross-Section (~Tevatron x 100)
• Restricted to 17nb-1 (no pile-up 

contamination), PTjet>60 GeV, |yjet|<2.8

• Correct measured jets to particle level using 
parton-shower MC (Pythia, Herwig):

• Compare to NLO pQCD prediction 
corrected from hadronisation and 
underlying event

• Theoretical uncertainty on σ (PDF, αs, scale) 
• 10% over measurable pT range, y~0

• increase to 30-40% at |y|~2.8

• Experimental uncertainty on σ

• 30-40% dominated by Jet Energy Scale

• 11% from luminosity not included

19

!"#!$#%!&! '()'*+,+-.*/.))))01203)4567/87)*97:,;7)+;)<=>?' &@

Jet Jet physicsphysics (3)(3)

! Inclusive jet cross-section (~Tevatron x 100)

" Restricted to 17 nb-1 (no pile-up contamination) 

and pT
jet>60 GeV and |yjet|<2.8

" Correct measured jets to particle level using 

parton-shower MC (Pythia, Herwig): 

# Compare to NLO pQCD prediction corrected 

from hadronization and underlying event

" Theoritical uncertainties on ! (PDF, """"S, scale):

$10% over measurable pT range y~0

$ Increase to 30-40% at |y|~2.8

" Experimental uncertainties on !: 

$30-40% dominated by Jet Energy Scale 

$11% from Luminosity not included

Good agreement data-MC over 5 orders of magnitude

(NLOJET++)

Inclusive Jet Differential cross-section

ATLAS-CONF-2010-050



Jets: Theory vs Data vs pT

20
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Jet-Jet mass

21
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Search for new resonances

• Search for excited quarks (q*➝jj) over 315 nb-1

• Signal is searched as a deviation from a smooth monotonic function
• Systematics considered: luminosity, JES, background fit

• To enhance S/√B: pTj1>80 GeV, PTj2>30 GeV, |yj|<2.5 & |Δy|<1.3

22Submitted to PRL - arXiv:1008.2461v1 [hep-ex] 14 Aug 2010
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TABLE I. The 95% CL lower limits on the allowed q∗ mass obtained using different PDF sets.

Observed Mass Limit [TeV] Expected Mass Limit [TeV]

MC Tune PDF Set Stat. ⊕ Syst. Stat. only Stat. ⊕ Syst.

MC09 [22] MRST2007 [20] 1.26 1.29 1.06

MC09′ a CTEQ6L1 [31] 1.20 1.23 0.99

Perugia0 [33] CTEQ5L [32] 1.22 1.25 1.00

a The MC09′ tune is identical to MC09 except for the pythia parameter PARP(82)= 2.1 and use of the CTEQ6L1 PDF set.
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  #

FIG. 2. The 95% CL upper limit on σ ·A as a function of dijet
resonance mass (dots), including the effects of systematic un-
certainties. The red dotted curve shows the expected 95% CL
upper limit and the yellow band represents the 95% credibility
interval of the expected limit. The dashed curves represent
excited-quark σ · A predictions for different MC tunes, each
using a different PDF set.
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FIG. 1. The data (D) dijet mass distribution (filled points)
fitted using a binned background (B) distribution described
by Eqn. 1 (histogram). The predicted q∗ signals [2, 3] for
excited-quark masses of 500, 800, and 1200 GeV are over-
laid, and the bin-by-bin significance of the data-background
difference is shown.

ization of the predicted νth q∗ signal template. To allow
for a low-mass background sideband, the lowest q∗ test
mass used was 400 GeV. For every q∗ mass, Eqn. 2 was
computed for a range of possible signal yields, s, and the
resulting likelihood function was multiplied by a flat prior
in s to give a posterior probability density in s. The 95%
quantile was then determined by integration of the pos-
terior probability distribution. This Bayesian technique
was found to yield credibility intervals that corresponded
well with frequentist confidence intervals. This was veri-
fied by performing a series of pseudo-experiments to de-
termine, by way of a standard frequentist calculation, the
coverage, or the fraction of times that the 95% Bayesian
credibility interval contained the true number of signal
events.
The dominant sources of systematic uncertainty, in de-

creasing order of importance, were the absolute jet en-
ergy scale (JES), the background fit parameters, the in-
tegrated luminosity, and the jet energy resolution (JER).
The JES uncertainty was quantified as a function of pT
and ηjet, with values in the range 6 ∼ 9% [15, 27, 28]. The
statistical uncertainty on the determination of the back-
ground was taken from the uncertainty on the parameters
resulting from the fit of Eqn. 1 to the data sample. The
uncertainty on σ · A due to integrated luminosity was
estimated to be ±11% [29]. The JER uncertainty was
treated as uniform in pT and ηjet with a value of ±14%
on the fractional pT resolution of each jet [30]. The ef-
fects of JES, background fit, integrated luminosity, and

JER were incorporated as nuisance parameters into the
likelihood function and then marginalized by integrating
over each variable. In the course of applying this convo-
lution technique, the JER was found to make a negligible
contribution to the overall systematic uncertainty.

Figure 2 depicts the resulting 95% CL upper limits on
σ ·A as a function of the q∗ resonance mass after incorpo-
ration of systematic uncertainties. Linear interpolations
between test masses were used to determine where the
experimental bound intersected with a theoretical pre-
diction to yield a lower limit on allowed mass. The cor-
responding observed 95% CL excited-quark mass exclu-
sion region was found to be 0.40 < mq∗ < 1.26 TeV us-
ing MRST2007 PDFs in the ATLAS default MC09 tune.
Table I shows the results obtained using CTEQ6L1 [31]
and CTEQ5L [32] PDF sets. The variations in the ob-
served limit associated with the error eigenvectors of
a CTEQ PDF set were found to be smaller than the
spread displayed in Table I. The excluded regions were
∼30 GeV greater when only statistical uncertainties were
taken into account. The expected limits corresponding to
the data sample were computed using an analogous ap-
proach, but replacing the actual data with pseudo-data
generated by random fluctuations around the smooth
function described by fitting the data with Eqn. 1; these
are shown in Fig. 2, with a resulting expected q∗ mass
exclusion region of 0.40 < mq∗ < 1.06 TeV using
MRST2007 PDFs. As indicated in Table I, the two other
PDF sets yielded similar results, with expected exclusion
regions extending to near 1 TeV. An indication of the de-
pendence of the mq∗ limits on the theoretical prediction
for the q∗ signal was obtained by simultaneously vary-
ing both the renormalization and factorization scales by
factors of 0.5 and 2, which was tantamount to modifying
the predicted cross section by approximately ±20%; this
changed the observed MRST2007 limit of 1.26 TeV to
1.32 TeV and 1.22 TeV, respectively.

In conclusion, a search for new heavy particles mani-
fested as narrow mass resonances in dijet final states was
conducted using a 315 nb−1 sample of 7 TeV proton-
proton collisions produced by the LHC and recorded by
the ATLAS detector. No evidence of a resonance struc-
ture was found and upper limits at the 95% CL were
set on the products of cross section and detector accep-
tance for hypothetical new q∗ particles decaying to dijets.
These data exclude at the 95% CL excited-quark masses
from the lower edge of our search region, 0.40 TeV, to
1.26 TeV for a standard set of model parameters and us-
ing the ATLAS default MC09 tune [22]. This result ex-
tends the reach of previous experiments and constitutes
the first exclusion of physics beyond the Standard Model
by the ATLAS experiment. In the future, such searches
will be extended to exclude or discover additional hypo-
thetical particles over greater mass ranges.

1.26 TeV

0.4<M(q*)<1.26 TeV excluded at 95% CL (CDF latest result 0.26<M(q*)<0.87 TeV
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Missing Transverse Energy
• ETmiss 

• Important variable: measures the 
transverse momentum carried by 
neutrinos (or any non interacting 
particle)

• Very sensitive to noise in the detector

Missing transverse energy!

•! Missing ET reconstructed from cells belonging to topological 
clusters and from reconstructed muons:!

•! Missing ET calibration:!
–! Cell energy density or local cluster weighting to correct for non-

compensation and energy losses in inactive material!

–! Refined calibration based on energy corrections of physics objects !

!"



Missing Transverse Energy

From MB events where ETmiss~0

Measured across the whole 
calorimeter (200 k cells), 

       |η|<4.9

Use noise suppression 
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Jet Jet EnergyEnergy scalescale and and EETT
missmiss

! Jet energy scale
" Presently from MC (based on last 10 years)  

Jet Energy scale known to ~7% for pT>100 GeV. ET
miss under control 

~7 %

! ET
miss resolution and tails

" From Minimum Bias events (ET
miss~0)

" Measured over full calorimeter coverage

(3600 in !!!!, |""""|<4.5, ~200k cells)

" Soon reduced with ####-jet balance (~1 pb-1) 

No tails

Inputs to jet reconstruction!

!"

#$%&'("

)*"+&,("

Topological clusters:!

•! Dynamically formed three-
dimensional objects 
optimized to follow the 
shower development!

Noise suppressed towers:!

•! Fixed geometry grid                                                              
using cells belonging to 
topological clusters            !

Tracks:!

•! Independent from 
calorimeter measurements!

•! Provide additional z-vertex 
information (less sensitive to 
pile-up effects) !
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SUSY search

• Two high pT jets (70-30 GeV)
• No lepton
• At least one b-tagged jet (L/σ(L)>6)
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ATLAS-CONF-2010-079

1 Introduction

Supersymmetry (SUSY) [1] is one of the most compelling theories to describe physics beyond
the Standard Model. If supersymmetric particles are present at the TeV-scale, the production
of squarks (q̃) and gluinos (g̃), superpartners of quarks and gluons and therefore strongly in-
teracting particles, constitutes one of the most promising channels for SUSY discovery at the
Large Hadron Collider (LHC) [2]. In the framework of minimal supersymmetry (MSSM), the
production of third generation squarks could be favoured, as the large mixing between the
chiral states of the super-partners of the Standard Model fermions might yield low masses for
the lightest scalar bottom and scalar top states. In R-parity conserving SUSY scenarios, the
cascade decay of pair-produced gluinos and squarks into quarks and gluons will result in a fi-
nal state consisting of several jets plus missing transverse energy, coming from the undetected
neutralinos, which are the lightest supersymmetric particles (LSP) in a large variety of models.
At the LHC, SUSY sparticles such as scalar bottom and scalar top are expected to be pro-

duced in pairs (direct production), or through g̃ → b̃b(t̃t) decays if mg̃ > mq̃ +mq. Figure 1
illustrates two possible production mechanisms. Direct pair production of sbottom quarks can
lead to a final state consisting of a pair of acoplanar bottom-quark jets (b-jets) and significant
Emiss
T
; in case of gluino pair production, multi-jet final states are expected and b-jets would be

copiously produced in the decay chain. Depending on the sparticle mass spectrum, leptons
might also be present.

Figure 1: Feynman diagrams of two possible production mechanisms and subsequent decay
chain involving third generation squarks: sbottom pair production and sbottom decay into
b-quark and neutralinos (left); gluino pair production and decay into b̃b and t̃t (right).

The ATLAS collaboration has already reported the observation of theW± and Z bosons [3]
and of high transverse-momentum jets [4]. With increasing integrated luminosities it is ex-
pected that the LHC experiments should soon be reaching sensitivity for the discovery of su-
persymmetric particles [5] exceeding that of experiments at the Tevatron [6] [7] [8]. First com-
parisons of data to Monte Carlo simulations for some of the most important kinematic vari-
ables for supersymmetry searches involving jets, leptons and missing transverse momentum
have already been reported [9] [10].
This note presents a first comparison of data to Monte Carlo simulations for some of the

most important kinematic variables for supersymmetry searches involving b-jets and missing
transverse energy, with and without leptons. The identification of jets which originated from b-
quarks (b-tagging) is based on the presence of a displaced vertex due to the decay of a b hadron
inside the jet. At least one b-jet candidate is required in the event selection. The measurements
in this note are based on data collected in proton-proton collisions at

√
s = 7 TeV at the LHC

from March to July 2010. They correspond to a total integrated luminosity of 305 nb−1.
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Figure 3: Missing Transverse Energy Significance (MetSig) distribution for events passing dijet
selection. The data are compared to Standard Model expectations obtained from Monte Carlo
samples after applying the normalization factor for the QCD background. No b-tagging re-
quirement is implemented at this stage. The yellow band indicates the total systematic uncer-
tainty (see Section 8). For illustration, the SU4 supersymmetry benchmark point is also shown:
negligible contribution in the control region is expected.

Selection data QCD non-QCD (data – non-QCD) /QCD

Electron channel 353 1070±170 7.23±0.07 0.32 ±0.05
Electron channel after b-tagging 15 70±20 0.65±0.01 0.21 ± 0.08
Muon channel 70 143±5 5.07±0.06 0.45±0.05
Muon channel after b-tagging 9 29±2 0.55±0.01 0.30± 0.10

Table 4: Number of events in data and Monte Carlo predictions for the control region used to
normalize the QCD multijet background. The control region is defined by MT < 40 GeV and
MetSig<2 GeV1/2. Results are also given with the extra requirement of at least one b-tagged jet
with pT > 30 GeV and |# |< 2.5. The normalization factors are calculated after subtracting from
the data the non-QCD background predicted by the Monte Carlo.

include possible effects due to electron andmuonmisidentification, the factors are derived sep-
arately for each lepton species, and are different from those obtained in the 0-lepton channel.
In the case of the muon channel, the QCD muon-filtered Monte Carlo samples, described in
Section 4, have been considered. Normalization values have been also compared after the re-
quirement of at least one b-tagged jet with pT > 30 GeV and |# |< 2.5. In this case, the statistical
fluctuations are higher and the resulting factors for the two samples are compatible.
Figure 4 shows the transversemass for electron andmuon final states in the control samples

defined byMetSig<2 GeV1/2 and after the corresponding QCDMonte Carlo normalization fac-
tors from inclusive control regions have been applied. Agreement between data and Standard
Model expectation is observed in the entire range.

11
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Electroweak Physics

• Current Electroweak theory thoroughly tested (and never “broken”) until 
now (LEP, Hera, TeVatron, µ & neutron magnetic moments,…)

• Better than ‰

• Aim at LHC:
• Finally break it!
• Deeper understanding to:

• tighten indirect constraints
• find deviations 

• Detector calibration
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Z & W productions

• Z production 
• 15⋅106 evts in one year at 

dℒ/dt = 1033 evts/cm2/s
• qq annihilation
• xq⋅xq ~ 4⋅10-5

• pL = 0.5⋅√s⋅(xq-xq)

• Z decay
• To 2 energetic fermions of 

opposite charge
• 70% are quark pairs

• jet-jet distributions are 
dominated by QCD background

• Study lepton pairs: cleaner
• electrons
• muons
• taus

• W production
• σZ ~ 10 ⋅ σW 

• σW+  > σW-  (quark content of the 
proton) 

• W+ peaked at high rapidity; W- in 
central rapidity

• W decay
• 32% to one energetic fermion & 

one neutrino
• 68% to two quarks

‚
W l

ν



W➝eν
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WW!!!!!!!!ll!!!!!!!! physicsphysics (2)(2)

" Electron channel (Full ICHEP stat, MC normalised to data)

# ET(e)> 20 GeV, |"|<2.47

# Loose electron ident. 

+ 

# Tight electron ident.

+ 

# ET
miss > 25 GeV

# Good agreement data/MC (shape) 

# 815 W!!!!e!!!! events (mT>40 GeV) with a high S/B 
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WW!!!!!!!!ll!!!!!!!! physicsphysics (2)(2)

" Electron channel (Full ICHEP stat, MC normalised to data)

# ET(e)> 20 GeV, |"|<2.47

# Loose electron ident. 

+ 

# Tight electron ident.

+ 

# ET
miss > 25 GeV

# Good agreement data/MC (shape) 

# 815 W!!!!e!!!! events (mT>40 GeV) with a high S/B 



MT with ∫Ldt=1.01pb-1 with ETmiss cut
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W➝µν
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WW!!!!!!!!ll!!!!!!!! physicsphysics (3)(3)

" Muon channel (Full ICHEP stat, MC normalised to data)

# Good agreement data/MC (shape)

# 1111 W!!!!µ!µ!µ!µ! events (mT>40 GeV) with a high S/B  

# pT(µ)>15 GeV, |"|<2.4

# |!pT (ID-MS)| < 15 GeV

# |Z"-Zvtx|<1 cm 

+ 

# pT (")> 20 GeV

# #pT(ID)/pT < 0.2 

+ 

# ET
miss > 25 GeV
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WW!!!!!!!!ll!!!!!!!! physicsphysics (3)(3)

" Muon channel (Full ICHEP stat, MC normalised to data)

# Good agreement data/MC (shape)

# 1111 W!!!!µ!µ!µ!µ! events (mT>40 GeV) with a high S/B  

# pT(µ)>15 GeV, |"|<2.4

# |!pT (ID-MS)| < 15 GeV

# |Z"-Zvtx|<1 cm 

+ 

# pT (")> 20 GeV

# #pT(ID)/pT < 0.2 

+ 

# ET
miss > 25 GeV



MT with ∫Ldt=0.991 pb-1 with ETmiss cut
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W cross-section - 17 nb-1
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WW!!!!!!!!ll!!!!!!!! physicsphysics (5)(5)

" Total cross-section measurement at Lint=17 nb-1: 46 (72) W!!!!ev(µµµµv)

# MC geometrical and kinematic acceptance: AW ~ 47±1.5%

# Systematics on reconstruction efficiency (CW):

!!!! (W !!!! l"""") = 9.3 #### 0.9 (stat) #### 0.6 (syst) #### 1.0 (lumi) nb

# Compatible with Standard Model expectations (10.5±0.4 nb)

# Combined measurement dominated by luminosity systematics at 17 nb-1 !

7%8%Total

4%<0.5%Trigger

--4%Material effect

4%6%Identification

(81.4±5.6)%(65.6±5.3)%CW

2%2%ET
miss Scale+Resolution

4%2%E Scale+Resolution

MuonElectronUncertainty

int

)(
LCA

N
lvW

WW

sig

W="#

46(72) W➝eν (µν)

σ(W➝lν) = 9.3 ± 0.9(stat) ± 0.6(syst) ± 1.0 (lumi) nb
σSM (W➝lν) =10.5 ± 0.4 nb
Dominated by luminosity systematics



W transverse momentum
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WW!!!!!!!!ll!!!!!!!! physicsphysics (4)(4)

" Kinematics of « Pure » W (Full ICHEP stat, MC normalised to data) 

Good agreement data/MC (shape) for the 1926 W !lv events

Muon channel Electron channel

W+N jet W+N jet



W asymmetry
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WW!!!!!!!!ll!!!!!!!! physicsphysics (6)(6)

" Asymmetry (A) !!!! Measured the difference in W+/W- production

# Most systematics cancel in the ratio

# Sensitive to valence quark distributions (x ~10-3-10-1) $ A vs " to distinguish between PDF

Statistically limited up to few pb-1

0
) (W   + ) (W  

) (W   - ) (W  
-+

-+

#
$$

$$
=

!%!%

!%!%

!!

!!
A

A (W!!!! e!!!!) = 0.21 """" 0.18 (stat) """" 0.01 (syst)

A (W!!!! #!#!#!#!) = 0.33 """" 0.12 (stat) """" 0.01 (syst)

NNLO theory prediction: A~0.2
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WW!!!!!!!!ll!!!!!!!! physicsphysics (6)(6)

" Asymmetry (A) !!!! Measured the difference in W+/W- production

# Most systematics cancel in the ratio

# Sensitive to valence quark distributions (x ~10-3-10-1) $ A vs " to distinguish between PDF

Statistically limited up to few pb-1

0
) (W   + ) (W  

) (W   - ) (W  
-+

-+

#
$$

$$
=

!%!%

!%!%

!!

!!
A

A (W!!!! e!!!!) = 0.21 """" 0.18 (stat) """" 0.01 (syst)

A (W!!!! #!#!#!#!) = 0.33 """" 0.12 (stat) """" 0.01 (syst)

NNLO theory prediction: A~0.2

Statistically limited up to a few pb-1

Asymmetry (A): Difference in W+/W- production

• Most systematics cancel in the ratio
• Sensitive to valence quarks distributions (x~10-3-10-1)

• A vs η to distinguish between PDF

A(W➝eν) = 0.21 ± 0.18 (stat) ± 0.01 (syst)
A(W➝µν) = 0.33 ± 0.12 (stat) ± 0.01 (syst)

NNLO theory prediction: A~0.2
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W Mass Measurement

World average: MW = 80399 ± 25 MeV

ATLAS aims at a measurement of MW 
with a precision of ~10 MeV.

0. 3‰

0. 1‰
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Measuring MW

• Aim at 2⋅10-4 precision on the energy scale (going from MZ to MW) i.e. 
10 MeV at 50 GeV:

• Electronics noise in strips compartment of LAr calorimeter
• ~2 ADC counts in the middle compartment
• A change of 0.01 degree of LAr temperature
• Effect of empty Bunch Crossings ?

• The protons packets are not uniformly distributed inside the LHC
• Effect of pile-up is different depending on the packet
• Careful treatment of this effect is necessary

• Many (careful) steps have to be taken to reach the goal
• Z0 to fix the energy scale at ~ MZ/MW

• Detector acceptance
• Description of variables by MC (templates)
• ….
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W Mass Measurement

15 pb-1

pT leptons  δMW = 110 (stat) ⊕ 114 (exp.) ⊕ 25 (PDF) MeV      

Transverse mass MT  δMW =  60 (stat) ⊕ 230 (exp.) ⊕ 25 (PDF) MeV      
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High Statistic Measurement of MW

• With 1fb-1  : expect to reach ~10 MeV
• 45 106 W boson per leptonic channel
• 4.5 106 Z boson per leptonic channel

• Examples of systematic studies:
• Experimental

• Lepton energy scale, linearity, resolution
• Reconstruction efficiency

• Theory
• W distribution, yW, pTW

• FSR

• Environment
• Underlying event
• Pile-up
• Background
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W Mass: Ultimate Measurement



Z cross-section measurement
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ZZ!!!!!!!! llll physicsphysics (1)(1)

" Another Standard Model Candel

# Gold-plated channel to calibrate the detector to the ultimate precision

# Among dominant backgrounds for new physics



Z➝ll Physics
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ZZ!!!!!!!! llll physicsphysics (2)(2)

" Full ICHEP stat, MC normalised to data

# From 2 opp. sign leptons (pT>20 GeV, |!!!!|<2.4)

# Similar lepton identification as for W (somewhat relaxed)

NSig = 56

NB < 1

Peak: 88.7±0.8 GeV

Width=3.6±0.8 GeV

Nsig = 106

NB < 1

Peak: 90.3±0.8 GeV

Width=4.2±0.8 GeV
L=297 nb-1

162 very clean Z!!!!ll (l=e,µµµµ) events observed

~300 pb-1 of data - MC normalized to data



Recently Updated Mll Plots - ~1pb-1
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Corfou   31-8-2010 36
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Z cross-section - 225 nb-1
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ZZ!!!!!!!! llll physicsphysics (3)(3)

" Total cross-section measurement at Lint~225 nb-1: 46 (79) Z!!!!ee(µµµµµµµµ)

# MC geometrical and kinematic acceptance: AZ ~ 46.5±1.4%

# Systematics on reconstruction efficiency (CZ):

!!!! (Z/!!!!* !!!! ll) = 0.83 """" 0.07 (stat) """" 0.06 (syst) """" 0.09 (lumi) nb

# Compatible with Standard Model expectations (0.99±0.04 nb)

# Combined measurement dominated by luminosity systematics at 225 nb-1 !

--8%Material effect

7%14%Total

2%<0.5%Trigger

7%10%Identification

(79.7±5.3)%(64.5±9.0)%CZ

--2%Pile-up

1%2%E Scale+Resolution

MuonElectronUncertainty

int

*
)/(

LCA

N
llZ

ZZ

sig

Z="!#

46(79) Z➝ee (µµ)

σ(Z/γ*➝ll) = 0.83 ± 0.07(stat) ± 0.06(syst) ± .09 (lumi) nb
σSM (Z➝ll) = 0.99 ± 0.04 nb
Combined measurement dominated by luminosity systematics at 225nb-1



Conclusions

• LHC has been operating for 5 months at √s = 7 TeV
• As of Monday 30.08.2010, 3.4 pb-1 of p-p collisions have been collected by 

ATLAS, with a data taking efficiency of ~95%
• 1031cm-2s-1 was reached during August

• Plan is to reach 1032cm-2s-1 before LHC switches to heavy ions in October
• The detector is functioning well 

• One decade of  testbeam analysis
• Detailed commissioning while awaiting for beam
• MC description is already at the ~10% level

• The first results give a good taste of the physics potential ahead of us
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