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This talk builds heavily upon Daniel Froidevaux’s brilliant LHCC  
presentation at the Open Session of the Sep 21 LHCC meeting at CERN: 

https://indico.cern.ch/conferenceDisplay.py?confId=153317  

Acknowledgment: 

Outline 

―  Succinct snapshot of ATLAS physics searches 

―  ATLAS status and running conditions 

―  ATLAS results with emphasis on performance and Standard 
Model measurements 
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Toroid Magnets    Solenoid Magnet    SCT Tracker     Pixel Detector    TRT Tracker 

Muon Detectors                  Tile Calorimeter           Liquid Argon Calorimeters 

22 m 

46 m 

Emphasis on 
•  large acceptance and hermeticity 
•  excellent jet and ET,miss resolution 
•  excellent particle identification 
•  excellent vertex reconstruction 
•  standalone muon measurement 
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Physics at ATLAS — Year Two of the LHC 
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ATLAS mines its data for new physics in events with jets … 
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q 

? 

New, high-scale interaction ? 
New bound state (particle) ? 
Are quarks composites ? 

? 
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ATLAS mines its data for new physics in events with jets … 
… gradually approaching the limits of phase space 
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Event with 4.04 TeV dijet invariant mass 
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ATLAS mines its data for new physics in events with leptons … 
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q(‘) 
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e/ν	


Z0 / W± 

Unification of forces ? 
Left-right symmetric models ? 
Compact extra dimensions ? 
Technicolour ? 
Higgs doublet extensions ? 

? 
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ATLAS mines its data for new physics in events with leptons … 
… gradually (but not yet!) approaching the limits of phase space 
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Observed and predicted transverse mass Observed and predicted dielectron mass, search bumps 

95% lower limit: m(W ’SSM) > 2.1 TeV 95% CL lower limit:  m(Z ’SSM) > 1.8 TeV 
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ATLAS arXiv:1108.1582 
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ATLAS mines its data for new physics in events with leptons … 
… gradually (but not yet!) reaching the limits of phase space 
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Highest mass dielectron event observed: m(ee) = 993 GeV (only tracks with pT > 1 GeV are drawn) 



12 LBNL SUSY Workshop, Oct 19, 2011 Andreas Hoecker   –   ATLAS Status & Recent Highlights  Highest mass dimuon event observed: m(µµ) = 959 GeV (only tracks with pT > 0.5 GeV are drawn) 
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ATLAS mines its data for new physics in events with MET… 

q 

χ0 
RPC Supersymmetry ? 
Universal extra dimensions ? 
Any new physics with conserved “new-physics” number ? 
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ATLAS mines its data for new physics in events with MET … 
… gradually reaching the limits of phase space 

ATLAS arXiv:1109.6572 

Effective mass in 0-lepton + jets + MET channel 
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ATLAS mines its data for any new physics in its events … 

Of course there are many, many more proposed new physics 
models with various, more or less involved signatures … 

? 
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Scalar resonance mass1.92 TeV  (2011) [arXiv:1108.6311]-1=1.0 fbL

Axigluon mass3.32 TeV  (2011) [arXiv:1108.6311]-1=1.0 fbL

q* mass2.99 TeV  (2011) [arXiv:1108.6311]-1=1.0 fbL

 massL
±±H375 GeV  (2011) [ATLAS-CONF-2011-127]-1=1.6 fbL

(N) < 700 GeV)m mass (for 230 < RW1.350 TeV  (2010) [ATLAS-CONF-2011-115]-1=34 pbL

) = 1 TeV)
R

(WmN mass (for 780 GeV  (2010) [ATLAS-CONF-2011-115]-1=34 pbL
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T mass420 GeV  (2011) [Preliminary]-1=1.04 fbL
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 mass4Q270 GeV  (2010) [ATLAS-CONF-2011-022]-1=37 pbL

 gen. LQ massnd2422 GeV  (2010) [arXiv:1104.4481]-1=35 pbL

 gen. LQ massst1376 GeV  (2010) [arXiv:1104.4481]-1=35 pbL

W' mass2.15 TeV  (2011) [arXiv:1108.1316]-1=1.04 fbL

Z' mass1.83 TeV  (2011) [arXiv:1108.1582]-1=1.08-1.21 fbL

-4.9 TeV  (2010) [arXiv:1104.4398]-1=42 pbL

-6.7 TeV  (2010) [arXiv:1103.3864 (Bayesian limit)]-1=36 pbL

=6). (DM1.20 TeV  (2010) [ATLAS-CONF-2011-065]-1=31 pbL

=6). (DM1.37 TeV  (2010) [ATLAS-CONF-2011-068]-1=35 pbL
DM2.35 TeV  (2010) [ATLAS-CONF-2011-070]-1=33 pbL

=6). (DM3.67 TeV  (2010) [arXiv:1103.3864]-1=36 pbL

KK gluon mass840 GeV  (2011) [ATLAS-CONF-2011-123]-1=1.04 fbL

Graviton mass1.63 TeV  (2011) [arXiv:1108.1582]-1=1.08-1.21 fbL

Graviton mass920 GeV  (2010) [ATLAS-CONF-2011-044]-1=36 pbL

Compact. scale 1/R1.22 TeV  (2011) [Preliminary]-1=1.07 fbL

=2). (DM3.2 TeV  (2011) [ATLAS-CONF-2011-096]-1=1.00 fbL
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 masst~309 GeV  (2010) [arXiv:1103.1984]-1=34 pbL
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 massq~850 GeV  (2011) [Preliminary]-1=1.04 fbL
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))g~(m) = 2q~(m mass  (for g~680 GeV  (2011) [Preliminary]-1=1.34 fbL

 massg~ = q~875 GeV  (2011) [Preliminary]-1=1.04 fbL

 massg~ = q~980 GeV  (2011) [Preliminary]-1=1.04 fbL

Only a selection of the available results leading to mass limits shown*

-1 = (0.031 - 1.60) fbLdt/
 = 7 TeVs

ATLAS
Preliminary

ATLAS Searches* - 95% CL Lower Limits (Status: BSM-LHC 2011)
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Only a selection of the available results leading to mass limits shown*

-1 = (0.031 - 1.60) fbLdt/
 = 7 TeVs

ATLAS
Preliminary

ATLAS Searches* - 95% CL Lower Limits (Status: BSM-LHC 2011)

This workshop is mainly dedicated to the upper part of this plot  

For ATLAS will report: Tanya Sandoval, Timo Müller, Katarzyna Pajchel, 
Monica D'Onofrio, Daniel Damiani, Nick Barlow, Yuya Azuma, Vasia Mitsou  

The lower part (and more) will be summarised by Pierre Savard on Friday 



18 LBNL SUSY Workshop, Oct 19, 2011 Andreas Hoecker   –   ATLAS Status & Recent Highlights 

We haven’t found any obvious new physics so far … 

Apart from searches for strong new physics signatures … 

…we have made wonderful Standard Model QCD measurements 

…we are looking into electroweak production, which involves searches 
for the diboson production, single top, Higgs boson, but also SUSY 
processes such as gaugino pair production and others 
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ATLAS Status and SM Physics 
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Recorded luminosity in 2010 and 2011 
Measured with forward detectors, calibrated with beam separation scans 
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 = 7 TeVs     ATLAS Online Luminosity

LHC Delivered

ATLAS Recorded

-1Total Delivered: 5.21 fb
-1Total Recorded: 4.88 fb

Peak L = 3.6×1033 s–1cm–2 

Max Ncoll-bunch = 1331 (Δt = 50 ns)  

Max stored energy: 100 MJ 
Status: 15  Oct 2011 

Surpassed 
Tevatron 
record of 
4.1 1032  

ATLAS integrated 
luminosity in 2011 

Weekly record: 584 pb−1 

In 2010: 0.04 fb−1 collected 

94% data-taking efficiency  
•  Lost ~2% at turn-on at start of stable beams 
•  Lost ~3% due to deadtime 
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Recorded luminosity in 2010 and 2011 
Measured with forward detectors, calibrated with beam separation scans 

Day in 2011
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LHC Delivered

ATLAS Recorded

-1Total Delivered: 5.21 fb
-1Total Recorded: 4.88 fb

Peak L = 3.6×1033 s–1cm–2 

Max Ncoll-bunch = 1331 (Δt = 50 ns)  

Max stored energy: 100 MJ 
Status: 15  Oct 2011 

Surpassed 
Tevatron 
record of 
4.1 1032  

At L = 3×1033 s−1cm−2, 
produce 225 (129) Higgs 
bosons of 115 (150) GeV  
mass in ATLAS and CMS 
per hour 

Tevatron @ 115 GeV: 2/h at max luminosity 

94% data-taking efficiency  
•  Lost ~2% at turn-on at start of stable beams 
•  Lost ~3% due to deadtime 
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ATLAS Operations 
During August technical stop, LHC reduced β* from 1.5 m to 1 m 

Corresponding linear increase of luminosity (and pileup — see later) 

Beamspot reduced as expected:  
<σx> decrease: 25 µm à 21 µm <σz> stable: 58 mm à 56 mm 

Adjust L1 menu for up to 5×1033 (moderate isolation introduced for leptons) 

Upgrade readout system and HLT CPU resources to preserve low-pT triggers  
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ATLAS Operations — Trigger 
Task: preserve physics and perf. analysis à low single lepton thresholds 

Trigger objects Offline Selection 
(pT thresholds in GeV) 

Trigger Selection 
(GeV) 

L1 Rate    
(kHz) 

at 3×1033 

EF Rate 
(Hz) 

at 3×1033 
L1 EF 

Single leptons Single muon > 20 11 18 8 100 

Single electron > 25 16 22 9 55 

Two leptons  
2 muons > 4 11 15, 10 6 5 

2 electrons, > 15 2×10 2×12 2 1.3 

2 tau à had > 45, 30 15, 11 29, 20 7.5 15 

Two photons 2 photons > 25 2×12 2×20 3.5 5 

MET MET > 170 50 70 0.6 5 

Multi-jets 5 jets, > 55 5×10 5×30 0.2 9 

Single jet + MET Jet pT > 130 & MET > 140 50 & 35 75 & 55 0.8 18 

Total rate (peak) 55 kHz 550 Hz 
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ATLAS Operations — Trigger 
Task: preserve physics and perf. analysis à low single lepton thresholds 

Trigger objects Offline Selection 
(pT thresholds in GeV) 

Trigger Selection 
(GeV) 

L1 Rate    
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EF Rate 
(Hz) 

at 3×1033 
L1 EF 

Single leptons Single muon > 20 11 18 8 100 

Single electron > 25 16 22 9 55 

Two leptons  
2 muons > 4 11 15, 10 6 5 

2 electrons, > 15 2×10 2×12 2 1.3 

2 tau à had > 45, 30 15, 11 29, 20 7.5 15 

Two photons 2 photons > 25 2×12 2×20 3.5 5 

MET MET > 170 50 70 0.6 5 

Multi-jets 5 jets, > 55 5×10 5×30 0.2 9 

Single jet + MET Jet pT > 130 & MET > 140 50 & 35 75 & 55 0.8 18 
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Pileup 

Z → µµ event in ATLAS with 20 reconstructed vertices 

High luminosity comes at a 
price: probability of parasitic 
collisions in one bunch 
crossing (= pileup) increases 

Peak of up to 22 collisions 
per crossing reached 



26 LBNL SUSY Workshop, Oct 19, 2011 Andreas Hoecker   –   ATLAS Status & Recent Highlights 

Do not expect a significant 
impact on tracking, nor 
muons, nor even electrons 
and photons 

However, sizable impact 
on jets, MET and tau 
reconstruction	


Pileup 
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LAr drift-time is ~500 ns and out-of-time bunches 
have impact on measurement  

Bipolar pulse shaping designed so that <ET> ~ 0 for 
25 ns bunch-spacing and uniform intensity per BX  

LAr pulse shape: 
Signal amplitude vs. 
time after shaping 

Optimal performance 
requires correction 
per cell type vs. η 
and luminosity to 
calibrate <ET> ~ 0 

Currently, introduced 
increased JES error 
for low-pT jets 
(worst: 7% for jets in 
forward calo)  
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Fraction of good data after Tier-0 reconstruction: 

Fraction of good data after reprocessing: 

•  Data quality close to 100% for all sub-detectors, except for LAr 
•  Origin of lower data LAr quality is mostly noise bursts (and HV trips) 

•  Event-by-event flagging of noise bursts regained 7% of luminosity for physics (now also in Tier-0) 
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Initial alignment work concentrated on minimising track-to-hit residuals 

This is not sufficient for a properly aligned tracking detector à “weak modes” 
Require “physics input” to eliminate shadow distortions, eg, E/p from electrons! 

Z to µµ in ID only (250k events) Ideal (MC) Deterioration in data 
using residuals fit only 

Add E/p constraint 
from e+ vs e−  

Both µ in barrel ID 1.60 0.98 ± 0.01 0.71 ± 0.01 

Both µ in same end-cap ID 3.42 3.03 ± 0.03 1.16 ± 0.01 

Barrel Endcaps 
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Challenge to achieve in ~ 10’000 m3 of muon system design stand-alone 
resolution of 10% at 1 TeV over |η| < 2.7 (requires sagitta accuracy of 50 µm) 

Muon 
momentum: 

20 GeV 

3 Barrel MDT 
stations 

z 

r 

4 GeV 

~2.5m 

~2.5m 
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Challenge to achieve in ~ 10’000 m3 of muon system design stand-alone 
resolution of 10% at 1 TeV over |η| < 2.7 (requires sagitta accuracy of 50 µm) 
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ATLAS Preliminary
Toroid-off data 2011 (7 TeV)

-1 L dt = 4.2 pb"
Combination of optical alignment and tracks 
taken with toroid off and solenoid on (4.2 pb−1 

in spring 2011) resulted in much improved 
endcaps, where constraints from cosmics were 
statistically much weaker than in barrel 

All chambers now within < ±100 µm 

Recent reprocessing yielded factor > 2 
improvement for CSC chambers at high |η| 
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A beautiful dijet event: m(jet-jet) = 1.9 TeV, pT : 0.9 TeV, 0.8 TeV 
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Measuring jet fragmentation — towards improving JES 
Large HERWIG++ / Pythia  discrepancies dominate JES uncertainty at high pT 

None of current generators or tunes agree well with all the transverse measurements  

ATLAS  arXiv:1109.5816 
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Photon measurements — crucial ingredient to H → γγ	

Huge hierarchy: jj (~500 µb) à γj (~200 nb) à γγ (~30 pb) à H→γγ (~40 fb) 

ATLAS  arXiv:1108.5895 

Background from jets fragmenting into 
single hard πo à fake γ 

Determined choice of fine lateral 
segmentation (4mm strips) of the first 
layer of ATLAS EM calorimeter 

strips 

Huge uncertainty in jj and jγ cross sections:          
γ—jet separation must be measured from data 
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Calorimeter Isolation distributions    
in data for leading photon 

à sample purity from template fits 
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Photon measurements — crucial ingredient to H → γγ	

Huge hierarchy: jj (~500 µb) à γj (~200 nb) à γγ (~30 pb) à H→γγ (~40 fb) 

ATLAS  arXiv:1108.5895 ATLAS  arXiv:1012.4389 
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H → γγ sample contributions measured in data Photon identification purity versus ET(γ) 

Photon purity versus ET :  

 Around 70−80% in H → γγ range 
 Above 90% at high ET 
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FIG. 5. Illustration of the two-dimensional plane, de!ned b y
means of the transverse isolation energy and a subset of the
photon identi!cation (ID) variables, used for estimating, from
the observed yields in the three control regions ( B, C, D ), the
background yield in the signal region ( A ).

tion criteria is therefore:

N sig
A = N A − N B

N C

N D
, (1)

where N A is the observed number of photon candidates
in the signal region.

The assumption that the signal contamination in the
background control regions is small is checked using
prompt photon MC samples. As the number of signal
events in the background control regions is always pos-
itive and non-zero, corrections are applied to limit the
e!ects on the "nal result. For this purpose, Eq. 1 is
modi"ed in the following way:

N sig
A = N A − (N B − cB N sig

A )
(N C − cC N sig

A )
(N D − cD N sig

A )
, (2)

where cK
N sig

K

N sig
A

(for K { B, C, D } ) are the signal leak-
age fractions extracted from simulation. Typical values
for cB are between 3% and 17%, increasing with the pho-
ton candidate transverse energy; for cC , between 2% and
14%, decreasing with E γ

T . cD is always less than 2%.
The total e!ect of these corrections on the measured sig-
nal photon purities is typically less than 5%.

The isolated prompt photon fraction measured with
this method, as a function of the photon reconstructed
transverse energy, is shown in Fig. 6. The numbers
o" solated prompt photon candidates measured in each
pseudorapidity and transverse energy interval are also re-
ported in Table II . The systematic uncertainties on the
measured prompt photon yield and fraction in the se-
lected sample are described in Section IX B .
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FIG. 6. Fraction o! solated prompt photons as a function
of the photon transverse energy, as obtained with the two-
dimensional sideband method.

B. Isolation template !t method

The second method relies on a binned maximum likeli-
hood "t to the E iso

T distribution of photon candidates se-
lected in data which pass the tight identi"cation criteria.
The distribution is "t to the sum of a signal template and
a background template, determined from control samples
extracted from data. This is similar to the technique
employed in [22], but relies less on simulation for signal
and background templates. The signal template is de-
termined from the E iso

T distribution of electrons from W
and Z decays, selected using the criteria described in [ 50].
Electrons from W decays are required to ful"ll tight selec-
tion criteria on the shapes of their showers in the electro-
magnetic calorimeter and to pass track-quality require-
ments, including the presence of transition-radiation hits.
They must also be accompanied by E miss

T > 25 GeV,
and the electron–E miss

T system must have a transverse
mass larger than 40 GeV. Electrons from Z decays are
selected with looser criteria, but the pair must have an
invariant mass close to the Z mass. A single signal tem-
plate is constructed for each region in |η|, exploiting the
independence of E iso

T from the transverse energy of the
object (after applying the corrections described in Sec-
tion VC ) to maximize the available statistics. A small
bias is expected due to di!erences between the electron
and photon E iso

T distributions, especially in regions where
there is signi"cant material upstream of the calorimeter.
A shift of the signal template is applied to the electron
distributions extracted from data to compensate for the
di!erences between electrons and photons seen in simu-
lation. This shift, computed using simulated photon and
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Photon measurements — crucial ingredient to H → γγ	

Diphoton mass reconstruction in presence of pileup  

ATLAS  arXiv:1108.5895 
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ATLAS Preliminary -1Ldt = 1.08 fb
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Δz = z(γ1) − z(γ2) in diphoton events (unconverted γ’s) Hard scattering vertex not reliably 
reconstructed in diphoton events in 
presence of significant pileup 

Use projective geometry of EM calo 
layers to reconstruct z vertex 

Good agreement between data and 
MC in barrel; ~20% worse in data in 
endcaps (yet uncorrected 2nd layer 
modulation) 

1.6 cm z vertex resolution from 
pointing (5.5 cm vertex spread) 

Negligible impact on m(γγ) resolution 
compared to E(γ) measurement 
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  Highest ET (960 GeV) unconverted photon observed to date 

Inclusive photon 
ET spectrum 
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W and Z physics: differential measurements	

Precision probes of theory, PDFs, MC generators. Backgrounds to searches 

ATLAS  arXiv:1109.5141 

In 3 fb−1, expect ~20M W → lν decays, 
1.7M Z → ll decays, 0.5M Z → ee  decays 
with one forward electron (2.5 < |η| < 4.9)       
à allows precision tests of theory 

Interesting lessons learned already: 

•  NNLO tools to predict fiducial cross sections 
(FEWZ, DYNNLO) are powerful and provide 
means for more precise comparisons 

•  Complete set of differential distributions for 
W 

±, and Z will provide strong constraints on 
theory and in particular on PDFs 

•  Must decrease experimental systematics on 
efficiencies and MET for ratios and luminosity 
for absolute measurements 

Rapidity distribution 
of 9725 Z (→ ee) 
candidates with two 
central electrons 

3376 Z (→ ee)  
candidates with one 
forward electrons 
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W and Z physics: differential measurements	

Precision probes of theory, PDFs, MC generators. Backgrounds to searches 

ATLAS  arXiv:1109.5141 

Fiducial measurements provide already a more precise test of QCD predictions,                
at least in terms of PDFs, than when they are corrected back to the total cross-sections 
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ment. This is evidence that universality of the PDFs and
perturbative QCD at high orders continue to work up to
the kinematic range probed in W and Z production at
the LHC.

The combination and theory comparisons are also per-
formed with the total integrated cross sections, listed
in Tab. XII . The correlation coe!cients are given in
Tab. XIII . The pure experimental precision of the to-
tal cross sections is as high as that of the "ducial cross

sections. However, the additional extrapolation uncer-
tainty, described in Sec. III , amounts to about 2%, which
is larger than the experimental systematic error. The to-
tal cross section measurements are thus less able to dis-
criminate details of the PDFs, as may be deduced from
comparing Fig. 16 with Fig. 15.

Compared to the "rst total W, Z cross section mea-
surements by ATLAS [ 20], the statistical uncertainty is
improved by a factor of ten, to 0.2 (0.6)% for W (Z ), the
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ment. This is evidence that universality of the PDFs and
perturbative QCD at high orders continue to work up to
the kinematic range probed in W and Z production at
the LHC.

The combination and theory comparisons are also per-
formed with the total integrated cross sections, listed
in Tab. XII . The correlation coe!cients are given in
Tab. XIII . The pure experimental precision of the to-
tal cross sections is as high as that of the "ducial cross

sections. However, the additional extrapolation uncer-
tainty, described in Sec. III , amounts to about 2%, which
is larger than the experimental systematic error. The to-
tal cross section measurements are thus less able to dis-
criminate details of the PDFs, as may be deduced from
comparing Fig. 16 with Fig. 15.

Compared to the "rst total W, Z cross section mea-
surements by ATLAS [ 20], the statistical uncertainty is
improved by a factor of ten, to 0.2 (0.6)% for W (Z ), the

Fiducial cross section measurements Total cross section measurements 

Total uncertainty 
dominated by 
luminosity error 
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W and Z physics: differential measurements	

Precision probes of theory, PDFs, MC generators. Backgrounds to searches 

ATLAS  arXiv:1109.5141 

Probe lepton universality with 
good accuracy (~3%) compared to 
the PDG world average from LEP 
and Tevatron for W boson. 

(An order of magnitude less precise 
than the weak universality tests from 
Tau / Z decays and weak vector and 
axial-vector coupling measurements at 
the Z pole.) 

20

σ tot
W · BR( W ) [nb]

sta sys lum acc

W + 6.048 ± 0.016 ± 0.072 ± 0.206 ± 0.096
W − 4.160 ± 0.014 ± 0.057 ± 0.141 ± 0.083
W ± 10.207 ± 0.021 ± 0.121 ± 0.347 ± 0.164

σ tot
Z/γ · BR( Z/γ ) [nb]

66 < m < 116 GeV

sta sys lum acc

Z/γ 0.937 ± 0.006 ± 0.009 ± 0.032 ± 0.016

TABLE XII. Combined total cross sections times leptonic
branching ratios for W + , W − , W and Z/γ production. The
uncertainties denote the statistical (sta), the experimen tal sys-
tematic (sys), the luminosity (lum), and the extrapolation
(acc) uncertainties.

Z W + W −

Z 1.00 0.91 0.91
W + 0.91 1.00 0.91
W − 0.91 0.91 1.00

Z W + W −

Z 1.00 0.67 0.71
W + 0.67 1.00 0.70
W − 0.71 0.70 1.00

TABLE XIII. Correlation matrix for the measurements of the
total Z, W + and W − cross sections for the full uncertainty
(left) and for all but the luminosity uncertainty (right).

systematic uncertainty by a factor of about !ve, and the
luminosity uncertainty by a factor o" our, to 3 .4%.

E. Ratios of Cross Sections

1. Electron-muon universality

Ratios of electron and muon cross sections can be eval-
uated in the common kinematic !ducial region. Since the
production of the W and Z bosons is independent of the
#avour of the decay lepton, the corresponding cross sec-
tion ratios represent new measurements of the ratios of
the e and µ branching fractions, i.e.

R W =
σe
W

σµ
W

=
Br (W eν)
Br (W µν )

= 1 .006± 0.004 (sta) ± 0.006 (unc) ± 0.022 (cor)
= 1 .006± 0.024.

This can be compared with the current world average of
1.017± 0.019 [56] and a similar measurement performed
by CDF giving 1 .018± 0.025 [57]. Similarly one obtains

)-+ BR(ZZ) / -e+ e BR(ZZ = ZR
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W
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Standard Model

-1 L dt = 33-36 pb

68.3% CL ellipse area

ATLAS

FIG. 17. The correlated measurement of the electron-to-muon
cross section ratios in the W and the Z channels. The ver-
tical (horizontal) band represents the uncertainty of the c or-
responding Z (W ) branching fractions based on the current
world average data. The green ellipse illustrates the 68% CL
for the correlated measurement of R W and R Z , while the er-
ror bars correspond to the one-dimensional uncertainties o f
either R W or R Z , respectively.

for the Z decays into electrons and muons a ratio

R Z =
σe
Z

σµ
Z

=
Br (Z ee)
Br (Z µµ )

= 1 .018± 0.014 (sta) ± 0.016 (unc) ± 0.028 (cor)
= 1 .018± 0.031.

This con!rms e-µ universality in Z decays as well, but
the result is much less accurate than the world average
value of 0.9991± 0.0024 [56]. If one uses this world av-
erage as a constraint on the analysis presented here, the
correlated systematic uncertainty on R W is reduced, and
an improved value R W = 0 .999± 0.020 is obtained. The
correlation of R W and R Z and the comparison with the
world average values is illustrated in Fig. 17.

2. Combined cross section ratios

Ratios of the W ± and Z cross sections are calcu-
lated accounting for the correlations between uncertain-
ties. The results obtained in the !ducial region are given
in Tab. XIV .
The precision of these measurements is very high, with

a total uncertainty of 0 .9% for the W + /W − ratio and of
1.3% for the W ± /Z ratio.

Ratios for the total cross sections are given in Tab. XV .
The uncertainties of the total cross section ratios are en-
larged signi!cantly by the additional acceptance contri-

µ 
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W and Z physics: differential measurements	

Precision probes of theory, PDFs, MC generators. Backgrounds to searches 

ATLAS  arXiv:1109.5141 

The ratios of W to Z fiducial cross-sections have perhaps the highest potential for 
precision measurements in the future 
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FIG. 18. Measured and predicted !ducial cross section ratios,
(σW + + σW − ) /σ Z/γ (top) and σW + /σ W − (bottom). The ex-
perimental uncertainty (inner yellow band) includes the ex per-
imental systematic errors. The total uncertainty (outer gr een
band) includes the statistical uncertainty and the small co n-
tribution from the acceptance correction. The uncertainti es of
the ABKM, JR and MSTW predictions are given by the PDF
uncertainties considered to correspond to 68% CL and their
correlations are derived from the eigenvector sets. The res ults
for HERAPDF comprise all three sources of uncertainty of
that set.

bution. Compared to the !ducial cross section ratios, the
uncertainties are almost doubled, with a value of 1 .8%
for the W + /W − ratio and of 1 .6% for the W ± /Z ratio.
The cross section ratios, determined in the !ducial re-

gions of the W and Z measurements, are compared in
Figs. 18 and 19 with the theoretical predictions account-
ing for the correlations inherent in the PDF determina-
tions.
The mean boson rapidity for the data presented here

is about zero, and thus on average the Bjorken x values
of the incoming partons are equal, x1 = x2 0.01. In
a rough leading order calculation, neglecting the heavy
quark and Cabibbo disfavoured parts of the cross sections
and the γ contribution to the Z cross section, and also
assuming the light sea and anti-quark distributions to be
all the same, xs , the (W + + W − )/Z ratio is found to be
proportional to ( uv + dv + 2 s)/ [(v2u + a2u )( uv + s) + ( v2d +

sta sys acc

W + /W − 1.542 ± 0.007 ± 0.012 ± 0.001
W + /Z 6.493 ± 0.049 ± 0.064 ± 0.005
W − /Z 4.210 ± 0.033 ± 0.049 ± 0.003
W ± /Z 10.703 ± 0.078 ± 0.110 ± 0.008

TABLE XIV. Measured ratios of the cross sections times
leptonic branching ratios for W + /W − , W + /Z , W − /Z and
(W + + W − ) /Z , obtained in the !ducial regions and combin-
ing the electron and muon !nal states. The uncertainties de-
note the statistical (sta), the experimental systematic (s ys),
and the acceptance (acc) uncertainties.

sta sys acc

W + /W − 1.454 ± 0.006 ± 0.012 ± 0.022
W + /Z 6.454 ± 0.048 ± 0.065 ± 0.072
W − /Z 4.439 ± 0.034 ± 0.050 ± 0.049
W ± /Z 10.893 ± 0.079 ± 0.110 ± 0.116

TABLE XV. Measured ratios of the total cross sections times
leptonic branching ratios for W + /W − , W + /Z , W − /Z and
(W + + W − ) /Z , combining the electron and muon !nal states.
The uncertainties denote the statistical (sta), the experi mental
systematic (sys), and the acceptance (acc) uncertainties.

a2d)( dv + s)]. Here xu v (xdv ) is the up (down) valence-
quark momentum distribution and vu,d and au,d are the
vector and axial-vector weak neutral current couplings
of the light quarks. As the numerical values for the Z
coupling to the up and down quarks, v2u,d + a2u,d , are of
similar size, the W ± /Z ratio measures a rather PDF in-
sensitive quantity, provided that the sea is "avour sym-
metric. Since this symmetry assumption, with a small
deviation to account for some light sea quark asymme-
try near Bjorken x 0.1, is inherent in all major PDF
!t determinations, there is indeed not much di#erence
observed between the various W ± /Z ratio predictions,
see Fig. 18 (top). The agreement with the present mea-
surement therefore supports the assumption of a "avour
independent light quark sea at high scales, and Bjorken
x near to 0.01. The predictions for the charge dependent
W + /W − , W + /Z and W − /Z ratios, shown in Figs. 18
(bottom) and 19, exhibit more signi!cant deviations as
they are more sensitive to up-down quark distribution
di#erences.

VII. SUMMARY

New measurements are presented of the inclusive cross
sections of Drell-Yan W ± and Z/γ production in the
electron and muon decay channels. They are based on
the full data sample collected by the ATLAS experiment
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ing for the correlations inherent in the PDF determina-
tions.
The mean boson rapidity for the data presented here

is about zero, and thus on average the Bjorken x values
of the incoming partons are equal, x1 = x2 0.01. In
a rough leading order calculation, neglecting the heavy
quark and Cabibbo disfavoured parts of the cross sections
and the γ contribution to the Z cross section, and also
assuming the light sea and anti-quark distributions to be
all the same, xs , the (W + + W − )/Z ratio is found to be
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(W + + W − ) /Z , obtained in the !ducial regions and combin-
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W + /Z 6.454 ± 0.048 ± 0.065 ± 0.072
W − /Z 4.439 ± 0.034 ± 0.050 ± 0.049
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TABLE XV. Measured ratios of the total cross sections times
leptonic branching ratios for W + /W − , W + /Z , W − /Z and
(W + + W − ) /Z , combining the electron and muon !nal states.
The uncertainties denote the statistical (sta), the experi mental
systematic (sys), and the acceptance (acc) uncertainties.

a2d)( dv + s)]. Here xu v (xdv ) is the up (down) valence-
quark momentum distribution and vu,d and au,d are the
vector and axial-vector weak neutral current couplings
of the light quarks. As the numerical values for the Z
coupling to the up and down quarks, v2u,d + a2u,d , are of
similar size, the W ± /Z ratio measures a rather PDF in-
sensitive quantity, provided that the sea is "avour sym-
metric. Since this symmetry assumption, with a small
deviation to account for some light sea quark asymme-
try near Bjorken x 0.1, is inherent in all major PDF
!t determinations, there is indeed not much di#erence
observed between the various W ± /Z ratio predictions,
see Fig. 18 (top). The agreement with the present mea-
surement therefore supports the assumption of a "avour
independent light quark sea at high scales, and Bjorken
x near to 0.01. The predictions for the charge dependent
W + /W − , W + /Z and W − /Z ratios, shown in Figs. 18
(bottom) and 19, exhibit more signi!cant deviations as
they are more sensitive to up-down quark distribution
di#erences.

VII. SUMMARY

New measurements are presented of the inclusive cross
sections of Drell-Yan W ± and Z/γ production in the
electron and muon decay channels. They are based on
the full data sample collected by the ATLAS experiment

Measured (bands) and predicted (dots) fiducial cross section ratios 
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W and Z physics: transverse momentum distributions	

Sensitive to hadronic recoil, important for mW measurement 

Already a quite precise measurement for pT(W), with the unfolded fiducial distribution 
showing shape differences wrt. certain models  

Hadronic recoil calibrated in terms of data to MC differences using the Z → ll decays 
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[ Z → ll and W → lν 
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agree better among 
themselves than 
with any model  ] 

ATLAS  arXiv:1107.2381, arXiv:1108.6308 
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W and Z physics: production in association with b-jets	

W/Z + jets measurements provide stringent test of QCD at hadron colliders 

ATLAS  arXiv:1109.1403, arXiv:1109.1470 
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W + b-jets measurement by CDF [0909.1505] gave 3σ cross section excess over NLO prediction 

Prelude to W/Z + 2 b-jets measurement in view of Higgs-boson searches in the bb channel  

Note that QCD background at LHC much higher than at Tevatron, hampering inclusive searches for low-mass H → bb 
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Summary of W, Z and top cross section measurements 
Challenging theory over five orders of magnitude 

W Z W Z tt t WW WZ ZZ
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Summary of weak boson and top cross section measurements vs. theory 
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Summary of W, Z and top cross section measurements 
Challenging theory over five orders of magnitude 
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Summary of weak boson and top cross section measurements vs. theory 
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Summary of W, Z and top cross section measurements 
Challenging theory over five orders of magnitude 
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Summary of weak boson and top cross section measurements vs. theory 

The long 
road to 
measuring  
electroweak 
symmetry 
breaking 

H(130 GeV) → ZZ 

H(130 GeV) → WW 
4.9 pb 
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A beautiful 4-muon event 
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Top physics: top−antitop cross section	

Challenge theory also with top measurements 

LHC is top factory 

At 7 TeV CM energy:     
~25 times larger cross 
section than at Tevatron 
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Top physics: top−antitop cross section	

Challenge theory also with top measurements 

ATLAS-CONF-2011-121 

Theory at approximate NNLO: σ(tt) = 165     pb — using mtop = 172.5 GeV (same value in measurement) 

ATLAS lepton + jets result with 0.7 fb−1: σ(tt) = 179.0 ± 3.9stat ± 9.0syst ± 6.6lumi pb 
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Top physics: top-quark mass	

A long-term effort to challenge the Tevatron precision 

ATLAS-CONF-2011-120 

Measurement of the top-quark mass in lepton+jets channels now accurate to ~1.6% 
(Tevatron: 0.6% !), demonstrating the quality of the data and the maturity of the analysis 

 [GeV]topm
160 180 2008

1

  0.0± 0.0 ± 0.0 

Tevatron July 2011   0.8± 0.6 ±173.2 

Run-II best (CDF l+jets)   1.1± 0.7 ±173.0 

Run-I best (D0 l+jets)   3.9± 3.6 ±180.1 

2010+2011 data l+jets prel.   2.7± 0.9 ±175.9 

+jets prel.µ2011 data   2.7± 1.0 ±175.9 

2011 data e+jets prel.   3.1± 1.2 ±173.9 

2010 data l+jets prel.   4.9± 4.0 ±169.3 

+jets prel.µ2010 data   5.0± 5.0 ±166.7 

2010 data e+jets prel.   4.8± 6.7 ±173.8 
ATLAS Preliminary ATLAS (Date: August 15, 2011)

Template method 
applies in-situ 
global JES factor 
using mrec(W→qq) 
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Top physics: W polarisation at W−t−b vertex	

Complements precision V−A tests performed at low energies (µ, τ ) 

ATLAS-CONF-2011-122 

Used ~7000 semi-leptonic and ~900 dilepton top−antitop candidates (0.7 fb−1) to measure 
helicity fractions, depending on W polarisation, extracted from cosθ * distribution between 
lepton and reversed b-quark in W rest frame 

Precise NNLO QCD predictions:  

 F0   = 0.687 ± 0.005 

 FLH = 0.311 ± 0.005  

 FRH = 0.0017 ± 0.0001 

Measurement (combined): 

 F0   = 0.75 ± 0.08stat+syst 

 FLH = 0.25 ± 0.08stat+syst 
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What did I forget ? 

P. Higgs at ATLAS 
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Gee — Of course ! 
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Gee — Of course ! 
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And: BSM — charged Higgs 
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And: BSM — neutral MSSM Higgs 

à Talk by Louise Skinnari on Friday ! 
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Huge 
progress 
also here 
over 2011 — 
limits 
clearly 
exceed 
Tevatron 
sensitivity  
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       I attempted a (necessarily incomplete) overview of the    
ATLAS status and recent physics results, after not even two years 
of data taking at 7 TeV, with a record peak luminosity of 3.6×1033, 
and after passing 5 fb−1 integrated luminosity … 

―  ATLAS is a happily learning experiment. The accelerator and detector are 
continuously delivering beautiful data. This together with the emerging state-
of-the-art MC tools opens the possibility of doing precision measurements in 
both the EW and QCD sectors of the SM 

―  Already the first 36 pb−1 2010 data allowed precise theory tests 

―  The >5 fb−1 2011 sample (thanks to the LHC team!) provides huge 
opportunities in all areas of the LHC physics programme. Exploiting it will 
keep us busy for years, and requires help from our theory colleagues on 
improved predictions, MC tools, critical discussions and ideas  

―  ATLAS, as well as the other LHC experiments, has proven to deliver high-
quality analyses of its data. We need to work hard to further improve the 
detector understanding and to cope with the harsher getting LHC conditions 

―  New physics was not around the corner. No need for preliminary conclusions. 
Let’s just continue our work and look were we haven’t looked so far! 
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Extra slides…  
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ATLAS and CMS have Measured Inclusive and Exclusive 
Jet Cross Sections at never Explored Energies 

Agreement over many orders of magnitude gives confidence for new physics searches  
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mass 
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Display of J/ψ → ee event  

Thanks to TRT, ATLAS has a J/ψ 
tag-and-probe trigger even at       
L = 3×1033. Crucial to understand 
low-pT electrons for, e.g. H → 4e 

J/ψ → ee events also important 
for understanding of EM calo 
performance (extraction of 
resolution, intercalibration, etc)    
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Combining all channels (status: Lepton-Photon 2011) 

At high mass also WW → llqq and ZZ → llνν channels contribute 

Individual 
results 
(ATLAS) 

ATLAS-CONF-2011-135, CMS-PAS-HIG-11-022 

 [GeV]Hm
100 200 300 400 500 600

SM
/

95
%

 C
L 

lim
it 

on
 

1

10

)              -1 (1.08 fbH
)  -1  (1.70 fbl l WWH
)             -1 bb  (1.04 fbW/Z H, H 

)                 -1  (1.06 fbH

)              -1 (1.08 fbH
)  -1  (1.70 fbl l WWH
)             -1 bb  (1.04 fbW/Z H, H 

)                 -1  (1.06 fbH

) -1 llll  (1.96-2.28 fb ZZH
)    -1 llqq  (1.04 fb ZZH
)-1  (1.04 fb ll ZZH

                                                    

) -1 llll  (1.96-2.28 fb ZZH
)    -1 llqq  (1.04 fb ZZH
)-1  (1.04 fb ll ZZH

                                                    

Exp.      Obs. Exp.      Obs.

=7 TeVs, -1 L dt ~ 1.0-2.3 fb CLs limitsATLAS Preliminary

 [GeV]Hm
100 200 300 400 500 600

SM
/

95
%

 C
L 

lim
it 

on
 

1

10


