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Outline
● ATLAS has wide ranging

physics program
● Covered in this talk:

● Hard QCD
● W/Z physics
● Top quarks
● Beyond SM searches

● Covered elsewhere:
● ATLAS performance 

(Lucia Masetti)
● Soft QCD 

(Johannes Wessels)
● B-Physics 

(Gaia Lanfranchini)

For full ATLAS results visit:
   https://twiki.cern.ch/twiki/bin/view/Atlas/AtlasResults

LHC

file:///home/aagaard/Atlas/Physics/Talks/PIC-2010-09-03/   https://twiki.cern.ch/twiki/bin/view/Atlas/AtlasResults
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Data at √s=7 TeV

~17 nb-1 with
almost no pileup

~300 nb-1 with
commissioning
trigger setup

● LHC luminosity still increasing exponentially
● Results shown today use subsets of full data sample

Data taking
efficiency: 94 %
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Jet Reconstruction
● High-pT jets produced at the LHC at high rate

● Crucial for all high-pT physics to understand their properties
● Use anti-kT algorithm with R=0.4 or 0.6 to select jets

● Starts from clusters of connected energy deposits above noise
● MC-based pT, dependent jet energy scale

● Uncertainty of 7-10%. Validated by test-beam and collision data

Already probing phase space beyond Tevatron

pT(jet1)>160 GeV
pT(jet1)>160 GeV,
pT(jet2)>40 GeV

pT(jet1)>160 GeV,
pT(jet2)>40 GeV
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Example High-pT Jet Event

pT(jet1)~890 GeV and pT(jet2)~760 GeV 
m(jet1,jet2)~1.9 TeV
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Inclusive Jet Cross Section
● Correct measured jets to 

particle level using parton-
shower MC (Pythia,Herwig)
● Experimental uncertainty

dominated by 30-40% from
jet energy scale

● NLO pQCD prediction
corrected for hadronization
and underlying event
● Theory uncertainties from

PDF, s and scale
normalizations

NLO pQCD in good agreement with 
data over 5 orders of magnitude

ATLAS-CONF-2010-50

pT(jet)>60 GeV,  |yje t|<2.8

See poster by 
Francesc Vaques

http://cdsweb.cern.ch/record/1281305
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Dijet Cross Sections
Leading jet:       pT(jet1)>60 GeV, 

Sub-leading jet: pT(jet2)>30 GeV

Good agreement between data and NLO pQCD
in all rapidity and mass regions

ATLAS-CONF-2010-50

|yje t|<2.8 Â = ejy1¡y2j » 1 + cos µ¤

1¡ cos µ¤

http://cdsweb.cern.ch/record/1281305
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Azimuthal Decorrelation in Dijet Events
Angle between leading jets
sensitive to higher-order
QCD radiation without 
explicit 3r d jet reconstruction

ATLAS-CONF-2010-83

Comparison to MC generators Comparison to NLO pQCD

Good agreement for both Alpgen and NLO pQCD 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-083
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-083/
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Multi-jet Cross Sections
Higher order emissions
also measured directly

The measurements are well described within uncertainties
274 by the leading order matrix element calculation provided by Alpgen with up to six partons in the final
275 state, interfaced to a parton shower

ATLAS-CONF-2010-084

pT(jet1)>60 GeV, pT(jet2,3,.. )>30 GeV,

Alpgen found to give good description of data
Cross sections as function of pT(jet) and pT(jet) measured as well

|yje t|<2.8

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-084/
http://cdsweb.cern.ch/record/128XXXX
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Di-jet Production with Jet Veto
● At high rapidity spans, expect more jets to be produced
● Measure fraction of events without 3r d jet between the two 

jets with highest rapidity difference (gap fraction)
● Relevant for future Higgs vector-boson fusion studies
● Also measured gap-fraction between highest-pT jets

● First ATLAS jet measurement at large rapidity

ATLAS-CONF-2010-085

Shower MC gives good description 
in the explored phase space

 pT(jet)>30 GeV, |yje t|<4.5 pT(jet1,2 )>60 GeV,

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-085/
http://cdsweb.cern.ch/record/128XXXX
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W and Z Physics
● Important milestone in rediscovery of Standard Model

● W's provide powerful constraints on PDF
● W/Z+jets dominant background for top and BSM physics

● Provides great source of pure, high-pT leptons
● Essential for calibrations to reach ultimate performance
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W Selection
Selection of low-background W sample

pT() > 20 GeV, || < 2.4
|pT(ID-MS)| < 15 GeV
pT(ID)/pT() < 0.2

ET > 25 GeV

Good agreement between data and MC shapes

3425 events with
mT>40 GeV

mT =
q
2p`T p

º
T (1¡ cos(Á` ¡ Áº))
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W Selection
Similar selection used for electrons

● No isolation requirement, but stricter electron ID instead

3233 events with
mT>40 GeV Good agreement between data and MC 

also for lepton- and W-pT spectra
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W Cross Section Measurement
ATLAS-CONF-2010-51

¾(W ! `º) = 9:3§ 0:9(stat)§ 0:6(syst)§ 1:0(lumi) nb
Compatible with Standard Model expectation (NNLO: 10.5±0.4 nb)
Note: already limited by luminosity uncertainty

¾(W ! `º) =
N sig

AWCWL

● Total cross section with L=17 nb-1 (±11%)
● Acceptance, AW=47±1.5%
● Reconstruction Uncertainties:

  See poster by  
  Verena 
  Outschoorn

Ns ig ~110 events

http://cdsweb.cern.ch/record/1281306
http://cdsweb.cern.ch/record/128XXXX
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W± Charge Asymmetry
● Sensitive to PDFs (x~0.001-0.1)
● Most systematics cancel in ratio

ATLAS-CONF-2010-51

A =
¾(W ! `+º)¡ ¾(W ! `¡º)
¾(W ! `+º) + ¾(W ! `¡º)

A(W ! ¹º) = 0:33§ 0:12(stat)§ 0:01(syst)
In agreement with NNLO prediction (0.2)

|| ||

A(W ! eº) = 0:21§ 0:18(stat)§ 0:01(syst)

http://cdsweb.cern.ch/record/1281306
http://cdsweb.cern.ch/record/128XXXX
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Z Selection
● 2 oppositely charged leptons with pT>20 GeV
● Similar lepton selection as W (looser electron ID)

230 e+e- events 354 +- events

Muon-pT spectrum

Almost background free
Resolution worse than simulation 
(mostly due to alignment)
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Example Z Decay Event



  20

Z Cross Section
ATLAS-CONF-2010-76

● Total cross section with L=225 nb-1 (±11%)
● Acceptance, AZ=46.5±1.4%
● Reconstruction efficiency:

¾(Z=°¤ ! `º) =
N sig

AZCZL

Compatible with Standard Model expectation (NNLO: 0.99±0.04 nb)
Note: again limited by luminosity uncertainty

(64.5±14)%   (79.7±7)%

¾(Z ! `+`¡) = 0:83§ 0:07(stat)§ 0:06(syst)§ 0:09(lumi) nb
Ns ig ~124 events

http://cdsweb.cern.ch/record/1281367
http://cdsweb.cern.ch/record/128XXXX
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W/Z+Jets
● Select W and Z decay with additional jets
● Same W/Z selection as before

W→ℓ+jets Z→ℓℓ+jetspT(jet1) in W→ℓ+jets

Next step is cross section and jet-ratio 
measurements for W/Z+jets

Anti-kT jets (R=0.4), pT(jet)>20 GeV, |yje t|<2.8

Stat. errors only Stat. errors only

Stat. errors only
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Top Physics
● “Rediscovery” of top quark

requires good understanding
of full detector performance
● Lepton identification
● Jets and b-tagging
● Missing Energy

ATLAS-CONF-2010-087

QCD background
estimated from data
using loose lepton
selection

Studies to understand backgrounds from data underway:

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-087
http://cdsweb.cern.ch/record/128XXXX
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Lepton+Jet Decay Mode
Candidate selection:
● One isolated lepton

pT(ℓ)>20 GeV, ||<2.5
● ≥4 jets

pT(jet)>20 GeV, ||<2.5
● ≥1 b-tagged jet

~50% b-jet efficiency
● ET>20 GeV

7 events in 290 nb- 1 
Consistent with MC
expectations

ATLAS-CONF-2010-63

Electron
mode

Muon
mode

Electron+jets event (LJ5)

See poster by 
Maria Llacer

http://cdsweb.cern.ch/record/1281338
http://cdsweb.cern.ch/record/128XXXX
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Dilepton Decay Mode
Candidate selection
● two isolated leptons (e+e–,μ+μ–,e+μ–)

pT(ℓ)>20 GeV, ||<2.5
● ≥2 jets, pT(jet)>20 GeV, ||<2.5
● ET>40(30) GeV for e+e– (μ+μ–),

pT(ℓ)+pT(jet)>150 GeV for e+μ– 

ATLAS-CONF-2010-63

Electron+muon
mode

Electron+muon candidate (DL2)

Zoom of DL2 event

b-jet

2 events in 290 nb- 1 
Both have 1 b-jet

http://cdsweb.cern.ch/record/1281338
http://cdsweb.cern.ch/record/128XXXX
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Searching for SUSY
● Primarily trying to understand backgrounds
● Using loose SUSY-like event selections

Background levels consistent with MC expectations

Jets+ET channel:
≥3 jets, pT(jet1)>70 GeV, pT(jet2,3 )>30 GeV

Electron+Jets+ET channel:
≥2 jets, pT(e)>20 GeV, pT(jet1,2 )>30 GeV

ATLAS-CONF-2010-065
ATLAS-CONF-2010-066

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-065
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-066/
http://cdsweb.cern.ch/record/128XXXX
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SUSY with b-jets
● Many SUSY models predict

copious production of 
3rd-generation squarks

● Adding b-jet requirement can
enhance signal sensitivity

b-tagging variable

Jets+ET channel:
≥3 jets, pT(jet1,2,3 )>30 GeV, 1 b-tag jet

Muon+Jets+ET channel:
≥2 jets, pT(μ)>20 GeV, pT(jet1,2 )>30 GeV, 1 b-tag

ATLAS-CONF-2010-079

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-079/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-079/
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Search for W'→e Decays
● New heavy gauge bosons could exist beyond SM
● Search for heavy, charged spin-1 decay to e±

ATLAS-CONF-2010-089

More luminosity needed to reach Tevatron limit (1 TeV)

Limit: m(W')>465 GeV at 95% CL for W'→e with SM couplings

Isolated electron,
ET(e)>20 GeV, ET>25 GeV

Limit on ∙BR set by counting
events with m>0.7mW'

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-089/
http://cdsweb.cern.ch/record/128XXXX
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Search for High-mass Dijets
● Search for bump in smooth dijet mass spectrum
● Selection:
● Systematics: Jet energy scale, bkg fit, luminosity

ArXiv:1008.2461
Submitted to PRL

Limit: m(q*)>1.26 TeV at 95% CL for excited composite quark q*

Improvement over existing limit (CDF: m(q*)>0.87 TeV)

pT(jet1)>70 GeV, pT(jet2)>30 GeV,||<2.5 ||<1.3

http://arxiv.org/abs/1008.2461
http://cdsweb.cern.ch/record/128XXXX
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High-mass Multi-body Decays
● Low-scale gravity models predict new massive states
● Search for excess of high-pT objects with high inv. mass

ATLAS-CONF-2010-088

#objs for pT>300 GeV minv  for pT>300 GeV minv  for pT>700 GeV

QCD
control
region

Observe 193 events with 254±18±84 events expected
Limit: ∙A<0.34 nb at 95% CL

≥3 objects, pT(jet)>40 GeV, pT(e,,)>20 GeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-088/
http://cdsweb.cern.ch/record/128XXXX
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Summary
● The exploration of physics at 7 TeV has started
● Multiple measurements of events with high-pT jets

● Starting to explore new territory
● Reasonable agreement with NLO calculations observed

● Significant W and Z statistics being collected
● First cross-section and W asymmetry measurements done
● W and Z decays with multiple jets observed

● Strong hints for top-quark decays seen
● Search for physics beyond the Standard Model begun

● Already improved limit on excited quark production

Many more results to come in next months
as luminosity keeps accumulating
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