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Very special thanks to the 
1000s of  ATLAS colleagues 
who have contributed to the 
quality of these results



This has been an exciting 
5 months at the LHC...





First 7 TeV Collisions
30 March



First W candidates
1st April



First Z candidates
in May



First top candidates
by end of May



First Summer conference
with physics results in July!
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• Brief discussion of 
machine performance

• Description of ATLAS 
detector systems and 
initial performance

• Highlights of first 
Physics Results

Outline
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Many more details available
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It is impossible to do justice to all of the
excellent work currently being done in ATLAS

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/RESULTS/summer2010.html

ATLAS Summer 2010 Results:

ICHEP 2010:

HCP 2010:

http://ichep2010.fr/

http://hcp2010.physics.utoronto.ca/

Results with
~0.3 pb-1

Results with
~1 pb-1This week!

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/RESULTS/summer2010.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/RESULTS/summer2010.html
http://ichep2010.fr
http://ichep2010.fr
http://hcp2010.physics.utoronto.ca
http://hcp2010.physics.utoronto.ca


LHC (Re-)Startup
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• September 2008 - First Beams in LHC 

• November 2009 - Beam re-established in LHC

• December 2009 - First collisions @ 0.9 and 2.36 TeV

• January 2010 - Chamonix decision on safe dipole current

• 30 March 2010 - First collisions at √s = 7 TeV

LHC Timeline
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Delivered ~identical 
to ATLAS & CMS

Passed 2.5 pb-1 last night0.95 pb-1 delivered in last 7 days
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LHC Luminosity
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Luminosity = nb f N2/A
f - revolution frequency 
nb - bunches colliding
N - protons per bunch
A - cross-sectional collision area

Start Now
2010/11

Goal
2015
Goal

Ebeam (TeV) 3.53.53.5 7

nb 
(ATLAS/CMS)

1 36 796 2808

N (protons) 1x1010 0.9x1011 1x1011 1.2x1011

1/β* (m-1) 0.1 0.5→0.3 0.5 ~2

Peak Lumi 
(cm-2 s-1)

1x1027 9x1030 2x1032 1x1034

Stored Energy
(MJ/beam)

0.01 ~2.5 36 365

Peak per week
Average per week

Need another factor of ~20
Increasing nb is key for 2010/11

From S.Meyers, ICHEP

LHC Delivered (ATLAS/CMS)
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Multiple Interactions
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LHC design: average ~20 interactions/BX 
Current average ~ 1.5/BX - likely won’t change much through 2011!



The ATLAS Collaboration
and Detector



~3000 scientists, 174 institutions, 38 countries,
every continent (except Antartica)



~3000 scientists, 174 institutions, 38 countries,
every continent (except Antartica)

Over 1000 PhD Students
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ATLAS Detector Overview
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Length: 46m
Radius: 12m

Weight: ~7,000 tons
~108 electronic channels
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Detector Status
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Sub-Detector Channels
Operational 

Fraction

Pixels 80 M 97.4%

Silicon Central Tracker 6.3 M 99.2%

Transition Rad. Tracker 350 k 98.0%

LAr EM Calo 170 k 98.5%

Tile Calo 9,800 97.3%

LAr Had Endcap 5,600 99.9%

Forward LAr 3,500 100%

L1 Calo Trigger 7,160 99.9%

L1 Muon RPC Trigger 370 k 99.5%

L1 Muon TGC Trigger 320 k 100%

MDT Chambers 350 k 99.7%

Cathode Strip Chambers 31 k 98.5%

RPC Barrel Muons 370 k 97.0%

TGC Endcap Muons 320 k 98.6%

Working fraction, end of June 2010

~100 million channels

All sub-detector systems 
> 97% operational
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Operational Efficiency
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ATLAS Recorded/LHC Delivered
~94% overall for 2010

• 5-10 minutes to ramp voltages 
(warm-start) at start of fill

• Occasional DAQ busy, 
automatically recovered

• Very low trigger deadtime at 
current 1μs bunch spacing 
(will get worse with nb)

HV trips, hot towers,
and warm-start

Lifetime ~ 26 h

Overall ATLAS Data Quality
(deadtime excluded)
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ATLAS Trigger
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= 7 TeV, Data 2010s

200 Hz

3-stage trigger to reduce
40 MHz crossing rate to 200-300 Hz

• Designed for much higher rates

• Very low thresholds for now

• Enhanced calibration samples (J/ψ)

• L = 1032 cm-2 s-1 menus ready

Slowly raising thresholds and enabling 
HLT (software) rejection with lumi



Eric Torrence August 2010

Inner Detector
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• Transition Radiation Tracker

- 73 barrel layers 
+ 2x160 endcap layers
- 350k ch. (straw tubes)
- σrφ = 130 μm
- e/π separation, |η| < 2 
• SemiConductor Tracker

- 4 barrel layers 
+ 2x9 endcap disks
- 6M silicon strips
- σrφ = 17 μm
- σz = 580 μm

• Pixel Detector

- 3 barrel layers 
+ 2x3 endcap disks
- 80M pixels
- σrφ = 10 μm
- σz = 115 μm
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Inner Detector
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Momentum: σ(pT)/pT ~ 0.05 (pT/GeV)% ⊕ 1%
Impact Parameter:  σ(d0) ~ 10 μm ⊕ 140 μm/(pT/GeV)  

2T Solenoidal Field
Coverage:  |η| < 2.5  
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Detector Alignment
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PIC2010 - 1/9/10 - L. Masetti ATLAS status and performance15

Pixel SCT TRT

Barrel Barrel Barrel

Endcaps Endcaps Endcaps

See poster by S. Marti for detailsStarted with cosmics, 
refined with first collision data, 
approaching design (MC)

Barrel (data/MC) Endcap (data/MC)

Pixels 25/18 um 20/19 um

SCT 42/34 um 45/38 um

TRT 141/143 um 162/135 um
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Resonance Studies
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Ξ(1320)→Λπ Ω(1670)→ΛK

Momentum scale verified at per-mille level, resolution as expected

|η|<1.2 |η|<1.2

497.43±0.01(stat) MeV 1115.73±0.01(stat) MeV



Eric Torrence August 2010

 [GeV]eem

1.5 2 2.5 3 3.5 4

En
tri

es
 / 

0.
1 

G
eV

0

10

20

30

40

50

60

70

80

90

 [GeV]eem

1.5 2 2.5 3 3.5 4

En
tri

es
 / 

0.
1 

G
eV

0

10

20

30

40

50

60

70

80

90 ATLAS Preliminary
=7 TeV )sData 2010, ( 

CB fit

Transition Radiation
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L = 78 nb-1

Dielectric in TRT produces 
transition radiation

Higher energy deposition in 
straw tubes for electrons vs pions

Number of high-threshold hits
per track key electron ID variable

Tracking-based mass
Mass: 3.09 ± 0.01 GeV

Width: 0.07 ± 0.01 GeV
(after brem. recovery)

Pions Electrons

J/ψ→e+e-
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φ φ 
Data  Simulation  

Pixel module 

Cooling  
pipe 

Cables 

C-fiber 
shell 

Material Mapping

Be
am

 p
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Pixel 3 

SCT 1 
SCT 2 

Conversion Radius

Conversions
(sensitive to χ0)

Nuclear 
Interactions

(sensitive to λ)

Material Knowledge
Current: ~10% 

Goal: 5%
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B-tagging

28

B-jet identification:
Track impact parameter
Vertex decay length
Vertex mass

Impact Parameter Significance
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Calorimetry
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• EM Calo - LAr/Pb

- |η| < 3.2

- σE/E ~ 10%/√E ⊕ 0.7%

• Hadronic Barrel - Scin/Fe

- |η| < 1.7
- σE/E (jet) ~ 50%/√E ⊕ 3%

• Hadronic Endcap - LAr/Cu

- 1.5 < |η| < 3.2
- σE/E (jet) ~ 50%/√E ⊕ 3%

• Forward - LAr/Cu, W

- 3.1 < |η| < 4.9 
- σE/E (jet) ~ 100%/√E ⊕ 10%

Based on LAr with ‘accordion’ geometry
Coverage:  |η| < 4.9, Depth: > 22 χ0, >10 λ
EM Resolution: σE/E ~ 10%/√E ⊕ 0.7%

LAr forward
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LAr Geometry
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 = 0.0245

 = 0.025
37.5mm/8 = 4.69 mm  = 0.0031

=0.0245x436.8mmx4 =147.3mm

Trigger Tower

TriggerTower
 = 0.0982

 = 0.1

16X0

4.3X0

2X0

15
00

 m
m

47
0 m

m = 0

Strip towers in Sampling 1

Square towers in  
Sampling 2

1.7X0

Towers in Sampling 3 
×  = 0.0245×0.05

compared to
(Δη,Δφ): 0.1x0.1

trigger tower

Accordion geometry provides 
very hermetic “no crack” coverage

High degree of 3D spatial granularity
including 4 longitudinal layers

Typical (Δη,Δφ): 0.025x0.025
Strip Layer Δη: 0.0031
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Electromagnetic Response
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Jet Energy Scale
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Huge amount of 
work, many

individual factors 
considered

Single-hadron
response

Dijet balance

Current JES uncertainty 6-7%
for pT > 60 GeV

η intercalibration
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Missing Energy
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3D calorimeter ‘topoclusters’
used to reduce noise

‘Refined’ algorithms with object
corrections (e/μ/τ) under study

Very good data-MC 
agreement over 6 orders

of magnitude!

Critical tool for many
new physics searches



Eric Torrence August 2010

Muon System
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0.5 T Toroidal field
Coverage:  |η| < 2.7

Bend Strength: 2-6 Tm barrel, 4-8 Tm forward
Stand-alone Resolution:  σ(pT)/pT <10% up to 1 TeV

• Trigger Chambers

- Resistive Plate Chambers
- Thin-gap Chambers

• Precision Chambers

- Monitored Drift Tubes
- Cathode strip Chambers



Eric Torrence August 2010

Muon Performance
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Momentum Resolution
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• Combined MS + ID for best
resolution over full pT range

• Comparison of MS to ID
provides resolution at low pT

• ID-MS difference can identify 
π/K→μν decays in flight ID MS
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Di-muon mass spectrum
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Detector Conclusions
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• The ATLAS detector is performing well in first data

• MC description of the data is remarkably good

• Initial calibrations/alignments are adequate for first results

• Still plenty to improve in detail

Payoff from ~10 years of testbeam data



First ATLAS Physics Results

Updates occurring almost daily (even in August)
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Soft QCD
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Underlying Event Studies

41

Particle density vs. leading pT

pT > 500 MeV, |η| < 2.5
Corrected to hadron level
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More UE activity seen at √s = 7 TeV 
than predicted by MC tunes

HCP: Soft QCD: findings and surprises from the first LHC data - R.Field (Monday)

https://indico.triumf.ca/contributionDisplay.py?contribId=11&sessionId=25&confId=916
https://indico.triumf.ca/contributionDisplay.py?contribId=11&sessionId=25&confId=916
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Jet Distributions
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Jet Distributions
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Multi-jet cross-sections
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4.4.1 Systematic Uncertainties due to Differences in Light-quark/Gluon Jet Response

The ATLAS calorimeters show a different response to light-quark and gluon jets, as demonstrated in
Monte Carlo simulations. This is due to the different particle spectra and angular spread of these two
types of jets. A different proportion of light-quark and gluon jets in the data sample than in the Monte
Carlo simulation will thus result in a different average jet response. Such a difference can be caused by
limitations of the leading order calculation, which are likely to be greater with increasing jet multiplicity.
In order to account for this possible difference, an additional jet energy scale uncertainty is added that
effectively incorporates the full range of possibilities that a jet originated from light quarks or from
gluons. The response of the ATLAS calorimeters to light-quark and gluon jets is estimated from the
Monte Carlo simulation as shown in Ref. [38], and uncertainties in this response are calculated using
the same Monte Carlo simulations as have been used to estimate the overall jet energy scale systematic
uncertainty. When these effects are considered, the jet energy scale systematic is increased by less than
2% across all transverse momenta and rapidity ranges used in this analysis. The final jet energy scale
systematic uncertainty varies from +12%

−10% at low pT (≈ 30 GeV) to ±6% at high pT (! 200 GeV) in the
central region and from +7%−6% at low pT to ±5% at high pT in the end-cap region.

4.4.2 Systematic Uncertainties due to Jets with Close-by Soft Activity

Some of the results in Ref. [38] are obtained using isolated jets, that is, jets with no other reconstructed
soft jet close-by. The Monte Carlo simulation shows that jets with soft activity close-by have a smaller
response than isolated jets, due to energy belonging to the jet that is reconstructed as the additional jet
close-by.

For dijet events, most jets are isolated. However, as the jet multiplicity increases, the probability of a
jet being isolated decreases, such that essentially all jets in a 6-jet event have some soft jet reconstructed
near-by.

In order to account for possible mis-measurements of the energy of these jets, an additional uncer-
tainty that depends on the distance to the closest reconstructed jet is added to the overall jet energy scale
systematic uncertainty. This additional uncertainty, obtained from Monte Carlo simulations, has a size
comparable to the bias in the response of jets with soft activity close-by. The systematic uncertainty on
the jet energy scale of jets with other jets reconstructed close-by can be as large as 14%, for jets with
another reconstructed jet within a radius of ∆Rmin < 0.8 in η − φ.

4.5 Jet Selection Criteria

Jets are selected after calibration using the following kinematic requirements:

pT > 30 GeV, (2)
|y| < 2.8. (3)

In addition, at least one jet is required to have pT > 60 GeV, for an event to be selected. Only events
with two or more selected jets are used in this analysis. Jets are also required to meet certain quality
criteria to guarantee that they are not produced by sporadic calorimeter noise or problematic regions of
the calorimeter [40]. In this analysis, the HT of the event is defined as:

HT =
∑

jets
pT, (4)

where the sum runs over selected jets only. Background contributions from single-beam interactions and
cosmic rays were studied using unpaired and empty bunches and found to be negligible.

The number of events selected using these criteria for each inclusive multiplicity bin can be found in
Table 1.

4

https://indico.triumf.ca/contributionDisplay.py?contribId=12&sessionId=25&confId=916
https://indico.triumf.ca/contributionDisplay.py?contribId=12&sessionId=25&confId=916
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J/ψ → μ+μ-
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W/Z Physics

47

Important Milestones in ‘rediscovery’ of SM
Powerful tools to constrain q,g PDFs

Z→ll is ‘gold plated’ calibration channel
Dominant background to many searches
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W→lν Signature
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u

d W+

l+

ν

• Lepton identification

• Missing Transverse Energy

• Transverse Mass

Key Observables

Always need one sea quark
Expect more W+ than W-

Requirement Number of
candidates

Triggered (Section 5) 2.4 × 106

Preselection (Section 6) 5.1 × 103

Tight electron (Section 4.1) 177
Emiss

T > 25 GeV 49
mT > 40 GeV 46

Table 2: Number of W → eν candidates in data remaining after each major requirement is applied.

Requirement Number of
candidates

Triggered (Section 5) 2.0 × 106

Preselection (Section 6) 1155
pT > 20 GeV 420
�

pID
T /pT < 0.2 186

Emiss
T > 25 GeV 77

mT > 40 GeV 72

Table 3: Number of W → µν candidates in data remaining after each major requirement is applied.

event and the transverse mass mT of the lepton-Emiss
T system defined as

mT =

�
2p�T pνT(1 − cos(φ� − φν)) (5)

where the measured Emiss
T components in (x, y) provide the neutrino information. All Monte Carlo

distributions shown in this section have been normalised to integrated luminosities of 16.9 nb−1 and
16.6 nb−1, in the electron and muon channels, respectively, using the cross sections as given in Table 1.
In addition, the QCD background contributions have been scaled by factors of 1/2.6 and 1/1.7 in the
electron and muon channels, respectively, to account for the over-estimation of the dijet Monte Carlo
sample described in Section 6.

Figure 5 shows the Emiss
T distribution of all electron and muon candidates passing the requirements

described above. Both distributions indicate that applying a minimum requirement on Emiss
T would

greatly enhance the W signal over the expected background. This observation is also evident from the
two-dimensional plot of Emiss

T versus electron cluster ET and muon combined pT shown in Figure 6.
True W → �ν events in the Monte Carlo are predominantly at high Emiss

T due to the escaping neutrino
in the event. Although some of the QCD background may also have neutrinos in their final state, these
events mostly populate the regions of small Emiss

T .
The transverse mass of the lepton-Emiss

T system is highly correlated to the Emiss
T of the event as is

demonstrated in Figure 7 which shows a two-dimensional plot of the Emiss
T -mT plane. Figures 8 and 9

show projections of Figure 7 where the mT of the event is shown without and with a requirement of
Emiss

T > 25 GeV. In the muon channel, the events at very low-mT have, in the transverse plane, their
Emiss

T direction aligned with that of the muon candidate.
Tables 2 and 3 summarise the number of W → �ν candidates remaining after each major requirement

in the respective analyses described in this note. A total of 46 candidates (27 e+ and 19 e−) pass all
requirements in the electron channel and 72 candidates (47 µ+ and 25 µ−) in the muon channel in the mT
region above 40 GeV.

13
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High pT leptons

49

W → eν
ET > 20 GeV, |η| < 2.5 
Loose electron selection

W → μν
pT > 15 GeV, |η| < 2.4
|ΔpT(ID-MS)| < 15 GeV

August 18, 2010 – 16 : 36 DRAFT 1

1 Update of W and Z distributions9

For all distributions presented in this note, the total number of Monte-Carlo candidates is normalised10

to the number of observed data candidates. Due to the higher luminosity, pile-up with an average of11

one extra interaction is observed in the recent data. The data in these figures are therefore compared to12

Monte-Carlo samples with an additional two extra interactions on average, reweighted to the distribution13

of the number of primary vertices observed in the data.14

For the W channel, integrated luminosities of 1.01 pb−1 and 991 nb−1 were recorded, leading to15

3233 and 3425 candidates for the electron and muon channels, respectively. Tables 1 and 2 summarise16

the number of W → �ν candidates remaining after all major requirements. The W analysis figures shown17

in this note are mainly updates with more integrated luminosity of the the equivalent figures in Ref. [1].18

Requirement Number of
candidates

Tight electron 12195
Emiss

T > 25 GeV 3350
mT > 40 GeV 3233

Table 1: Number of W → eν candidates remaining after each major requirement is applied.

Requirement Number of
candidates

pT > 20 GeV 20792
�

pID
T /pT < 0.2 8557

Emiss
T > 25 GeV 3551

mT > 40 GeV 3425

Table 2: Number of W → µν candidates in data remaining after each major requirement is applied.

(a) (b)

Figure 1: W results: Emiss
T of electron (a) and muon (b) candidates after preselection for data and Monte Carlo

candidates.

MC simulation includes pileup contribution



Eric Torrence August 2010

August 18, 2010 – 16 : 36 DRAFT 2

(a) (b)

Figure 2: W results: Emiss
T of selected electron (a) and muon (b) candidates.

(a) (b)

Figure 3: W results: mT of the electron-Emiss
T system without (a) and with (b) a requirement of Emiss

T > 25 GeV.

W→lν selection

50

W → eν
MT > 40 GeV 
ETmiss > 25 GeV
Tight electron selection

W → μν
MT > 40 GeV 
ETmiss > 25 GeV
pT > 20 GeV, isolation

MC simulation includes pileup contribution



August 18, 2010 – 16 : 36 DRAFT 3

(a) (b)

Figure 4: W results: mT of the muon-Emiss
T system without (a) and with (b) a requirement of Emiss

T > 25 GeV.

(a) (b)

Figure 5: W results: mT of the lepton-Emiss
T system after all requirements for the electron (a) and muon (b)

channels.

W → μν

August 18, 2010 – 16 : 36 DRAFT 4

(a) (b)

Figure 6: Electron cluster ET (a) and muon pT (b) of the W candidates after final selection. Emiss
T > 25 GeV and

mT > 40 GeV are required in both channels.

(a) (b)

Figure 7: pT of the W candidates in the electron channel (a) and muon channel (b) after final selection.
Emiss

T > 25 GeV and mT > 40 GeV are required in both channels.

W → eν
Tr

an
sv

er
se

 
M

as
s

Le
pt

on
E T

/p
T

3233 events
Eff: ~66%
Acc: ~46%

3425 events
Eff: ~81%
Acc: ~48%
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W→lν cross-section
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L=17 nb-1

σ(W→eν)  = 8.5 ± 1.3(stat) ± 0.7(syst) ± 0.9(lumi) nb
σ(W→μν) = 10.3 ± 1.3(stat) ± 0.8(syst) ± 1.1(lumi) nb

σ(W→lν)   = 9.3 ± 0.9(stat) ± 0.6(syst) ± 1.0(lumi) nb
Syst errors

dominated by 
lepton efficiencies
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W→lν cross-section

53

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

Expect 0.2 from NNLO MC

L=17 nb-1

A =
σ(W+)− σ(W−)
σ(W+) + σ(W−)
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August 18, 2010 – 16 : 36 DRAFT 7

(a) (b)

Figure 11: Invariant mass m�� of Z candidates in the electron (a) as well as muon (b) channels.

[2] The ATLAS Collaboration, G. Aad et al., Measurement of the Z → �� production cross section in36

proton-proton collisions at
√

s = 7 TeV with the ATLAS detector, ATLAS conference note:37

ATLAS-CONF-2010-076.38

Z → ee 2 opp. sign medium electrons 
ET > 20 GeV, |η| < 2.5 Z → μμ 2 opp. sign isolated muons

pT > 20 GeV, |η| < 2.4

259 events
Eff: ~65%
Acc: ~45%
S/N ~ 100

378 events
Eff: ~80%
Acc: ~49%
S/N > 100

Lineshape + Gaussian resolution fit results, compared to MC
Consistent with current understanding of calibration/alignment, still some work to do...

Z→ll selection

Data MC

Mass (GeV) 90.8 ± 0.3 91.3

Resolution (GeV) 3.3 ± 0.3 1.5

Data MC

Mass (GeV) 90.9 ± 0.3 91.6

Resolution (GeV) 3.2 ± 0.3 1.8
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Z→ll cross-section
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L=225 nb-1

σ(Z/γ*→ee)  = 0.72 ± 0.11(stat) ± 0.10(syst) ± 0.08(lumi) nb
σ(Z/γ*→μμ) = 0.89 ± 0.10(stat) ± 0.07(syst) ± 0.10(lumi) nb

σ(Z/γ*→ll) = 0.83 ± 0.07(stat) ± 0.06(syst) ± 0.09(lumi) nb
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W/Z + Jets
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Z + Jets

W + Jets

Z →μμ + 3 jets
pT(Z) = 144 GeV

Important backgrounds
for many searches!
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e,μ

ν

Top Selection

57

lepton + jets di-lepton

σ ~ 70pb σ ~ 10pb

• isolated lepton 
pT > 20 GeV, |η| < 2.5

• ≥ 4 jets ET > 20 GeV

• ETmiss > 20 GeV

Eff. x Acc. ~ 30%

• 2 isolated leptons
pT > 20 GeV, |η| < 2.5

• ≥ 2 jets ET > 20 GeV

• ee: ETmiss > 40 GeV, |Mee-MZ| > 5 GeV

• μμ: ETmiss > 30 GeV, |Mee-MZ| > 10 GeV

• eμ: ∑ET > 150 GeV Eff. x Acc. ~ 25%
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tt Candidates
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threshold. Events must have a reconstructed primary vertex with at least 5 tracks, and are discarded if any

jet with pT > 10 GeV at the EM scale fails jet quality cuts designed to reject jets arising from out-of-time

activity or calorimeter noise [20]. These quality cuts remove a negligible fraction of simulated events.

The lepton+jets selection then requires the presence of exactly one offline-reconstructed electron or

muon with pT > 20 GeV, satisfying the object requirements given in Section 4 above and matching a

leptonic high-level trigger object within ∆R < 0.15. At least four jets with pT > 20 GeV and |η| < 2.5
are then required, at least one of which must be b-tagged. Finally, the missing transverse energy must

satisfy E
miss

T
> 20 GeV.

The dilepton selection requires two oppositely-charged leptons (ee, µµ or eµ) each satisfying pT >
20 GeV, at least one of which must be associated to a leptonic high-level trigger object. At least two

jets with pT > 20 GeV are required, but no b-tagging requirements are imposed. In the ee channel, to

suppress backgrounds from Drell-Yan and QCD multi-jet events, the missing transverse energy must

satisfy E
miss

T
> 40 GeV, and the invariant mass of the two leptons must be at least 5 GeV from the

Z-boson mass, i.e. |mee − mZ | > 5 GeV. For the muon channel, the corresponding requirements are

E
miss

T
> 30 GeV and |mµµ − mZ | > 10 GeV. For the eµ channel, where the background from Z → ee

and Z → µµ is expected to be much smaller, no E
miss

T
or Z-mass veto cuts are applied, but the event

HT, defined as the scalar sum of the transverse energies of the two leptons and all the selected jets, must

satisfy HT > 150 GeV.

6 Candidate events and distributions

Tables 1 and 2 list events found in data that pass all event selection criteria in the lepton plus jets and

dilepton channels, and tabulate some of the basic properties of these events. For the lepton plus jets

candidates, the transverse mass mT of the lepton-E
miss

T
system is calculated as described in [15]. The

distribution of mT for events containing a leptonic W decay is peaked at the W boson mass with a tail

down to about 40 GeV, whereas events without a leptonic W decay predominantly have mT values much

lower than 40 GeV. The three-jet mass mjjj is defined as the invariant mass of the three-jet combination

with the largest pT , and provides an approximate estimate of the mass of the hadronically-decaying top

quark.

ID Run Event Channel p
lep

T
E

miss

T
mT mjjj #jets #b-tagged

number number (GeV) (GeV) (GeV) (GeV) pT > 20 GeV jets

LJ1 158801 4645054 µ+jets 42.9 25.1 59.3 314 7 1

LJ2 158975 21437359 e+jets 41.4 89.3 68.7 106 4 1

LJ3 159086 12916278 e+jets 26.2 46.1 62.6 94 4 1

LJ4 159086 60469005 e+jets 39.1 66.7 102 231 4 1

LJ5 159086 64558586 e+jets 79.3 43.4 86.7 122 4 1

LJ6 159224 13396261 µ+jets 29.4 65.4 64.1 126 5 1

LJ7 159224 13560451 µ+jets 78.7 40.0 83.7 108 4 1

Table 1: List of candidate tt̄ events in the lepton+jets channel in data, showing the ID used in the text,

the run and event numbers, channel, lepton pT , missing transverse energy E
miss

T
, transverse mass mT ,

reconstructed 3-jet mass mjjj, total number of selected jets and number of b-tagged jets.

Some of the event properties are also indicated as arrows in the corresponding distributions on Fig-

ures 1 to 7. The Monte Carlo simulation distributions on these plots show the expected relative contri-

butions of the various signal and background processes discussed in Section 3. Only events passing all

selection cuts are shown, and each plot is normalized so that the sum of all expected processes is unity.

3

threshold. Events must have a reconstructed primary vertex with at least 5 tracks, and are discarded if any

jet with pT > 10 GeV at the EM scale fails jet quality cuts designed to reject jets arising from out-of-time

activity or calorimeter noise [20]. These quality cuts remove a negligible fraction of simulated events.

The lepton+jets selection then requires the presence of exactly one offline-reconstructed electron or

muon with pT > 20 GeV, satisfying the object requirements given in Section 4 above and matching a

leptonic high-level trigger object within ∆R < 0.15. At least four jets with pT > 20 GeV and |η| < 2.5
are then required, at least one of which must be b-tagged. Finally, the missing transverse energy must

satisfy E
miss

T
> 20 GeV.

The dilepton selection requires two oppositely-charged leptons (ee, µµ or eµ) each satisfying pT >
20 GeV, at least one of which must be associated to a leptonic high-level trigger object. At least two

jets with pT > 20 GeV are required, but no b-tagging requirements are imposed. In the ee channel, to

suppress backgrounds from Drell-Yan and QCD multi-jet events, the missing transverse energy must

satisfy E
miss

T
> 40 GeV, and the invariant mass of the two leptons must be at least 5 GeV from the

Z-boson mass, i.e. |mee − mZ | > 5 GeV. For the muon channel, the corresponding requirements are

E
miss

T
> 30 GeV and |mµµ − mZ | > 10 GeV. For the eµ channel, where the background from Z → ee

and Z → µµ is expected to be much smaller, no E
miss

T
or Z-mass veto cuts are applied, but the event

HT, defined as the scalar sum of the transverse energies of the two leptons and all the selected jets, must

satisfy HT > 150 GeV.

6 Candidate events and distributions

Tables 1 and 2 list events found in data that pass all event selection criteria in the lepton plus jets and

dilepton channels, and tabulate some of the basic properties of these events. For the lepton plus jets

candidates, the transverse mass mT of the lepton-E
miss

T
system is calculated as described in [15]. The

distribution of mT for events containing a leptonic W decay is peaked at the W boson mass with a tail

down to about 40 GeV, whereas events without a leptonic W decay predominantly have mT values much

lower than 40 GeV. The three-jet mass mjjj is defined as the invariant mass of the three-jet combination

with the largest pT , and provides an approximate estimate of the mass of the hadronically-decaying top

quark.

ID Run Event Channel p
lep

T
E

miss

T
mT mjjj #jets #b-tagged

number number (GeV) (GeV) (GeV) (GeV) pT > 20 GeV jets

LJ1 158801 4645054 µ+jets 42.9 25.1 59.3 314 7 1

LJ2 158975 21437359 e+jets 41.4 89.3 68.7 106 4 1

LJ3 159086 12916278 e+jets 26.2 46.1 62.6 94 4 1

LJ4 159086 60469005 e+jets 39.1 66.7 102 231 4 1

LJ5 159086 64558586 e+jets 79.3 43.4 86.7 122 4 1

LJ6 159224 13396261 µ+jets 29.4 65.4 64.1 126 5 1

LJ7 159224 13560451 µ+jets 78.7 40.0 83.7 108 4 1

Table 1: List of candidate tt̄ events in the lepton+jets channel in data, showing the ID used in the text,

the run and event numbers, channel, lepton pT , missing transverse energy E
miss

T
, transverse mass mT ,

reconstructed 3-jet mass mjjj, total number of selected jets and number of b-tagged jets.

Some of the event properties are also indicated as arrows in the corresponding distributions on Fig-

ures 1 to 7. The Monte Carlo simulation distributions on these plots show the expected relative contri-

butions of the various signal and background processes discussed in Section 3. Only events passing all

selection cuts are shown, and each plot is normalized so that the sum of all expected processes is unity.

3

lepton + jets
L = 280nb-1

Observe:  7
Expect: ~5

ID Run Event Channel p
lep

T
E

miss

T
HT #jets #b-tagged

number number (GeV) (GeV) (GeV) pT > 20 GeV jets

DL1 155678 13304729 ee 55.2/40.6 42.4 271 3 1

DL2 158582 27400066 eµ 22.7/47.8 76.9 196 3 1

Table 2: List of candidate tt̄ events in the dilepton channel in data, showing the ID used in the text, the

run and event numbers, channel, lepton pT values, missing transverse energy E
miss

T
, energy sum HT, total

number of selected jets and number of b-tagged jets.

Figure 1 shows the three-jet mass mjjj distributions for the electron+jets (left) and muon+jets (right)

selections, and Figure 2 the corresponding E
miss

T
distributions. It should be noted that the simulated event

sample for the QCD multi-jet background has significantly lower integrated luminosity than the others,

and suffers from large intrinsic uncertainties due to limited knowledge of the production cross section and

the probabilities that jets are mis-identified as leptons. A full quantitative evaluation of this background

requires further study in data samples larger than those presently available.

For the ee dilepton selection, Figure 3 shows the number of selected jets with pT > 20 GeV, and

the number of b-tagged jets. Figures 4 and 5 show the corresponding distributions for µµ and eµ events.

Figure 6 shows the E
miss

T
distributions for the ee and µµ channels, and Figure 7 the HT distribution for

the eµ channel. No QCD multi-jet background events are shown in the dilepton channel as none pass the

selection criteria.

6.1 Comments on selected candidate events

• Candidate LJ1 - The missing transverse energy of this candidate is aligned with one of the jets in

the event, which makes it more likely that the event stems from a background process.

• Candidates LJ3 and LJ5 - In addition to the jet tagged with the SV0 algorithm, both these events

have a second jet tagged as a b-jet by the JetProb and TrackCounting algorithms [21] at 50%-

efficiency working points, but not by the SV0 tagger which is used in the analysis.

• Candidate DL1 - The invariant mass of the two electron candidates is 36.9 GeV.

• Candidate DL2 - This event has a second primary vertex from a pileup collision. However all

leptons and jets considered for the top analysis are associated with a single vertex in this event.

6.2 Event displays of selected candidates

Figures 8, 9 and 10 show event displays for candidates LJ2, DL1 and DL2. Further details of the inter-

pretation are given in the figure captions.

7 Conclusion

A search for candidate events consistent with the production of top quark pairs was conducted using a

280 nb
−1

sample of pp collision data collected with the ATLAS detector at
√

s = 7 TeV. Using an event

selection designed for an early measurement of the tt̄ cross-section, and the present understanding of the

ATLAS detector performance and data quality, 9 candidate events were seen, comprising 4 e plus jets,

3 µ plus jets, 1 ee, 0 µµ and 1 eµ dilepton events. These events counts are consistent with expectations

from simulation; specifically no channel count in data exceeds the simulation prediction with a Poisson

probability of less than 20 %.
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ID Run Event Channel p
lep

T
E

miss

T
HT #jets #b-tagged

number number (GeV) (GeV) (GeV) pT > 20 GeV jets

DL1 155678 13304729 ee 55.2/40.6 42.4 271 3 1

DL2 158582 27400066 eµ 22.7/47.8 76.9 196 3 1

Table 2: List of candidate tt̄ events in the dilepton channel in data, showing the ID used in the text, the

run and event numbers, channel, lepton pT values, missing transverse energy E
miss

T
, energy sum HT, total

number of selected jets and number of b-tagged jets.
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• Candidates LJ3 and LJ5 - In addition to the jet tagged with the SV0 algorithm, both these events

have a second jet tagged as a b-jet by the JetProb and TrackCounting algorithms [21] at 50%-

efficiency working points, but not by the SV0 tagger which is used in the analysis.

• Candidate DL1 - The invariant mass of the two electron candidates is 36.9 GeV.

• Candidate DL2 - This event has a second primary vertex from a pileup collision. However all

leptons and jets considered for the top analysis are associated with a single vertex in this event.

6.2 Event displays of selected candidates

Figures 8, 9 and 10 show event displays for candidates LJ2, DL1 and DL2. Further details of the inter-

pretation are given in the figure captions.
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A search for candidate events consistent with the production of top quark pairs was conducted using a

280 nb
−1

sample of pp collision data collected with the ATLAS detector at
√

s = 7 TeV. Using an event

selection designed for an early measurement of the tt̄ cross-section, and the present understanding of the

ATLAS detector performance and data quality, 9 candidate events were seen, comprising 4 e plus jets,

3 µ plus jets, 1 ee, 0 µµ and 1 eµ dilepton events. These events counts are consistent with expectations

from simulation; specifically no channel count in data exceeds the simulation prediction with a Poisson

probability of less than 20 %.
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di-lepton
Observe:  2
Expect: ~1

Events look signal-like
in key kinematic 

distributions

All candidates
have 1 b-tag



e+jet 
candidate 

(LJ5)

b-tag

PV View 

pT(e)=79 GeV ET
miss = 43 GeV

mT (“Weν”)= 87 GeV
pT (b-tagged jet) = 91 GeV
M (jjj)= 122 GeV
Secondary vertex:
 -- distance from primary: 5 mm 
 -- 6 tracks pT > 2 GeV
 -- mass=3.8 GeV



e-μ candidate 
(DL2)

pT(μ)= 48 GeV  pT(e)=23 GeV
ET

miss=77 GeV, HT=196 GeV
pT (b-tagged jet) = 57 GeV
Secondary vertex:
 -- distance from primary: 3.8 mm 
 -- 3 tracks pT > 1 GeV
 -- mass=1.56 GeV



e-μ candidate 
(DL2)

pT(μ)= 48 GeV  pT(e)=23 GeV
ET

miss=77 GeV, HT=196 GeV
pT (b-tagged jet) = 57 GeV
Secondary vertex:
 -- distance from primary: 3.8 mm 
 -- 3 tracks pT > 1 GeV
 -- mass=1.56 GeV

Top physics program has begun
Expect much more here soon!
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PLB 690 (2010) 280 [arXiv:0909.5213] 
Bauer, Ligeti, Schmaltz, Thaler, Walker
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FIG. 1: LHC parton luminosities as defined in Eq. (1), as
functions of the partonic invariant mass. The solid (dashed)
curves are for the 7 TeV (10 TeV) LHC. The up quark has
been chosen as a representative quark, and each curve includes
the contribution from the CP conjugate initial partons.

which restricts the couplings of the Z ′ to leptons. It is
therefore nontrivial to find supermodels that are as dis-
coverable as a standard Z ′ but consistent with known
bounds on new physics.

The remainder of the paper is organized as follows. In
Sec. II, we identify new particle production channels with
sufficiently large LHC cross sections and for which the
LHC has an advantage over the Tevatron. Assuming per-
turbative couplings, we find that s-channel production of
quark-quark (qq) or quark-antiquark (qq̄) resonances are
the best starting points for early LHC supermodels. In
Sec. III, we construct explicit models where these reso-
nances can decay to interesting and easily reconstructable
final states. While a standard Z ′ does not work, gener-
alized Z ′ scenarios can be supermodels, as are scenarios
involving diquarks. We conclude in Sec. IV.

II. PRODUCTION MODES

In this section, we discuss which production modes
have the potential to be supermodels, deferring detailed
model building to Sec. III. Since the expected integrated
luminosity at the Tevatron (∼ 10 fb−1) is orders of mag-
nitude larger than our 10 pb−1 benchmark luminosity
for early LHC analysis, and since pp̄ parton luminosi-
ties are not so different from pp parton luminosities, one
must consider sufficiently heavy new particles to evade
the Tevatron reach. We will find that the most promising
perturbative scenarios accessible with 10 pb−1 of LHC
data are qq and qq̄ resonances.

To begin, we plot in Fig. 1 the LHC parton luminosi-
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FIG. 2: Ratios of the parton luminosities for 7 TeV (solid) and
10 TeV (dashed) LHC compared to the 1.96 TeV Tevatron, as
functions of the partonic invariant mass. When this ratio is
above the 103 horizontal dashed line, the LHC with 10 pb−1

will have greater sensitivity than the Tevatron with 10 fb−1.

ties, defined as

Fij(ŝ, s) =

∫ 1

ŝ/s
dxi

ŝ

xis
fi(xi) fj [ŝ/(xis)] , (1)

and in Fig. 2 the ratios of each parton luminosity at the
LHC and the Tevatron. In Eq. (1),

√
s is the center of

mass energy of the collider,
√

ŝ is the invariant mass of
the two interacting partons, and fi(xi) are the parton
distribution functions evaluated at a momentum fraction
xi and scale

√
ŝ. We use the CTEQ-5L parton distri-

bution functions [5]. (For similar plots using CTEQ-6L1
[6], see Ref. [7].)

It is often stated that the LHC is essentially a gluon
collider, so one might think that processes initiated by
gluons would be the best starting points for constructing
supermodels. However, Fig. 1 shows that the gg par-
ton luminosity only dominates for small invariant mass,
where the initial LHC data set cannot compete with
the Tevatron. As seen in Fig. 2, only at large invari-
ant masses do the LHC parton luminosities become suf-
ficiently enhanced compared to the Tevatron. (The en-
hancement of the qq̄ channel is the smallest, so it is harder
for the LHC to compete in cases where the initial qq̄
state contributes.) To build supermodels, we must ex-
plore the possible LHC cross sections in the region with
large enough enhancements compared to the Tevatron.
We will emphasize this point in the next subsection by
showing why QCD pair production is not a supermodel,
and then go on to consider supermodels constructed from
s-channel resonances.

σLHC/σTEV by process
First attempt: QCD pair production

• “Well-known”: LHC = gluon collider ⇒ QCD pair production (large gg channel)

1. NLHC > 10

Yes! 1 pb @ 10TeV for 500GeV pairs

2. NTEV < 10

Need to check (next slide)

3. Highly visible final state?

Need model building (in two slides)

4. Satisfies other bounds

Can be arranged, believe me...

g

g

Q

Q̄

ZL — p.8

LHC already competitive 
~1 TeV especially in gg 1 pb-1

10 pb-1

• Study backgrounds by comparing MC in sensitive distributions

• Be prepared to set limits (or discover) with increased Luminosity

Current Goals:

Supermodels:
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QCD di-jets: more forward Excited quarks: more central

Standard Dijet analysis
anti-kT R=0.6 jets

|η| < 2.5
Additionally Require: |η1-η2| < 1.3

m(q*) = 1 TeV
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0.4 < M(q*) < 1.26 TeV excluded 
(MRST2007) at 95% CL First competitive ATLAS search!

c.f. CDF: M(q*) > 870 GeV, 1 fb-1
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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.

4

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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Several nice talks at HCP:

ATLAS Higgs studies - M. Schram (today)

BSM prospects/limits (ATLAS) - P. Savard (tomorrow)

Physics prospects at LHC for 2011++ (CMS/ATLAS) - A. Clark (Friday)

And ICHEP:
Early Searches with Jets - G. Choudalakis

Early Searches with Leptons and Photons - D. Fortin

ATLAS Higgs Sensitivity with 1 fb-1 - T. Masubuchi

https://indico.triumf.ca/contributionDisplay.py?contribId=36&sessionId=29&confId=916
https://indico.triumf.ca/contributionDisplay.py?contribId=36&sessionId=29&confId=916
https://indico.triumf.ca/contributionDisplay.py?contribId=44&sessionId=30&confId=916
https://indico.triumf.ca/contributionDisplay.py?contribId=44&sessionId=30&confId=916
https://indico.triumf.ca/contributionDisplay.py?contribId=59&sessionId=33&confId=916
https://indico.triumf.ca/contributionDisplay.py?contribId=59&sessionId=33&confId=916
http://indico.cern.ch/contributionDisplay.py?contribId=541&confId=73513
http://indico.cern.ch/contributionDisplay.py?contribId=541&confId=73513
http://indico.cern.ch/contributionDisplay.py?contribId=1099&confId=73513
http://indico.cern.ch/contributionDisplay.py?contribId=1099&confId=73513
http://indico.cern.ch/contributionDisplay.py?contribId=492&confId=73513
http://indico.cern.ch/contributionDisplay.py?contribId=492&confId=73513
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• After ~15 years of preparation, the ATLAS detector 
(and collaboration) has performed well

• Initial calibrations/alignments performed, remarkably good 
agreement with Geant4 Monte Carlo

• First physics results presented this Summer, 
many more results coming out almost daily

• Still a ways to go in luminosity, 
but first competitive physics results have started

Payoff from ~10 years of testbeam data

Apologies if I didn’t cover your favorite topic...



The LHC and ATLAS are off to a good start.  We look 
forward to many more champagne opportunities soon...



Fin
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W. Kozanecki HCP Symposium, Toronto, 23-28 August 2010  Slide 9 

Rmax ~ L !inel "det 

From HF, vtx counting, 
LUCID, MBTS, ZDC ... 

#x 

k = !vis = Rmax / L  
$k/k  %  $I1,2 / I1,2       &

    ~  $#x, y / #x, y 

         ~ $Rmax / Rmax &

Principle: measure simultaneously 

L = f  (I1 , I2 , !x , !y ) 

Rmax  = peak collision rate (arb. u.) 

Simplest case: #x = (! 21x + ! 2 
2x )1/2  

Beam Separation ‘Van de Meer’ Scans
Current uncertainty 11% (beam current uncertainty)

See HCP talk (~now!):
Prospects for Luminosity 

precision at LHC
W. Kozanecki

https://indico.triumf.ca/contributionDisplay.py?contribId=51&sessionId=31&confId=916
https://indico.triumf.ca/contributionDisplay.py?contribId=51&sessionId=31&confId=916
https://indico.triumf.ca/contributionDisplay.py?contribId=51&sessionId=31&confId=916
https://indico.triumf.ca/contributionDisplay.py?contribId=51&sessionId=31&confId=916
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Figure 4.45: Material distribution (X0, λ ) at the exit of the ID envelope, including the services and
thermal enclosures. The distribution is shown as a function of |η | and averaged over φ . The break-
down indicates the contributions of external services and of individual sub-detectors, including
services in their active volume.
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Figure 4.46: Material distribution (X0, λ ) at the exit of the ID envelope, including the services
and thermal enclosures. The distribution is shown as a function of |η | and averaged over φ . The
breakdown shows the contributions of different ID components, independent of the sub-detector.

at the interface of the barrel and end-cap regions. This includes cooling connections at the end of
the SCT and TRT barrels, TRT electrical connections, and SCT and TRT barrel services extending
radially to the cryostat, to the PPB1 patch-panel, and then along the cryostat wall. Another service
contribution is from the pixel services at |η | > 2.7, which leave the detector along the beam-
pipe; their extended range in |η | can clearly be seen. A large fraction of the service and structural
material is external to the active ID envelope, therefore deteriorating the calorimeter resolution but
not the tracking performance. Table 4.15 lists the contribution to X0 as a function of radius for
different elements of the ID and for straight tracks at |η | = 0 and |η | = 1.8.

The material breakdown is particularly important at small radius. The pixel barrel radiation
length for perpendicular incidence is approximately 10.7% for the three pixel layers. This can
be broken down into: electronics+bump-bonds (1.4%), sensors (1.1%), hybrids (1%), local support
structures with cooling (5.4%), cables (0.3%) and global supports (1.5%). The corresponding num-
ber for the SCT barrel layers is 11.8% when averaged over the active area. This amounts to 2.96%
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Figure 4.45: Material distribution (X0, λ ) at the exit of the ID envelope, including the services and
thermal enclosures. The distribution is shown as a function of |η | and averaged over φ . The break-
down indicates the contributions of external services and of individual sub-detectors, including
services in their active volume.
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Figure 4.46: Material distribution (X0, λ ) at the exit of the ID envelope, including the services
and thermal enclosures. The distribution is shown as a function of |η | and averaged over φ . The
breakdown shows the contributions of different ID components, independent of the sub-detector.

at the interface of the barrel and end-cap regions. This includes cooling connections at the end of
the SCT and TRT barrels, TRT electrical connections, and SCT and TRT barrel services extending
radially to the cryostat, to the PPB1 patch-panel, and then along the cryostat wall. Another service
contribution is from the pixel services at |η | > 2.7, which leave the detector along the beam-
pipe; their extended range in |η | can clearly be seen. A large fraction of the service and structural
material is external to the active ID envelope, therefore deteriorating the calorimeter resolution but
not the tracking performance. Table 4.15 lists the contribution to X0 as a function of radius for
different elements of the ID and for straight tracks at |η | = 0 and |η | = 1.8.

The material breakdown is particularly important at small radius. The pixel barrel radiation
length for perpendicular incidence is approximately 10.7% for the three pixel layers. This can
be broken down into: electronics+bump-bonds (1.4%), sensors (1.1%), hybrids (1%), local support
structures with cooling (5.4%), cables (0.3%) and global supports (1.5%). The corresponding num-
ber for the SCT barrel layers is 11.8% when averaged over the active area. This amounts to 2.96%
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