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LHC Delivered

ATLAS Recorded

-1Total Delivered: 224 pb
-1Total Recorded: 195 pb

2

2015 Data So Far

• 195 pb-1 recorded so far in 2015 (25ns + 50ns bunch spacing)

• Full sample processed and available for analysis

• Average Pileup around 20 interactions/crossing


▪ Special low pileup sample also collected (µ < 0.05, 15 nb-1) 

• Early mini-scan (± 6σ) in June to determine Luminosity scale


▪ Current preliminary uncertainty δL/L: ±9%

▪ Improved scan taken last week, analysis underway
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• Re-commission detector and establish performance

• Measure high cross-section SM processes

• Search for high-mass final states exploiting 

parton luminosities at √s = 13 TeV

Program with 200 pb-1?
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What’s new in Run-2? 5"

•  Improved LHC  
–  Higher √s 

•  Large increase in cross sections 
–  Reduced bunch spacing: 25 ns 
–  Higher integrated luminosity 

•  More than 100 fb-1 by end of 2018 
•  Improved ATLAS experiment 

–  Upgrades to detector and trigger 
–  Improved online, offline 

reconstruction and analysis 
software 

•  Improved discovery potential 
–  SUSY, Z’, black holes,… 

•  Observation and study of rare processes 
–  ttH, 4-top, VBS, 3-boson,… 

•  Higher precision measurements 
–  Higgs, top, W/Z, B, … 

4.3 times 2010 data set!

Prepare for more data to come!



The ATLAS Detector
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• 4th silicon pixel layer (IBL)

▪ Innermost layer at r=3.3 cm


• Infrastructure

▪ New beam pipe, improvements to 

magnet & cryo system

• Detector consolidation


▪ Muon chamber completion and repairs, 
improved readout for 100kHz L1 rate, 
repair of various systems, new pixel 
services, new lumi detectors, new MBTS


• Trigger improvements

▪ New Topological L1 trigger, new central 

trigger processor, Tile-muon 
coincidence, restructured high-level 
trigger, Fast TracK Trigger (FTK), 
improved L1Calo


• Software and Reco

▪ New analysis model, event data model, 

production workflow, improved tracking 
code, grid software, monitoring

Updates for Run2
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3D3D Planar Planar

R29.0/R29.3 - IPT
R23.5 - Inner beam-pipe
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Figure 1. (a) Stave layout with the organization of planar and 3D sensor modules. (b) Layout of the IBL
detector with the 14 staves around the IBL positioning tube (IPT) and (c) zoom of one stave side where a 3D
sensor module is visibile.

in the central region and 3D in the forward/backward part, where tracking would benefit of a more
uniform charge collection across the sensor depth after irradiation. The IBL layout is shown in
figure 1. There are 14 staves in a turbine structure; each stave has 12 modules with double-chip
planar sensors in the center and 4 forward single-chip 3D sensors at the two extremities.
As of today the IBL detector is completed, installed in ATLAS under commissioning and ready for
the next year restarting of LHC.

2. Sensor design, production and results

The 3D silicon sensors used in the IBL have been produced by two silicon foundries [6, 7, 8]:
CNM1 and FBK2, on 230 µm thick 4-inch FZ3 p-type wafers having a resistivity of 10�30 kWcm.
A wafer floorplan and sensor geometry for FE-I4 [5] pixel front-end chip was defined in com-
mon with the different sensor producers participating in the prototype program coordinated by the
ATLAS 3D Collaboration. A total of 8 FE-I4 single-chip sensors fits in a wafer layout. In addi-
tion to the two already mentioned foundries also SINTEF4 and SNF5 participated in the prototype
program.

1Centro Nacional de Microelectronica, CNM-IMB (CSIC), Barcelona E-08193, Spain
2Fondazione Bruno Kessler, FBK-CMM, Via Sommarive 18, I-38123 Trento, Italy
3Silicon crystal growth methods: FZ – float zone; CZ – Czochralski
4SINTEF MiNaLab, Blindern, N-0314 Oslo, Norway
5Stanford Nanofabrication Facility, Stanford, CA, United States

– 2 –
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Infrastructure upgrades: magnet & cryogenic systems, additional muon chamber 
shielding, new beam pipes 

Detector consolidation: muon chamber completion (1.0 < |η | < 1.3) & replacements, 
calorimeter electronics repairs, improved inner detector read-out capability to cope 
with 100 kHz L1 trigger rate, new pixel detector services and module repairs!

ATLAS went through important upgrades during LS1 !
In all areas: detector, online, offline, computing!
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•  Almost 30 chambers needed 
to be replaced because of 
failures 

•  A production of chambers 
was started in 2012 and we 
had a slot for installation at 
the end of 2014 
•  Last interventions before closing 

the detector 

•  Acrobatic operations 

B. Di Girolamo - 13th Pisa Meeting on 
Advanced Detectors - 24-30 May 2015 17 New topological L1 trigger and      

new central trigger processor, 
restructured high-level trigger 

New Insertable B-layer : fourth pixel 
layer at 3.3 cm from beam, consisting of 
planar & 3D (forward) silicon sensors, 
smaller pixels!

New software, new production 
system, new analysis model, … 

Also new beam 
pipe: r = 2.5 cm!

Replacement of TGC chambers !TGC Chamber  
Replacement

Alejandro Alonso (Niels Bohr Institute)  LHCP2015 1st September 2015
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After Re-installation

ID Upgrades

New insertable B-layer (IBL)

✦ Inner most additional pixel layer (4th) at radius 33 mm   
from the beam line

✦ New beampipe

✦ 14 staves overlapping in the r - ! plane of length 332 mm 
with   
130nm CMOS modules with 2 technologies:

✦ 12 planar and 2 x 4 3D modules 

✦ 99.5% of the modules are active for Run-2

✦ Preserve tracking with increased luminosity

✦ Improves vertexing, impact parameter resolution and b-
tagging
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Pixel: 

✦ New services, new optical links, 3% modules recovered.

New Diamond Beam monitors (DBM) installed in the Pixel volume

TRT: 

✦ Gas leaks for the end-caps repaired, new firmware to operate at   
100kHz, validity gate, PID optimised 

Software: 

✦ Simplified data model, use of EIGEN. Speed up: 4x Run-1

IBL Installation
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ATLAS Preliminary

• IBL fully operational

• Material mapping 


▪ e.g.: conversions, 
had. interactions


• Improved impact  
parameter resolution


• Expect ~4x improvement 
in light-flavor rejection
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2015-007
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• Initial extrapolation 
from Run1 by MC


• Validated in early 
data, or measured 
directly (e/µ)


• Systematic 
uncertainties 
available for 
preliminary results


▪ Trigger

▪ Tracking

▪ Electrons/photons

▪ Muons

▪ Taus

▪ Jets

▪ Missing Energy

▪ b-tagging

Physics Performance
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Summer2015-13TeV
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Soft QCD
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• Using low-pileup data set (µ < 0.05)

• Analysis w/ new MBTS scintillators (2.1 < |η| < 3.9)

• Result dominated by luminosity uncertainty

Inelastic pp Cross-Section
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Fiducial cross-section:

65.2 ± 0.8 (exp) ± 5.9 (lum) mb

ATLAS-CONF-2015-038

4.2M events selected in 63 µb-1  
Estimated 1% background

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-038
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• Triggered by MBTS (ε > 99%) in low-pileup data

• Unfolded distributions

• Uncertainties from tracking efficiency, unfolding

• Adequate modeling from Pythia and EPOS 

• Validates pileup modeling for early analysis

Inelastic pp Event Properties
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ATLAS-CONF-2015-028

N(13TeV)/N(8TeV) ~ 1.2

Also underlying event studies: ATL-PHYS-PUB-2015-019

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-028
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-019
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• High-multiplicity events show long-range correlations  
at ΔΦ ~ 0 (near-side ridge)


• Dedicated MBTS + high multiplicity trigger in low-pileup data

• Tracks with pT > 0.4 GeV |η| < 2.5

• Strength consistent with 7 TeV CMS data

Long-range Correlations
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ATLAS-CONF-2015-027

CMS data scaled by 3.6 to 
account for analysis differences
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Figure 3: One-dimensional correlation functions, C(��), for charged particles having transverse momentum in
the interval 0.5 < p

a,b
T < 5 GeV obtained from four di�erent intervals of charged-particle multiplicity. Top left:

10  N

rec
ch < 30; top right: 50  N

rec
ch < 60; bottom left: 90  N

rec
ch < 100; bottom right: N

rec
ch � 120. Statistical

errors are plotted, but are too small to be visible. The solid lines show the result of a Fourier fit to the data using
harmonics up to fifth order (see text).

fitting the data to a Fourier series containing harmonics up to fifth order,
P5

n=0 an cos (n��). These fits
reproduce the main features of the data and are used to extract the ridge yields as described in the next
section.

Figure 4 shows a comparison of the C(��) obtained from the N

rec
ch � 100 interval for two ranges of p

a
T,

0.5 < p

a
T < 1 GeV and 1 < p

a
T < 2 GeV, with p

b
T allowed to vary over the full range 0.5 < p

b
T < 5 GeV. The

amplitude of the peak in the correlation function at �� = 0 is larger for the higher p

a
T interval indicating a

stronger correlation.

5 Ridge yield

To quantify the strength of the long-range correlations on the near side, it is convenient to define the
“per-trigger-particle yield,” Y (��), which represents the average number of particles associated with each
trigger particle in a given �� interval [32, 47, 49]:

Y (��) = *
,
R

B(��)d��
N

a
R

d��
+
-C(��), (3)

7

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-027
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Electroweak Bosons
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• Isolated e or µ 

▪ pT > 25 GeV


• W bosons

▪ ETmiss > 25 GeV, mT > 50 GeV


• Z bosons

▪ Opp. charge, 66 < m(ll) < 116 GeV

W/Z Cross-Section

13

W and Z boson signals 

•  Isolated electron or muon 
–  pT>25 GeV 

•  W bosons 
–  ET

miss> 25 GeV, mT>50 GeV 
•  Z bosons 

–  Require two opposite-charge leptons 
–  66 GeV<m(ll)<116 GeV 

35"
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_

Z/

ATLAS=CONF=2015=039#

Number"of"
events"

Background"

WO>ev" 463,063" 11%"

WO>μv" 487,090" 13%"

ZO>ee" 34,955" 0.7%"

ZO>μμ" 44,899" 0.7%"

ATLAS-CONF-2015-039

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-039
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W/Z Cross-Section

14

Fiducial cross-sections

Currently dominated by  
lumi uncertainty

ATLAS-CONF-2015-039

8.3 Cross-section ratio measurement

Ratios of the measured cross sections benefit from the cancellation of some experimental uncertainties.
The ratios of W+ to W� (RW+/W�) and W± to Z (RW±/Z ) boson production were measured by the ATLAS
and CMS collaboration in the past [15, 47, 48] and proved to be powerful tools to constrain PDF uncer-
tainties. The ratio of W+ to W� boson cross sections is mostly sensitive to the di↵erence of uv and dv

valence-quark distributions at low Bjorken-x while the ratio of W± to Z boson cross sections constrains
the strange-quark distribution. Studies from Ref. [54] show that starting from a precision of about 2%,
the measurements at

p
s = 13 TeV begin to have significant constraining power to PDFs, compared to

PDF sets such as CT10 and the recent MMHT14 and NNPDF3.0.

The systematic uncertainties of the cross-section measurements are largely uncorrelated between the
electron and muon channels, apart from the common luminosity uncertainty. On the other hand there
is a strong correlation between W+ and W� boson measurements. There is also significant correlation
between the W± and Z boson results for the same flavour measurement.

The results for the ratios of fiducial cross sections for W+ to W� boson production and for W± to Z boson
production are given in Table 14. The ratios obtained in the electron and muon channels agree well with
each other, and the ratio of the combined results has a reduced uncertainty. The ratios of the combined
results are compared to theory predictions in Figures 22 and 23. For the ratio RW+/W� = �fid

W+/�
fid
W� ,

there is a significant scatter for di↵erent PDF predictions and the accuracy of the experimental result
is comparable to the spread among them. The data favours results from the PDFs which include LHC
measurements from Run 1 (ABM12, NNPDF3.0 and MMHT14). For the ratio RW /Z = �fid

W±/�fid
Z , the

predictions agree within quoted uncertainties and the measurement is consistent with all of them.

-W
fidσ / +W

fidσ
1.15 1.2 1.25 1.3 1.35

ATLAS Preliminary
-113 TeV, 85 pb

total uncertainty
stat. uncertainty

ABM12LHC
CT10nnlo
NNPDF3.0
MMHT14nnlo68CL

-W
fidσ / +W

fidσ = -/W+WR

Figure 22: Ratio of W+ to W�-boson production combined fiducial cross sections (red line) compared to predictions
based on di↵erent PDF sets. The inner shaded band corresponds to the statistical uncertainty while the outer
band shows statistical and systematic uncertainties added in quadrature. The theory predictions are given with the
corresponding PDF uncertainties shown as error bars. Scale uncertainties are not included in the error bars of the
predictions.

30

W+/W- Fiducial Ratio (2.5% accuracy)

Was 1.54 at 8 TeV, reduced 

valence quark asymmetry at 13 TeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-039
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with an accuracy ranging from approximately 10% to aproximately 20%. Ratios of cross sections for274

successive jet multiplicities have been also derived.275

The measured fiducial cross sections for the various jet multiplicities and the ratios of successive jet276

multiplicities have also been compared to accuracy from S����� and from M��G����. The predictions277

based on NLO and NNLO QCD calculations show reasonable agreement with the observed cross sections278

and cross section ratios within the uncertainties.279
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Figure 3: Transverse momentum of the highest-pT jet in each event in the Z ! e

+
e

� + jets selection (left) and
the Z ! µ+µ� + jets selection (right). Systematic uncertainties for the signal and background distributions are
combined in the shaded band, and the statistical uncertainty is shown on the data points. Luminosity and theoretical
uncertainties are not included.
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30th August 2015 – 02:44 9

• Inclusive Z event selection

• Particle-level fiducial cross-sections


▪ Jet pT > 30 GeV, |y| < 2.5


• Backgrounds from top, diboson

• Syst. dominated by Lumi, Jets  

Z+jets
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Figure 1: Dilepton invariant mass for Z + � 1 jet events in the Z ! ee (left) and Z ! µµ (right) channels.
Systematic uncertainties for the signal and background distributions are combined in the shaded band, and the
statistical uncertainty is shown on the data points. Luminosity and theoretical uncertainties are not included.
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Figure 2: Inclusive jet multilplicity in the Z ! e

+
e

� + jets selection (left) and the Z ! µ+µ� + jets selection
(right). Systematic uncertainties for the signal and background distributions are combined in the shaded band, and
the statistical uncertainty is shown on the data points. Luminosity and theoretical uncertainties are not included.
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ATLAS-CONF-2015-041

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-041
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Top Quark Production 
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• Dilepton selection

▪ Isolated e & µ, pT > 25 GeV

▪ One or 2 b-jets


• Extract b-tag yield 
and cross-section simultaneously


• Syst. dominated by Luminosity

Top Cross-Section

17

Top cross section: dilepton channel 

•  Event selection  
–  Isolated e and µ with pT>25 GeV 
–  One or two b-jets 

•  N1: 1 b-jet 
•  N2: 2 bjets 

•  Solve equations for cross section 
and fraction of b-jets found (εb) 

•  Largest uncertainties: 
–  Luminosity (10%) 
–  Theor. Modeling (5%) 

45"

ATLAS=CONF=2015=033#

Data:"εb=52.7±2.6(stat.)±0.6"(syst.)%"
MC:"εb="54.3%"

ϵb = 52.7 ± 2.6 (stat) ± 0.6 (syst) %

MC expectation: 54.3 %

ATLAS-CONF-2015-033

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-033
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Top Cross-Section
ATLAS-CONF-2015-033

σtt (13 TeV) = 825 ± 49 (stat) ± 60 (syst) ± 83 (lumi) pb

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-033
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High-mass searches
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• Resonance search

• Jet trigger, dijet selection


▪ |y1-y2| < 1.2,  
reduces QCD dijets


▪ mjj > 1.2 TeV

• Data-driven background fits


▪ f(z) =  
p1 (1-z)p2 zp3 + p4 log(z)


▪ z = mjj / √s

• ‘Bumphunter’ to find most 

significant local excess

• Uncertainty dominated 

by jet energy scale

Resonant Di-jet Search
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ATLAS-CONF-2015-042

No significant excess found

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-042
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ATLAS Preliminary-1 = 13 TeV, 80 pbs• Non-resonant search

• Look for anomalies in  

shapes and rates at  
high mass 


• χ = exp|y1 - y2|

▪ ~independent of  

m12 for t-channel  
LO QCD


▪ |y1 - y2| < 3.4 (χ < 30) 
|yB| = |y1 + y2|/2 < 1.1 
mjj > 2.5 TeV


• Prediction from NLOJET++ 
including EW effects


• Systematics dominated  
by QCD prediction and  
jet energy scale

Non-resonant Di-jet Search
ATLAS-CONF-2015-042

No significant deviation found

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-042


mjj = 5.1 TeV

Jet pT: 2.5, 2.4, 0.3 TeV

Resonant Di-jet Candidate



mjj = 6.9 TeV

Jet pT: 1.3, 1.2 TeV

Non-resonant Di-jet Candidate
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Di-jet Search Results

24Run1 limit: mTh > 5.7 TeV
Threshold mass limit (QBH): mTh > 6.8 TeV @ 95% CL

ATLAS-CONF-2015-042

Sensitive to strong gravity models 
Compare to quantum BH production at threshold
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-042
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• Non-resonant search

• HT trigger (0.85 TeV)

• Njet ≥ 3, pT > 50 GeV

• Look for excess in 

HT = ∑ pT (jets)

• Data-driven background 

fits in control region (CR)

• Check in validation (VR)

• Compared to events in 

signal region (SR)

Multi-jet Search
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CR VR SR
ATLAS-CONF-2015-043

HT = 5.2 TeV No significant excess found

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-043
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Multi-jet search results

Sensitive to many strong-gravity models 
Limits set for thermal black hole model (Charybdis2)


Improvement over Run1 limit

ATLAS-CONF-2015-043

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-043
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Preparations for Higher Luminosity

SUSY l+jets control region di-photon spectrum

di-lepton spectrum lepton+MET mass (W’)
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Summer2015-13TeV

Preparation for higher luminosity

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Summer2015-13TeV
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• ATLAS would like to thank the LHC for their efforts 
to provide this first 13 TeV data


• ATLAS is working well at 13TeV

▪ Upgraded components have been commissioned

▪ Performance already close to (or exceeding!) Run1


• Many first measurements made with early data

▪ Prelim. uncertainties ready for physics object performance

▪ SM processes from inclusive pp to ttbar cross-section

▪ Many measurements limited by luminosity uncertainty


- Will improve with vdM scan taken last week

• First competitive searches at 13TeV


▪ Nothing found yet

• ATLAS is excited and ready for more data to come

Conclusions and Outlook
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Summer2015-13TeV
Many more details (and Run1!) to be shown this week

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Summer2015-13TeV

