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 Current status & prospects for LHC Run II
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 ATLAS detector
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 ATLAS detector
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Muon Spectrometer |η|<2.7
Air core toroid & gas chambers

L1 trigger - momentum & position 

σ/pT < 10% for pTµ<1 TeV

Tracker |η|<2.5
B=2T

 Si: pixels+strips, 
Transition Radiation straws

Precise tracking, vertexing, e/hadron sep. 
σ/pT ∼ 0.05% pT ⊕ 1%

Hadronic Calorimeter |η|<4.9
Fe/Tiles scintillator        |η|<1.7

      Cu or W/LAr                  1.5<|η|<4.9
L1 trigger, complete jet & ETmiss

σ/E ∼ 50%/√E ⊕ 3%

Electromagnetic Calorimeter |η|<3.2
Pb/LAr with accordion geometry

L1 trigger, electrons/photons, jets & ETmiss

Energy, position, angle
σ/E ∼ 10%/√E ⊕ 0.7%
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 ATLAS Luminosity & Data Taking 

93.5%
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M. R. Jäkel,  ASPEN 2013ATLAS detector review & upgrade

2012 : Pile Up - Challenge

Running with 50ns (instead of 25ns) bunch spacing → double pile-up for same luminosity

Has to be addressed at all levels : Trigger, reconstruction of physics objects, isolation cuts, data 
processing (CPU time)....

Z → µµ event with 25 reconstructed vertices. 
Average'number'of'interac1ons'per'bunch'crossing'

Experiment’s,design,value,

2012 - 8TeV
 23 evts/fb

2011 - 7TeV
 5 evts/fb

2010 - 7TeV
 0.05 evts/fb

ΔL/L = ±2.8% (preliminary)

ΔL/L = ±1.8%

ΔL/L = ±3.4%

BRAVO and THANK YOU LHC!
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 Detector operation: trigger & data quality
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Maximise 
trigger 

efficiency
 and 

acceptance.

High Data Quality 
Constant attention to 

detector operation 
and performance

1010
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 Combined performance: Electron Reconstruction 
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Electron identification efficiency 
for  ET>15GeV vs
vs number of primary vertices 

Selection cuts have been adapted 
to cope with the highest activity in 
the event.

Z➝µµ with 25 reconstructed vertices
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Standard 
Model

EW & QCD

B Physics

C. Bini Properties and spectroscopy of b-hadrons with the ATLAS detector

B Physics J. Gunther Study of rare and suppressed processes in B meson decays with ATLASB Physics

T. Okuyama Mixing and CP violation in the Bs system with ATLAS

Top

J. Donini Single top quark production cross section at LHC in ATLAS

Top
T. Heck Searches for vector-like quarks and ttbar resonances with the ATLAS detector

Top
R. Peters Top quark properties in ATLAS

Top

O. Rosenthal Top quark pair production cross section at LHC in ATLAS

SM
QCD

J. Hejbal Measurements of vector bosons and vector bosons plus jet production….
SM

QCD
V. Pleskot Recent QCD results from ATLAS

SM
QCD

D. Tsybichev Measurement of multi-boson production with the ATLAS detector
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 Jets and pQCD 

ATLAS has recently published the inclusive jet cross section at √s=2.76 TeV
Bridge with previous results
Ratio 2.76 to 7 TeV with reduced systematics
Comparison to pQCD calculations
Gluons & light quark pdf

Ingredients to the measurements

9

EPJC (2013) 73 2509, EPJC (2011) 71 1512, PRD 86 (2012) 014022

Theory relative uncertainty Non perturbative corrections Experimental uncertainties

Jets reconstruction:      
anti-kt algorithm ΔR=0.4 or 0.6
Noise suppression
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 Jets and pQCD
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EPJC (2013) 73 2509, EPJC (2011) 71 1512, PRD 86 (2012) 014022

NLO pQCD with non-pert. corrections gives a good description of data (ΔR=0.6).
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 Jets and pQCD EPJC (2013) 73 2509 

EPJC (2011) 71 1512 

PRD 86 (2012) 014022
Summary

Combined NLO pQCD analysis with 
√s=2.76 & 7 TeV ATLAS jets and 
HERA 1 data

DGLAP formalism
➝ Constrain gluon and quark parton density function in proton
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 Jets and pQCD EPJC (2013) 73 2509 

EPJC (2011) 71 1512 

PRD 86 (2012) 014022
Summary

Combined NLO pQCD analysis with 
√s=2.76 & 7 TeV ATLAS jets and 
HERA 1 data

DGLAP formalism
➝ Constrain gluon and quark parton density function in proton

Gluon distribution harder 
when including ATLAS data
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 W± production in ass. with charm quark
The production of pp➝WcX is directly sensitive to the s-quark 
distribution in the proton for Q2 ~ mW2

Select events 
with a W± decaying to leptons (e,μ)
Reconstruct charm hadrons

Correlation btw W & c-meson charge (OS)
Single charm contribution obtained by subtracting contribution 
from SS events  
Systemactic error ~7-8%, dominated by tracking efficieng=cy

12

ATLAS-CONF-2013-045

Phys.Rev.Lett. 109 (2012) 012001
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Inclusive di-photon cross-section at √s=7 TeV 
Isolated photon pair candidate ET1>25 GeV & ET2>22 GeV

σtot=44+3.2-4.2 pb at √s=7 TeV
Differential cross-sections to probe QCD

Exploiting isolation one can separate 
the three components: γγ, γ-jet and jet-jet

mγγ spectrum being understood gives 
credit to H➝γγ discovery.

13

JHEP01(2013)086
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 Diboson production at √s=7 TeV: ZZ(*)➝l+l-l+l- ZZ➝l+l-νν

Fundamental test of SM: gauge boson couplings
Probe for new physics

Anomalous Triple Gauge Coupling ?
Search for resonances

Background to Higgs boson 

14

JHEP03(2013)128
6%

Non SM

Select events with 
4e, 4µ, 2e2µ
2e or 2µ + ETmiss
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 Diboson production at √s=7 TeV: ZZ(*)➝l+l-l+l- ZZ➝l+l-νν
JHEP03(2013)128

Theory (QCD-NLO)                                                                                           

Total cross section 

Anomalous triple gauge coupling
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Top 
Quark
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 Top mass: from dileptons - √s=7TeV - 4.7 fb-1

Very clean signature
2 opp. sign leptons, Njets≥2, 2 Nbtag=2

Background (fake leptons, single top, diboson) < 3%
Template fit based on mb-lepton

Correct b assignment in 76.6±0.3%
Dominant systematic errors: JES, bJES

17

ATLAS-CONF-2013-077
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 Combined performance: b-tagging

18

ATLAS-CONF-2012-043

b-tag is under constant development, e.g. 
exploiting the rich b sample from top events.

b-tag is also evolving toward c-tagging
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 t-tbar cross-section measurement at √s=8TeV: e-μ

19

ATLAS-CONF-2013-097

eµ+btag: pure sample of ttbar events ➝ precise xs measurement

This measurement √s=8TeV

NNLO+NNLL calculation

4.8% precision

σt-tbar[pb]
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 t-tbar differential cross sections
Four variables pTt, mtt, pTtt, ytt

Compare data vs
MC
NLO, NLO+NNLL QCD predictions
QCD predictions & PDFs

Result here: pTt

20

ATLAS-CONF-2013-099

Only one isolated lepton (e±,μ±) 
             pTl>25 GeV

Njets≥4 -  pTjet>25 GeV, at least one b-tag

ETmiss>30 GeV - mTW>35 GeV

Most MC harder than data



Dominated by systematic uncertainties (20 vs 7%)
Theory: ISR/FSR, Wt and tt generators & PS
Experiment: ETmiss, b-tag & JES

27.2±2.8(stat)±5.4(syst) pb (mtop=172.5 GeV)

20.11.2013

 Wt cross-section at √s=8 TeV-20fb-1

21

ATLAS-CONF-2013-100

eμ only +ETmiss + [1-jet 1-tagged or
2 jets ≥1-tagged]
Multivariate approach for cross section  measurement
One BDT discriminant per jet bin
Most powerful variables: ΣpTjet, pTlepton, ETmiss
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ATLAS-CONF-2013-100
√s=8TeV - 20 fb-1
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Standard Model Measurements
Measuring SM processes is the foundation for any new physics search.

Electroweak production cross sections from ~100 nb down to ~10 pb 
(H➝γγ cross section ~0.05 pb)

Jet production up to ETjet ~1.5 TeV  and compared data to the latest QCD 
calculations

Top mass, total and differential cross-sections, single top processes

Next steps 
Improve precision and reach on γ, jet, VB pT, VB + light and heavy quark 
jets
Measure observables sensitive to VBF and VBS
Multi boson production with increased measurement precision
Measure the W mass with a few MeV precision
Improve the top mass measurement down to < 1 GeV

23
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HIGGS

Higgs

E. Monnier Summary of LHC Higgs results (ATLAS & CMS)

Higgs

A. Baroncelli Searches for Rare decays of the Higgs boson with the ATLAS detector 

Higgs

F. U. Bernlochner Combined Measurements of the Mass and Coupling Properties of the Higgs boson ...

Higgs R. Di Nardo Individual and Combined Measurements of the Spin and Parity Properties of the HiggsHiggs

K. Hanagaki Search for the Higgs boson in fermionic channels using the ATLAS detector

Higgs

A. Kotwal Beyond-?the-?Standard Model Higgs Physics using the ATLAS Experiment

Higgs

A. Palma Measurement of Properties of the Higgs boson in bosonic decay channels …..
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 Higgs boson discovered in 2012

25

Phys. Lett. B 716 (2012) 1-29

The 2013 Nobel prize for physics was awarded to 
François Englert and Peter Higgs: Congratulations! 
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 Higgs Boson: a reminder

26

For mH=125 GeV

LHC	  Higgs	  Xsec	  WG:	  h/ps://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSec>ons

arXiv:1307.1427

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections
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 pp➝W/Z + H➝bb ATLAS-CONF-2013-079

Categories in Nleptons, jets, jets tagged as b, pTV

0-lepton+2 b-tag jets+ETmiss>120GeV
1-lepton+2 b-tag jets+ETmiss>25GeV+mTW<120 GeV
2-leptons+2b-tag jets+ETmiss<60GeV+83<mll<99 GeV

              

Analysis procedure validated by measuring 
    diboson production pp➝W/Z +Z➝b-bar                     
                        

27

Z➝b-bbar

μHbb=0.2±0.5(stat)±0.4(syst)

μdiboson=0.9±0.2

µ=Nmeasured/NSM is the signal strength

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-079
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-079
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 Boson ➝ Higgs boson 

Spin arXiv:1307.1432                                                                 

28

Data favour JP=0+

JP=0- rejected at 97.8%CL with 4l alone
JP=1± rejected at 99.7% CL with 4l & WW
JP=2+ rejected at 99.9% with these three channels
(limit uses minimal graviton-inspired model 2+m)
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 Combined performance: Photon Conversion 

29

Fraction of photon candidates 

ET>30GeV
EM calorimeter & tracking 
acceptances

Unconverted vs Converted photons 
fractions: stable vs the number of 
interactions per bunch-crossing.

Photon detection efficiency constant

Z➝µµ with 25 reconstructed vertices
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 Combined performance: Photon efficiency

30

Improved measurement of 
photon identification efficiency

Reduced uncertainty on event yield 
from γ efficiency

➝ from 5.3%(ATLAS-CONF-2012-168) 
        to  2.4%(ATLAS-CONF-2013-012) 

Reduced uncertainty on the 
measurement of µ 
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 Higgs boson couplings & signal strength arXiv:1307.1427

31

Evidence for VBF production
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Search for ttH
with H➝γγ

One candidate
mγγ=126.6 GeV
S/B~0.45 in 120-130 GeV
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 Recent Higgs boson measurements in ATLAS

33

H➝ γγ differential cross sections fully corrected to fiducial acceptance 

Preparing for Run II

ATLAS-CONF-2013-072



20 pb

50 pb

H production cross-section √s=8 TeV & 14 TeV

Four times more integrated luminosity
➝ ~4000 γγ, ~100 ZZ, ~10 ttbar-H events 

Up to twice more pile-up

Precision on mH: ~ 300 MeV (today ~800 MeV)

Coupling measurements

20.11.2013

 The Higgs boson at the end of Run II (100 evts/fb)

34

xs [pb] 8 TeV 14 TeV Ratio

gluon-gluon 20 50 2.5

ttH 0.13 0.6 ~4

HW+HZ 1.1 2.4 ~2

VBF 1.6 4.2 2.5
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Beyond the SM ?

SUSY

J.A. Benitez Garcia Searches for supersymmetry in resonance production, R-parity violating signatures and events with long-lived 
particles with the ATLAS detector 

SUSY
D. Guest Searches for direct pair production of third generation squarks with the ATLAS ….

SUSY L. Morvaj Inclusive searches for squarks and gluinos with the ATLAS detectorSUSY

A. Tudorache Searches for gluino-mediated production of third generation squarks…..
SUSY

S. Williams Searches for electroweak production of supersymmetric neutralinos, charginos and sleptons…..

Exotics

O.C. Endner Searches for heavy resonances with the ATLAS detector 

Exotics S.P. McKee Searches for dark matter and extra dimensions with the ATLAS detector
Exotics

T. Varol Searches for new phenomea in events with multiple leptons with the ATLAS 
Abstract

Exotics

T. Heck Searches for vector-like quarks and ttbar resonances with the ATLAS detector 
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 Searches for SUSY
24 results with 20fb-1

Gluino and 1st/2nd generation squarks                          6 CONF - 1 paper
3rd generation (top & bottom) squarks                           6 CONF - 1 paper
Electroweak SUSY (charginos, neutralinos, sleptons)   5 CONF
R-parity Violating scenarios & long-lived particles          5 CONF - 2 papers

36

strong	  produc,on
(3rd	  genera,on)

electroweak	  
produc,on

Searches in scenarios 
motivated by naturalness
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 Gluino-mediated stop➝top  χ01

38

Further	  increased	  sensi>vity	  from
channel:	  3b	  +	  1L	  +	  ET

miss

Excluding	  
mgluino	  <	  ∼1.4	  TeV	  for	  
mχ0

1
	  <	  ∼400	  GeV	  

ATLAS-CONF-2013-061

http://cds.cern.ch/record/1557778
http://cds.cern.ch/record/1557778
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 Combined performance: Jets Energy & ETmiss
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Pile-up treatment 

Measuring ambiant energy in the events

jet energy and ETmiss resolutions improved

ATLAS-CONF-2013-012

ATLAS-CONF-2013-082
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 Direct stop searches

40
new	  channel:	  charm-‐tagging	  &	  mono-‐jet	  sensi>ve	  to	   ➝

Excludes	  in	  several	  scenarios
mstop	  <	  ∼600	  GeV	  for	  
mχ0

1
	  <	  ∼250	  GeV	  

ATLAS-CONF-2013-068

Region at low Δm: 
charm tagging brings improved sensitivity

ETmiss > 410 GeV
Njets ≥ 1 pTjet > 270 GeV - lepton veto
Njets ≥ 3 pTjet > 30 GeV
b-veto for 2nd & 3rd jet
c-tag for 4th jet
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Chargino & neutralino searches

41

new	  channel:	  h(bb)	  +	  1L	  +	  ET
miss	  

sensi>ve	  to	  χ±1χ
0
2→W±	  h	  χ01χ

0
1	  

Sensi>vity	  to	  chargino	  &	  neutralino	  decay	  to	  sleptons,	  W,	  Z	  and	  Higgs	  bosons	  

ATLAS-CONF-2013-093

SM Higgs in decay chain: 
first time at LHC

https://cds.cern.ch/record/1595756
https://cds.cern.ch/record/1595756
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 Search for exotics phenomena (not SUSY)

42

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

Five papers with √s=8 TeV data (2012)

20 CONFerence notes  with ∫L.dt≃20 evts/fb at √s=8 TeV data (2012)

Very beautiful events detected, no signal Beyond the Standard Model

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
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 Text

43

mee=1.541 TeV
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 Search for new phenomena in multi-lepton events

Multi-leptons: rare at hadron colliders
At least 3 leptons: (ee,μμ,eμ,μe) x (e,μ,τ)
SM background ZZ,WZ, DY
No excess ➝ 

cross-section limits on 94 signal regions
Wide range of models tested

44

ATLAS-CONF-2013-070
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 Dark Matter search
Search for Weak Interacting Massive Particle: pp➝𝟀𝛘+X

Need to trigger on the events
X being a jet, γ, W or Z produced in Initital State Radiation

Recently ATLAS has presented a search for WIMPS where 
a W or Z decays to jets with 20.3 evts/fb at √s=8 TeV 

Larger rate than when W/Z ➝ leptons
Search for events with a large jet and ETmiss

Jet substructure techniques used to select hadronically 
decaying W/Z
Dominant source of background is events with Z➝νν

45

arXiv:1309.4017

Submitted to PRL
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 Dark Matter search: mono-W 

46

ζ=+1➝

ζ=-1➝

Phys. Rev. D82, 116010 (2010) 
arXiv:1008.1783

ATLAS-CONF-2013-073

M*=Λ/√g1g2

ζ=-1➝

ζ=+1➝
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 ATLAS is preparing Run II

Fourth layer for pixel detector: 
improve light quark rejection to b-quark

Consolidation of ATLAS detector

Preparing for beam energy increase from 
√s=8 to √s > 13 TeV

48
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BSM at LHC Run II

49

Add the reference
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 Conclusions & outlook
The Large Hadron Collider of CERN has 
operated beautifully during these three 
fantastic years 2010-2012, producing 
∫L.dt~30 evts/fb of proton-proton collisions at 
√s=7 & 8 TeV.
 
The ATLAS collaboration has collected 
∫L.dt~25 evts/fb of pp data and published 
~270 physics results.

ATLAS (with CMS) has discovered a Higgs 
boson with mH~125 GeV and measured some 
of its parameters.

YET, NO PROCESS BEYOND the SM has 
been observed.

LHC will resume operation beginning of 2015 
with √s>13 TeV. 
ATLAS is ready to detect and discover any new 
phenomena.

50

The serpent representing the 
interconnection between 

particle physics 
and 

cosmology 

Sheldon Lee Glashow
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 BACKUP

51



20.11.2013

 Most recent search for long lived particles

52

:	  	  700

:	  	  	  700

:	  1000

494

108

108

signature:	  muon	  +	  displaced	  vertex
expected	  background:	  0.02	  ±	  0.02	  event
observed	  in	  data:	   	  	  	  	  	  	  0	  event

ATLAS-‐CONF-‐2013-‐092

https://cds.cern.ch/record/1595755
https://cds.cern.ch/record/1595755
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 Anti-kT algorithm
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 Differential cross section vs φη*

Use φη* to probe modelling of pT 
of Z boson in MC

precise measurement of MW

Higgs boson studies

High precision measurement
Systematic errors 01.-0.3%
Statistical error 0.3%

56

Phys. Lett. B 720 (2013) 32-51

Pioneered by the D0 collaboration at Tevatron
Phys. Rev. 106 (2011) 122001 arXiv:1010.0262

±5%
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The treatment of events with 
<μ>=20.7 (μ between 10 and 35) 
superimposed interactions has been 
at the centre of most ATLAS 
analysis. 
The robustness of performance 
against this pile-up has driven the 
d e v e l o p m e n t o f r e s i l i e n t 
identification & rejection definitions. 

57

Nominal

Z➝µµ with 25 reconstructed vertices
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 ATLAS detector status
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Tracker |η|<2.5
B=2T

 Si: pixels+strips, 
Transition Radiation straws

Precise tracking, vertexing, e/hadron sep. 
σ/pT ∼ 0.05% pT ⊕ 1%

Hadronic Calorimeter |η|<4.9
Fe/Tiles scintillator        |η|<1.7

      Cu or W/LAr                  1.5<|η|<4.9
L1 trigger, complete jet & ETmiss

σ/E ∼ 50%/√E ⊕ 3%

Electromagnetic Calorimeter |η|<3.2
Pb/LAr with accordion geometry

L1 trigger, electrons/photons, jets & ETmiss

Energy, position, angle
σ/E ∼ 10%/√E ⊕ 0.7%

Muon Spectrometer |η|<2.7
Air core toroid & gas chambers

L1 trigger - momentum & position 

σ/pT < 10% for pTµ<1 TeV


