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The ATLAS Detector 
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Summary of Run 1 Data Taking 
•  Run-1 data taking 

completed in Feb. 2013 
•  >94% of recorded data 

used for physics analyses 

•  Outstanding 
performance of LHC 
machine and ATLAS 
detector! 

√s	  	  
[TeV]	  

years	   Ldt	  (rec.)	  

pp	   7	   2010-‐11	   5.1	  ,-‐1	  

pp	   8	  	   2012	   21.3	  ,-‐1	  

Pb+Pb	   2.76	   2010-‐11	   160	  μb-‐1	  

Pb+p	   5	   2013	   30	  nb-‐1	  
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Pileup 
•  Luminosity came with 

harsh conditions 
–  Typically 21 interactions per 

bunch crossing in 2013 
•  ATLAS developed 

techniques to cope 

Z-‐>μμ	  candidate	  with	  20	  addi>onal	  ver>ces	  
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Performance 
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Electrons, Photons and Muons 

•  bla 

Muon	  momentum	  scale	  
e/γ	  energy	  scale	  

e	  ID	  efficiency	   γ	  ID	  efficiency	  (for	  conv.	  and	  unconv.	  photons)	  
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Jets and ET
miss 

•  Bla 

•  Jets and missing ET well understood at high pileup 
–  Techniques developed to reduce resolution degradation at 

high pileup 
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Tau ID and B-tagging 

•  Tau ID and b-tag efficiencies measured with many methods 
–  Good agreement among those complementary methods 10	  



Recent physics results 
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New Heavy Ion Results: pPb and PbPb 
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•  Particle multiplicity strongly 
dependent on centrality of 
pPb collision 
–  Increase nearly linear with η 

W	  charge	  asymmetry	  in	  PbPb	  data	  
Charged	  par>cle	  mul>plicity	  rela>ve	  to	  peripheral	  
collisions	  

Pb	   p	  

•  W charge asymmetry in 
PbPb data in good 
agreement with PDFs to 
within precision of ~5% 



Highlights of Standard Model Measurements 

•  Many precision measurements of SM 
processes 
–  Understand if MC models adequately describe 

data  
–  Provide data to further improve MC modeling 
–  Constrain parton distribution functions 

Z+jets	  cross	  sec>on	   Jet	  shapes	   Drell-‐Yan	  cross	  sec>on	  
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Top Quark: cross section and mass 
•  Cross section  

–  Precision measurement using eµ dilepton 
candidates 

–  Events with 1 and 2 b-tagged jets 
–  Uncertainty: 4.8% 
–  Good agreement with theor. Prediction 

•  Mass 
–  Precision measurements in l+jets and 

dilepton channels 
•  lepton+jets channel uses novel 3D fit to 

constrain b-jet energy scale in situ 
–  Combined with CMS 
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Single Top Quark Production 
•  Single top production via 

different diagrams: 
–  t-channel 
–  s-channel 
–  Wt 

•  Wt measurement using 
boosted decision tree 
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Summary of SM Measurements 
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Higgs Boson Physics 
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Higgs Boson Production 

•  Production rate know to 2-10%  
–  Various production mechanisms sensitive to different Higgs 

couplings (top quark versus W boson) 18	
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58%	  

0.2%	  

6.3%	  

22%	  

2.6%	  

Higgs Boson Decay 



Higgs Boson Signals 

•  Signal established in 
bosonic decay modes 
– µ=σ/σSM=1.33+0.21

-0.18 
– Evidence for VBF: 3.3σ 

γγ	   ZZ	   WW	  
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Spin Determination 

•  Based on angular distributions 
in bosonic modes  
–  Rule out other spin hypotheses (≠0) 

with >99% CL 
–  Rule out odd parity with 97.8% CL 
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H➝ bb Search 
•  Associated production: 

–  WH->lvbb 
–  ZH->llbb or vvbb 

•  Difficult backgrounds 
–  W/Z+jets, top, single top 

•  Control channels 
–  WZ->lvbb 
–  ZZ->llbb or vvbb  

 µVZ,Z->bb = 0.9±0.2   (SM=1) 
 

 µVH,H->bb = 0.2±0.5(stat)±0.4(syst) 
  (consistent with both µ=0 and µ=1) 22	  



•  First differential cross section measurements of Higgs production 
–  pT(γγ),|yγγ|, |cosθ*|, pT(j1), N(jets), Δφ(jj), pT(γγjj) 
–  In fiducial region 

•  Will help understand accuracy of MC models and QCD calculations 
–  Critical for precision measurements! 

•  Measurements consistent with current state-of-the-art predictions  
–  PowHeg, MINLO, HRes1.0 

Higgs: differential cross-section measurements 

	  	  

ATLAS-CONF-2013-072 
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New Physics Searches 
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Direct chargino/neutralino production 

	  	  

ATLAS-CONF-2013-093 

Sensitive to χ±, χ0 decays to sleptons, 
W, Z, Higgs 

•  Dominant decay mode 
depends on details of SUSY 
model 

–  Use simplified models to assess 
broad range of possibilities 

–  Recently first analysis with Higgs in 
decay chain (difficult!!) 

–  Probing up LSP masses between 0 
and 300 GeV depending on SUSY 
parameters 



Third Generation Squarks 

	  	  

Probing stop masses up to ~700 GeV and LSP masses up to 250 GeV 

•  Third generation SUSY 
searches directly related 
to hierarchy problem 
–  Does the stop protect the 

Higgs? 

•  Very active area of 
searches 
–  Many decay modes possible 

depending of mass 
hierarchies of involved 
sparticles 

•  Most recent search 
–  Top decay to charm+LSP 

•  First search with c-tagging at 
LHC 



Exotica Searches Summary 



Future 
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The LHC roadmap 

30	  R.-D. Heuer, CERN                                               EPS-ECFA Meeting, July 20, 2013 



Run-2 Physics Cross Sections 
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•  Run-2 will most likely see pp collisions at √s=13 TeV 
•  Large increase in cross section  

–  Increase ~5 for M=1 TeV and ~10 for M=2 TeV 

•  Discovery potential beyond Run-1 with a few fb-1 



Constraints on top squarks 

•  Constraints ever improving from both ATLAS and CMS 
•  However, pretty natural scenarios still allowed, e.g 

–  M(gluino)=1.5 TeV, m(stop)=300 GeV, m(LSP)=200 GeV 
•  LHC (and HL-LHC) will be able to discover such scenarios 
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What can H(125) tell us about new physics? 
From	  Higgs	  Snowmass	  Report	  (arXiv:1310.8361)	  
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•  Run-1 probes couplings with ~30% accuracy 
–  No serious challenge for BSM models 

•  Run-2+Run-3: precision ~10-20% 
•  HL-LHC required to get ~2-5% precision 

–  Will challenge models predicting subtle deviations 
–  Some rare decays (Zγ, µµ,…) become only 

accessible with HL-LHC 
•  170M Higgs bosons produced at HL-LHC 

–  About 3M useful for precision measurements 

Model	   κV	   κb	   κγ	  
Singlet	  mixing	   ~	  6%	   ~	  6%	   ~	  6%	  

2HDM	   ~	  1%	   ~	  10%	   ~	  1%	  

Decoupling	  MSSM	   ~-‐0.0013%	   ~	  1.6%	   ~	  -‐0.4%	  

Composite	   ~	  -‐3%	   ~	  -‐(3-‐9)%	   ~	  -‐9%	  

Top	  Partner	   ~	  -‐2%	   ~	  -‐2%	   ~	  +1%	  



New physics at the weak scale 
•  Even if Nature is finetuned and stop is heavy we 

have other reasons for new physics at weak scale 
–  Unification of couplings, Dark Matter, …  

•  E.g. in “split-SUSY” other scalars are all heavy but 
gauginos are at ~low mass 

Drama?c	  improvement	  in	  reach	  by	  HL-‐LHC:	  	  
probing	  ~1	  TeV	  charginos!	   34	  



ATLAS Upgrade Plans 
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Phase-2 (HL-LHC) 
Prepare for <µ>=200 

Replace Inner Tracker 
New L0/L1 trigger scheme 
Upgrade muon/calorimeter 

electronics 

Phase-0 
New inner pixel layer 

Detector consolidation 

Phase-1 
Improve L1 Trigger 

capabilities to cope with 
higher rates 

4	  Technical	  Design	  Reports	  

Construc>on	  ongoing	  

Le_er	  of	  Intent	  



Ongoing: Phase-0 upgrades (LS-1) 
•  Insertable B-Layer  

– Production/Integration ongoing 
–  Installation of IBL in the pixel detector, in 

the pit: May 2014 
–  Important ingredient for low mass, rad-

hard construction: 2 cm x 2 cm FE-I4 
Pixel Chip, 130 nm CMOS process 

– Will stay until Phase-II 
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b-tagging rejection vs pile-up  

w/ IBL 

w/o IBL •  New service quarter panels 
– At end of run-1 5% of Pixel modules were not working 
– New SQPs recovered majority of dead channels: live 

fraction 95.2% => 98.9% 



Phase-1 Upgrades: FTK and L1Topo  
•  Fast TracKer (FTK) 

–  Dedicated, hardware-based track finder  
–  Runs after L1, on duplicated Si-detector read-out links 
–  Provides tracking input for L2 for the full event  
–  Finds and fits tracks (~ 25 µs) in the ID silicon layers  

at an “offline precision” 
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•  L1Topo 
–  Topological L1 trigger 
–  Correlate L1 objects with each other 
–  E.g. deltaphi(MEt, jet) for ZH→ννbb 

•  Installation for Run-2 
–  L1Topo expected to be ready for 2015 
–  FTK: partial system in 2015, full system in 2016 



Phase-1 Upgrades: NSW and LAr  

•  New Muon Small Wheels  
–  improved tracking and  

trigger capabilities 
–  position resolution < 100 µm 
–  Meets Phase-II requirements 

•  compatible with <µ>=200, 
up to L~7x1034 cm-2s-1 

–  Technology: MicroMegas 
and sTGCs 

–  Reduce muon trigger thresholds 
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New	  Small	  Wheel	   LAr	  calorimeter	  

•  LAr Calorimeter readout 
–  Use higher granularity in trigger 

•  In space and in energy resolution 

–  Use shower shape variables 
–  Improve energy resolution 
–  Reduce electron, photon, tau, jet and 

missing ET trigger thresholds 

Installa?on	  of	  both	  during	  LS2	  



Phase-2 Upgrade: New Inner TracKer (ITK) 
•  Current Inner Detector (ID)  

•  Designed to operate for 10 years at L=1x1034 cm-2s-1   
with <µ>=23, @25ns, L1=100kHz 

•  Limiting factors at HL-LHC  
•  Bandwidth saturation (Pixels, SCT) 
•  Too high occupancies (TRT, SCT) 
•  Radiation damage: Pixels (SCT) designed for  400 (700) fb-1 
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Forward pixel 

Barrel Strips Forward Strips 

Barrel pixel 

Microstrip Stave Prototype 

Quad Pixel Module Prototype 
LoI layout new (all Si) ATLAS Inner Tracker for HL-LHC 

Solenoid 

New 130nm prototype strip 
ASICs in production 
•  incorporates L0/L1 logic 

 
Sensors compatible with 256 
channel ASIC being delivered 



New Tracking detector cont. 
•  Studies with LOI layout 

–  Robust tracking (14 layers) 
–  Occupancy <1% for <µ>=200 
–  Reduced material w.r.t. current ID 
–  Better tracking performance 

at <µ>=200 than current ID at <µ>=0 
•  Prototypes tested to 2x HL-LHC flux 
•  Solid baseline design 

–  Working on further optimisation, e.g. tracking up 
to |η|=4.0 for tagging vertex of forward jets in 
VBF processes? 
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Occupancy for <µ>=200 (in %) 

Num.	  Hits	  vs	  η	  

Light	  jet	  rejec>on,	  ID	  (w/IBL)	  and	  ITk	  	  



Conclusions and Outlook 
•  LHC has delivered large datasets and ATLAS has operated very efficiently 

–  Thanks to machine team for outstanding performance! 
•  267 publications on collision data submitted by ATLAS 

–  Higgs boson discovered at M~125 GeV 
•  looks rather SM-like at first glance but higher precision needed 

–  Many searches for new physics 
•  Severely constrains many models 

–  Many precision measurements  
•  Improve understanding of theoretical models and tools 

•  Exciting future prospects 
–  Run-2 probes new territory with a few fb-1 of 13 TeV data  

•  And probe Higgs boson more deeply 
–  HL-LHC will do precision Higgs physics (~2-5% precision on couplings) 

•  HL-LHC is Higgs factory: 170M Higgs bosons produced! (3M “useful”) 
–  HL-LHC will significantly extend reach for many searches 

•  Or provide data to explore any new discovery made earlier!!  
•  Significant upgrades are required to fully explore the future LHC runs 

–  Strong technical expertise required from world-wide collaborators 41	  



Backup Slides 
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Trigger system architecture 
•  New design for Phase II 

–  2-level system, Phase-I L1 becomes Phase-II L0, new L1 includes tracking 
–  Make use of improvements made in Phase 1 (NSW, L1Calo) in L0 
–  Introduce precision muon and inner tracking information in L1 

•  Better muon pT resolution 
•  Track matching for electrons,… 

–  Requires changes  
to detector FE  
electronics feeding  
trigger system 
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~ ~ 

Level-0 
Rate ~ 500 kHz, Lat. ~6 µs 

Muon + Calo 
Level-1 

Rate ~200 kHz, Lat. ~20 µs 
Muon + Calo + Tracks 

FTK technique 
is candidate for 
L1Track trigger 

Will also have new timing/control 
links and LHC interface system 



L1Track Trigger 
•  Adding tracking information at Level-1 (L1) 

•  Move part of High Level Trigger (HLT) reconstruction into L1 
•  Goal: keep thresholds on pT of triggering leptons and L1 trigger rates low 

 
•  Triggering sequence 

•  L0 trigger (Calo/Muon)  
reduces rate within 6 µs 
to ≳ 500 kHz and defines  
RoIs 

•  L1 track trigger extracts 
tracking info inside RoIs 
from detector FEs 
 

•  Challenge 
•  Finish processing within  

the latency constraints 
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Direct dark matter searches 

New result from monojet signature with a “fat jet” which could be from a W or Z decay 
Complements earlier “inclusive monojet” searches 
 
	  

arXiv:1309.4017 

JHEP04(2013)075 
mχ=1 GeV. m*=1 TeV 

Search is for WIMP (χ) pair-
production  

 → missing-ET signature 
 
Limits placed in context of 
effective theories of DM 
interactions with SM particles: 
spin-independent (D5) and spin-
dependent(D9) with C(u)=±C(d) (− 
sign enhances Wχχ) 
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