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(H ?) ZZ*  2e2μ candidate  
m2e2μ= 124.3 GeV 
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Collaboration and Management matters 
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38  Countries 

175 Institutions  

2980 active scientists 

~ 1800 with a PhD  contribute to  M&O share 

~ 1200 students 

Albany, Alberta, NIKHEF Amsterdam, Ankara, LAPP Annecy, Argonne NL, Arizona, UT Arlington, Athens, NTU Athens, Baku,  

IFAE Barcelona, Belgrade, Bergen, Berkeley LBL and UC, HU Berlin, Bern, Birmingham, UAN Bogota, Bologna, Bonn, Boston, 

Brandeis, Brasil Cluster, Bratislava/SAS Kosice, Brookhaven NL, Buenos Aires, Bucharest, Cambridge, Carleton, CERN, Chinese 

Cluster, Chicago, Chile, Clermont-Ferrand, Columbia, NBI Copenhagen, Cosenza, AGH UST Cracow, IFJ PAN Cracow, SMU Dallas, 

UT Dallas, DESY, Dortmund, TU Dresden, JINR Dubna, Duke, Edinburgh, Frascati, Freiburg, Geneva, Genoa, Giessen, Glasgow, 

Göttingen, LPSC Grenoble, Technion Haifa, Hampton, Harvard, Heidelberg, Hiroshima IT, Indiana, Innsbruck, Iowa SU, Iowa, UC 

Irvine, Istanbul Bogazici, KEK, Kobe, Kyoto, Kyoto UE, Kyushu,Lancaster, UN La Plata, Lecce, Lisbon LIP, Liverpool, Ljubljana, 

QMW London, RHBNC London, UC London, Lund, UA Madrid, Mainz, Manchester, CPPM Marseille, Massachusetts, MIT, 

Melbourne, Michigan, Michigan SU, Milano, Minsk NAS, Minsk NCPHEP, Montreal, McGill Montreal, RUPHE Morocco, FIAN 

Moscow, ITEP Moscow, MEPhI Moscow, MSU Moscow, Munich LMU, MPI Munich, Nagasaki IAS, Nagoya, Naples, New Mexico, 

New York, Nijmegen, Northern Illinois University, BINP Novosibirsk, NPI Petersburg,Ohio SU, Okayama, Oklahoma, Oklahoma SU, 

Olomouc, Oregon, LAL Orsay, Osaka, Oslo, Oxford, Paris VI and VII, Pavia, Pennsylvania, Pisa, Pittsburgh, CAS Prague, CU 

Prague, TU Prague, IHEP Protvino, Rome I, Rome II, Rome III, Rutherford Appleton Laboratory, DAPNIA Saclay, Santa Cruz UC, 

Sheffield, Shinshu, Siegen, Simon Fraser Burnaby, SLAC,  South Africa Cluster, Stockholm, KTH Stockholm, Stony Brook, Sydney, 

Sussex, AS Taipei, Tbilisi, Tel Aviv, Thessaloniki, Tokyo ICEPP, Tokyo MU, Tokyo Tech, Toronto, TRIUMF, Tsukuba, Tufts, Udine/ICTP, 

Uppsala, UI Urbana, Valencia, UBC Vancouver, Victoria, Warwick, Waseda, Washington, Weizmann Rehovot, FH Wiener Neustadt,  

Wisconsin, Wuppertal, Würzburg, Yale, Yerevan 
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Collaboration composition changes since the last RRB 

At its Collaboration Board (CB) meeting on 3 February 2012, the Collaboration  
admitted two new Institutions  
(Expressions of Interests had been presented at the October 2011 CB): 
 

Kyushu University, Japan 
[Activities include: Silicon detector operation; physics; upgrade] 
University of Warwick, UK 
[Activities include: Trigger; tau-lepton performance; physics; upgrade] 
 
Members of the above Institutions have been active in ATLAS for several years through 
affiliation to other Institutions, and are contributing strongly to some crucial (operation) 
tasks for the experiment. 
Their applications were strongly supported by the relevant National Communities as well as  
ATLAS Project Leaders and Activity Coordinators.  

The RRB is kindly requested to endorse the admission of these two  
new Institutions in the ATLAS Collaboration 
 
The total number of Institutions (with voting rights in the CB) 
increases from 173 to 175 
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Changes since last RRB: 
 Martine Bosman (Barcelona) has become CB Chair 
 Steve McMahon (RAL) has become ID Project Leader 
 David Francis (CERN) has become TDAQ Project Leader 
 Thilo Pauly (CERN) has become Run Coordinator 
 Hans von der Schmitt (Munich MPI) has become Computing Coordinator 
 Tony Doyle (Glasgow) has become Chair of the Publications Committee 

Most of these appointments are by election by the Collaboration Board out 
of a short list of candidates (usually 3) proposed by the Spokesperson with 
the assistance of Search Committees 
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Status of ATLAS and recent accomplishments  

Since last RRB meeting (17 October 2011): 
 
 Very successful completion of the 2011 LHC run: 
        5.6 fb-1  pp and 166 μb-1  Pb-Pb delivered to ATLAS 
 
 Update of Higgs results (full 2011 dataset in some cases) presented already  
     at the CERN Higgs seminar on 13 December 
 
 Intense activities in Winter technical stop  see M.Nessi’s talk  

 
 Huge amount of physics results presented at Winter Conferences  
     (documented in  ~ 40 CONF-notes) 
 
 78 more papers on collision data submitted for publication (141 in total on collision 
     data since the beginning of LHC operation) 

 
 Preparation for the 2012 run  first data at √s=8 TeV recorded  
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Data-taking efficiency = (recorded lumi)/(delivered lumi):  ~ 93.5%  

Fraction of non-operational detector channels: 
(depends on the sub-detector) 

few permil to 5% 

Good-quality data fraction, used for analysis : 
(depends on the analysis) 90-96% 

Peak luminosity 
~ 3.6 x1033 cm-2 s-1 

8 

2011 data-taking 

pp PbPb 

Peak luminosity: 
~ 5 x1026 cm-2 s-1 
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100k jobs 

Number of concurrent jobs at all ATLAS Tiers: CERN, 10 Tier1-s, 
~ 70 Tier2 federations  > 80 sites 

Outstanding performance of the Grid in 2011 

 Available resources (thanks to FA !) fully used (stressed ...) 
 ATLAS Computing Model has proven to be very flexible, adapting to data-taking and  
     analysis demands (e.g. dynamic data placement, less reprocessing than foreseen,  
     very intense simulation)   

Includes data  
reprocessing,  
MC production, 
user analysis 
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100k jobs 

Number of concurrent jobs at all ATLAS Tiers: CERN, 10 Tier1-s, 
~ 70 Tier2 federations  > 80 sites 

Outstanding performance of the Grid in 2011 

 Available resources (thanks to FA !) fully used (stressed ...) 
 ATLAS Computing Model has proven to be very flexible, adapting to data-taking and  
     analysis demands (e.g. dynamic data placement, less reprocessing than foreseen,  
     very intense simulation)   

Includes data  
reprocessing,  
MC production, 
user analysis 

The excellent Grid performance has been crucial for the fast release of physics  
results and to allow the worldwide ATLAS community to participate in an  
effective way to data analysis (> 1500 distinct users on the Grid). 
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Muon (calorimetric) isolation efficiency  
from Zμμ events in data and MC 

Examples of detector performance with  
the full 2011 dataset 

Stability of the EM calorimeter E-scale 
vs time during the run  

Jet E-scale calibration with Z+jet events 
(jet E-scale known to better  
than ~1% in some pT/η ranges) 
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Summary of main electroweak and top cross-section measurements 

Measuring cross-sections down to few fb (including leptonic branching ratios) 

Inner error: statistical 
Outer error: total 

Experimental precision starts to challenge theory for e.g. tt (background to most searches) 

SM expectations agree with measurements (within present uncertainties) 

~ 6% 

σxBR(ZZ 4l)  
~ 40 fb 
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Electroweak: di-boson production NEW: full  
2011 dataset 

Process    Final state       Measured total cross-section                 Theory (NLO SM)  
    
WW          lνlν 
ZZ             4l 
ZZ            llνν   

“Old”: “only” 1 fb-1 

 Backgrounds to Higgs searches 
 Give access to triple gauge couplings and New Physics 
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QCD measurements  
(dijet cross-sections):  
start to constrain PDF  
and MC models  

NEW: full  
2011 dataset 

Thanks to the high masses  
(up to mjj ~ 4.6 TeV) and large 
kinematic range becoming accessible 

Good agreement NLO QCD-data  
with some tension at large masses 
and rapidities 
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Searches for New Physics 
(a few examples …) 

15 

In di-jet mass and angular distributions 

Di-lepton resonances 

July 2011:  
~ 1 fb-1 

Now: ~ 5 fb-1 

Minimal models 

m (g, q) > 1.4 TeV 

for m(g) » m(q)

SUSY 

NEW: full  
2011 dataset 
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Main ATLAS results on searches for New Physics (SUSY not included) 

1 TeV 

NEW 
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A new particle state discovered at the LHC ! 

 χb(nP)  Υ(1s,2s) γ  μμ γ 
 Χb(1P) m= 9.9 GeV and Χb(2P)    
    m= 10.2 GeV states clearly visible 
 New structure at 10.5 GeV observed  
     Χb(3P)  
 Confirmed with Υ(2s) data and with  
    converted photons 
 Significance > 6 σ 

M [χb(3P)] =10.539 ± 0.004 (stat) ± 0.008 (syst) 
GeV 
χb(3P) interpretation consistent with theoretical predictions 

Full 2011  
dataset 

Χb(3P)  Υ(1s,2s) γ  

17 
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SM Higgs searches 

 Analysis performed in 12 distinct channels 
 Low-mass region: H γγ, H ZZ*  4l, H WW*  lνlν, H  ττ, W/ZH  bb  
 All results based on the full dataset recorded in 2011 (4.6-4.9 fb-1) 

NEW: full  
2011 dataset 

18 
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The high-resolution channels: H  γγ and H  ZZ(*) 
 4l (4e, 4μ, 2e2μ)  

H 4l: 
in the region mH < 141 GeV (not excluded at 99% CL 
by ATLAS+CMS combination) 3 events are observed:  
two 2e2μ events (m=123.6 GeV, m=124.3 GeV) and  
one 4μ event (m=124.6 GeV) 

H γγ: 
for mH ~ 125 GeV, ~70 signal events expected  
after all cuts, and ~ 3000 background events in 
signal mass window  S/B ~ 0.02 
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Excluded at 95% CL   

Combining all (12) channels together, full 2011 dataset 

Excluded at 99% CL 

Expected if no signal 110 < mH < 122.5 GeV (except 117.5-118.5)  
129 < mH < 539 GeV  120-555 GeV  

130 <mH < 486 GeV    NEW: full  
2011 dataset 
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Consistency of the data with the background-only expectation 

Expected from  
a 126 GeV 
SM Higgs 

Maximum deviation from background-only  
expectation observed for mH~126 GeV 

Excess observed in high-resolution channels 
(~ 2.8σ H γγ, 2.1σ H 4l); ~ no excess in  
low-resolution channels (H ττ, W/ZH bb,  
H WW  lνlν)  

Global p0-value: 10-30% 
(taking into account “look-elsewhere-effect”) 

Local significance of the excess: 2.5σ  
Expected from SM Higgs: ~2.9σ local 

21 
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 Papers on collision data submitted until today: 141 (22 in March 2012 only, 
     i.e. one per working day); 78 since last RRB meeting  
 Conference notes: ~ 310 

22 
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The 2012 run  
(preliminary achievements and challenges) 

Goal is to collect 15-20 fb-1 at √s=8 TeV 
 would allow to close the SM Higgs question (and more …) 
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2012 data-taking 

Peak luminosity seen  
by ATLAS: 
~ 5.5 x1033 cm-2 s-1 

Data-taking efficiency to date = (recorded lumi)/(delivered lumi): 92.4 %  
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Huge efforts over last months to prepare for high lumi and pile-up expected in 2012: 
 optimized trigger and offline algorithms (tracking, calo noise treatment, physics objects)  
     mitigate impact of pile-up on CPU, rates, efficiency, identification, resolution  
 in spite of x2 larger CPU/event and event size  we do not request additional computing  
     resources (optimized computing model, increased fraction of fast simulation, etc.) 

The challenge: 

Z μμ 

Z μμ event from 2012 data with 25 reconstructed vertices 

 2011: average 12, with tails up to ~20 comparable to what expected at design luminosity  
                (due to: 50 ns operation; several machine parameters pushed beyond design, etc.) 
 2012: higher energy, more squeezed beams (β*=0.6m)  already experienced an average  
              of ~25 events/xing at the beginning of the fill with tails up to ~30.  

25 

PILE-UP = number of interactions per crossing   
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Huge amount of preparation work:  
 careful optimization of selections (e.g. isolation) to keep low unprescaled thresholds (e.g. 

for inclusive leptons) in spite of x2 projected higher luminosity and pile-up than in 2011 
 pile-up robust algorithms developed (flat efficiencies vs pile-up, CPU usage, etc.) 
 
 First results from 2012 operation indicate that performance (rates, efficiency, 

robustness, ..) copes well with harsh conditions while meeting physics goals 

Trigger in 2012 

L1: up to ~ 65 kHz 

L2: up to ~ 5 kHz 

EF: ~ 400Hz 

Typical recorded rates for main streams e/γ, Jets/τ/ET
miss , Muons: ~ 100 Hz each 

Note: almost 600 trigger items in total ! 

Item        pT threshold (GeV)     Rate (Hz) 
              ()=end 2011 if different        4x1033 

 
Incl. e            24 (22)                      55 
Incl. μ            24 (18)                      37  
ee                     12            6  
μμ                  13 (10)                        4  
ττ                   29,20                     7 
γγ                     20                        9       
ET

miss              80 (60)                       8            
5j                  55 (30)                       7    

Lowest unprescaled thresholds (examples) 
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With the optimized 2012 algorithms  
the electron identification efficiency 
is ~ flat with pile-up (tested with  
special 2011 high pile-up fills) 

27 

Offline reconstruction 

With the new pile-up robust tracking 
algorithms a linear relation between  
mean number of tracks and of vertices  
is preserved at high pile-up  

With the optimised 2012 reconstruction, 
gain ~30% in CPU/event for pile-up ~ 30 

ATLAS internal: 
simulated top-pair events 

~ 25 s/event  
confirmed  
with 2012 data 
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Conclusions 
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The whole experiment works very well, from smooth and efficient operation of the 
detector, trigger and computing to the fast delivery of physics results  

ATLAS has recorded ~ 5.2 fb-1 of pp data at √s =7 TeV in 2011  
and  ~ 0.8 fb-1 in the recently-started 2012 run at √s =8 TeV 

Excellent physics achievements so far: 
 141 papers published or submitted for publication 
 Huge number of precise measurements of Standard Model processes  
      some now challenge the theory and compete with previous machines   
 Searches for new physics extend well into the few-TeV region for many scenarios; 
    pair-produced SUSY particles excluded for gluino mass up to ~1.5 TeV in simplest models 

ATLAS has looked for a SM Higgs boson over the mass region 100-600 GeV, in 12 channels,  
using the full 2011 dataset: 
 most of the region 110-122.5 GeV and the full region 129-539 GeV excluded at 95% CL  
 if the SM Higgs exists, it is most likely in the region ~ 122-129 GeV 
 observed excess at mH~ 126 GeV with local significance : 2.5σ (~2.9σ expected from SM)  

 The SM Higgs question should be settled in 2012 

It’s crucial to maintain this performance in the exciting-but-even-more-challenging 2012 run,  
in order to exploit in the best way the physics prospects offered by the projected large 
integrated luminosity, before a long shut-down: 
 Lot of work/progress to cope with the harsher 2012 pile-up with minimal impact on physics 
 M&O funds (THANKS !!) and Computing Resources (THANKS !!) have been (and will be) 

essential for these accomplishments and have been (and will be) well used   
 Sustained efforts by the Collaboration (~ 1000 FTE needed to operate ATLAS  
     including shifts and personnel at Tiers) will continue to be crucial 
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ATLAS is very grateful to the Funding Agencies for their  
fundamental contributions to the success of the experiment and  
for their continuous support during more than 20 years.  

THANK YOU !  

The FUTURE: upgrade planning and activities progressing with vigour:  
(see Marzio’s and Markus’ talks) 
 
 Phase-0: 2013-2014 shut-down (LS1): mostly devoted to consolidation; planning  
     well advanced and IBL on schedule; financially covered within the present funding plan; 
     IBL MoU submitted for endorsement at this RRB 
 
 Phase-1: 2018 shut-down (LS2): LoI submitted (positive feedback from LHCC); 
     preliminary plans and cost estimates presented at previous and this RRB 
      goal is to submit financial framework for endorsement at October RRB 
 
 Phase-2: 2021-2022 shut-down (LS3): main upgrade is Inner Detector; LoI beg 2013; 
    very preliminary plans and cost estimates presented at previous and this RRB 
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SPARES  
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Inner Detector (||<2.5, B=2T):  
Si Pixels, Si strips, Transition 
Radiation detector (straws)  
Precise tracking and vertexing, 
e/ separation 
Momentum resolution:  
/pT ~ 3.8x10-4 pT (GeV)  0.015 

Length  : ~ 46 m  
Radius  : ~ 12 m  
Weight : ~ 7000 tons 
~108 electronic channels 
3000 km of cables 

Muon Spectrometer (||<2.7) : air-core toroids with gas-based muon chambers 
Muon trigger and measurement with momentum resolution < 10% up toE ~ 1 TeV 

EM calorimeter: Pb-LAr Accordion 
e/ trigger, identification and measurement 
E-resolution: /E ~ 10%/E  

HAD calorimetry (||<5): segmentation, hermeticity 
Fe/scintillator Tiles (central), Cu/W-LAr (fwd) 
Trigger and measurement of jets and missing ET 
E-resolution:/E ~ 50%/E  0.03  

3-level trigger 
reducing the rate 
from 40 MHz to 
~200 Hz 
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Updated ATLAS Computing requests as submitted in March to RRB Computing Scrutiny 
Group 

What counts most is the sum of CPU/disk in Tier1+Tier2s  ATLAS is developing practices  
and policies allowing clouds to partition resources between Tiers as best suits features  
of the centres and funding (while respecting requirements, e.g. network connectivity).  
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Main ATLAS results on SUSY searches 

1 TeV 

NEW 
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Heavy Ion physics 

2 particles correlation in D-Dfand projection on Df for large D

Improved results on several 
measurements expected 
thanks to 2011 ~20 larger L  
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Summary of Bs  μμ measurements NEW ! 

ATLAS expected improvements: use of full 2011 (and 2012 ..) statistics, use of  
Muon Spectrometer to improve resolution of forward muons, etc.  
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H  WW(*) 
 lνlν (eνeν, μνμν, eνμν)  110 < mH < 600 GeV 

 Most sensitive channel over ~ 125-180 GeV  (σ ~ 200 fb) 

 However: challenging: 2ν  no mass reconstruction/peak  “counting channel” 
 2 isolated opposite-sign leptons,  large ET

miss    
 Main backgrounds: WW, top, Z+jets, W+jets 
      mll ≠ mZ, b-jet veto, …   
     Topological cuts against “irreducible” WW background:  
         pTll, mll, Δϕll (smaller for scalar Higgs), mT (ll, ET

miss) 

Crucial experimental aspects:  
 understanding of ET

miss (genuine and fake) 
 excellent understanding of background in signal 

region  use background-enriched, signal-free 
control regions in data to constrain MC  

      use MC to extrapolate to the signal region 

37 

Observed in data                    230 events                                           
Expected background             218 (±33)        

Expected signal mH=125 GeV      ~31 (±9)  

After all cuts (selection for mH=125 GeV) 

4.7 fb-1 

Transverse mass spectrum 
after all cuts (except MT) 



F.Gianotti, RRB,  24/4/2012 

 σ ~ 2-5 fb 
  Gold-plated: 
     -- mass can be fully reconstructed   events would cluster in a (narrow) peak 
     -- pure: S/B ~ 1 
 4 leptons: pT

1,2,3,4 > 20,20,7,7 GeV; m12 = mZ ± 15 GeV; m34 > 15-60 GeV (depending on mH) 
 Main backgrounds:  
    -- ZZ(*) (irreducible) 
    -- mH < 2mZ : Zbb, Z+jets, tt with two leptons from b/q-jets  l 
 Suppressed with isolation and impact parameter cuts on two softest leptons  
 Signal acceptance x efficiency: ~ 15 % for mH~ 125 GeV 

H  ZZ(*) 
 4l (4e, 4μ, 2e2μ)  110 < mH < 600 GeV 

Crucial experimental aspects:  
 High lepton reconstruction and identification  
     efficiency down to lowest pT  

 Good lepton energy/momentum resolution  
 Good control of reducible backgrounds  
     (Zbb, Z+jets, tt) in low-mass region 

38 

In the region mH < 141 GeV (not excluded at 99% CL 
by ATLAS+CMS combination) 3 events are observed:  
two 2e2μ events (m=123.6 GeV, m=124.3 GeV) and  
one 4μ event (m=124.6 GeV) 
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Consistency with a SM Higgs signal 
strength 

Consistency between the low-resolution 
and the high-resolution channels:  
low-resolution channels do not exclude 
region where high-resolution channels 
produce an excess 
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MoU strategy for Upgrade  
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ATLAS operation, from detector to data preparation, SW, computing, requires ~ 1000 FTE  
 Operation Tasks divided in 3 classes (physics is not an OT):  
     1  : shifts in the control room  
     2 : on-call shifts 
     3 : “expert” tasks (e.g. calibration, software releases, trigger validation, data distribution, etc.) 
 In addition: ~ 180 FTE at Tiers (included in the 1000 FTE) from ATLAS work at Tiers 
 Shared in fair way across Institutions: proportional to the number of authors 
     -- students get favorable treatment as they are weighted 0.75  
     -- new Institutions must contribute more the first two years (weight factors 1.5, 1.25) 
 FTE requirements and contributions of Institutions reviewed and updated yearly 

Operation Tasks sharing   

Strong efforts to reduce shift and routine tasks: 
 Control Room shift crew reduced from 20 (2010) to 9 people (today) 
 increased automation  also on-call shifters and other tasks reduced  

Maintaining high data-taking efficiency, excellent data quality, and smooth operation 
of the experiment in all its components is essential for the success of the 2012 run 
(last one before a long shut-down)  huge efforts by the Collaboration, especially people  
involved in “technical” tasks 

41 
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Data preservation as a first step toward open data access 

 ATLAS is very sensitive to this issue since long: first discussions at Feb 2010 ATLAS week 
     Motivations: 
     -- long-term completion and extension of existing physics program:  
          e.g. may need to go back to 7-8 TeV data when running at 14 TeV 
     -- new theoretical ideas and/or results from future facilities  
          may need to re-analyse LHC data 
     -- provide access to society:  education, training, outreach … 
 
 Joined DPHEP (Data Preservation in HEP) in March 2011 
  
 We have started to develop a plan with medium and long-term goals: 
     -- medium term: simplify software architecture, reduce dependencies on  
         external sources, etc. 
          target is ATLAS software “upgrade” during 2013-2014 shut-down 
     -- longer term: investigating technical solutions (together with DPHEP): 
         data storage for multi-PB data, language/compilers, software maintenance/migration 
      
 
 Many issues: technology, governance, organization, funding  coherent approach  
     across experiments/labs/countries is mandatory ! 
 
 In the meantime: open-access publication; additional information (e.g. efficiency maps) 
     available on HEPdata; some selected data samples provided for students MasterClasses, etc. 


