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 Collaboration and Management matters 
 Status of ATLAS and recent accomplishments (in particular since last RRB) 
 A few words about the future (input to the European Strategy for Particle Physics) 
 Conclusions 

Status of the ATLAS experiment (Part I) 
Fabiola Gianotti, RRB, 29/10/2012 
CERN-RRB-2012-076 

Shut-down and upgrade activities  M.Nessi’s talk 
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Collaboration and Management matters 
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38  Countries 

176 Institutions ~ 3000 active scientists 

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

~ 1200 students 
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Collaboration composition changes since the last RRB 

At its Collaboration Board (CB) meeting on 8 June 2012, the Collaboration unanimously 
admitted a new Institution  
(Expression of Interest had been presented at the February 2012 CB): 
 

University of Adelaide, Australia 
[Activities include: Silicon detector operation; physics; upgrade] 
 
Members of the above Institution have been active in ATLAS for several years through 
affiliation to other Institutions, and are contributing to several important (operation)  
tasks for the experiment. 
 
The application was strongly supported by the relevant national community as well  
as ATLAS Project Leaders and Activity Coordinators.  

The RRB is kindly requested to endorse the admission of  
University of Adelaide in the ATLAS Collaboration. 
The total number of Institutions (with voting rights in the CB) increases  
from 175 to 176 

The following Institutes: 
 Jagiellonian University, Cracow, Poland   
 Jiao Tong University, Shanghai, China  
have joined via “clustering” with existing Institutions. This does not change the  
institutional composition of the CB nor the number of voting Institutions 



F.Gianotti, RRB,  29/10/2012 
5 



F.Gianotti, RRB,  29/10/2012 
6 

Changes since last RRB: 
 Kevin Einsweiler (LBNL) has become Physics Coordinator 
 Brian Petersen (CERN) has become Trigger Coordinator  
 Guillaume Unal (CERN) has become Data Preparation Coordinator 
 
In addition: Howard Gordon (BNL) elected Deputy CB Chair as of 1st January 2013,  
becoming Chair in 2014-2015.  

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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The term of the present ATLAS Management ends on 28 February 2013 
(this is the second and last term of FG as Spokesperson) 
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New ATLAS Management: 1st March 2013 - 28 Feb 2015 
 
Spokesperson           : Dave Charlton (Birmingham) 
 
Deputy Spokespersons : Beate Heinemann (LBNL) 
                                      Thorsten Wengler (CERN) 
 
Technical Coordinator  : Beniamino Di Girolamo (CERN) 
 
Resources Coordinator : Fido Dittus (CERN)  

D. Charlton 
B. Heinemann B. Di Girolamo T. Wengler F. Dittus 
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Status of ATLAS including recent accomplishments  
(in particular since the last RRB meeting, 24 April 2012) 

The 2012 run has progressed with excellent LHC performance and high 
ATLAS data-taking efficiency  ~ 17 fb-1 recorded by ATLAS so far in 2012 

Discovery of a Higgs-like boson announced in July 2012 

Huge progress in the Upgrade planning and activities 
 see M.Nessi and M.Nordberg’s talks 
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Luminosity delivered to ATLAS since the beginning 

2012: 
~ 18 fb-1  

at 8 TeV 

2011 
5.6 fb-1  

at 7 TeV 

2010 
0.05 fb-1  

at 7 TeV 

4th July seminar 
and ICHEP 

Max luminosity: 
~ 7.7 x1033 cm-2 s-1 

ATLAS is very grateful to the LHC team for this superb performance  
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2012 data-taking 
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 ~ 90% of delivered luminosity used for physics (in spite of harsh conditions) 

Data-taking efficiency = (recorded lumi)/(delivered lumi):  ~ 93.6%  

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

few permil (most cases) to 5% 

Good-quality data fraction, used for analysis :  ~ 93.7 % 

Will increase further  
after data reprocessing 
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Z μμ 

12 

Experiment’s  
design value  
(expected to be 
reached at L=1034 !)  

Z μμ event from 2012 data with 25 reconstructed vertices 

The BIG challenge in 2012: PILE-UP 



F.Gianotti, RRB,  29/10/2012 13 

Experiment’s  
design value  
(expected to be 
reached at L=1034 !)  

The BIG challenge in 2012: PILE-UP 

Huge effort since Fall 2011 to prepare for higher pile-up conditions in 2012 and  
mitigate impact on trigger, computing resources,  and reconstruction and identification  
of physics objects   sizeable gain in efficiency for e/γ/μ, jets, ET

miss ,  
pile-up dependence minimized  
This is one of the foundations of the discovery …   
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Trigger 

Coping very well (acceptance, efficiency, rates, robustness, ..) with high luminosity  
and harsh conditions while meeting physics requirements 

L1: up to ~ 70 kHz 

L2: up to ~ 5 kHz 

EF: ~ 480 Hz 

Managed to keep inclusive unprescaled lepton  
and photon thresholds within ~ 5 GeV over  
last two years in spite of ~ x70 increase in  
peak luminosity and x30 in pile-up 

 Optimization of selections (e.g. e/γ isolation)  
 Pile-up robust algorithms developed  
   (minimizing impact on CPU and physics...) 

Note: > 550 items in trigger menu ! To be processed during LS1 
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The physics requirements, the LHC performance, and the high pile-up conditions also 
stressed the Software and Computing. It would have been impossible to release e.g. 
Higgs results so quickly without the outstanding performance of the Grid 

Includes MC production and 
user and group analysis at 
~ 80 sites all over the world  

> 1500 distinct ATLAS users  
  do analysis on the GRID: 
 (young) people from all over  
    the world contributed to  
    e.g. Higgs discovery analyses 

Maintaining this performance in Run 2, and meeting the physics goals, with reasonable amount   
of computing resources, requires substantial investment in software manpower in coming years  
(e.g. simulation and reconstruction speed, adapt to new HW technologies  see CRSG report) 

Number of concurrent  
ATLAS jobs Jan-Oct 2012 

100 k 

 Available resources fully used, beyond pledges in some cases  many thanks to FA !  
 Very effective and flexible Computing Model and operation team  accommodate high  
     trigger rates and pile-up, intense MC simulation, analysis demands from worldwide users 
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A huge scientific output 

208 articles on collision data (~ 3/week recently) 
410 Conference notes 
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Number of events in present dataset 
(~ 20 fb-1) after all selection cuts 
 
         W  lν           ~ 100 M 
          Z ll             ~  10 M 
          tt  l+X        ~  0.5 M 
          SM Higgs      ~   350  

l=e,μ 

Here only a few examples … 
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e e 

Z  ee, μμ in Heavy Ions  

 Studied with full 2011 dataset (~ 150 μb-1) 
 No suppression observed with event centrality 
 Z+jet events allow quantitative measurements  
    of E-loss of quenched jet 

Peripheral  
collisions 

Central  
collisions 

pT
jet/pT

Z ~ 1 
as in pp for 
peripheral  
collisions and  
smaller for 
central collisions 
due to jet 
quenching 
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A (challenging) example of SM measurements: single top 

t-channel 
σt =87.8+3.4

-1.9
 pb  

Wt-channel 
σWt =22.4 ± 2.4 pb  

s-channel 
σs =5.6 ± 0.2 pb  

 All main physics objects in final state:  
     leptons, jets, b-jets, ET

miss 

 Background to Higgs and other searches 
 Difficult to extract from tt and W+jets  
     backgrounds  requires “advanced”  
     analysis techniques (NN)    

Other channels:  σWt  (7 TeV) = 17 ± 6 pb     
                           σs     (7 TeV) < 26 pb  

σt   (7 TeV) = 83 ± 20 pb   
σt  (8 TeV) = 95 ± 18 pb  
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SM Higgs results based on:  
 ~ 4.9 fb-1  √s =7 TeV data (2011) + ~5.9 fb-1 √s = 8 TeV data (2012)  total: ~10.7 fb-1 

    for H γγ, H ZZ*  4l, H WW*  lνlν 
 ~ 4.9 fb-1 of √s =7 TeV data (2011) for H ττ, W/ZH bb and high-mass channels 

19 

Update with ~ 13 fb-1 of 2012 data planned for HCP Workshop (Kyoto, 12-16 November) 
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H  γγ 

H  ZZ*  4l   

H WW* lνlν 

For mH=126.5 ± 2 GeV: 
observed: 3693 events 
exp. from B: 3635 
exp. from SM Higgs: 100 
 S/B ~ 3% 

observed: 223 events  
exp. from B: 168 ± 20  
exp. from SM Higgs: 25 ± 5 
 no reconstructed peak   

For 125 ± 5 GeV: 
observed: 13 events 
exp. from B: 4.9 ± 1 
exp. from SM Higgs: 5.3 ± .8 
 tiny rate 
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Improved e± reconstruction to recover Brem losses 

Z ee data 

 2012 Z μμ data 

Muon reconstruction efficiency ~ 97%  
down to pT ~ 6 GeV over |η|<2.7 

Number of pile-up events 

Number of reconstructed primary vertices 

 2012 Z μμ data 

ET
miss resolution before/after pile-up suppression 

H γγ mass resolution not affected by pile-up 
thanks to calorimeter measurement of γ angle    
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Global significance: ~ 5.2 σ 

Local significance: 5.9 σ 

For mH ~ 126.5 GeV 

Probability of background fluctuation: 1.7 x 10-9 

5.9σ 

Channel        Observed significance  
                    (expected from SM H) 
 
H γγ            4.5 σ  (2.5) 
H 4l            3.6 σ  (2.7) 
H lνlν          2.8 σ  (2.3) 
Combined       5.9 σ  (4.9) 

Measure consistency of the data with the background-only hypothesis  
(all 12 channels combined)   
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Local significance: 5.9 σ 

For mH ~ 126.5 GeV 

Probability of background fluctuation:  
                   1.7 x 10-9 

5.9σ 

Channel        Observed significance  
                    (expected from SM H) 
 
H γγ            4.5 σ  (2.5) 
H 4l            3.6 σ  (2.7) 
H lνlν          2.8 σ  (2.3) 
Combined       5.9 σ  (4.9) 

Measure consistency of the data with the background-only hypothesis  
(all 12 channels combined)   

SM Higgs hypothesis  
excluded at ≥ 95% CL over 
mass range: 
112-122, 131-559 GeV 
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Evolution of the excess with time  

Increase in  
significance from  
4th July to now  
from including  
2012 data for  
H WW* search 
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Estimated mass:  
mH = 126 ± 0.4 (stat) ± 0.4 (syst) GeV 

Best-fit value at 126 GeV:  
       μ = 1.4 ± 0.3 
 in agreement with the expectation for  
    a SM Higgs within present uncertainties  

2e2μ candidate with  
m2e2μ= 123.9 GeV 

pT (e,e,μ,μ)=   
18.7, 76, 19.6, 7.9 GeV 
    
m (e+e-)= 87.9 GeV 
m(μ+μ-) =19.6 GeV 
 
12 reconstructed vertices 
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Characterizing the new particle: first measurements of couplings (examples ..) 

k2

i = 
G i

data

Gi

SM

Explore tension SM-data from  H γγ  
different production modes (VBF, ggF) 

New particles in the gg  H and H γγ loops ?  

kg =  1.1+0.2

-0.3

kg =  1.2+0.3

-0.2

kW

kZ

 = 1.07+0.35

-0.27 BR (H invisible or undetected) < 0.84 at 95% CL 

Couplings to fermions kF weakly constrained by direct H  ττ , bb;  
indirect constraints from ggF (tt loop) indicate it’s non-vanishing  

μγγ=1.8 ± 0.5 
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Are we sure we carefully looked at all backgrounds ?  

http://www.wordle.net/ 

ATLAS “Higgs discovery” paper 

http://www.wordle.net/
http://www.wordle.net/
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End 2012 
Assuming (optimistically) ~30 fb-1 (~25 fb-1 8 TeV + 5 fb-1 7 TeV) expect from a SM Higgs:  
 4-5 σ from each of H γγ, H lνlν, H 4l per experiment 
 ~3 σ from H ττ and ~3 σ from W/ZH  W/Zbb per experiment 
 Separation 0+/2+ and O+/O- at 4σ level combining ATLAS and CMS ? 

MORE DATA essential to: 
 Establish the observation in more channels (ττ, bb, more exclusive topologies ..) 
 Measure nature and properties of the new particle (JCP, couplings, ..) with increasing 
     precision  test compatibility with SM Higgs; how is Higgs mechanism implemented ? 
 How much does this “Higgs” contribute to restoring VLVL unitarity at high mass ?  
 If it is a SM, Higgs why is it so light ? What stabilizes its mass ? 
     (SUSY? Other New Physics ?) 

Higgs: the next steps …       

Further ahead (present LHC plans):  
 
2013-2014: shut-down (LS1) 
2015-2017:  √s ~ 13 TeV,  L ~ 1034 , ~ 100 fb-1  
2018: shut-down (LS2) 
2019-2021: √s ~ 14 TeV,  L ~ 2x1034 , ~ 300 fb-1 
2022-2023: shut-down (LS3) 
2023- 2030 ?:  √s ~ 14 TeV,  L ~ 5x1034 , ~ 3000 fb-1  (HL-LHC) 
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Physics potential of the LHC upgrade: few examples from Higgs sector 
(part of the ATLAS input to the European Strategy Workshop, Cracow, Sept. 2012) 

Higgs self-couplings: ~ 3σ per experiment expected from  
HH  bbγγ channel with 3000 fb-1; HH bbττ also promising 
~ 30% measurement of λ/λSM may be achieved  

~ v 
 mH

2 = 2  v2  

Note:  -- these results are very preliminary (work of a few months) and conservative 
           -- physics potential of LHC upgrade is much more than just Higgs 

Without constraints, ratios of couplings  
can be measured with typical precisions: 
 20-50% with  ~ 300 fb-1 
 5-25% with 3000 fb-1 

per experiment 

Measurements of rare decays  
with 3000 fb-1 :  
ttH  ttγγ: 200 events 
H  μμ : 6σ 
per experiment 

Assuming ΓH (SM) and one scale factor for  
the fermion/vector sector  measure 
kF, kV to 6% (3%) with 300 (3000) fb-1 

per experiment 
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No other hints for  
New Physics, so far …  

Di-jet searches: q* limits 
Di-lepton searches: Z’  limits 

Multi-jet + ET
miss:  

squark and gluino limits 

30 
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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 (included in the 1000 FTE) from ATLAS support 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 FA reviewed and updated yearly 

These accomplishments have required high efficiency and smooth operation of the 
experiment in all its components  very substantial, sustained operational efforts 

 Huge efforts by the Collaboration, especially people (often young people) involved  
    in technical tasks, to whom large part of the merit for e.g. the discovery goes 

31 

Such efforts must continue in the years to come, to cover 3 challenging activities: 
full exploitation of Run 1 data and physics potential; LS1 shut-down activities; upgrade  

ATLAS is revising the tasks organization and the Institutional commitments to address  
successfully the new phase, in particular to be ready to restart operation in 2015 with an  
improved detector and as high an operational efficiency as in Run 1 
 we count on your help to achieve these goals ! Examples: 
 commitments to activities historically not covered by MoUs  
    (e.g. SW developments, which in turn mitigate needs for additional computing resources)  
 recognition, e.g. for job hiring, that “technical work” (detector, software,..) is necessary  
    part of education of experimental physicists (in addition to physics analysis) 
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Conclusions 
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ATLAS has recorded ~5.2 fb-1 at √s =7 TeV in 2011 and  ~17 fb-1 at √s =8 TeV so far in 2012  

Superb performance and accomplishments  of the LHC accelerator, experiments and 
Computing Grid achieved in less than 3 years of operation.  

The whole experiment works very well in all components, from smooth and efficient operation 
of detector, trigger and computing to the fast delivery of physics results: first results for 
ICHEP with full 2012 dataset were available less than one week from data-taking,  with a 
fraction of good-quality data used for physics of ~ 90% of the delivered luminosity. 

In July 2012 ATLAS reported the discovery of a new Higgs-like boson: 
 with significance ~6σ, driven by H γγ, 4l, with contributions also from H lνlν 
 signal strength: 1.4± 0.3 of the Standard Model Higgs expectation 
 mass: 126 ± 0.4 (stat) ± 0.4 (syst) GeV  
 first couplings measurements consistent with SM within present (large) uncertainties 

The era of precise “Higgs measurements” has started. In parallel, the quest for New  
Physics at TeV scale is more and more motivated by a light Higgs.  
 this is just the start in the exploitation of the immense physics potential 
     of the LHC and its high-luminosity upgrade 

Huge physics output covered in >200 papers and >400 Conference notes (not only Higgs!): 
a wealth of measurements and searches; no New Physics (yet !) 

M&O and Computing resources (THANKS!), as well as sustained commitment and dedication  
of people to the full spectrum of Operation Tasks, have been crucial for these achievements 
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ATLAS is very grateful to the Funding Agencies for their  
fundamental contributions to the success of the experiment,  
already rewarded by a ground-breaking discovery, for their  
strong efforts and for their continuous commitment over  
more than 20 years.  

THANK YOU !  

This is the last RRB meeting of the present ATLAS Management  
 our warmest thanks for the very fruitful and pleasant interactions  
    over the last 4 years, and for your invaluable help and support  
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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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Trigger in 2012 

L1: up to ~ 65 kHz 

L2: up to ~ 5 kHz 

EF: ~ 400Hz 

Managed to keep inclusive un-prescaled lepton  
thresholds within ~ 5 GeV over last two years  
in spite factor ~ 70 peak lumi increase 

Item        pT threshold (GeV)     Rate (Hz) 
                                                         5x1033 

 
Incl. e              24                            70 
Incl. μ              24                            45  
ee                     12            8  
μμ                    13                             5  
ττ                   29,20                     12 
γγ                   35,25                     10       
ET

miss                 80                           17           
5j                     55                             8  

Lowest un-prescaled thresholds (examples) 

 Optimization of selections (e.g. object isolation) to maintain low un-prescaled thresholds  
     (e.g. for inclusive leptons) in spite of projected x2 higher L and pile-up than in 2011 
 Pile-up robust algorithms developed (~flat performance vs pile-up, minimize CPU usage, ...) 
 
 Results from 2012 operation show trigger is coping very well (in terms of rates, 

efficiencies, robustness, ..) with harsh conditions while meeting physics requirements 

Note: ~ 500 items in trigger menu ! 
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Z  ee, μμ in Heavy Ions  

 Studied with full 2011 dataset (~ 150 μb-1) 
 As expected: no suppression observed of the weakly interacting bosons 
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Disk + tape 
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What counts most is the sum of CPU or 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).  

October 2012 
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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) 

42 

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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Is the Higgs mass stabilized by New Physics ?  

With ~ 30 fb-1 by end 2012: expect to cover stop masses up to ~ 700-800 GeV and most of 
hole at mstop ~ 200 GeV (by allowing branching ratios  stop t χ0

1 and stop  b χ±
1 to vary)  

m (t) > m(t): 

t®  t c 0

1

m (t) < m(t): 

t®  bc ±

1  ®  b  + X
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Summary of Bs  μμ measurements 

ATLAS expected improvements: use of full 2011 (and 2012 ..) statistics, use of  
Muon Spectrometer to improve resolution of forward muons, etc.  


