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LHC is back !!

 The year 2008/2009 saga in few slides

 First collisions in ATLAS detector. 

 Physics goals in next months

Large part based on presentations  by S. Meyers and A. Hoecker shown at the meeting

CERN,   „LHC,  week 1”, 26 November 2009. 

http://indico.cern.ch/conferenceDisplay.py?confId=74907
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Situation as of October 2008
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LHC damages
S.Myers

CERN  December 2009
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511/10/08 M.Nessi

Beam bunches (2x109 protons at 450 GeV) stopped by (closed) collimators upstream 

of  experiments  “splash” events in the detectors (debris are mainly muons)

First ATLAS 
beam splash 
event, recorded
10 September 
10:19 am

tertiary

collimators

140 m

Beam pick-ups (BPTX) 

(175 m)

~ 100 TeV in 
the detector !
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Cosmic Muons in ATLAS

6

z 
(cm)

x (cm)

ATLAS  shafts

Muon impact points extrapolated
to surface as measured by 

Muon Trigger chambers (RPC)

(Calorimeter trigger also available)

Simulated cosmics flux 
in the ATLAS cavern

Real Cosmic Event

Rate ~100 m below ground:
~ O(15 Hz) crossing Inner Detector

10 ms
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S.Myers
CERN November 2009
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LHC running scenario in 2009
S.Myers
LHCC September 2009
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S.Myers
LHCC September 2009
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S.Myers
CERN November 2009
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S.Myers

CERN  December 2009
LHC  is  back!!!
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~2800 physicists (800 PhD students) from 169 Institutions/Universities, 
37 countries, 5 continents

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, 

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

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

Istanbul Bogazici, KEK, Kobe, Kyoto, Kyoto UE, 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, BINP 

Novosibirsk, 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, Regina, Ritsumeikan, Rome I, Rome II, 

Rome III, Rutherford Appleton Laboratory, DAPNIA Saclay, Santa Cruz UC, Sheffield, Shinshu, Siegen, Simon Fraser Burnaby, 

SLAC, Southern Methodist Dallas, NPI Petersburg, Stockholm, KTH Stockholm, Stony Brook, Sydney, AS Taipei, Tbilisi, Tel Aviv,

Thessaloniki, Tokyo ICEPP, Tokyo MU, Toronto, TRIUMF, Tsukuba, Tufts, Udine/ICTP, Uppsala, Urbana UI, Valencia, UBC 

Vancouver, Victoria, Washington, Weizmann Rehovot, FH Wiener Neustadt, Wisconsin, Wuppertal, Würzburg, Yale, Yerevan
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ATLAS 
Detector

45 m

24 m

ATLAS superimposed to
the 5 floors of building 
40

7000 Tons
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Plans till the end of  2009

 This weekend, 5-7 December, collisions with 

450GeV beams, expect to collect about 1mln of 

minimum bias events

 Decide on 7-th December on schedule for next 

week

 Continue with 450 GeV beams for next few days

 Ramp energy to 1.18 TeV /beam

 Few shifts of collisions with 1.18 TeV beams

 LHC beam OFF  on 17-th December
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14 TeV 900 GeV

Total LHC inelastic (NSD) s 70 mb 40 mb

Total LHC bb cross section 500 mb 25 mb

jet    pT>15GeV  |h|<2.5 24 mb

Min bias  m6(5) X   |hm|<2.5 10000 nb 1400 nb

b-jet    pT>15GeV  |h|<2.5 370 nb

jet    pT>50 GeV  |h|<2.5 45 nb

bb  m6(5) X         |hm|<2.5 4000 nb 60 nb

bb  m6(5) m3 X        |hm|<2.5 200 nb 2 nb

pp   ( m6(5)  m3 )       |hm|<2.5 9 nb 1.7 nb

pp  J/y  ( m6(5) m3 ) X     |hm|<2.5 28 nb 1 nb

b-jet  pT>50 GeV  |h|<2.5 0.63 nb

bb  J/y  ( m6(5) m3 ) X    |hm|<2.5 7 nb 0.1 nb

Assuming ~ 1 nb-1 @ 900 GeV (3 days at 1028 with 30% efficiency): 
collect ~20k jets, ~100 b-jets, few tens of muons, very few electrons

Physics at 900 GeV
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S.Myers
LHCC September 2009
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Expected number of events in ATLAS for 100 pb-1 after cuts
(preliminary estimate - fast simulation) 

J/ll

Wl

Zll

ttll+X

ttll+X

inside peak

 

450 GeV ˜ q , ˜ g  

(strong cuts)

At sqrt(s) = 7 TeV and 200-300 pb-1: LHC has discovery

potential beyond Tevatron reach for some scenarios

(~ 1 TeV Z’, ~450 GeV SUSY, …) 
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Physics with reduced centre-of-mass 

energy
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Collisions: a physics 
Roadmap

10 TeV

2009

14 TeV

2010?

10 pb-1

100 pb-1

1 fb-1

time

Search for very striking new physics signature

Use SM processes as “standard candles”

Sensitivity to 1-1.5 TeV resonances → lepton pairs

Understand SUSY and Higgs background from SM

More accurate alignment & EM/Jet/ETmiss calibration

Higgs discovery sensitivity (MH=130~500 GeV)

Explore SUSY to m ~ TeV 

Precision SM measurements

2008
Initial detector & trigger synchronisation, 
commissioning, calibration & alignment, material

Situation as of December 2009

Test beam, cosmic 
runs, pre-alignment 

& calibration, 

extensive 
simulations ...
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SPARES
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The first 10 pb-1

Focus:
1. Establish SM signals
2. Use them for detector calibration

(„tag and probe“)
3. Tune MC
4. Perform basic cross section

measurements
Examples 

Process Events (10 pb-1)

minimum bias ~ 

We 105

Zee 104

tt 103

Higgs (130 GeV) 10

Gluinos (1 TeV) 1

1 pb-1 is ~3 days of data at 1031 cm-2s-1, with 30% efficiency

51
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Minimum bias

• PYTHIA models favour ln2(s);
• PHOJET suggests a ln(s) dependence.

Energy dependence of dN/dh ?

Vital for tuning Underlying Event model

Important for all analyses

Only requires a few thousand events. 

LHC

Charged particle density at h = 0Charged particle density

UA5

CDF

LHC pred

52
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J/

High cross-section
Very useful for tracking / muon 
tuning and data quality
O(10k) J/ → mm per pb-1

Measurements also feasible with 
very little data...

With 1 pb-1 could already measure
R = s(bb->J/)/s(pp->J/)
with <5% statistical precision
provided: muon trigger working;
tracking understood well enough

ATLAS preliminary

ATLAS preliminary

53
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W/Z in leptonic modes

25 k Zee for 50 pb-1

clean signatures,  high statistics

Quickly dominated by systematics

Initial precision of W/Z cross sections 4-5%

s(W->l) ~20nb,  s(Z->ll) ~2nb     

Differential NNLO calculations, <2% theoretical error  on  acceptance

Ze+e-

50 pb-1

We

50 pb-1

ATLAS

54
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Top
Top (tt) NLO cross-section 
at 14 TeV ~ 830 pb (Tevatron ~ 7 pb)
Invaluable channel for data-driven calibration

• can select without b-tags
• commission b tagging
• general performance
• calibrate the light jet energy scale with 

W→jj

55
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• signal is (narrow) mass peak on top of small Drell-Yan background

• with 100 pb-1 large enough signal for discovery up to m ~ 1.5 TeV
s(10 TeV) ~ ½  s(14 TeV)

• ultimate calorimeter performance not needed

Early discovery: 
a narrow resonance decaying into e+e-?
Various models predict heavy resonances decaying to leptons

1 fb-1

100 pb-1

ATLAS preliminary


