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Physics  with first fb-1

at Large Hadron Collider 

Today:
 Machine status
 Detectors
 Physics results

 Highlights from 
2010

 Where we stand 
with searches?
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The Large Hadron Collider



LHC physics with first fb-1 Elzbieta Richter-Was 5



LHC physics with first fb-1 Elzbieta Richter-Was 6



LHC physics with first fb-1 Elzbieta Richter-Was 7



LHC physics with first fb-1 Elzbieta Richter-Was 8

Acknowledgement
This 

lectures



LHC physics with first fb-1 Elzbieta Richter-Was 9



LHC physics with first fb-1 Elzbieta Richter-Was 10

(2010 data)
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(2010 data)
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(2010 data)
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(2010 data)
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LHC status in 2011 (so far)
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Luminosity leveling

 Since end of May LHCb is taking data with constant 
L ~ 3-3.5 1032 cm-2 s-1 with  ~ 1.5
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Parameters of the LHC machine

130.7
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2011 luminosity production

 As of today about 4fb-1 for  Atlas and CMS, 1fb-1 for LHCb
 Maximum delivered during 1 day (2.10): 130.7pb-1 
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Prospects for rest of the year

 Increasingly difficult to meet needs of 
different experiments.
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ATLAS trigger: preserve 
performance and trigger
Difficult to keep inclusive single lepton trigger at 20 GeV
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ATLAS reconstruction: impact of 
pileup
 Do not expect a significant 

impact on tracking, nor 
muons, nor even electrons 
and photons

 But sizable impact on jets 
(+ET

miss) and 's
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ATLAS reconstruction: Lar
 LAr drift-time is ~500ns and out-

of-time bunches have impact on 
measurement. Bipolar pulse 
shaping designed so that <ET>~0 
for 25ns beam spacing and 
uniform intensity per BX

 Uniform performance will require 
correction per cell type in-bins as 
a function of luminosity to set 
<ET> to zero.

 At the moment increased scale 
uncertainty for low pT jets in 
forward calo.
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Luminosity error
 Luminosity error quoted at summer conferences 2011

 D0        6.5%
 CDF      5.9%
 CMS     4.5%  (4.0% for 2010)
 ATLAS  3.7%  (3.4% for 2010)

 At present error dominated by LHC current 
 3.0% possible scenario to reduce to 1.5%

 Discussion about VDM scan before the end of 2011 data 
taking, it will cost ~4% of integrated luminosity but could 
reduce error to ~ 2.0 – 2.5%
 nb. similar lost may occur if unexpected “power cut” and 

perturbations to recover from it
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Search for the Higgs boson

 Huge progress over 2011, more to come. 
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Photon measurements: physics and 
commissioning of H-> search

η-strips

σ (γj, jj): huge 
uncertainties !!
Not clear γj, jj
could be suppressed 
until measured 
with data.

Data

Determined choice of 
fine lateral segmentation
(4mm strips) of the first
compartment of ATLAS
EM calorimeter

Potentially huge background
from jets fragmenting into
a single hard π0

 π0 fakes single photon
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Photon measurements: physics and 
commissioning of H-> search

γγ, γj, jj backgrounds estimated from data 
using control samples  γj + jj << γγ irreducible

Photon purity versus ET: 
• around 70-80% in H to γγ range (25-40 GeV)
• above 90% at high ET
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Photon measurements: physics and 
commissioning of H-> search

σ (z) ~ 1.5 cm

z (“γ1”) – z (”γ2”)

z-vertex measurement from calorimeter “pointing”
using Z  ee decays: very robust against pile-up
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Photon measurements: reach also TeV 
scale by now
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Prospects for Higgs boson searches
 More data

 ~4-5 fb-1 by the end of 2011, > 10fb-1 by the end of 2012

 Refined understanding of the detector
 Alignment, calibration, comparison with simulation
 Smaller systematic uncertainties, better efficiency for rare 

channels
 More precise measurements of SM processes

 Additional constraints  on the MC generators 
 More sophisticated analyses

 Multivariate techniques and additional discriminating variables 
pT, angular distributions)

 Exclusive channels (VBF channel)
 Higher statistics leading to sharper observables (eg. H→ mass 

reconstruction for non back-to-back pairs)
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SUSY searches: progress on 
understanding SM background 
1 lepton+jets+ET

miss

at least 3 jets 

pT
j1 > 130 GeV, 

pT
j > 40 GeV 

0 lepton+b-jet+ET
miss

at least 3 jets 

pT
j1 > 130 GeV, 

one tagged b,  

1 lepton+b-jet+ET
miss

at least 4 jets 

pT
j1 > 130 GeV, 

one tagged b,  

Yellow band in ratio plots show good agreement between data and MC
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ATLAS reconstruction: Et
miss

(with pile-up of EPS data)
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SUSY searches
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Exotic searches: progress on 
understanding SM background 

Long-lived neutralino 

decay to two jets, displaced 
vertex with high track 
multiplicity (tracking, 
vertex reco) 

 Monojets
efficiency of ET

miss turn-
on curve for trigger

Long-lived isolated 
slepton:

timing of muon 
spectrometer  
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Exotic searches
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Summary
 Experiments are happily learning about proton-proton physics 

at 7 TeV.
 The accelerator and detector are continuously delivering 

beautiful data. This together with emerging state-of-the-art  MC 
tools opens the possibility of doing precision measurements in 
both the EW and QCD sectors of the SM.

 With 3-5 fb-1 in 2011 we are experiencing a hugely exciting 
period of the data analysis.

 For discoveries, no promises can be 
made. But the past year has shown 
that the potential is undoubtedly 
there. 

 A special moment with large dataset 
both from LHC and Tevatron. 
Tevatron: up to 9fb-1 analysed so far.
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Plan
 Amazing how much could have been done with only 

36pb-1 data accumulated in 2010: numbers of results 
are still in the pile-line but already theory is being 
tested quantitatively.... and is holding its own 
(unfortunately)

     5.10 BSM searches

19.10 QCD jet physics

  9.11 W,Z inclusive, asymmetry, W/Z + heavy flavours

23.11 Top physics

  7.12 Diboson production and TGS couplings

21.12 Analysis techniques

  4.01 B-physics and heavy ions

18.01 What's new from searches?
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Beyond the Standard Model
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A very long list of models x signatures
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A very long list of models x signatures
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v
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