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The CMS Detector 
3.8T Superconducting Solenoid 

All Silicon Tracker  
(Pixels and Microstrips) 

Lead tungstate  
E/M Calorimeter (ECAL) 

Redundant Muon System 
(RPCs, Drift Tubes,  

Cathode Strip Chambers) 

Hermetic (|η|<5.2)  
Hadron Calorimeter (HCAL) 

[scintillators & brass] 
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DATA ACQUISITION 

 HLT output 

Level-1 

Event rate 
Exa byte 

Peta byte 

~ Kilobyte 



Data Analysis all over the World 

T0 - T1:  
•  dedicated 10 Gbit/s  

  optical network 

Tier-2s and Tier-1s: 
•  inter-connected by  
  the general purpose  
  research networks 
•  any Tier-2 center  
  needs to access  

  data at any Tier-1 

Brilliant performances of the GRID a key factor in the spectacular startup 



Tracking and Muons 

bin size  1% of the mass Challenges for precision physics at LHC December 16, 2010 



Tracking Efficiency 

Probes passing 
the matching 

Probes 
failing the 
matching 

J/Psi Tag and probe 

€ 

D0 →K −π +π−π +

D0 →K −π +



Soft QCD: charged track multiplicities 

Correct for Non-Single  
Diffractive (NSD) events 
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c)CMS NSD 7 TeV
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b)CMS NSD 2.36 TeV
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a)CMS NSD 0.9 TeV

Preliminary Preliminary 

Preliminary 

arXiv 1011.5531 



Collecting High Multiplicity events 



One High Multiplicity event 



Momentum Resolution 

Challenges for precision physics at LHC 

J/Ψ width expressed as a 
function of the kinematics of 

the 2 tracks.  

The best estimate of the pT 
resolution is then determined 

through an unbinned 
likelihood fit of data.  

Alignment of the 15600 Silicon 
Modules 
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Muon Detector Performance 

Challenges for precision physics at LHC 

“Soft muon”: a tracker track matched to 
at least one CSC or DT stub, to collect 
muons down to pT about 500 MeV in the 
endcaps (e.g. for J/Ψ) 

“Tight muon”: a good quality track 
from a combined fit of the hits in the 
tracker and muon system, requiring 
signal in at least two muon stations to 
improve purity. 

Very High Purity 
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Muon Performance 

Challenges for precision physics at LHC 

MinBias 

protons from Λ mis-
identified as muons 
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J/ψ production cross sections 

Null polarization 
scenario 

arXiv 1011.4193 



Υ production 

|ηµ|<1 

Unpolarized production assumption 

σ  Ratios 
|yΥ|<2 

CMS 
vs CDF 
& D0 

|ηµ|<2.4 



Momentum Scale  

Challenges for precision physics at LHC 

3.8T map    
•  Measured by Field Mapper (at 2, 3, 

3.5, 3.8, 4 T) in 2006 MTCC 
•  TOSCA  field map agrees < 0.1%  

•  analytical fit describes measurements 
to ~ 0.01% 

NMR probes inside solenoid confirm 
agreement scale <0.1%  between 

2006 and 2008  
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Momentum Scale 

Challenges for precision physics at LHC 

Using tracks with Pt >1GeV  
gives an agreement at the 0.6 per mille 

level. 

Cosmic ray spectrum 

-0.044±0.022 TeV-1 
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Challenges for precision physics at LHC 18 



Z to mu mu mass spectrum 

Bias  < 0.1 % 



ELECTRONS and PHOTONS 



Electron/Photon Trigger 

HLT Trigger efficiency vs energy of the  
supercluster measured in ECAL 

L1 trigger efficiency 



π0 Calibration stream 
Candidate di-photon decays are selected directly from events passing single-e/γ and single-jet 

L1 triggers. After selection, only information about a limited region of ECAL (20 to 40 crystals) 
is stored for the actual calibration. 

Today the barrel is 0.5%  1.2% uniform depending on eta 



Crystal inter-calibration is on target 



Z→ee candidate 

Challenges for precision physics at LHC 24 



Z ee mass spectrum 



QCD: prompt γ production 

prompt 

Bkgd 
from 

decays 

Lumi error (11%) not 
included 

Measurement at higher Q2 and  
lower xt=2Et/√s than Tevatron 

Comparison 
with theory 
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Preliminary 

Preliminary 

Challenges for precision physics at LHC 

arXiv 1012.0799 
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µ Pt = 32.4 GeV/c 
η = 1.7  

τ Pt = 37.4 GeV/c 
η = 1.5 

Mass = 1.2GeV/c2  

Z → tau tau → mu +tauhad (three prong tau) 

TAU 



Z->tau tau selection 

QCD Bkgr 

Measured: 

OS/SS = 1.03 +- 0.01(stat) 

QCD MC expected value: 

OS/LS = 1.036 +-0.002 

µ + tau-jet 



JETS and MET 
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JET Triggers 

Challenges for precision physics at LHC December 16, 2010 



Particle Flow Jets (1) 

Calibration of the relative response as 
function of η 

Challenges for precision physics at LHC 

dijet events : comparing central jets with any jet  

1% 

1% 

December 16, 2010 



Particle flow Jets (2) 

Absolute jet calibration against photon 

Challenges for precision physics at LHC 

Data/MC=0.993±004±0.026 

December 16, 2010 



Inclusive Jet Cross Section 

Down to pt=20 GeV and  5% JES 

Preliminary result being updated 
to 3 pb-1 and 3% Jet Energy 

Scale 
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Missing energy response measured 
in events with isolated photon 

π0 

W 

ϒ 

TC-MET CALO Particle Flow 



Missing energy resolution in events 
with isolated photon 



W→µν candidate  

Challenges for precision physics at LHC 36 



W Jacobian peaks 

MT=transverse mass  



W+ and W-  and theory  

Challenges for precision physics at LHC 

Lumi 
error 

Clearly Lumi is the 
area with largest 

potential of 
improvement 

December 16, 2010 

arXiv:1012.2466 



b-tagging 

Top candidate event with two opposite sign muon 



Data-MC comparison for b-tagging 
observables 

DATA/MC ratio is 
close to 1 for all 

observables  



Fraction of b-tagged jets 
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t-tbar : lepton+jets 
  Using 0.84pb-1 and requiring 

at least 1 secondary vertex 
tagger with ≥2 tracks;  
  ~50% efficiency ~1% fake rate 

  N(jets)≥3  
   30 signal candidates over a 

predicted background of 5.3  

  tt rate consistent with NLO 
cross section 
  Up to experimental (JES, b-

tagging) and theoretical (scale, 
PDF, HF modeling, …) 
uncertainties. 



Top cross section in the di-leptonic 
channel 

Challenges for precision physics at LHC 

L=3.1pb-1 

ee/eµ/µµ 

Full selection applied: Z-Veto, ¦M(ll)-M(Z)¦>15 GeV 
MET >30 (20) GeV in ee,µµ, (eµ); N(jets)≥2 

σ(pp → t t) = 194 ± 72(stat.) ± 24(syst.) ± 21(lumi.) pb ¯ 

arXiv:1010.5994 

December 16, 2010 



First Searches for new 
Physics 



Di-Jet resonances 

  Search for narrow resonances in di-jet final states. 
  Differential cross section for ¦η1,η2¦<2.5 and ¦Δη12¦<1.3.  

•  Sensitive to coupling of any new massive object to quarks and gluons.  
  95% CL mass limits  

•  String resonances >2.5 TeV, Excited quarks >1.58 TeV  
•  Axigluons/Colorons >1.17 TeV 

Challenges for precision physics at LHC 

arXiv:1010.0203 
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Quark compositeness/QCD 

€ 

Rη =

Dijets
η <0.7
∑

Dijets
0.7<η <1.3
∑

Centrality ratio 

QCD 

Contact interaction: excluded for Λ<4 TeV 
( higher than expected -2.9 TeV- due to fewer-

than-expected events at high Dijet mass)  

Challenges for precision physics at LHC 

arXiv:1010.4439 
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Heavy Stables Charged Particles 

Challenges for precision physics at LHC 

K p D

Candidates passing loose 
selection 

Tight Selection: 0.088±0.021 expected ;  
0 observed 

December 16, 2010 



Search for gluinos stopped in CMS 

Challenges for precision physics at LHC 

HCAL 

Data Taken out of collision time  

Gluinos with long lifetime hadronize to R-Hadrons that are stopped inside CMS and 
decay to gluon+ Neutralino, If the mass difference is large enough there is enough 

energy detected in the calorimeter to trigger. 

December 16, 2010 

arXiv:1011.5861 



Leptoquark search 
  Search for pair produced LQ decaying β % in µ+jet 

€ 

ST = pt
µ

µ1,2

∑ + pt
jet

Jet1,2

∑Final discri variable  

As a function of β	
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Search for microscopic black holes 

December 16, 2010 Challenges for precision physics at LHC 

measuring ST as a 
function of the number 

of “objects” 

arXiv:1011.3375 



Search for W’ 

Challenges for precision physics at LHC 

mT=493 GeV 

BKG dominated by W production  

Expected Limit = 1.31 TeV 
Observed Limit = 1.36 TeV 

December 16, 2010 



Search for Supersymmetry 

All hadronic – based on missing energy 

a limit similar to this one will be set by CMS with the data of the 2010 run 



 A beautiful ZZ event 
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Higgs search perspectives 
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5 to 10 fb-1 of accumulated lumi become very interesting  

1 fb-1 

2 fb-1 

5 fb-1 

10 fb-1 

1 fb-1 

2 fb-1 

5 fb-1 

10 fb-1 

@ 7 TeV @ 8 TeV 
With 5 fb-1 can exclude or have 
3 σ evidence from 114 to 600 

GeV 



Observation of an 
unexpected angular 
correlation in high 
multiplicity events 

arXiv:1009.4122 



Correlation Function Definition 

Challenges for precision physics at LHC December 16, 2010 56 



Results 
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Structure not present in QCD 
 Monte Carlo 

Many data driven tests done to 
asses systematic effect (pileup, 

beam background, tracking, 
trigger) 

The signal is stable and 
observed also using  photons 

detected in the electromagnetic 
calorimeter 
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Multiplicity and Pt dependence 
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Correlation in Heavy Ions Collisions 
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CMS Heavy Ions Run 



Heavy Ions: e+e- Z candidate 
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Me+e- =96 GeV  
( Ee not corrected for underlying event) 



Our first µ+µ-  Z candidate 
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Μµ+µ-= 93 GeV : possibly the first Z ever seen in HI   



Z0 →µ+µ-	


Z0 
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Dijet event candidates in CMS 
■  First hours of LHC running 

◆  We see dijet events 
◆  We see dijets with unbalanced energy: is this real? 
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Dijet energy imbalance 

Central Semi-Central Semi-Peripheral 

A significant dijet imbalance, well beyond that expected from  
unquenched MC, appears with increasing collision centrality 
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Future studies: γ-jet ? 
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Conclusions 
■  LHC is performing very well ; 50 pb-1 collected by the 

end of 2010 and > 1000 pb-1 expected by end 2011 

■  Very interesting search program: with few 10 pb-1 
already exploring uncharted territory 

■   CMS – and the other experiments -is also performing 
very well 
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News 
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One of the 
first HI central 

collisions 
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182	  Institutions	  	  >3000	  scientists	  and	  engineers	  
~	  2000	  Authors	  (including	  students)	  



~	  1/4	  of	  the	  people	  who	  made	  CMS	  possible	  	  



Jet Triggered Charged particle Spectra 

Challenges for precision physics at LHC 

Using Jet trigger it is possible to extend the momentum range of 
charged particle spectra 

Cross sections scaled 
empirically by  (√s)5.1 
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Data driven b-tagging efficiency 

B-Tagged 
muon jets 

Anti-tagged 
muon jets 

Light flavor+c fraction 
B fraction 

Tagger+Operating Point Scale factor 

SSV algorithm 
High Purity configuration 

0.98 ± 0.08±0.18 

Track Counting algorithm 
High Purity configuration 

0.95 ± 0.06±0.19 

Efficiency is estimated from data fitting the pT
rel 

distribution of muons in muon jets.  

B-fraction is extracted from the fit of data using 
distribution templates based on MC 



Mid Mass Regime, MH~160: Nevents = σ × BR × L 

Experimental signature 

Signal events 

Comments TeV 
Exp. 
9 fb-1 

LHC Exp      
0.5 fb-1 

H→WW 

H → (lν)(lν) with n=0,1 
jets 222 236 5 times 

better S/B 

qqH → qq (lν)(lν) 15 20 S/B ~same 

qqH → qq (lν)(jj) 93 120 S/B ~same 

WH → (lν)(lν)(jj), same-
sign dilepton 27 7 

ZH → (ll)(lν)(jj) 5 1 



A pp → WW Candidate 

electron 

Very Clean Signature ! 
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Low Mass Higgs MH~120: Nevents = σ × BR × L 

Experimental signatures 

Signal events 
Comments TeV Exp 

9 fb-1 
LHC Exp    
0.5 fb-1 

H→γγ	
 28 22 x4  better mγγ res 

H→bb 

qqH → qq(bb)   with n b-tags 430 440 
WH → lν(bb)   with n b-tags 208 49 

x5  worse S/B ZH → 2ν(bb)    with n b-tags 114 23 
ZH → (ll)(bb)     with n b-tags 38 8 

VH → (2l/2ν/lν) (bb)   [highly boosted] ? ? 1 (after all cuts) 

H→WW 

H → (lν)(lν) with n=0,1 jets 85 65 X5  better S/B 

qqH → qq (lν)(lν) 4 4 
qqH → qq (lν)(jj) 26 26 

WH → (lν)(lν)(jj), same-sign dilepton 6 1.5 

ZH → (νν)(lν)(jj) 7 1.4 
ZH → (ll)(lν)(jj) 2 0.5 

H →ττ qqH → qq (ττ) 23 22 



Higgs Search 
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Looking at Missing Energy Tails 

Requires a very performing detector since all instrumental anomalies mimic missing energy  
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Missing energy in multi jets events 

missing energy distribution missing energy resolution 

Low luminosity – NO tails expected  
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Trigger: A tricky business 

Which begs the question(*): 
Will your favorite new physics signal 

be included in the small fraction  
of selected events?  
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Preliminary Long Term Predictions 
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Correlation in Heavy Ions 
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