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CMS performance

 LHC delivered ~47 pb-1

 CMS collected ~43 pb-1 (~92%)

 Coped with 5 orders of increase in 

instantaneous luminosity

 Results based on ~35-40 pb-1

(~85%)

Very high fraction of detector channels

Functional, all > 98%.

92% data taking efficiency
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Missing energy

Comparison of data and MC in 

events with at least 2 jets. Particle 

Flow algorithm illustrated here. 

Effect of cleaning noise sources from events.

Minimum bias events. 
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Missing energy & jets
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Resolution in various reconstructions of 

missing energy

Good agreement with expectations 

for inclusive jet cross sections. Implies

energy scale well measured. 
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Electrons and Muons
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 Z peaks reconstructed well in both muons and electron

 W reconstruction illustrates missing energy also 

performing well



8

Re-discovery of the SM
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SUSY searches 
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 Squark, gluino production dominant

 Cross section depends on mass

 Typical decay chain give a signature 

of missing energy, jets, leptons.

 Numerous models lead to this type of 

signature.  

CMS strategy  

 Focus on a set of simple signatures not specific physics models

 Backgrounds measured using the data – do not rely on MC. 
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SUSY analyses
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 Jets + MET Largest potential sensitivity but backgrounds hardest to handle

 Add leptons (increasingly) suppresses backgrounds to very clean (≥ 3 leptons)

 Photons useful for gauge mediated models. 

 Add lepton reduces background again

 Non MET based searches also possible (e.g. Split-SUSY see later) 

Use of variety of data based methods for determining backgrounds key feature
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Hadronic SUSY search
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If back-to-back aT = 1/2    

 Two leading jets ET > 100 GeV, leading | h | < 2.5 

(If > 2 jets ET > 50 GeV then combined into 2 pseudo-jets)

 Veto events with e,m,g

 HT (ΣET(jets))> 350 GeV and α>0.55
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Background Estimates
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Background estimated from data using two approaches 

( Main backgrounds QCD, W+jets, ttbar, Z(nn)+jets )

 Estimate of total background

⎯ Use HT in regions not used for search to extrapolate to search region

 Estimate of SM background with missing energy

⎯ W+jets, ttbar. Use W(mn) + jets control sample and MC scaling

⎯ Z(nn)+jets
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Background estimate
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RaT = No. Pass (i.e. aT > X)  

No. Fail (i.e. aT < X)

Use low HT bins (no signal) to extrapolate to high

For missmeasured QCD expect RaT to falls with HT. 

Resolution improves. 

For EWK real MET expect RaT to be flat. 

aT > 0.55  

aT > 0.51

Predicts 9.4 +4.8
-4.0(stat.) ±1.0 (syst.)

Observe 13 events in data
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 Limits in cMSSM (comparison 

easier) tanβ=3 A=0 µ>0 

 Result appeared quickly

Weak tan b dependence
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Same sign di-lepton
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Performed in all leptonic channels 

same and diff flavour

Signal very suppressed in SM

ttbar (W, b decay), QCD

Background estimated using tight 

vs. loose lepton selection

Limit calculated using fast MC and generator 

level plus parametrized efficiencies. (dashed 

vs. solid)

Enables easy extrapolating to other models. 
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SUSY summary
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 Large number of 

searches.

 All use data driven 

methods for backgrounds

 No evidence of SUSY 

(yet). 
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Nice events
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Exotics
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 New physics searches (not 

standard SUSY)

 Large number of analyses

 Signature often unusual 

requires something special to be 

done  

 Results better than or close to 

best other results. 

Summary of CMS results vs rest of world
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Di-lepton Resonance
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 Search for bump in di-lepton spectra 

 Fit distribution in data

 Fakes for electrons from data

 Non-DY leptons checked using e-m

Z’/GZ’/GKKKK

q

q 
l


l

Z’SSM 1140 GeV

Zy 887 GeV

GKK(0.05) 885 GeV

GKK(0.1) 1079 GeV
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Di-photon searches
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GGKKKK

q

q

g

g LED ( ADD). Close states -> continuum deviation

Signal region s < 0.118 pb@95% C.L.

Limits on model parameters Ms (U.V. cut off)

1.6-2.3 TeV 

Search for deviation from SM either as a resonance or continuum

Signal region

σtotal = σSM + ηG σint + ηG2 σED

GGKKKK

q

q

g

g Warped Extra dimensions 

RS graviton Spin-2 object. ( BR = 2x(Br(ee or mm))

Limits 371 GeV– 945 GeV 

(coupling param k/MPl (0.01-0.1)
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W’ search

Cambridge 2011                                                 C.H. Shepherd-Themistocleous - RAL



22

Lepto-quarks

Can decay to ql (qn)

Generations treated separately LQ1, LQ2

Scalar sum ET of  2l + 2jet used as 

discriminant 

M(LQ) > 384 GeV for b = 1 to en

M(LQ) > 394 GeV for b = 1 to mn

mn

mn

mn
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eejj channel

enjj channelCombination
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Black Holes

Look for an excess in high multiplicity final states. 

QCD background estimated using ST variable. 

ST = ∑ ET (inc. ETmiss) for all objects with ET > 50 GeV

Use low mult samples to predict backgrounds

Limit in ADD model  - MD “true” Planck scale
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Long Lived Particles
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• Massive slow particle. 

• dE/dx ~ 1/b2 from Si tracker 

• Use p find mass.  

• Split-SUSY model - Search for 

charged R-hadrons 

• No events pass selections

• Gluino (f =0.1 gluon state)  > 398 GeV 

Stop > 202 GeV 

~ dE/dx
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Stopping Particles 

Cambridge 2011                                                 C.H. Shepherd-Themistocleous - RAL

Charged heavy particles can stop in the detector. 

Signals searched for in the beam off periods of 

detector operation. 

Specific trigger beam gaps.

Suppress main background from cosmic rays, 

beam halo, and HCAL noise

Mg > 382 GeV, t = 10 ms

Mg > 370 GeV, t = 10  - 1000 ms



26

Excited leptons
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Search for eeg or mmg 

Counting experiment in 

signal region

SM background from MC, 

Backgrounds from fakes from data. 

No events observed, limits set. 

Production 

contact 

interaction

Decay
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Boosted Z
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Mono-jets (ADD)
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Backgrounds Z(nn)+jets, W(ln)+jets dominate. Est. from W+jets sample
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Lepton jets
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Lepton jets
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Lepton jets
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Other analyses…
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Analyses not discussed 

 Di-jet resonances

 ttbar resonances 

 4th Generation  

…
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Conclusions
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 CMS and the LHC have performed extremely well during the first year of 

data taking

 Observed all we should in the Standard Model and set limits in many 

searches for evidence of New Physics. 

 The next two years promise a great deal of exciting physics and new 

challenges - pile up and new triggering schemes. 
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Backup slides
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Higgs
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Over next two years Higgs searches become interesting
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ADD di-m di-g
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Search potential wrt Tevatron

Ratio of int. luminosities LHC (40 pb-1) /TEV (5fb-1) ~ 1/100

For ratios of parton luminosities > 100 LHC wins  (Fn of initial state)

Pair production of 

Intermediate mass 

particles from 

gg, qg, qq

Production of 

massive objects

> ~ 1TeV 
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Di-jet 
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Mass spectrum → resonances 

Jet energy scale important

Fit function describing background

to data

Excited q>1.58 TeV    String res. > 2.5 TeV 

Angular distribution → contact interactions

QCD peaked large h. NP different 

Centrality Ratio: Ratio central 

(h < 0.70 to forward (0.7 < h < 1.3) 

events flat as fn of mass for QCD.

Compositness

Limit 

L > 4 TeV 


