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Outline 

•  Jets, W&Z, top 

•  Higgs 
•  SUSY  
•  Other searches 
•  (Prospects) 

Related talks at this conference: 
-  Top quark physics, M. Gallinaro 
-  Measurements of the top-quark mass and production cross section at CMS, P. F. Silva 
-  Results on the Search for MSSM Neutral and Charged Higgs bosons (CMS), M. Tosi 
-  Searches for SM Higgs boson decaying into two photons, ZZ and two τs in CMS, M. Meneghelli
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8 TeV data in 2012 

Until December 4: 
•  Delivered  23.1 fb-1  
•  Recorded  21.6 fb-1    (94%) 
•  Certification    ~ 90% of data delivered is used for physics 
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Pileup in 2012 

Design value 
25 pileup events 
(L=1034, 25 ns) 
 

Peak: 37 pileup events 
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2011-12 Datasets: Jets, W&Z, top 



Standard model: Jets, γ*/Z  

     

 

Inclusive jet and dijets: 
•  NLO QCD describes data over ~9 

orders of magnitude! 
•  1-2% JES.  
•  Constrains gluon PDF up to x=0.6 

Differential Drell-Yan cross section: 
•  2.5M µµ pairs tests NNLO cross 

sections and PDFs  

CMS-QCD-11-004 CMS-EWK-11-007 
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Vector boson pairs 
Limits on anomalous  
ZZZ/ZZγ couplings: 
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Figure 2: Expected and observed two-dimensional exclusion limits at 95% CL on the anoma-
lous neutral trilinear ZZZ and ZZγ couplings. The green and yellow bands represent the one-
and two-standard-deviation variations from the expected limit. In calculating the limits, the
couplings that are not shown in the figure are set to zero.

nation. The invariant mass distributions are interpolated using Sherpa simulation for different209

values of the anomalous couplings and the fit is performed to find the maximum likelihood210

value. The green and yellow bands represent the one- and two-standard-deviation variations211

from the expected limit. The present limits are dominated by statistical uncertainties. System-212

atic uncertainties arising from the uncertainty on the theoretical cross section, PDF, detector213

efficiencies, and luminosity are introduced in the form of nuisance parameters with log-normal214

probability density functions. One-dimensional 95% CL limits for the f
Z,γ
4 and f

Z,γ
5 anomalous215

coupling parameters are measured to be −0.012 < f
Z

4 < 0.013 and −0.012 < f
Z

5 < 0.013, and216

−0.014 < f
γ
4 < 0.014 and −0.015 < f

γ
5 < 0.015. In the fit all aTGC parameters except that217

under study are kept fixed to zero. These limits, obtained assuming no form factor, extend218

previous results on vector boson self-interactions and are currently the most stringent limits219

established for ZZZ and ZZγ couplings.220

In summary, we have presented an updated measurement of the ZZ production cross section in221

proton-proton collisions at 7 TeV in the ZZ → 2�2�� decay mode, with � = e, µ and �� = e, µ, τ.222

The data sample corresponds to an integrated luminosity of 5.02 fb−1. The measured cross223

section σ(pp → ZZ) = 6.24 +0.86
−0.80 (stat.) +0.41

−0.32 (syst.) ± 0.14 (lumi.) pb is consistent with the SM224

prediction and is the most precise published pp → ZZ cross section measurement. For the225

first time the pp → ZZ → 2�2� measurements are extended to include final states with τ lep-226

tons. Limits on vector-boson self-interactions are established, significantly restricting anoma-227

lous ZZZ and ZZγ trilinear gauge couplings.228

We congratulate our colleagues in the CERN accelerator departments for the excellent perfor-229

mance of the LHC machine. We thank the technical and administrative staff at CERN and other230

CMS institutes, and acknowledge support from FMSR (Austria); FNRS and FWO (Belgium);231

CNPq, CAPES, FAPERJ, and FAPESP (Brazil); MES (Bulgaria); CERN; CAS, MoST, and NSFC232

(China); COLCIENCIAS (Colombia); MSES (Croatia); RPF (Cyprus); MoER, SF0690030s09 and233

ERDF (Estonia); Academy of Finland, MEC, and HIP (Finland); CEA and CNRS/IN2P3 (France);234

BMBF, DFG, and HGF (Germany); GSRT (Greece); OTKA and NKTH (Hungary); DAE and DST235

(India); IPM (Iran); SFI (Ireland); INFN (Italy); NRF and WCU (Korea); LAS (Lithuania); CIN-236

Measured  σ (ZZ) = 8.4 ± 1.3 pb 
SM (NLO) σ (ZZ) = 7.7 ± 0.4 pb 
 
Measured  σ (WW) =69.9 ± 7.0 pb 
SM (NLO) σ (WW) = 57.3 ± 2.0 pb 

SMP-12-011 
SMP-12-013 
SMP-12-014 

SMP-12-007 

W, Z, WW, and ZZ cross sections at 8 TeV 
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Z→ 4l decay  

Observation Z→ 4l decay  
 9.7 σ significance  

•  Standard candle 
•  H →ZZ→ 4l 
•  10x more events 

•  Current statistics 
±0.5% on m4l scale 

7 TeV 

  arXiv:1210.3844 
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Top quark mass in CMS 

mtop = 173.4 ± 0.4 (stat) ± 0.9 (syst) GeV 

CMS PAS TOP-11-018 
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2011-12 Datasets: Higgs 



Situation in early 2012 

Exclusions of MH: 
− LEP < 114 GeV   (arXiv:0602042v1) 
− Tevatron [156,177] GeV ( arXiv:1107.5518) 
− LHC [~127, 600] GeV arXiv:1202.1408 (ATLAS) 
   arXiv:1202.1488 (CMS) 

Very precise measurement of  
MW = 80.390 ± 0.016 GeV, 
driven mainly by the Tevatron. 

Much of the SM Higgs 
range had been ruled out 
by 2011 LHC running. 

Excess of events in the 
low mass region seen in 
ATLAS and CMS 
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Higgs boson decays 

5 decay modes exploited 
 
•  bb, ττ, WW, ZZ, γγ 

•  Low mass region is very 
rich but also very 
challenging: 
main decay modes (bb, ττ) 
are hard to identify in the 
huge background 
 

•  Very good mass resolution 
(1%):   Hàγγ  and  
HàZZà4l 
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Higgs expected sensitivity 

 

Expected sensitivity at 
126 GeV:  7.8 sigma 

DISCRETE 2012, CMS overview, J. Varela  14 



Datasets 
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H → γγ 

•  No update since ICHEP 
•  Photon energy resolution is crucial 
•  Multi-Variate Analysis (MVA) for photon ID and event 

classification 
–  Divide events into non-overlapping samples of varying S/B 

based on properties of the reconstructed photons  

•  Two VBF categories: 
–  presence of di-jets in VBF process 
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ECAL response and mγγ resolution 

7 TeV: 25% improvement over one year 

4.35 GeV FWHM = 4.23 GeV 3.29 GeV 3.18 GeV 

8 
TeV 

7 
TeV 

[HIG-11-010] [HIG-11-021] [HIG-12-001] [HIG-12-015] LP – Aug 2011 EPS – Jul 2011 Moriond – Feb 2012 ICHEP – Jul 2012 

3.7 GeV Stable laser calibration: 
Automated 48-hour calibration loop. 
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Expected yield for SM Higgs 
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H→γγ mass spectrum and p-values 

Significance based on local p-value: 4.1σ   
Significance based on global p-value: 3.2σ   (110-150) GeV 

p-values 
Sum of mass distributions for each 
event class, weighted by S/(S+B) 

DISCRETE 2012, CMS overview, J. Varela  20 



H→γγ signal strength 

Combined best fit signal 
strength (mH=125 GeV): 
σ/σSM = 1.56±0.43 x SM 

Best fit signal strength 
consistent between 
different classes 
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H èZZ 
candidate Results from H→ZZ→4l 
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H → ZZ(*) → 4l  (l = e,µ) 

•  Background models:   
–  irreducible ZZ(*) 

•  Estimated using simulation 

•  Corrected for data/simulation scale 
 
–  reducible Z+jets, ttbar, WZ 

•  Estimated from control samples 

Event selection: 
 
requires the highest possible 
efficiencies (lepton Reco/ID/
Isolation). 
 

 [GeV]4lm
200 400 600

a.
u.

0

5

10

15

20
Simulation (GG2ZZ)  

µ 2e2 ZZ gg 

µShape Model, 2e2

CMS Preliminary 2012  = 7 TeVs

gg à ZZ à 4l 

control	
  sample	
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Four lepton mass spectrum 
Mass distribution for the four leptons (two pairs of electrons, or two 
pairs of muons, or  the pair of electrons and the pair of muons).  
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H→ZZ Signal and Background 

•  Integrated in the mass range from 110 to 160 GeV 

•  Z +X background is estimated from data; 
•  ZZ is estimated from simulation  
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Matrix	
  element	
  likelihood	
  analysis 

Matrix Element Likelihood Analysis: 
uses kinematic inputs for signal to background discrimination 

{m1,m2,θ1,θ2,θ*,Φ,Φ1}	
  

  

SM H(125 GeV) 
qq->ZZ 

•  For the signal, use a fully analytic parameterization 
•  For the use a simulation of the process 

 KD 
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KD discriminant versus m4l 
–  Data points shown with per-event 

mass uncertainties 
•  Top: Data w.r.t. background 

expectation 
•  Bottom: Data w.r.t 126 GeV Higgs 

expectation 

–  Six simultaneous two-dimensional 
maximum likelihood fits for each value 
of mH , in the variables m4l  and KD . 

–  KD distribution for signal is similar for a 
scalar, pseudo-scalar, or a spin-two 
resonance with the minimal couplings, 
at a mass around mH = 126 GeV 

KD versus m4l distributions 

Data w.r.t. background 
expectation 

Data w.r.t. 126 
GeV Higgs 
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2D fit results (KD - m4l) : 
–  The minimum local p-value has a 

significance of 4.5 sigma 

–  The signal strength relative to SM is 
µ = 0.80+0.35

-0.28  at 126 GeV. 
 
Mass measurement 

A simultaneous fit of the mass and of 
signal strength gives: 
  
mH = 126.2 ±0.6(stat)±0.2(syst) GeV 

Results from H→ZZ analysis 
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•  Signature 
–  2 opposite charged leptons (only e, µ) 
–  2 neutrinos == missing transverse 

energy (MET) 
•  no Higgs mass peak 

•  Analysis challenges 
–  understand backgrounds 

•  normalize to control regions 
–  backgrounds: WW, W+jets, top, DY 

•  Different flavor (DF) channels are the most sensitive  
–  same flavor has substantial DY background 
–  gluon fusion: 0 and 1 jet categories 
–  VBF: 2 jet category 

•  Cut-based and Shape analysis in (mll-mT) plane 

H → WW → 2l 2ν 
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H→WW cut-based analysis 

e-µ mass in the 0-jet category e-µ mass in the 1-jet category 
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H→WW shape analysis 

•  Two-dimensional mT-mll distribution unrolled in one-dimension  
•  0-jet bin after the CLs fit for the mH = 125 GeV Higgs signal hypothesis 
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Results from H→WW analysis  

•  Observed signal 
significance: 3.1 sigma 

•  Signal strength σ/σSM : 
0.74±0.25  

For a mass of 125 GeV: 
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H → ττ analysis 
•  Reconstructed τ decays: e, µ, τhad 
•  Event categories: 0 and 1 jet, VH, VBF 
•  Main ingredients of the analysis: 

•  tau pair mass resolution 
•  good understanding of the backgrounds 

from C. Pauss 
HCP 2012 
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Sensitivity ~1 times SM 
Mild excess at low mass ~ 1.5 sigma 
Combined σ/σSMH at mH = 125 GeV:    0.7±0.5 
 

Results from H → ττ analysis 

7 and 8 TeV data; all categories combined 

Best-fit signal strength values, σ/σSMH 
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All channels combined: 

VH → Vbb analysis 
5 channels: 
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At 125 GeV: 
•  Expected limit 1.2 times SM 
•  The significance of the excess is 2.2 σ 

Results from VH → Vbb analysis 

Combined signal strength: 1.3 +0.7 
-0.6 
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Higgs combined results 

Significance 6.9σ versus 7.8σ expected. 

Combination of 5 channels: bb, ττ, WW, ZZ, γγ 
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Mass of the new resonance 

Model independent mass measurement from 
the two high-resolution channels: 
 mX = 125.8 ± 0.4 (stat) ± 0.4 (syst) GeV 

 The combined 68% CL contour 
assumes that the relative event yields 
among the three channels are those 
expected from the standard model 
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Signal strength at mH=125.8 GeV 
 

Overall best-fit signal 
strength in the 
combination:  
 
σ/σSM = 0.88±0.21 

Signal strengths 
consistent with each 
other and with SM 

signal strength in  
gluon fusion + ttH  
 v.s. 
VBF + VH  
production mechanisms 
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Couplings to fermions and bosons 

Fermion and Vector Boson Couplings  Custodial Symmetry   λwz = κw/κz 

Couplings look consistent with SM Higgs 
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Spin-parity analysis 

Distribution of D0- for 
106<m4l<141 GeV and 
Dbkg>.5  

KD>0.5 

106<m4l<141 GeV  Expected log-likelihood 
distributions for the 0+ and 0- 
hypothesis. The observation in 
the data is shown by the green 
arrow. 

•  Expected separation between 0+ and 0-:   2 standard deviations 
•  Scalar (0+):  data consistent  (0.6 standard deviations) 
•  Pseudoscalar (0-):  data different by 2.5 standard deviations 
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2011-12 Datasets: SUSY 



SUSY searches at 7 TeV 
The initial SUSY program at CMS was designed to be 

1.  Generic 
•  Signature based searches not tuned to a particular SUSY model 

1.  Broad 
•  Cover many possible signatures 

–  Fully hadronic final state 
–  Final states with leptons; final states with photons 
–  Assume stable LSP: all final states with missing ET 

–  Most of the searches have a version with b-tag 
•  Use different methods 

–  eg: four methods for the all hadronic channel (αT, MHT, MT2, razor) 
–  Counting as well as shapes analysis 

1.  Robust 
•   Background estimated from data as much as possible 
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CMSSM interpretation 
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SMS interpretation 

Simplified models: 

Stop from gluino decays 

CMS searches have 
excluded light squarks and 
gluinos up to ~ 1 TeV 
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At a Crossroad 
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Looking for natural SUSY 

•  Search for stops and sbottoms in gluino decays 
–  Relatively light stops are needed for naturalness 
–  In natural SUSY the gluino cannot be too heavy 
–  If the other squarks are very heavy, then the gluino will decay 

into sbottoms and stops with high BR 

•  Search for direct stop and sbottom pair production 
–  To close the loophole that the “gluino is too heavy”  

•  Existing “generic” searches can be re-interpreted in this 
context 

•  New targeted searches have been developed for pair 
production 
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Stop and sbottom in gluino decays 
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Direct stop and sbottom pair production 

SUS-12-023 

Single lepton + missing ET Missing ET and b jets 

SUS-12-028 
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Models with decays into sleptons Models with decays into W and Z 

•  Trilepton + MET final states 
•  Same-sign dileptons 

•  Zàℓℓ + ℓ + MET  
•  Zàℓℓ + W/Zàjet-jet + MET  
•  Four leptons 

EWK production 
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 χ+χ0 exclusion limits 

 7 TeV result New 8 TeV result 

SUS-12-022 SUS-12-006 
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Resonances 

Compositeness 

Long 
Lived 

LeptoQuarks 

Contact 
Interaction 

4th 
Generation 

Black 
Holes 

CMS Exotica 
95% CL Exclusion Limits 
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Prospects 



LHC and HL-LHC projections 
Energy increase 

8 TeV to 13/14 TeV 
Injection  
upgrade 

25 ns 25 ns 
50 ns 

2x1034 Hz/cm2    
300 fb-1 

HL-LHC 

LS3 

1035 Hz/cm2    
3000 fb-1 

LS1               

8x1033 Hz/cm2    
30 fb-1 

Interaction  
region  

upgrade 

Phase 1 Upgrade 
Phase 2 Upgrade 

LHC 

LS- Long Shutdown 
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Spin-parity: H→ ZZ, WW, γγ with 30 fb-1  

•  Simplified generator study 
–  S.Bolognesi et al., arXiv:1208.4018 
–  ZZ: likelihood discriminator 
–  WW feature: angle between leptons 
–  γγ: production angle  

•  Up to 4σ separation possible in 2012 
–  for both odd parity and spin-2 
–  ATLAS+CMS combined  

ZZ 

WW 

γγ 

For 5+30 fb-1: WW 

ZZ 
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Projected Higgs couplings with 300 fb-1 
•  Two scenarios: 

•  Scenario 1: same systematics as in 2012 
•  Scenario 2: theory systematics scaled by a factor ½, other 

systematics scaled by 1/√L 

300 fb-1 14 TeV, Scenario 1 
300 fb-1 14 TeV, Scenario 2 

With 300 fb-1 the uncertainties of 
the Higgs couplings are expected 
in the range σ (κV ) ~ 3-6%   
σ (κb ) ~ 7-15%  
 

Full line: Scenario 1 
Dotted line: w/o 
theory uncertainties 
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HL-LHC: Higgs couplings with 3000 fb-1 

•  Extrapolation by two orders of magnitude to higher luminosity  
–  is subject to large uncertainties 
–  scenarios 1 and 2 provide likely upper and lower bounds 

•  Experience at LEP and Tevatron indicates that scaling with 1/√L is not unrealistic 

•  With 3000 fb-1 the Higgs couplings can 
possibly be determined with high precision 
(1-3%)  

•  The decay H→µµ can be observed with a 
significance of 5 sigma 

•  measurement of the Hµµ  coupling with a 
precision of ~10%. 

•  Measurement of multiple Higgs boson 
production is possible 

•  The SM cross section for di-Higgs boson 
production is 33 fb at 14 TeV.  

•  Measurement of the Higgs potential  

Scenario 1:  
•  2012 systematics 
Scenario 2:  
•  theory syst: scaled by a factor ½ 
•  other systematics scaled by 1/√L 

DISCRETE 2012, CMS overview, J. Varela  57 



Outlook 

•  The LHC experiments have exceeded the design performance, 
showing that precision physics can be made at high luminosity and 
pileup. 

•  Impressive performance of the standard model describing the LHC 
data. This is a tribute to decades of hard and rigorous theoretical work. 

•  As of today, the 125 GeV resonance is compatible with the SM Higgs 
boson 

 
•  Bright prospects for physics at LHC with higher energy and luminosity. 

We are just at the beginning. 
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BACKUP 
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Reconstruction of hard collisions in high 
pileup environment requires detectors with 
very high granularity: 

•  efficient association of charged tracks to 
collision vertices  

•  reconstruction of charged and neutral 
particles in jets 

•  pileup neutrals corrected w/global energy 
density (ρ) 

MUONS 

Efficiency is stable in 
high PU environment 

Muon isolation 

Pileup challenges 

Physics with high pileup requires full 
particle flow reconstruction assuring: 
•  precise jet energy correction 
•  robust missing energy measurement 
•  efficient lepton isolation  

Very efficient reconstruction code is 
needed to stay within computing budget 

Missing ET 
resolution 
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Event Reconstruction 

Stable particles in the event are reconstructed by a 
sophisticated algorithm that combines information from all sub-
detectors.  
 
This exploits the fine-grained nature of CMS.   

Particle 
Flow 
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Photons (EM Calorimetry) 

Barrel	
   Endcap	
  

Barrel:	
  πoàγγ	
   Endcap:	
  ηàγγ	
  
Calibration 
is a key 
issue for  
Hàγγ 
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Jet Studies with 2011 Dataset 

Inclusive jets Dijets 
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Top cross sections at √s= 8 TeV 
CMS-TOP-12-006/7 

σtt(NLO) = 225.2 pb calculated using MCFM 

σ(8TeV)/σ(7TeV)  
= 1.41 ± 0.11	



σ = 227 ± 3 (stat) ± 11 (syst) ± 10 (lumi) pb	



TOP-11-021 
DISCRETE 2012, CMS overview, J. Varela  65 



Top properties highlights 

tt differential 
measurement  

TOP-12-019 

Associated 
production  
tt+MET 

Associated production ttbb 

mtt 

Charge asymmetry: 
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Figure 3: Unfolded inclusive ∆|y| distribution (upper left), corrected asymmetry as a function
of |ytt̄| (upper right), pT,tt̄ (lower left), and mtt̄ (lower right). The measured values are compared
to NLO calculations for the SM [15] and to predictions of an effective field theory (EFT) [17].
The error bars on the differential asymmetry values indicate the statistical and systematic un-
certainties.

7 Conclusion
An inclusive and three differential measurements of the charge asymmetry in tt production
using data corresponding to an integrated luminosity of 4.7 fb−1 have been reported. Events
with top-quark pairs decaying in the lepton+jets channel were selected and a full tt event re-
construction was performed to determine the four-momenta of the top quarks and antiquarks.
The measured distributions of the sensitive observable were then corrected for acceptance and
reconstruction effects. The measured value for the inclusive asymmetry as well as the mea-
sured asymmetry as a function of three differentiating variables, the rapidity, the transverse
momentum, and the invariant mass of the tt̄ pair is in agreement with the predictions and no
hints for contributions from physics beyond the standard model have been found.
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TOP-11-030 

AC = 0.004 ± 0.016 
SM: 0.012 ± 0.001 

R=B(tàWb)/B(tàWq): 

TOP-11-029 R=0.98±0.04 
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CMS Inclusive Razor 
•  Razor variables: 

•   Form 2 mega-jets: j1 and j2 
•   Boost to Razor “R” frame: pz =0 
•   Define MR, MT

R and R 

SUS-12-005 

• MR ≈ Energy of the 
2 LSP’s in rest frame 
of the mother 
sparticle 
• MT

R ≈ Average 
transverse mass of 
LSP’s 

tt 
SUS
Y 

Great Signal/
Background Separation 
in (R2,MR) plane 

For various cuts on MR (R), the 
differential distribution of R (MR) has 
simple single or double exponential 
shape for backgrounds 

Search in 
0,1,2 lepton 
events 
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SMS interpretation 

CMS searches have excluded light squarks and gluinos up to ~ 1 TeV 
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   Charged and doubly charged Higgs	



•  Doubly charged Higgs 
–  No signal unfortunately 

•  But in all channels CMS 
has world’s best limits 

•  New: Φ++ → τ+τ+ decay 

Systematics limited 
⇒ only 2.2 fb-1 
used 

Φ++ → l+l+ 

t → bH+→ bτν 

tt→H+bW-b, H+bH-b  
With H+→τν 	


Search channels  
1.  τh + jets 
2.  τh + e, τh + µ	


3.  eµ	



HIG-11-019 

HIG-12-005 
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MSSM Higgs in tau pairs 

•  Tau pair mass (l+h and ll decays) 
•  Two categories: non-b-tagged and b-tagged (to enhance bbΦ) 
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Sbottom pair production 

Same-sign dileptons and b jets 

SUS-12-029 
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Complementary search methods based on orthogonal data control samples:  
 
MET and;  Jet-Z-Balance 
 
tt background predicted from shapes in eµ events and M(ee)/M(µµ) sideband 
data 
Z+artificial MET predicted from data-derived MET resolution templates. 
Z+artificial JZB predicted from symmetry in negative→positive tails of JZB.   

•  Dilepton analyses split into off and on Z 
resonance: 

•  Different backgrounds and different model 
sensitivity 
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Search for SUSY in Z+jets events 
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Gauge-mediated SUSY breaking scenarios 

γγ + MET 

γ + MET 

Early 8 TeV 
results 

Depending on the nature of χ0, single or  
double photon final states can dominate  
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An RPV example: gluinoà3 quarks  

Exclude gluino masses below 460 GeV (assuming 100% BR into three jets) 
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W’ ➞ lν  in 8 TeV Data 

•  Search for a new heavy gauge boson W' decaying 
to a charged lepton (µ or e) and ν 

 
 

•  Many models possible 
–  right-handed W' bosons with standard-model 

couplings 
–  left-handed W' bosons including interference  
–  Kaluza-Klein W'KK-states in split-UED 
–  Excited chiral boson (W*) 

muon	
  

electron	
  

[CMS PAS EXO-12-010] 

M(W’SSM)	
  95%	
  CL	
   Luminosity	
   Expected	
   Observed	
  
ATLAS	
  e+µ,	
  2011	
   4.7	
   	
  >	
  2.55	
  TeV	
   	
  >	
  2.55	
  TeV	
  
CMS	
  e+µ,	
  2012	
   3.7	
   	
  >	
  2.80	
  TeV	
   	
  >	
  2.85	
  TeV	
  
CMS	
  e+µ,	
  2011+2012	
   5.0	
  +	
  3.7	
   	
  >	
  2.85	
  TeV	
   	
  >	
  2.85	
  TeV	
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Heavy Neutrino in 8 TeV 

•  We search for the decay of WR ➞ µµjj and eejj, as in 
a Left-Right Symmetric Model 

•  Selection 
–  Lepton pT >60/40 GeV, motivated by W decay 
–  Jet pT > 40 GeV 
–  M(ll) > 200 GeV to reduce DY+jets. 

•  Background  
–  Top: data-driven from eµjj 
–  DY+jets: normalised to data, MC shape in Z peak 
–  QCD: data-driven fake rate  
–  VV, Single top: from MC 

[CMS PAS EXO-12-017] 
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Heavy Neutrino in 8 TeV Data 

•  Search assumes small WR-WL and Nl-Nl’ mixing angles, only one lepton 
channel kinematically accessible 


•  Primary Systematic Uncertainties 
–  Signal Eff.: 6-10% from lepton  
–  Background: ~50% from DY+jets shape, ~16% from top shape 

For	
  M(N)=M(WR)/2;	
  	
  M(WR)	
  >	
  2.8	
  TeV	
  	
   [CMS PAS EXO-12-017] 
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Black Holes in 8 TeV Data 

•  Hypothetical BH would evaporate into many high-pT objects  
–  Estimate by ST, the pT sum of physics objects with pT > 50 GeV 

•  Main background of QCD estimated by fit to n=2 distribution 
–  Normalised for each multiplicity bin separately at ST = 1.8–2.2 TeV 
–  Model-independent limits vs ST and multiplicity  

Large	
  improvement	
  in	
  sensiVvity	
  (~10-­‐20%)	
  with	
  respect	
  to	
  2011	
  analysis	
  
[CMS PAS EXO-12-009] 
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Z’ in 2011 Data? 

•  Search for Z-like narrow resonances decaying to dileptons 
•  Interesting features in dilepton spectra 

–  around 2σ each for CMS & ATLAS in e+µ 
–  similar in scale to 2011 Higgs excess 

[hep-ex 1206.1849] 
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Today: Z’ in 8 TeV Data 

Limits on the combined 7 TeV and 8 TeV data from 2011+2012 
–  M(Z’SSM) > 2590 GeV at 95% C.L. 
–  M(Z’ψ) > 2260 GeV at 95% C.L.  

Excess just below 1 TeV all but gone in CMS data 

CMS EXO-12-015 
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Z’ ➞ τ τ    (7 TeV data) 	



•  Z’ might couple preferentially 
to third-generation fermions 

–  5 fb-1 at √s = 7 TeV  
–  Study: τeτµ, τeτh, τµτh, τhτh 
–  plot effective (visible) mass 

•  Backgrounds:  
–  DY Z → ττ, W+jets, tt, VV, QCD 
–  estimated from data where 

possible   

M(Z’SSM)	
   expected	
   observed	
  
CMS	
   	
  >	
  1.1	
  TeV	
   	
  >	
  1.4	
  TeV	
  
ATLAS	
   	
  >	
  1.4	
  TeV	
   	
  >	
  1.3	
  TeV	
  

[CMS EXO-11-031, hep-ex 1206.1725] 
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Boosted top pairs 

•  Boosted top events 
–  Pioneered by CMS 
–  Strong limits on Kaluza-Klein 

gluons and Z’ -like objects decaying 
to top pairs   

EXO-11-006 

Boosted tt  
candidate 
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Dijets in 8 TeV Data 

•  Search for dijet resonance in smoothly falling mass spectrum 
–  leading jet mass mjj > 0.9-1 TeV from trigger and other constraints 
–  Background estimated from smooth functional fit 

[CMS PAS EXO-12-016] 
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GMSB with Displaced Photon 

•  GMSB (SUSY) decays typically include many jets 
•  Selection: photon with ET > 100, three jets with pT > 35 

–  relaxed ECAL timing and shower-shape cuts 
–  ETmiss and ECAL timing main discriminants 

Much-­‐improved	
  sensiVvity	
  to	
  long-­‐lived	
  neutralino	
  
[CMS PAS EXO-11-035] 
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Monojet and Monophoton 
•  Look for missing energy and radiated jet 

(photon) 

•  Monojet Selection: 
–  Leading jet pT > 120 GeV, |η| < 2 
–  allow a second jet if not back-to-back 
–  veto isolated leptons 

•  Backgrounds and Uncertainties 
–  Z + (jets/γ) --> νν+(jets/γ) 
–  W + (jets/γ) --> lν+(jets/γ) 
–  smaller backgrounds from top, QCD, non-

collision 

•  Missing Energy (ETmiss) to distinguish 
signal 
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Dark Matter and Monojets 

Spin-independent couplings 
–  competitive at low masses 

where nuclear recoil imposes a 
threshold for detection in DD 
case 

Spin-dependent couplings 
–  Limits extend well below Direct 

DM (DD) searches 

[CMS EXO-11-059] 
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Parton Luminosities 
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