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 Search for New Physics  
(in all shapes and sizes) 
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Henning Flaecher 

Overview 
!! CMS is looking for signs of  New Physics in all possible 

directions 

!! All results based on full 2010 dataset: ~35 pb-1 

!! In this talk: 

!! “Exotica” 

!! W’ and Z’ searches 

!! Leptoquarks 

!! Extra Dimensions 

!! Microscopic Black Holes 

!! SUSY missing energy searches 

!! Jets + missing energy 

!! Jets + missing energy + 2 OS leptons 

!! Jets + missing energy + 2 photons 

!! Higgs 

!! WW production & H!W+W- 
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The CMS detector 
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Works beautifully! 

(talks by G. Tonelli & M. de Gruttola) 
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Exotica Searches: Overview 

!! Excited Vector Bosons 

!! W’ – search for enhancement/peak in transverse mass 
spectrum 

!! Z’ – search for resonance in dilepton invariant mass spectrum 

!! Leptoquarks 

!! 1st and 2nd generation searches via                                         
pair-production from gluon fusion 

!! decay to quark and lepton 

!! Extra Dimensions 

!! Microscopic Black Hole search 
!! Decay via Hawking radiation with equal probability to all SM 

particles 

!! (additionally, searches for large ED in dimuon events and 
Randall-Sundrum gravitons in diphoton channel) 
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W’ searches 
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W’!ev 

W’!µ! 

!! W’ a heavy analogue of  SM W with same couplings 

!! identify high pT lepton (e or !), pT > 30 GeV 

!! Search for peak/enhancement in transverse mass spectrum (e/! + 
missing transverse energy) 

!! Data agree with SM expectation 

!! from W’!e" channel exclude W’ masses below 1.36 TeV 

!! from W’!!" channel exclude W’ masses below 1.40 TeV 

!! Combination of  e and ! channel results in 95% CL exclusion        
of  W’ masses below 1.58 TeV 

more stringent 

limit compared 
D0 & CDF 

(1.1 TeV) 

arXiv:1103.0030 

arXiv:1012.4945 
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Z’ searches 

!! Search for resonance in di-lepton mass distribution 
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!! Identify 2 muons with 
pT>20 GeV or 2 electrons 
with pT > 25 GeV 

!! Dilepton invariant mass 
spectra consistent with SM 
expectations 

!! No sign of  new resonance 

!! Z’SSM with Standard-Model-
like couplings can be 
excluded below 1140 GeV 

!! Superstring-inspired Z’# 
excluded below 887 GeV 

!! RS Kaluza-Klein gravitons 
below 855–1079 GeV          
for couplings of  0.05–0.1  

!! (all at 95% C.L.) 

8 6 Dilepton Invariant Mass Spectra
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Figure 2: Invariant mass spectrum of µ+µ− (left) and ee (right) events. The points with error
bars represent the data, and the filled histograms represent the expectations from SM processes:
Z/γ∗, tt, tW, diboson production, Z → ττ and the multi-jet backgrounds. The open histogram
shows the signal expected for a Z′

SSM with a mass of 750 GeV.
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Figure 3: Cumulative distribution of invariant mass spectrum of µ+µ− (left) and ee (right)
events. The points with error bars represent the data, and the filled histogram represents the
expectations from SM processes.
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Z’ searches 

!! Search for resonance in di-lepton mass distribution 
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!! Identify 2 muons with 
pT>20 GeV or 2 electrons 
with pT > 25 GeV 

!! Dilepton invariant mass 
spectra consistent with SM 
expectations 

!! No sign of  new resonance 

!! Z’SSM with Standard-Model-
like couplings can be 
excluded below 1140 GeV 

!! Superstring-inspired Z’# 
excluded below 887 GeV 

!! RS Kaluza-Klein gravitons 
below 855–1079 GeV          
for couplings of  0.05–0.1  

!! (all at 95% C.L.) 
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8 6 Limits on the Production Cross Section
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Figure 2: Invariant mass spectrum of (left) µ+µ− and (right) ee events. The points with error
bars represent the data, and the filled histograms represent the expectations from SM processes:
Z/γ∗, tt, tW, diboson production, Z → ττ and the multi-jet backgrounds. The open histogram
shows the signal expected for a Z′

SSM with a mass of 750 GeV.
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Figure 3: Cumulative distribution of invariant mass spectrum of (left) µ+µ− and (right) ee
events. The points with error bars represent the data, and the filled histogram represents the
expectations from SM processes.
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Leptoquarks 
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1st gen 

1st gen 

1st Generation: LQ!qe 

similar for 2nd generation: LQ!qµ 

!! Pair production of  leptoquarks 
!! search for events with two leptons         

(e and !) and two jets 

!! lepton pT > 30 GeV and |$|< 2.5        

     (2.4 for !‘s) 

!! jets with pT > 30 GeV and |$|< 3.0 

!! Discriminating variables: 
!! dilepton invariant mass 

!! require large mass to reject Z’s 

!! Mee (M!!) >  125 (115) GeV 

!! scalar sum of  transverse energies of  
leading and subleading leptons and jets 

!! ST = ET(l1)+ET(l2)+ET(j1)+ET(j2) 

!! mass dependent ST cut (>250 GeV) 

!! Main backgrounds from Drell-Yann + 
jets and top pair production 
!! Normalise DY background in Z control 

region 

arXiv:1012.4031 

arXiv:1012.4033 



Henning Flaecher 

5

the observed limit on cross section is 0.225 pb.
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Figure 2: (Left) The expected and observed 95% C.L. upper limit on the scalar leptoquark pair
production cross section multiplied by β2 as a function of the LQ mass, together with the NLO
theoretical cross section curve. The shaded band on the theoretical values includes CTEQ6.6
PDF uncertainties and the error on the leptoquark production cross section due to renormaliza-
tion and factorization scale variation by a factor of two. The shaded region is excluded by the
current DØ limits [11]. (Right) The minimum β for 95% C.L. exclusion of the leptoquark hy-
pothesis as a function of leptoquark mass. The observed limit and corresponding uncertainty
band is obtained by considering the observed upper limit and theoretical branching ratio and
its uncertainty in the left-hand figure. Note: The shaded area excluded by the DØ experiment
was determined with combined information from the decay channel with two muons and two
jets and the decay channel with one muon, missing transverse energy, and two jets.

In summary, a search for pair production of second-generation scalar leptoquarks decaying to
two muons and two jets has been performed using 7 TeV pp collision data corresponding to
an integrated luminosity of 34.0 pb−1. The number of observed candidate events agrees well
with the number of expected standard model background events. A Bayesian approach that
includes the treatment of systematic uncertainties as nuisance parameters is used to set limits
on the LQ cross section times β2 as a function of LQ mass. At 95% C.L., the pair production of
second-generation scalar leptoquarks with masses below 394 GeV is excluded for β = 1, where
β is the leptoquark branching fraction into a muon and a quark. This is the most stringent limit
to date on the existence of second-generation scalar leptoquarks.

We extend our thanks to Michael Krämer for providing the tools for calculation of the lepto-
quark theoretical cross section and PDF uncertainty. We wish to congratulate our colleagues
in the CERN accelerator departments for the excellent performance of the LHC machine. We
thank the technical and administrative staff at CERN and other CMS institutes, and acknowl-
edge support from: FMSR (Austria); FNRS and FWO (Belgium); CNPq, CAPES, FAPERJ,
and FAPESP (Brazil); MES (Bulgaria); CERN; CAS, MoST, and NSFC (China); COLCIEN-
CIAS (Colombia); MSES (Croatia); RPF (Cyprus); Academy of Sciences and NICPB (Estonia);
Academy of Finland, ME, and HIP (Finland); CEA and CNRS/IN2P3 (France); BMBF, DFG,
and HGF (Germany); GSRT (Greece); OTKA and NKTH (Hungary); DAE and DST (India);
IPM (Iran); SFI (Ireland); INFN (Italy); NRF and WCU (Korea); LAS (Lithuania); CINVES-
TAV, CONACYT, SEP, and UASLP-FAI (Mexico); PAEC (Pakistan); SCSR (Poland); FCT (Portu-

Leptoquarks 
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!! Set limit on BF * Cross section in absence of  excess 
!! % is BF for LQ ! qe 

!! (1-%) is BF for LQ ! q"e 

!! MLQ > 384 GeV for %=1 (1st gen) 

!! MLQ > 394 GeV for %=1 (2nd gen) 
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Extra Dimensions: Black Holes 
!! Creation of  microscopic Black Holes possible when the two partons from colliding beams pass 

each other at a distance smaller than the Schwarzschild radius corresponding to their invariant 
mass 

!! Black holes instantaneously decay via Hawking evaporation with an emission of  large number of  
energetic objects: 

!!  dominated (75%) by quark and gluons, with the rest going into leptons, photons, W/Z, h, etc. 

!! Discriminating variable: 

!!  ST = &ET, where the sum is over all the objects with ET > 50 GeV, including MET 

!! Completely data-driven QCD background determination using a novel technique: 

!!  ST-invariance of  the final state multiplicity 
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arXiv:1012.3375 

1

One of the exciting predictions of theoretical models with extra spatial dimensions and low-
scale quantum gravity is the possibility of copious production of microscopic black holes in
particle collisions at the CERN Large Hadron Collider (LHC) [1, 2]. Models with low-scale
gravity are aimed at solving the hierarchy problem, the puzzlingly large difference between
the electroweak and Planck scales.

In this Letter we focus on microscopic black hole production in a model with large, flat, ex-
tra spatial dimensions, proposed by Arkani-Hamed, Dimopoulos, and Dvali, and referred to
as the ADD model [3, 4]. This model alleviates the hierarchy problem by introducing n extra
dimensions in space, compactified on an n-dimensional torus or sphere with radius r. The mul-
tidimensional space-time is only open to the gravitational interaction, while the gauge interac-
tions are localized on the 3 + 1 space-time membrane. As a result, the gravitational coupling
is enhanced at distances smaller than r, and Newton’s law of gravitation is modified at short
distances. The “true” Planck scale in 4 + n dimensions (MD) is consequently lowered to the
electroweak scale, much smaller than the apparent Planck scale of MPl ∼ 1016 TeV seen by a
3 + 1 space-time observer. The relationship between MD and MPl follows from Gauss’s law
and is given as M2

Pl = 8πMn+2
D rn, using the Particle Data Group (PDG) definition [5].

Such a change in space-time structure and subsequent strengthening of the gravitational field in
the ADD model could allow black hole formation in particle collisions at energies greater than
MD, rather than MPl, which is the case for a truly 4-dimensional world. Colliding particles
would collapse in a black hole if their impact parameter were smaller than the Schwarzschild
radius of a black hole with the mass MBH equal to the total energy accessible in the collision.
The Schwarzschild radius of a black hole with mass MBH embedded in 4+ n space-time can be
found by solving Einstein’s general relativity equations and is given by [6, 7]:

rS =
1√

πMD

[
MBH

MD

8Γ
( n+3

2
)

n + 2

] 1
n+1

.

The parton-level cross section of black hole production is derived from geometrical considera-
tions and is given by σ ∼ πr2

S [1, 2]. At LHC energies, this cross section can reach 100 pb for MD
of 1 TeV. The exact cross section cannot be calculated without knowledge of the underlying the-
ory of quantum gravity and is subject to significant uncertainty. It is commonly accepted [1, 2]
that the minimum black hole mass Mmin

BH cannot be smaller than MD; although the formation
threshold can be significantly larger than this. When a black hole is formed, some fraction of
the colliding parton energy may not be trapped within the event horizon and will be emitted in
the form of gravitational shock waves, which results in energy, momentum, and angular mo-
mentum loss. This effect is particularly model-dependent for black hole masses close to MD.
In general, black holes in particle collisions are produced with non-zero angular momentum,
which also affects their properties and production cross section.

Once produced, the microscopic black holes would decay thermally via Hawking radiation
[8], democratically (with equal probabilities) to all standard model (SM) degrees of freedom.
Quarks and gluons are the dominant particles produced in the black hole evaporation (∼ 75%)
because they have a large number of color degrees of freedom. The remaining fraction is ac-
counted for by leptons, W and Z bosons, photons, and possibly Higgs bosons. Emission of
gravitons by a black hole in the bulk space is generally expected to be suppressed [9]. In
some models the evaporation is terminated earlier, when the black hole mass reaches MD,
with the formation of a stable non-interacting and non-accreting remnant. The Hawking tem-
perature for a black hole in 4 + n space-time is given by [1, 2, 7]: TH = n+1

4πrS
(in Planck units
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Extra Dimensions: Black Holes 
!! In absence of  

an excess, set 
limits on the 
minimum BH 
mass 

!! 3.5-4.5 TeV in 
semi-classical 
approximation 
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!! 10 jet candidate 
event with         
ST = 1.3 TeV 

 (TeV) min
BH

M

2.5 3 3.5 4 4.5 5

 (
p
b
)

!
-1

10

1

10

2
10

Non-rotating Black Holes

 = 3.0 TeV, n = 2
D

M

 = 2.0 TeV, n = 4
D

M

 = 1.5 TeV, n = 6
D

M

Theoretical Cross Section

 = 3.0 TeV, n = 2
D

M

 = 2.0 TeV, n = 4
D

M

 = 1.5 TeV, n = 6
D

M

-1CMS, 35 pb

 = 7 TeVs

arXiv:1012.3375 



Henning Flaecher 

SUSY Searches: Overview 

!! Supersymmetry an excellent candidate for Dark Matter 

!! R-parity conserving SUSY gives rise to stable lightest SUSY particle (LSP) 

!! missing energy signature 

!! CMS follows a topology driven approach: 

!! Search for heavy pair-produced particles that decay to SM particles and LSP 

!! direct decay of  squarks or gluinos to quarks (jets) + LSP 

!! cascade decays via charginos resulting in leptons 

!! In case of  GGM, neutralino decay to photon + gravitino (LSP) 

!! diphoton + jets + missing energy signature 
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SUSY searches:  
jets + missing energy 

!! pair production of  heavy particles whose decay 
results in high pT jets 

!! Main problem: huge QCD multijet background! 

!! Basic Idea: deploy a simple and robust analysis 
based on kinematics – appropriate for early data 
!! Simplicity: use of  kinematic information ('T variable) 

!! Robustness: protection against mis-measurements of  
jets in QCD events; signal region is practically QCD 
free 

!! Result: remaining backgrounds dominated by 
processes with real MET [i.e. EWK+top] 

!! Define: 

!! HT = &pT(ji) 

!! MHT = |-&pT(ji)| 

!! (HT=ET(pj1)-ET(pj2) 
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!T for  

n jets: 
!T for 
dijets: 

(form two pseudo-jets – defined by 

balance in “pseudo-jet” H
T
 = "E

T
) 

Expectation for QCD: #T = 0.5 

Jet mis-measurements: #T < 0.5 

! 

aT=
ET j2

MT j1j2

=
ET j2/ET j1

2(1" cos#$)
% 0.5

2 jets 

inspired by  
L. Randall & D. Tucker-Smith, 

Phys.Rev. Lett. 101 (2008) 221803 
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!! Event selection: 
!! Require >=2 jets with pT>50 GeV 

!! leading 2 jets with pT > 100 GeV 

!! Scalar sum of  jet pT, HT  > 350 GeV 

!! Explicit veto on  

!! isolated el/mu with pT>10 GeV 

!! photons with pT > 25 GeV 

!! 'T > 0.55 

!! QCD multijet events eliminated 

2 jets 

also works 

for $3 jets! 

arXiv:1101.1628 

SUSY searches:  
jets + missing energy 
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SUSY searches:  
jets + missing energy 
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 SM backgrounds predicted                                           
with 3 data-driven methods 
!! Total background (QCD, W/tt, Z!vv) 

extrapolating  'T ratio (R'T) from 
low HT to high HT region 

!! Two methods based on data only: 

!! 1) exponential HT dependence: 
9.4+4.8

-4.0 stat ± 1.0syst 

!! 2) No HT dependence (const. R'T ) 
12.5 ± 1.9stat ± 0.7syst 

!! W/tt background from muon control 
sample  

!! invert muon veto 

!! 6.1+2.8
-1.9stat ± 1.8syst 

!! Z!vv background from photon 
control sample 

!! invert photon veto 

!! 4.4+2.3
-1.6stat ± 1.8syst 

!! 13 events in data after full 
selection 
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arXiv:1101.1628 

!! kinematic 
properties 
compatible 
with SM 
expectation 

!! Meff = HT + MHT 
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Exclusion in the CMSSM 
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!! CMSSM: 4 parameter model assuming 
common gaugino and scalar masses at 
GUT scale (m1/2, m0) 

!! In absence of  signal, calculate 95% CL 
exclusion limit using Feldman-Cousins 

!! tan% independent exclusion 

!! Exclude squark and gluino masses of  
~550-650 GeV in CMSSM 

!! Selection efficiency approximately 
production-process independent 

!! 12% uncertainty on signal efficiency, 
dominated by 11% luminosity 
uncertainty arXiv:1101.1628 
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SUSY Searches: jets+MET+2leptons (OS) 

!! Selection: 
!! 2 isolated leptons (e or !)           

with pT > 10 GeV 

!! opposite charge 

!! Presence of  leptons strongly reduces 
QCD background 

!! >=2 jets with pT > 30 GeV and          
|$|<2.5 

!! require HT > 300 GeV and       
y=MET/!HT > 8.5 !GeV                    
to suppress top background   

!! define signal and control regions in 
both variables (uncorrelated) 

!! Relate SM BG in signal region as 
ND=NAxNC/NB 

!! Additionally use similarity of  lepton 
and neutrino spectra to model 
missing energy distribution 

!! Cross check same flavour tt 
background with opposite flavour 
events 
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6 6 Acceptance and Efficiency Systematic Uncertainties
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Figure 2: Distributions of y vs. HT for SM MC (2-dimensional histogram) and data (scatter
plot). Here our choice of the ABCD regions is also shown.

the requirements HT > 300 GeV and pT(!!)/
√

HT > 8.5 GeV1/2. This leads to a predicted174

background of 2.1 ± 2.1 (stat.) ± 0.6 (syst.) after applying the correction factor K50 × KC =175

2.1± 0.6, as shown in Figure 3 (left).176

As a validation of the pT(!!) method in a region with higher statistics, we also apply the pT(!!)177

method in control region A by restricting HT to be in the range 125–300 GeV. Here the pre-178

diction is 9.0± 6.0 (stat.) background events, in good agreement with the observed yield of 12179

events, as shown in Figure 3 (right).180

In summary, for the signal region defined as HT > 300 GeV and y > 8.5 GeV1/2: we observe181

one event in the data, SM MC predicts 1.3 events, the ABCD method predicts 1.3± 0.8 (stat.)±182

0.3 (syst.) events, and the pT(!!) method predicts 2.1± 2.1 (stat.)± 0.6 (syst.) events.183

All three background predictions are consistent within their uncertainties. We thus take as184

our best estimate of the SM yield in the signal region the error-weighted average of the two185

background estimates based on data and find a number of predicted background events NBG =186

1.4 ± 0.8, in good agreement with the observed signal yield. We therefore conclude that no187

evidence for a non-SM contribution to the signal region is observed.188

6 Acceptance and Efficiency Systematic Uncertainties189

The acceptance and efficiency, as well as the systematic uncertainties in these quantities, de-190

pend on the signal model. For some of the individual uncertainties, it is reasonable to quote191

values based on SM control samples with kinematic properties similar to the SUSY benchmark192

models. For others that depend strongly on the kinematic properties of the event, the system-193

atic uncertainties must be quoted model by model.194

The systematic uncertainty in the lepton acceptance consists of two parts: the trigger efficiency195

uncertainty and the identification and isolation uncertainty. The trigger efficiency for two lep-196

4 4 Background Estimates from Data
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Figure 1: Distributions of (top left) scalar sum of jet transverse energies (HT), (top right)
y ≡ Emiss

T /
√

HT, (bottom left) dilepton invariant mass M(!!), and (bottom right) dilepton
transverse momentum pT(!!) for SM MC and data after preselection. The last bin contains the
overflow. Here tt̄ → !+!− corresponds to dilepton tt̄, including t → W → τ → !; tt̄ → other
includes all other tt̄ decay modes, and VV indicates the sum of WW, WZ, and ZZ. The MC
distributions for the LM1 benchmark points are also shown.

in Section 4.112

The MC predicts 1.3 SM events, dominated by dilepton tt̄, in the signal region. The expectations113

for the LM0 and LM1 points are 8.6 and 3.6 events, respectively.114

4 Background Estimates from Data115

We have developed two independent methods to estimate from data the background in the116

signal region. The first method exploits the fact that HT and y are nearly uncorrelated for the117

tt̄ background. Four regions (A, B, C, and D) are defined in the y vs. HT plane, as indicated in118

Figure 2, where region D is the signal region defined in Eq. 1. In the absence of a signal, the119

yields in the regions A, B, and C can be used to estimate the yield in the signal region D as120

ND = NA × NC/NB; this method is referred to as the “ABCD method”.121

The expected event yields in the four regions for the SM MC, as well as the background predic-122

tion NA × NC/NB, are given in Table 2. We observe good agreement between the total SM MC123

predicted and observed yields. A 20% systematic uncertainty is assigned to the predicted yield124

of the ABCD method to take into account uncertainties from contributions of backgrounds125

other than dilepton tt̄ (16%), finite MC statistics in the closure test (8%), and variation of the126

boundaries between the ABCD regions based on the uncertainty in the hadronic energy scale127

(8%).128

The second background estimate, henceforth referred to as the dilepton transverse momentum129
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Figure 1: Distributions of (top left) scalar sum of jet transverse energies (HT), (top right)
y ≡ Emiss

T /
√

HT, (bottom left) dilepton invariant mass M(!!), and (bottom right) dilepton
transverse momentum pT(!!) for SM MC and data after preselection. The last bin contains the
overflow. Here tt̄ → !+!− corresponds to dilepton tt̄, including t → W → τ → !; tt̄ → other
includes all other tt̄ decay modes, and VV indicates the sum of WW, WZ, and ZZ. The MC
distributions for the LM1 benchmark points are also shown.

in Section 4.112

The MC predicts 1.3 SM events, dominated by dilepton tt̄, in the signal region. The expectations113

for the LM0 and LM1 points are 8.6 and 3.6 events, respectively.114

4 Background Estimates from Data115

We have developed two independent methods to estimate from data the background in the116

signal region. The first method exploits the fact that HT and y are nearly uncorrelated for the117

tt̄ background. Four regions (A, B, C, and D) are defined in the y vs. HT plane, as indicated in118

Figure 2, where region D is the signal region defined in Eq. 1. In the absence of a signal, the119

yields in the regions A, B, and C can be used to estimate the yield in the signal region D as120

ND = NA × NC/NB; this method is referred to as the “ABCD method”.121

The expected event yields in the four regions for the SM MC, as well as the background predic-122

tion NA × NC/NB, are given in Table 2. We observe good agreement between the total SM MC123

predicted and observed yields. A 20% systematic uncertainty is assigned to the predicted yield124

of the ABCD method to take into account uncertainties from contributions of backgrounds125

other than dilepton tt̄ (16%), finite MC statistics in the closure test (8%), and variation of the126

boundaries between the ABCD regions based on the uncertainty in the hadronic energy scale127

(8%).128

The second background estimate, henceforth referred to as the dilepton transverse momentum129
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SUSY Searches: jets+MET+leptons 
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!! Set limit in absence 
of  signal 

!! 95% CL upper limit 
on BSM contribution 
is 4.7 events 

!! limit tan% dependent 
and most sensitive for 
low tan% values 

!! extended reach over 
Tevatron tri-lepton 
analysis 

!! Equivalent search in 
same sign dilepton 
channel: SUS-10-004 

SUS-10-007 

Data BG 

Prediction 

SM MC 

1 1.4 ± 0.8 1.3 

CMS preliminary 
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SUSY Searches:  
jets+MET+diphotons 

!! Search for General Gauge 
Mediated SUSY Breaking 
!! LSP is the gravitino 

!! Neutralino is NLSP 

!! decaying to photon and gravitino 

!! Event selection 

!! photon candidates with              
pT > 30 GeV and |$|<1.4 (barrel) 

!! >=1 jet with pT > 30 GeV          
and |$| < 2.6 

!! Main Backgrounds: 
!! QCD processes with diphoton     

or photon + jet production 

!! W!ev + jets with electron 
misidentified as photon 

!! estimated from Z!ee data  
control sample  
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No excess of diphotons  

events observed 

SUS-10-002 

CMS preliminary 
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SUSY Searches: jets+MET+photons 

!! Upper limits on production 
cross-section in squark-gluino 
mass plane ranging from          
0.3 – 1.1 pb for gluino and 
squark masses between         
500 – 2000 GeV 

!! assumes Neutralino mass of         
150 GeV  
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!! 95% CL limit excluded 
squark and gluino masses 
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CMS preliminary 
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WW production and 
consequences for Higgs search 

!! Diboson production main 
background to H!W+W- 
channel 

!! select two high-pT, oppositely 
charged isolated leptons 

!! pT > 20 GeV 

!! Missing ET > 20 GeV and 
projected MET > 35 GeV  

!! Z veto: Mll > MZ +15 GeV 

!! top veto:  

!! jet veto (pT > 25 GeV),      
soft muon & b-tag veto 

!! To gain sensitivity to 
Higgs!W+W- consider 
opening angle of  leptons 
()ll and Mll 
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arXiv:1102.5429 

!! W+W- cross section: 

!! 13 events in data with estimated BG of  3.3 ± 0.5stat 
± 1.1syst  

!! *W+W- = 41.1 ± 15.3stat ± 5.8syst ± 4.5lumi pb 

!! SM: "W+W- =  43.0 ± 2.0 pb @ NLO 

!! SM H! W+W- cross section limits:  

!! 3 times SM @ MH = 160 GeV @ 95%CL 

!! Sequential fourth family of  fermions with very high 
masses and Higgs with SM couplings 

!! 144 < MH < 207 GeV excluded @ 95% CL 

arXiv:1102.5429 
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Conclusions & Outlook 
!! New Physics searches well underway 

!! with focus on data driven background estimation methods 

!! Investigating a wide variety of  New Physics scenarios: 

!! Excited V-Bosons 

!! Leptoquarks 

!! Extra-Dimensions 

!! Supersymmetry 

!! Higgs 

!! and many more I didn’t have time to cover 

!! see 
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults 

!! Unfortunately no smoking gun seen so far, but 

!! CMS (and ATLAS) have entered new territory, superseeding 
Tevatron searches in many areas 

!! Many more exciting results can be expected for Summer 
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