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Run 2010

proton-proton: 7 TeV
35.9 pb-1

4% uncertainty (was: 11%)
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The Compact Muon Solenoid
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Tracking: |η| < 2.5

Central calorimetry: |η| < 3

Forward calorimetry: 3 < |η| < 5

integrated 
luminosity



Overview

• Jets

• W/Z + jets

• Top Quark Physics  
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CMS-PAS TOP-10-002

tt̄ Cross Section in the Lepton+Jets Channels w/o b-Tagging (CMS-PAS TOP-10-002)

µ+jets Channel:
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e+jets Channel:

µ+jets Channel:

Combined Measurement:

Combined Measurement:

Differential cross section

measurement in the backup!
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Jets
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JE
T

Jet Reconstruction at CMS

6

neutral 
hadron

photon

charged 
hadrons

1. Calorimeter Jets: calorimeter towers

2. Jet Plus Tracks: correct for tracks

3. Particle Flow: particle candidates
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10 4 Absolute Jet Energy Scale
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Figure 9: Data/Monte Carlo ratio of reponse from the MPF and the pT balance methods. The

optimal fit to both sets of data is shown with the statistical uncertainty band superimposed.

the secondary jet effect is more pronounced because it affects directly the transverse momen-

tum balance between the photon and the leading jet. In the MPF method, the presence of the

secondary jet(s) affects the measurement to a lesser extent and mainly through the response

difference between the leading jet and the secondary softer jet(s). To remove the observed bias,

the response measurements are repeated with decreasing values of the threshold on the sec-

ond jet pT. The measurement is then extrapolated to the p
jet2

T,max
= 0 value. Figure 8 shows the

data/Monte Carlo ratio, relative to the ECAL scale, for MPF and pT balance as a function of the

upper cut on the secondary jet pT. The data/Monte Carlo ratio is less than one for loose veto

cuts on the secondary jet pt, but extrapolates linearly to unity with p
jet2

T
→ 0 for both methods.

Figure 9 shows the data/Monte Carlo response ratio after the extrapolation to p
jet2

T,max
= 0 for

both MPF and pT balancing methods. The two measurements are statistically un-correlated to

a good approximation and the two sets of points are fitted together by the log-linear function

shown in the figure. The fit gives data/Monte Carlo = 0.993 ± 0.004(stat.) ± 0.026(syst.) at

pT = 50 GeV, relative to the ECAL scale. The measured points are also consistent with the no

pT dependence assumption.

In addition to the γ+jet sample, the absolute jet energy scale can also be measured from the

Z+jet sample. The currently available statistics do not allow for an accurate measurement but

this will be possible with ∼ 40 pb
−1

of integrated luminosity. Preliminary estimates indicate

that the absolute jet energy scale measured from the Z+jet sample is consistent with the result

from the γ+jet sample, to within 4% statistical uncertainty.

Once the jet energy scale is established precisely for PF jets, the estimated uncertainties are

transfered to the other jet types. This is done by direct jet-by-jet comparision between different

jet types in the QCD dijet sample. The PF and CALO (JPT) jets are spatially matched in the

η, φ plane by requiring ∆R =
�

(∆η)2 + (∆φ)2 < 0.25. For the matched jet pairs the relative

response of CALO (JPT) jets p
CALO

T
/p

PF

T
(p

JPT

T
/p

PF

T
) is measured as a function of p

PF

T
. The study

is described in detail in [1], where an excellent data/Monte Carlo agreement is observed, at

the level of 0.5% in the relative response between the jets types. This indicates that the preci-
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Figure 11: Overall uncertainty on the absolute jet energy scale for CALO jets (a), JPT jets (b)

and PF jets (c). The uncertainty for each algorithm is shown down to the lowest recommended

pT value.

! Transverse plane balancing

• Photon vs jet (pT balance)

• Photon vs missing ET (MPF)

Jet Absolute Response

10

γ+Jet events:

! Detector understood at few percent 
level already with 3 pb-1 of data

! Recent studies (36 pb-1) show 
improvements

JME-10-010

JME-10-010

Jets
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Jet Resolution Measurement

! Dijet asymmetry method:

11
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Inclusive Jet Cross Section

! Benchmark test of pQCD

! Extended previous results both 
at low and high pT

• From 18 GeV to over 1 TeV

! Six rapidity bins up to |y| = 3

! Data unfolded with resolution

! Good agreement with prediction 
over > 10 orders of magnitude

12

QCD-10-011
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8
Francesco Pandolfi Jet Results from CMS, 24.03.11

DiJet Cross Section vs Mass

! Additional test of pQCD

! Background for ‘bump hunting’

! Up to MJJ = 3.5 TeV/c2

! Data/theory compatible with 
inclusive jet measurement
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DiJet Azimuthal Decorrelations

! Sensitive to high-order QCD radiation

• Probes high jet multiplicities 
without measuring all jets

! Important test of MC description of 
multiple parton radiation

• Fundamental in precision 
measurements and search for 
new physics

! Best description of the data: Pythia6 
and Herwig++

15
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From pQCD Tests to Searches

! Dijet angular analysis: exponential 
difference of jet rapidity gap:

! Low dijet mass: stringent test of pQCD

! High mass: search for quark compositeness

• Contact interactions (CI) enhance 
central dijet production (χdijet ~ 1)

! Data well described by QCD prediction

• Excluding CI with Λ < 5.6 TeV
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Why is W/Z+jets interesting?

4

W/Z

q

q

Until now ME+PS Monte Carlo are the main tool for simulation 
therefore important to cross-check with data

     Furthermore final state contains 
Jets
Leptons
Missing Et

     => major background to new physics  

     Diagram: ordinary QCD+EWK

But very challenging for NLO 
calculations very challenging if there 
are many jets 

Recently done with up to 4(3) jets for 
W(Z)

W/Z + jets

11



W ! µ" and Z ! µµ selection
Select events using single muon triggers with a PT 
threshold in the range from 9 to 15 GeV

Requires one muon with:

‣ pT > 20 GeV,  |#| <2.1 and matched to the trigger

‣ Relative isolation ($pT (tk)+ $ET (had+em))/pT < 15%

‣ Muon quality criteria to reject punch-through and 
decays in flight

If second muon is found with 

‣ pT > 10 GeV,  |#| <2.4 

‣ 60 < Mµµ (GeV) < 120

=> event goes in the Z sample
Otherwise if  

‣ MT > 20 GeV

=> event goes in the W sample 
6

Results will be 
given inside 
acceptance 

Looser cuts on the second 
leptons increase statistics and 
reduce efficiency dependence 

on the number of jets  

W/Z + jets

12
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Observation of Z+b events
Z+b is a benchmark channel for MSSM Higgs searches
Large theoretical uncertainty at NLO reflects in the 30% difference 
between fixed- and variable-flavor schema calculation, e.g.

14

vs

Events with a Z and at least one jet 
are selected if the jet has a 
secondary vertex

Two different vertex based b-tag 
have been used: high purity and 
high efficiency

A cut MET < 40 GeV is applied to 
reject top events 
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Z + b observation
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Top Quark Physics
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The Top Story on Cross Sections and Properties

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP

tt̄ Cross Section Measurement in the Lepton+Jets Channels w/o b-Tagging (TOP-10-002)

tt̄ Cross Section Measurement in the Lepton+Jets Channels with b-Tagging (TOP-10-003)

tt̄ Cross Section Measurement in the Dilepton Channels (TOP-10-005)

Combination of tt̄ Cross Section Measurements and Comparison with Theory Predictions

(TOP-11-001)

Single Top Quark Cross Section Measurement (TOP-10-008)

Top Quark Mass Measurement in the Dilepton Channels (TOP-10-006)

Charge Asymmetry Measurement (TOP-10-010)

The m(tt̄) Spectrum and Searches for New Physics (TOP-10-007)

All presented results are obtained from the full 2010 pp dataset: L = (36± 1) pb−1

Jasmin.Gruschke@cern.ch (KIT) Top Physics @ CMS: Recent Results Moriond/QCD March, 29th 2011 2 / 20
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•  5"&%6,-78'
–  2m || 2e || em, 
isolated!

–  At least 2 central jets!
–  Z veto in 2m and 2e!
–  High MET!
–  B-tagging for 
supporting results!

•  0%6,-79:%,8'
–  1m || 1e, isolated!
–  At least 4 central 
jets!

–  High MET!
–  Alternative analyses 
w/ and w/o b-tagging!

challenging... 

!"#$$%
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CMS-PAS TOP-10-002

tt̄ Cross Section in the Lepton+Jets Channels w/o b-Tagging (CMS-PAS TOP-10-002)

Binned Likelihood Template Fit to �ET and
M3 (inv. mass of three jets with highest
vectorial summed pT) distributions

e+jets channel

µ+jets channel

Combined measurement in both

channels
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CMS-PAS TOP-10-002

tt̄ Cross Section in the Lepton+Jets Channels w/o b-Tagging (CMS-PAS TOP-10-002)
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tt̄ Cross Section in the Lepton+Jets Channels w/o b-Tagging (CMS-PAS TOP-10-002)

Binned Likelihood Template Fit to �ET and
M3 (inv. mass of three jets with highest
vectorial summed pT) distributions
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CMS-PAS TOP-10-002

tt̄ Cross Section in the Lepton+Jets Channels w/o b-Tagging (CMS-PAS TOP-10-002)

µ+jets Channel:
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Combined Measurement:

Differential cross section

measurement in the backup!
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CMS-PAS TOP-10-002

tt̄ Cross Section in the Lepton+Jets Channels w/o b-Tagging (CMS-PAS TOP-10-002)

µ+jets Channel:
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Differential cross section

measurement in the backup!
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5.2 Systematic Uncertainties 7

where the fit parameters βk are defined via

βk =
σk

σ
pred

k

(2)

and give the ratio of the measured and expected cross sections for the various processes k. Here,235

k denotes all processes which are taken into account, namely tt̄, W+jets, Z+jets, single top, and236

QCD. Since negative βk values are unphysical we do not allow βk to become smaller than zero237

in the fit. The templates for the different processes are denoted by αjk. The templates αjk are238

normalized to the corresponding predictions for process k for events with three jets and events239

with four or more jets. Due to the normalization of the fit templates to the prediction, the fitted240

value of βk can be directly interpreted as the scale factor one has to apply to the predicted cross241

section of a given process k to derive the measured cross section.242

Five templates are used in the fit. The templates for tt̄, single top, W+jets, and Z+jets are243

derived from the simulation, while the QCD template is derived from data, using a method that244

will be described later. The shapes of the M3 and /ET distributions of single top quark events245

are very similar to the distributions of tt̄ events. Due to this similarity and because of the very246

small number of expected single top quark events, an unconstrained fit of the single top quark247

contribution is not possible. However, since this process is theoretically well understood, the248

amount of single top quark events can be estimated based on simulations. Therefore βt, the fit249

parameter for single top, is not left free floating in the fit but rather constrained to 1.0± 0.3.250

In addition, the ratio between the W+jets and Z+jets cross sections is constrained to be within251

30% of the expectation from theory. The same βk parameters are used for both jet multiplicity252

bins. In order to derive the Neyman construction, pseudo-experiments are performed in which253

the number of events from the different processes are chosen randomly around the values254

predicted by simulations within approriate uncertainties.255

Specifically this is done by randomly choosing, for each background process, a value for βk256

from a normal distribution with mean value 1.0 and a width of 30% for W+jets, Z+jets and257

single top. Since the properties of QCD multi-jet events are more difficult to calculate, a more258

conservative uncertainty of 50% is used for this background. The templates of the different259

processes are then scaled with the corresponding βk values and summed together generating a260

pseudo-data distribution for /ET in the three jet bin and a pseudo-data distribution for M3 in the261

inclusive four jet bin. To simulate statistical fluctuations we then vary each bin content of the262

two distributions using Poisson statistics. A maximum likelihood fit to the templates is then263

performed on the distributions. This procedure yields one βfit

tt̄
for each pseudo-experiment and264

provides a map of any possible bias between the input and fitted value. We vary the value for265

βin

tt̄
between 0.0 and 3.0 in steps of 0.2 and perform 50,000 pseudo-experiments for each input266

value. Each set of pseudo-experiments gives a distribution of the fitted values βfit

tt̄
.267

The median and intervals containing the central 68% and 95% of the βfit

tt̄
of this distribution268

enter the Neyman construction. The Neyman construction is used to derive the result of the269

measurement as well as the total uncertainty on this result including statistical and systematic270

uncertainties.271

5.2 Systematic Uncertainties272

In general, the presence of a systematic uncertainty affects both the number of selected events

and the shape of the investigated discriminating observables, resulting in modified distribu-

tions α
syst

jk for the different processes. In order to estimate the effect of different sources of

systematic uncertainties we construct modified templates and draw the pseudo-data used for
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tt̄ Cross Section in the Lepton+Jets Channels w/o b-Tagging (CMS-PAS TOP-10-002)
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measurement in the backup!

Jasmin.Gruschke@cern.ch (KIT) Top Physics @ CMS: Recent Results Moriond/QCD March, 29th 2011 4 / 20

CMS-PAS TOP-10-002

tt̄ Cross Section in the Lepton+Jets Channels w/o b-Tagging (CMS-PAS TOP-10-002)

µ+jets Channel:
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measurement in the backup!
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CMS-PAS TOP-10-003

tt̄ Cross Section in the Lepton+Jets Channels with b-Tagging (CMS-PAS TOP-10-003)

Binned Likelihood Fit to the secondary vertex mass in the e+jets, µ+jets channel, and in the

combination of both channels

µ+jets; 1 b-tag:

µ+jets; 2 b-tags

e+jets Channel:

µ+jets Channel:

Combined Measurement:

Profiling: most important

systematics included as

parameters, thus their

impact reduced

µ+jets Channel:

µ-in-jet and neural net analyses as well as a counting experiment (e+jets

channel) in the backup!
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Binned Likelihood Fit to the secondary vertex mass in the e+jets, µ+jets channel, and in the

combination of both channels

µ+jets; 1 b-tag:
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e+jets Channel:

µ+jets Channel:

Combined Measurement:

Profiling: most important

systematics included as

parameters, thus their

impact reduced

µ+jets Channel:

µ-in-jet and neural net analyses as well as a counting experiment (e+jets

channel) in the backup!
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Binned Likelihood Fit to the secondary vertex mass in the e+jets, µ+jets channel, and in the

combination of both channels
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µ+jets; 2 b-tags

e+jets Channel:

µ+jets Channel:

Combined Measurement:

Profiling: most important

systematics included as

parameters, thus their

impact reduced

µ+jets Channel:

µ-in-jet and neural net analyses as well as a counting experiment (e+jets

channel) in the backup!
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CMS-PAS TOP-10-003

tt̄ Cross Section in the Lepton+Jets Channels with b-Tagging (CMS-PAS TOP-10-003)
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Additional Information on TOP-10-003

Jet multiplicity in muon
channel with at least one
muon-in-jet. The measured
cross section is

σtt̄ = 163 ± 21 (stat.) ±
35 (syst.) ± 7 (lumi.) pb

Fit result of neural net
analysis. The measured cross
section is

σtt̄ =

151 ± 15 (stat.) +35
−28 (syst.) ±

6 (lumi.) pb

b-tag multiplicity in the
electron channel. The
measured cross section is

σtt̄ =

169 ± 13 (stat.) +39
−32 (syst.) ±

7 (lumi.) pb

Jasmin.Gruschke@cern.ch (KIT) Top Physics @ CMS: Recent Results Moriond/QCD March, 29th 2011 15 / 20

23



24

CMS-PAS TOP-10-005

tt̄ Cross Section in the Dilepton Channels (CMS-PAS TOP-10-005)

Event counting with dedicated data-driven techniques for the estimation of background

contributions in the e+e−, the µ+µ−, and the e±µ∓ channels

Supporting Tables/Figures can be found in the

backup!

σtt̄ = 168 ± 18 (stat.) ± 14 (syst.) ± 7 (lumi.) pb

σtt̄/σZ/γ∗ = 0.175 ± 0.018 (stat.) ± 0.015 (syst.)

Jasmin.Gruschke@cern.ch (KIT) Top Physics @ CMS: Recent Results Moriond/QCD March, 29th 2011 6 / 20

3 channels:
  e+e-, e±mu±, mu+mu-

3 selections
  > 1 jet, no b-tag
  > 1 jet, b-tag
  = 1 jet, no b-tag
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CMS-PAS TOP-10-005

tt̄ Cross Section in the Dilepton Channels (CMS-PAS TOP-10-005)

Event counting with dedicated data-driven techniques for the estimation of background

contributions in the e+e−, the µ+µ−, and the e±µ∓ channels

Supporting Tables/Figures can be found in the

backup!
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CMS-PAS TOP-11-001

Combination of tt̄ Cross Section Measurements and Comparison with Theory Predictions

(CMS-PAS TOP-11-001)

σCMS

tt̄ = (158± 19) pb

σNLO

tt̄ (MCFM) = 158
+23

−24
pb

σNLO

tt̄ (HATHOR) = 160
+22

−23
pb

σapp. NNLO

tt̄ (HATHOR) = 164
+11

−13
pb

σapp. NNLO

tt̄ (Kidonakis) = 163
+11

−10
pb
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CMS-PAS TOP-10-006

Top Quark Mass Measurement in the Dilepton Channels (CMS-PAS TOP-10-006)

Two analysis techniques based on template fits: fully kinematic analysis (left) and analytical

matrix weighting technique (AMWT, right)

The shaded area

corresponds to the

background-only shapes;

PIPs show the LLH as

functions of mtop

mtop = 175.5 ± 4.6 (stat.) ± 4.6 (syst.) GeV/c2
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CMS-PAS TOP-10-010

Charge Asymmetry Measurement (CMS-PAS TOP-10-010)

At the Tevatron: Deviation > 3σ from SM predicted AFB ∼ 5%

At the LHC: Initial state symmetric (pp collider!) � charge asymmetry

(visible in |ηt |− |ηt̄ |)
Expected asymmetry is small AC = 0.0130(11) [Ferrario, Rodrigo, et. al.],
however, BSM like a Z �

or an axigluon could show up
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AC = 0.060 ± 0.134 (stat.) ± 0.026 (syst.)
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Additional Information on TOP-10-010
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Bring it on!


