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Outline
Introduction

CMS operations

Very short : Ingredients (Jets, Pflow, ...)

High-pT QCD
Incl jet cross section

Di-jet observables

Multi-jet studies

“Heavy” Quark production
Strangeness and Quarkonia

b-production

top-production

W and Z production
Conclusions
Note: 
Nothing on low-pt QCD, UE, FWD, Heavy Ions.
Focus on the very recent results
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Figure 2: Measured differential cross sections dσ/dpB
T (left) and dσ/dyB (right) compared with

the theory predictions. The error bars are the statistical uncertainties, while the (yellow) band
represents the sum in quadrature of statistical and systematic uncertainties, excluding the com-
mon branching fraction and luminosity uncertainties. The solid and dashed blue lines are the
MC@NLO prediction and its uncertainty, respectively. The solid red line is the PYTHIA pre-
diction.

are calculated separately in each bin, and account for bin-to-bin migrations (a few percent) due
to the resolution on the measured momentum and rapidity.

The cross section is affected by several sources of systematic uncertainty arising from the signal
yields, efficiencies, branching fractions, and luminosity. Uncertainties of the signal yields arise
from potential fit biases and imperfect knowledge of the PDF parameters (2–5%), ct resolution
function (1–2%), and the effects of final-state radiation on the signal shape in MB (< 1%). Un-
certainties of the trigger (2%), muon identification (1%), and tracking (1–4%) efficiencies are
all determined directly from data. The contribution (1–4%) related to the B+ momentum spec-
trum is evaluated by reweighting the shape of the pB

T distribution generated with PYTHIA to
match the spectrum predicted by MC@NLO 3.4 [27]. An uncertainty of 1.5% is assigned to the
efficiency of the vertex quality requirement, which is cross-checked in data by performing a fit
on the inclusive sample after removing this selection. The effect of tracker misalignment on the
cross sections due to variations in the signal yields and efficiencies is estimated to be approxi-
mately 2% using samples simulated with a different alignment than the nominal one. The total
systematic uncertainty of the cross section measurement in each bin is computed as the sum
in quadrature of the individual uncertainties, and is summarized in Table 1. In addition, there
are common uncertainties of 3.5% from the branching fractions and 11% from the luminosity
measurement [28].

The differential cross sections as functions of pB
T and yB are shown in Fig. 2 and Table 1. They are

compared with the predictions of MC@NLO using a b-quark mass of 4.75 GeV, renormalization
and factorization scales µ =

�
m2

b + p2
T, and the CTEQ6M parton distribution functions [29].

The uncertainty on the predicted cross section is calculated by varying the renormalization
and factorization scales by a factor of two, mb by ±0.25 GeV, and by using the CTEQ6.6 parton
distribution set. For reference, the prediction of PYTHIA is also included, using a b-quark mass
of 4.8 GeV, CTEQ6L1 parton distributions [29], and the D6T tune to simulate the underlying
event. The total integrated cross section for pB

T > 5 GeV and
��yB

�� < 2.4 is calculated as the
sum over all pB

T bins and is found to be 28.1 ± 2.4 ± 2.0 ± 3.1 µb, where the first uncertainty is
statistical, the second is systematic (including the branching fraction uncertainty), and the last
is from the luminosity measurement. Systematic uncertainties that are uncorrelated between
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The CMS Detector

3



Liverpool
Jan 11 G. Dissertori : Recent SM Results from CMS

The CMS Detector
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Remember (for this talk):
Large magnetic field
High precision tracking
High granularity and resolution in ECAL
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Integrated Luminosity 2010 (pp running)

4

Reliable operations with 47 pb-1 delivered by LHC
CMS recorded 43 pb-1. Overall data taking larger than 90%
 ~85% recorded with all subdetectors in perfect conditions.

Note: all subdetectors have at least 98% of all channels operational!

MinBias/
low-pT

b-Physics

Jets

W / Z
Top

Searches
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The Ingredients for
the preparation of 

our menu:
Trigger

and object reconstruction
Observed so far:

Excellent performance in Physics Object Reconstruction
(Tracks, Electrons, Muons, Jets, MET, Particle Flow)

in the following, only some statements about Pflow, since rather specific to CMS
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Jet Reconstruction 
CalorimeterJet (calojet)

from energy depositions grouped in 
HCAL & ECAL

Jet Plus Tracks (JPT)
Calorimeters jets corrected with 
tracker momentum

Particle Flow Jets (PFJ): 
Reconstructed particles using 
information from all sub-detectors; 
separate calibration per particle type 

TrackJets
from tracks only

Jet Algorithms:
Default for p+p collisions is 
anti-KT with R = 0.5
Also implemented: KT, SiSCone

6
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Jet Reconstruction 
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Calorimeters jets corrected with 
tracker momentum

Particle Flow Jets (PFJ): 
Reconstructed particles using 
information from all sub-detectors; 
separate calibration per particle type 

TrackJets
from tracks only

Jet Algorithms:
Default for p+p collisions is 
anti-KT with R = 0.5
Also implemented: KT, SiSCone

6

Using different inputs allows CMS to 
study and constrain experimental 

systematics for good understanding 
of jet identification, resolutions and 

energy scale
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CMS performance: PF jets
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CMS performance: PF jets
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CMS performance: PF jets

Jet performance matches simulation very well, PF JEC uncertainties: 3-5 %
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High-Pt QCD
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Inclusive jet cross section
Inclusive jet pT spectra 
are in good agreement 
with NLO theory for all 
reconstruction types

Extending to very low pT 
thanks to novel 
reconstruction methods 
(Particle Flow)

Low pT reach limited 
from theory side by non-
perturbative corrections
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full 2010 dataset and 
3% Jet Energy Scale
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How to reduce uncertainties?
Look at angular correlations as 
function of di-jet mass

10

probes parton scattering with 
light dependency on PDF 

•  flat for t-channel gluon exchange 

•  new physics ! excess at low !"

no lumi uncertainty
very weak JES uncertainty

Sensitivity up to Λ=5 TeV with 2010 data; 
Tevatron limits Λ > 2.8-3 TeV



Liverpool
Jan 11 G. Dissertori : Recent SM Results from CMS

How to reduce uncertainties?
Look at angular correlations as 
function of di-jet mass

10

probes parton scattering with 
light dependency on PDF 

•  flat for t-channel gluon exchange 

•  new physics ! excess at low !"

no lumi uncertainty
very weak JES uncertainty

Sensitivity up to Λ=5 TeV with 2010 data; 
Tevatron limits Λ > 2.8-3 TeV

NEW !

Corrected
for det.effects

prelim.
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Correlations in Azimuth

11

High sensitivity to ISR,
much less to FSR

Independent of luminosity

Weakly dependent on 
Jet Energy Scale
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High sensitivity to ISR,
much less to FSR

Independent of luminosity

Weakly dependent on 
Jet Energy Scale

NEW !
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for det.effects
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High sensitivity to ISR,
much less to FSR

Independent of luminosity

Weakly dependent on 
Jet Energy Scale
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Hadronic Event Shapes

12

!  Central transverse thrust 

CMS PAS QCD-10-013

robust against choice of jet 
reconstruction, as well as 
JEC and JER uncertainties
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!  Central transverse thrust 

CMS PAS QCD-10-013

robust against choice of jet 
reconstruction, as well as 
JEC and JER uncertainties
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Hadronic Event Shapes

12

!  Central transverse thrust 

CMS PAS QCD-10-013

robust against choice of jet 
reconstruction, as well as 
JEC and JER uncertainties

Corrected for det.effects,
using SVD unfolding!

NEW ! Similar conclusions to phi de-correlation study:
PY6, PY8 and HW++ predict data rather well.

ALPGEN and MadGraph overestimate the fraction of 
back-to-back di-jet events, and underestimate 3-jet contrib.
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QCD: prompt γ production

prompt

Bkgd from 
decays
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Discr. variable: σηη

arXiv 1012.0799

13from: G. Rolandi, Paris, Dec 2010
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QCD: prompt γ production

prompt

Bkgd from 
decays
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crystal− i
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⎞ 
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Discr. variable: σηη

arXiv 1012.0799

13from: G. Rolandi, Paris, Dec 2010

Lumi error (11%) not included

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

Def. at parton level: no hadr. energy > 5 GeV, R<0.4
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Production of
“heavy” quarks:

s ➔ Quarkonia ➔ b ➔ top 
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Strangeness Production
Reconstruction of Ks, Λ, Ξ−

15

NEW !
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Strangeness Production
Reconstruction of Ks, Λ, Ξ−

15

NEW !

Striking diff. Data-MC, 
increases with strangeness 
content

CMS prelim.
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J/ψ production cross sections
Acceptance strongly dependent on polarization!
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J/ψ production cross sections
Acceptance strongly dependent on polarization!

Null polarization 
scenario

arXiv 1011.4193
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J/ψ production cross sections
Acceptance strongly dependent on polarization!

Null polarization 
scenario

arXiv 1011.4193
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Υ production

|ηµ|<1

arXiv 1012.5545

(2S,3S) vs 1S mass 
difference fixed to 
PDG value in the fit
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Υ production

|ηµ|<1

arXiv 1012.5545

(2S,3S) vs 1S mass 
difference fixed to 
PDG value in the fit

Polarization not included: +- 20 % effect

Also measured:
2S/3S over 1S ratio
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Υ production

|ηµ|<1

arXiv 1012.5545

(2S,3S) vs 1S mass 
difference fixed to 
PDG value in the fit

Polarization not included: +- 20 % effect

Also measured:
2S/3S over 1S ratio

Pythia: shape ok, 
but integ. x-sec 2x 
too high
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B-quark identification
Identification with semi-leptonic decay into muons

Low momentum (3 GeV) single-muon trigger thresholds at CMS 
startup; Method based on pTrel of muon to nearest jet 
Can probe inclusive beauty production at low momentum

Secondary vertex identification
Exploit high precision of pixel tracker and long B hadrons lifetimes
Efficient secondary vertex reconstruction for ETjet>20 GeV
Excellent for b-jet studies at larger momenta
Inclusive secondary vertex finder as a powerful tool for angular 
correlation studies

B-hadron exclusive decay reconstruction
Competitive performance in J/ψ X decay channels with J/ψ → mu+mu-

First published result: B+→J/ψ K+ differential cross section

18

CMS-PAS-
BPH-10-007

CMS-PAS-
BPH-10-009

CMS-PAS-
BPH-10-010

CERN-PH-
EP-2010-087

New results!

ICHEP2010 results
from: V. Chiochia, Pauli-Workshop, 
Zurich, Jan 2011



Liverpool
Jan 11 G. Dissertori : Recent SM Results from CMS

Differential cross sections

19

6 6 Systematics
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Figure 2: Differential cross section (a) dσ
dpµ

⊥
(pp → b + X → µ + X�, |ηµ| < 2.1), and (b)

dσ
dηµ (pp → b + X → µ + X�, pµ

⊥ > 6 GeV). The points with error bars are the CMS measure-
ments. The horizontal bars indicate the bin width. The yellow band shows the quadratic sum
of statistical and systematic errors. The systematic error (11 %) of the luminosity measurement
is not included. The dashed red lines illustrate the MC@NLO theoretical uncertainty as de-
scribed in the text. The solid green line shows the PYTHIA result.

Table 1: Differential b-quark cross section dσ/dpµ
⊥ for |ηµ| < 2.1 in bins of muon transverse

momentum. The number of b-events (Nb) determined by the fit, the efficiency (ε) of the online
and offline event selection, and the differential cross section together with its relative statistical,
systematic, and luminosity uncertainty are given.

pµ
⊥ Nb ε dσ/dpT [nb/GeV] stat sys lumi

6-7 GeV 2897 ± 140 0.56 ± 0.01 640 5% 15% 11%
7-8 GeV 1479 ± 96 0.61 ± 0.01 297 7% 15% 11%
8-10 GeV 1674 ± 93 0.67 ± 0.01 154 6% 14% 11%
10-12 GeV 771 ± 58 0.69 ± 0.02 68 7% 12% 11%
12-14 GeV 282 ± 38 0.76 ± 0.02 23 14% 13% 11%
14-16 GeV 135 ± 27 0.73 ± 0.04 11 20% 14% 11%
16-20 GeV 131 ± 25 0.78 ± 0.04 5.2 19% 12% 11%
20-30 GeV 102 ± 20 0.77 ± 0.04 1.6 19% 11% 11%

The muon trigger efficiency [30] has been determined from data in minimum bias events. The
statistical uncertainty on the trigger efficiency amounts to 3–5 %, depending on the muon trans-
verse momentum and pseudorapidity, and is taken as a systematic uncertainty. The muon
reconstruction efficiency is known to a precision of 3 %.

The tracking efficiency for hadrons is known with a precision of 4 % [31]. This induces a sys-
tematic uncertainty of 2% on the number of events passing the event selection. The uncertainty
in the tracking efficiency affects the b-fraction in the fit by about 1 %.
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dpµ
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(pp → b + X → µ + X�, |ηµ| < 2.1), and (b)

dσ
dηµ (pp → b + X → µ + X�, pµ

⊥ > 6 GeV). The points with error bars are the CMS measure-
ments. The horizontal bars indicate the bin width. The yellow band shows the quadratic sum
of statistical and systematic errors. The systematic error (11 %) of the luminosity measurement
is not included. The dashed red lines illustrate the MC@NLO theoretical uncertainty as de-
scribed in the text. The solid green line shows the PYTHIA result.

Table 1: Differential b-quark cross section dσ/dpµ
⊥ for |ηµ| < 2.1 in bins of muon transverse

momentum. The number of b-events (Nb) determined by the fit, the efficiency (ε) of the online
and offline event selection, and the differential cross section together with its relative statistical,
systematic, and luminosity uncertainty are given.

pµ
⊥ Nb ε dσ/dpT [nb/GeV] stat sys lumi

6-7 GeV 2897 ± 140 0.56 ± 0.01 640 5% 15% 11%
7-8 GeV 1479 ± 96 0.61 ± 0.01 297 7% 15% 11%
8-10 GeV 1674 ± 93 0.67 ± 0.01 154 6% 14% 11%
10-12 GeV 771 ± 58 0.69 ± 0.02 68 7% 12% 11%
12-14 GeV 282 ± 38 0.76 ± 0.02 23 14% 13% 11%
14-16 GeV 135 ± 27 0.73 ± 0.04 11 20% 14% 11%
16-20 GeV 131 ± 25 0.78 ± 0.04 5.2 19% 12% 11%
20-30 GeV 102 ± 20 0.77 ± 0.04 1.6 19% 11% 11%

The muon trigger efficiency [30] has been determined from data in minimum bias events. The
statistical uncertainty on the trigger efficiency amounts to 3–5 %, depending on the muon trans-
verse momentum and pseudorapidity, and is taken as a systematic uncertainty. The muon
reconstruction efficiency is known to a precision of 3 %.

The tracking efficiency for hadrons is known with a precision of 4 % [31]. This induces a sys-
tematic uncertainty of 2% on the number of events passing the event selection. The uncertainty
in the tracking efficiency affects the b-fraction in the fit by about 1 %.

from: V. Chiochia, Pauli-Workshop, 
Zurich, Jan 2011

prelim. prelim.

BPH-10-007
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Differential cross sections
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Table 1: Differential b-quark cross section dσ/dpµ
⊥ for |ηµ| < 2.1 in bins of muon transverse

momentum. The number of b-events (Nb) determined by the fit, the efficiency (ε) of the online
and offline event selection, and the differential cross section together with its relative statistical,
systematic, and luminosity uncertainty are given.

pµ
⊥ Nb ε dσ/dpT [nb/GeV] stat sys lumi

6-7 GeV 2897 ± 140 0.56 ± 0.01 640 5% 15% 11%
7-8 GeV 1479 ± 96 0.61 ± 0.01 297 7% 15% 11%
8-10 GeV 1674 ± 93 0.67 ± 0.01 154 6% 14% 11%
10-12 GeV 771 ± 58 0.69 ± 0.02 68 7% 12% 11%
12-14 GeV 282 ± 38 0.76 ± 0.02 23 14% 13% 11%
14-16 GeV 135 ± 27 0.73 ± 0.04 11 20% 14% 11%
16-20 GeV 131 ± 25 0.78 ± 0.04 5.2 19% 12% 11%
20-30 GeV 102 ± 20 0.77 ± 0.04 1.6 19% 11% 11%

The muon trigger efficiency [30] has been determined from data in minimum bias events. The
statistical uncertainty on the trigger efficiency amounts to 3–5 %, depending on the muon trans-
verse momentum and pseudorapidity, and is taken as a systematic uncertainty. The muon
reconstruction efficiency is known to a precision of 3 %.

The tracking efficiency for hadrons is known with a precision of 4 % [31]. This induces a sys-
tematic uncertainty of 2% on the number of events passing the event selection. The uncertainty
in the tracking efficiency affects the b-fraction in the fit by about 1 %.
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The muon trigger efficiency [30] has been determined from data in minimum bias events. The
statistical uncertainty on the trigger efficiency amounts to 3–5 %, depending on the muon trans-
verse momentum and pseudorapidity, and is taken as a systematic uncertainty. The muon
reconstruction efficiency is known to a precision of 3 %.

The tracking efficiency for hadrons is known with a precision of 4 % [31]. This induces a sys-
tematic uncertainty of 2% on the number of events passing the event selection. The uncertainty
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5 Results
The inclusive b-quark production cross section σ is calculated according to

σ ≡ σ(pp → b + X → µ + X�, pµ
⊥ > 6 GeV, |ηµ| < 2.1) =

Ndata
b
L ε

.

The efficiency ε includes the trigger efficiency (82 %), the muon reconstruction efficiency (97 %),
and the efficiency for associating a track jet to the reconstructed muon (77 %). The trigger
efficiency is determined from data, the other two efficiencies are taken from MC simulation.

The result of the inclusive b-quark production cross section within the kinematic range is

σ = (1.48± 0.04stat ± 0.22syst ± 0.16lumi) µb.

The systematic error is discussed in the following section. For comparison, the inclusive b-
quark production cross section predicted by PYTHIA and MC@NLO are:

σPYTHIA = 1.8 µb,
σMC@NLO = [0.84+0.36

−0.19(scale)± 0.08(mb)± 0.04(pdf)] µb.

The error for MC@NLO is obtained by changing the QCD renormalization and factorization
scales independently from half to twice their default values within a ‘fiducial’ volume as in
Ref. [29]. The massive HERWIG calculation agrees with the MC@NLO prediction within the
theorectical uncertainties.

The results of the differential b-quark production cross section as a function of the muon trans-
verse momentum and of the pseudorapidity are shown in Fig. 2 and summarized in Tables 1
and 2. The templates for the fraction fit are determined separately for each bin. While the prel

⊥
distributions are similar in all bins of muon pseudorapidity, a shift to higher prel

⊥ values is ob-
served in the bins corresponding to higher muon transverse momenta. The differential cross
section is calculated from

dσ(pp → b + X → µ + X�)
dx

����
bin i

=
Ni,data

b
L εi ∆xi ,

where x stands for the muon transverse momentum or the muon pseudorapidity, and ∆xi de-
notes the width of bin i. The number Ni,data

b of selected b events in data and the efficiency ε i are
determined separately for each bin. The integral of the differential cross section is consistent
with the cross section determined for the full sample.

6 Systematics
The systematic errors of this analysis are dominated by the description of the udsg background
and of the underlying event. The modeling of b-quark production, semileptonic b-hadron de-
cays, and the signal efficiency is better understood and has less impact on the systematic error.
Table 3 summarizes the systematic errors.
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Figure 2: Measured differential cross sections dσ/dpB
T (left) and dσ/dyB (right) compared with

the theory predictions. The error bars are the statistical uncertainties, while the (yellow) band
represents the sum in quadrature of statistical and systematic uncertainties, excluding the com-
mon branching fraction and luminosity uncertainties. The solid and dashed blue lines are the
MC@NLO prediction and its uncertainty, respectively. The solid red line is the PYTHIA pre-
diction.

are calculated separately in each bin, and account for bin-to-bin migrations (a few percent) due
to the resolution on the measured momentum and rapidity.

The cross section is affected by several sources of systematic uncertainty arising from the signal
yields, efficiencies, branching fractions, and luminosity. Uncertainties of the signal yields arise
from potential fit biases and imperfect knowledge of the PDF parameters (2–5%), ct resolution
function (1–2%), and the effects of final-state radiation on the signal shape in MB (< 1%). Un-
certainties of the trigger (2%), muon identification (1%), and tracking (1–4%) efficiencies are
all determined directly from data. The contribution (1–4%) related to the B+ momentum spec-
trum is evaluated by reweighting the shape of the pB

T distribution generated with PYTHIA to
match the spectrum predicted by MC@NLO 3.4 [27]. An uncertainty of 1.5% is assigned to the
efficiency of the vertex quality requirement, which is cross-checked in data by performing a fit
on the inclusive sample after removing this selection. The effect of tracker misalignment on the
cross sections due to variations in the signal yields and efficiencies is estimated to be approxi-
mately 2% using samples simulated with a different alignment than the nominal one. The total
systematic uncertainty of the cross section measurement in each bin is computed as the sum
in quadrature of the individual uncertainties, and is summarized in Table 1. In addition, there
are common uncertainties of 3.5% from the branching fractions and 11% from the luminosity
measurement [28].

The differential cross sections as functions of pB
T and yB are shown in Fig. 2 and Table 1. They are

compared with the predictions of MC@NLO using a b-quark mass of 4.75 GeV, renormalization
and factorization scales µ =

�
m2

b + p2
T, and the CTEQ6M parton distribution functions [29].

The uncertainty on the predicted cross section is calculated by varying the renormalization
and factorization scales by a factor of two, mb by ±0.25 GeV, and by using the CTEQ6.6 parton
distribution set. For reference, the prediction of PYTHIA is also included, using a b-quark mass
of 4.8 GeV, CTEQ6L1 parton distributions [29], and the D6T tune to simulate the underlying
event. The total integrated cross section for pB

T > 5 GeV and
��yB

�� < 2.4 is calculated as the
sum over all pB

T bins and is found to be 28.1 ± 2.4 ± 2.0 ± 3.1 µb, where the first uncertainty is
statistical, the second is systematic (including the branching fraction uncertainty), and the last
is from the luminosity measurement. Systematic uncertainties that are uncorrelated between

|yB|<2.4

pTB>5 GeV

Signal extracted from simultaneous fit to invariant mass and lifetime 
distributions

from: V. Chiochia, Pauli-Workshop, 
Zurich, Jan 2011

arXiv:1101.0131



Liverpool
Jan 11 G. Dissertori : Recent SM Results from CMS

B+ → J/ψ K+

21

5

 [GeV]
T

 p+B
5 10 15 20 25 30

b/
G

eV
]

µ
X;

 |y
 | 

< 
2.

4)
 [

+
 B

!
 (p

p 
T

/d
p

"d

-210

-110

1

10

PYTHIA (MSEL 1, CTEQ6L1)
 = 4.75 GeV)

b
MC@NLO (CTEQ6M, m

MC@NLO total uncertainty

CMS Data

 = 7 TeVsCMS  
-1L = 5.8 pb

BF (3.5%) and Lumi (11%) uncertainties not shown

 y+B
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4

b]
µ

 >
 5

 G
eV

) [
+ B T

X;
 p

+
 B

!
/d

y 
(p

p 
"d

0

2

4

6

8

10

PYTHIA (MSEL 1, CTEQ6L1)
 = 4.75 GeV)

b
MC@NLO (CTEQ6M, m

MC@NLO total uncertainty

CMS Data

 = 7 TeVsCMS  
-1L = 5.8 pb

BF (3.5%) and Lumi (11%) uncertainties not shown

Figure 2: Measured differential cross sections dσ/dpB
T (left) and dσ/dyB (right) compared with
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MC@NLO prediction and its uncertainty, respectively. The solid red line is the PYTHIA pre-
diction.
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to the resolution on the measured momentum and rapidity.

The cross section is affected by several sources of systematic uncertainty arising from the signal
yields, efficiencies, branching fractions, and luminosity. Uncertainties of the signal yields arise
from potential fit biases and imperfect knowledge of the PDF parameters (2–5%), ct resolution
function (1–2%), and the effects of final-state radiation on the signal shape in MB (< 1%). Un-
certainties of the trigger (2%), muon identification (1%), and tracking (1–4%) efficiencies are
all determined directly from data. The contribution (1–4%) related to the B+ momentum spec-
trum is evaluated by reweighting the shape of the pB

T distribution generated with PYTHIA to
match the spectrum predicted by MC@NLO 3.4 [27]. An uncertainty of 1.5% is assigned to the
efficiency of the vertex quality requirement, which is cross-checked in data by performing a fit
on the inclusive sample after removing this selection. The effect of tracker misalignment on the
cross sections due to variations in the signal yields and efficiencies is estimated to be approxi-
mately 2% using samples simulated with a different alignment than the nominal one. The total
systematic uncertainty of the cross section measurement in each bin is computed as the sum
in quadrature of the individual uncertainties, and is summarized in Table 1. In addition, there
are common uncertainties of 3.5% from the branching fractions and 11% from the luminosity
measurement [28].

The differential cross sections as functions of pB
T and yB are shown in Fig. 2 and Table 1. They are

compared with the predictions of MC@NLO using a b-quark mass of 4.75 GeV, renormalization
and factorization scales µ =

�
m2
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T, and the CTEQ6M parton distribution functions [29].

The uncertainty on the predicted cross section is calculated by varying the renormalization
and factorization scales by a factor of two, mb by ±0.25 GeV, and by using the CTEQ6.6 parton
distribution set. For reference, the prediction of PYTHIA is also included, using a b-quark mass
of 4.8 GeV, CTEQ6L1 parton distributions [29], and the D6T tune to simulate the underlying
event. The total integrated cross section for pB
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bins are added quadratically, while correlated uncertainties are added linearly. This result lies166

between the predictions of MC@NLO, 19.1+6.5
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−1.4 (mass)± 0.6 (PDF) µb, and PYTHIA167

(36.2 µb).168

In summary, the first measurements of the total differential cross sections for B+ mesons pro-169

duced in pp collisions at
√

s = 7 TeV, using the decay B+ → J/ψ K+, have been presented.170

The measurements cover a range in pB
T from 5 GeV to greater than 30 GeV, and the rapidity171

range
��yB

�� < 2.4. The result is in reasonable agreement with theoretical predictions in terms172

of shape, but has an absolute normalization approximately 1.5 times larger than the MC@NLO173
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Pythia

Experimental uncertainties (~7%) dominated by fit PDF shapes and tracking efficiency
BF (3.5%) and luminosity (11%) uncertainties not shown in figures

|yB|<2.4

pTB>5 GeV

Signal extracted from simultaneous fit to invariant mass and lifetime 
distributions
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Inclusive b-jet production

Experimental uncertainties (~20%) 
dominated by b-tagging efficiency and jet 
energy scale

MC@NLO uncertainties dominated by scale 
variations (+40%,-25%) and b-quark mass 
(+17%,-14%)
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8 5 Conclusion

factorization and renormalization scales were set to µF = µR = pT. The inclusive b-jet predic-
tion is calculated with MC@NLO [27, 28] using the CTEQ6M PDF set and the nominal b-quark
mass of 4.75 GeV, giving a total b cross section of 238 µb. The parton shower is modeled using
Herwig 6.510 [29]. The results are compared to a NLO theory prediction (MC@NLO) and to the
Pythia MC (tune D6T [30]), and are found to be in good agreement with Pythia and in reason-
able agreement with MC@NLO. The NLO calculation is found to describe the overall fraction
of b jets at pT > 18 GeV and |y| < 2.0 well, but with significant shape differences in pT and y.

Fitting the measured ratio of data to Pythia in the phase space window 30 < pT < 150 GeV
and |y| < 2.0 to a constant, we obtain a global scale factor of 0.99 ± 0.02(stat) ± 0.21(syst),
where the systematic uncertainty is a weighted average over all the bins contributing to the
fit. The fit has χ2/NDF = 43.4/47. Repeating the same fit for the ratio between reconstructed
MC and generator-level MC results in a scale factor of 1.009 ± 0.005 with χ2/NDF = 246/46,
confirming good closure of the analysis chain. Finally, the NLO/MC global scale factor is
1.04 ± 0.05.

The total b cross section of 238 µb from the MC@NLO calculation has a sizable uncertainty
from the choice of renormalization scale between µR = 0.5 and µR = 2 (+40%, −25%), from
CTEQ PDF variations (+10%, −6%), and from the choice of b-quark mass between 4.5 GeV
and 5.0 GeV (+17%,−14%). The dominant scale uncertainty is overlaid as an uncertainty band
around the MC@NLO prediction in Figs. 7(b) and 8.
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Figure 7: Measured b-jet cross section compared to the MC@NLO calculation, overlaid (left)
and as a ratio (right). The Pythia prediction is also shown, for comparison.

5 Conclusion
We have measured the ratio of b-jet to inclusive jet production in pp collisions at

√
s = 7 TeV

center-of-mass energy for an integrated luminosity of 60 nb−1. We find an overall good agree-
ment between data and Pythia in the jet transverse momentum range 30 < pT < 150 GeV
and rapidity |y| < 2.0, within about 2% statistical uncertainty and 21% systematic uncertainty.
We also observe a reasonable agreement between the MC@NLO calculation and the measured
overall b-jet fraction, within the 21% systematic uncertainty, but observe significant shape dif-
ferences in pT and y.
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5 Conclusion
We have measured the ratio of b-jet to inclusive jet production in pp collisions at

√
s = 7 TeV

center-of-mass energy for an integrated luminosity of 60 nb−1. We find an overall good agree-
ment between data and Pythia in the jet transverse momentum range 30 < pT < 150 GeV
and rapidity |y| < 2.0, within about 2% statistical uncertainty and 21% systematic uncertainty.
We also observe a reasonable agreement between the MC@NLO calculation and the measured
overall b-jet fraction, within the 21% systematic uncertainty, but observe significant shape dif-
ferences in pT and y.

Generally good agreement with Pythia above 
40 GeV
Shape differences with MC@NLO at large pT 
and forward region

CTEQ6M PDF
mb=4.75 GeV

BPH-10-009

from: V. Chiochia, Pauli-Workshop, 
Zurich, Jan 2011
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B-hadron angular correlations
Motivation: 

What fraction of the b-quark cross section is given by collinear b pair production?
How does this fraction evolve with the hardness of the scattering process?

Experimental problem:
Measurements based on tagged jets have finite resolution due to jet clustering sizes

New technique:
Reconstruct B-hadron momentum from primary and secondary vertices
Secondary vertex finder seeded with high IP tracks, jet independent
Tertiary vertices from chain decays (b→c) merged into a single B candidate

23
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Angular correlations: results

24

CMS Preliminary

CMS Preliminary

pT(B)>15 GeV, |η(B)|<2, |η(lead.jet)|<3
MC normalized to yellow region for shape comparison

in the collinear BB region

NEW !

from: V. Chiochia, Pauli-Workshop, 
Zurich, Jan 2011
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Angular correlations: results

Sizable fraction of total BB cross section from collinear B-hadron pairs
Fraction of collinear BB production increases with leading jet pT

Data points between Pythia and Madgraph MC. MC@NLO and CASCADE 
below and above the data, respectively 

24

CMS Preliminary

CMS Preliminary

Ratio of  collinear over 
back-to-back region 

CMS Preliminary

pT(B)>15 GeV, |η(B)|<2, |η(lead.jet)|<3
MC normalized to yellow region for shape comparison

in the collinear BB region

NEW !

from: V. Chiochia, Pauli-Workshop, 
Zurich, Jan 2011
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Top prod. : Di-lepton channel

25

Using 3 pb-1 data sample
• Expect ∼10 events signal

Dilepton features: 
• less frequent but easy to see
• Clean final states, eµ the cleanest

Cut and count method
Selection

Online: Single e OR µ trigger
Offline
• Two opposite-charge leptons pT>20 GeV
• Lepton isolation
• Two or more jets (anti-Kt 0.5) with pT>30 GeV 
• MET > 30(20) GeV ee,µµ (eµ)
• Veto Mdilepton near Z in ee,µµ: |Mass-91| > 15GeV

Backgrounds
Non-W/Z e/µ from j→ l rate in QCD dijets
• “jet→ e/µ”: Includes fakes and b/c->e/µ
DY in ee/µµ  normalized to events near Z
MC for the rest: dibosons, tW, DY→ ττ

Phys. Lett. B 695 (2011) 424-443

from: S. Krutelyov, Pauli-Workshop, 
Zurich, Jan 2011

http://dx.doi.org/10.1016/j.physletb.2010.11.058
http://dx.doi.org/10.1016/j.physletb.2010.11.058
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Results

The measurement is dominated by statistical uncertainty
x10 more data available now ==> x2-3 more precision expected

26
from: S. Krutelyov, Pauli-Workshop, 
Zurich, Jan 2011

Phys. Lett. B 695 (2011) 424-443

http://dx.doi.org/10.1016/j.physletb.2010.11.058
http://dx.doi.org/10.1016/j.physletb.2010.11.058
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Top-like properties of selected events

Reconstructed top mass: includes all event information, gives a global view of 
consistency.  Two methods of reconstruction (different type of constraints) 
applied to find the solution.
Multiplicity of b-tagged jets: confirms high rate of b-tags as expected from top

27

11 events pass full selection:
 2.1±1.0 backgrounds

from: S. Krutelyov, Pauli-Workshop, 
Zurich, Jan 2011
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t-tbar : lepton+jets
Using 0.84 pb-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 

ttbar rate roughly consistent with 
NLO cross section

Up to experimental (JES, b-
tagging) and theoretical 
(scale, PDF, HF modeling, …) 
uncertainties.

based on early data  PAS TOP-10-004 and update to it shown at HCP2010
Update coming soon....

from: S. Krutelyov, Pauli-Workshop, 
Zurich, Jan 2011

http://cdsweb.cern.ch/record/1280706/files/TOP-10-004-pas.pdf
http://cdsweb.cern.ch/record/1280706/files/TOP-10-004-pas.pdf
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W and Z production



Liverpool
Jan 11 G. Dissertori : Recent SM Results from CMS

W and Z in e/µ channels 

W → µν

W → eν

Z → µµ

Z → ee

30

W → eν
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W/Z cross-sections
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arXiv:1012.2466 
Published results for 3/pb, analysis of full 2010 sample ongoing
Data-driven eff. and background estimations, such as T&P, isolation cut inversion
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W/Z cross-sections

31

arXiv:1012.2466 
Published results for 3/pb, analysis of full 2010 sample ongoing
Data-driven eff. and background estimations, such as T&P, isolation cut inversion

Accept. ~ 52-57 % (40-43 %) for W (Z) 
Estimated using POWHEG + CTEQ6.6
Acceptance: PDF syst. from comparing CTEQ6.6, 
MSTW08NLO, NNNPDF2.0 

Note: x-sec results also reported within the finite 
acceptance only!



Liverpool
Jan 11 G. Dissertori : Recent SM Results from CMS

Comparison with Theory 
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arXiv:1012.2466 

Theory pred. from NNLO (FEWZ) + MSTW08 PDFs

Theory PDF uncertainties : MSTW08,CTEQ6.6,NNPDF2.0, PDF4LHC prescription
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Comparison with Theory 
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arXiv:1012.2466 

Theory pred. from NNLO (FEWZ) + MSTW08 PDFs

Theory PDF uncertainties : MSTW08,CTEQ6.6,NNPDF2.0, PDF4LHC prescriptionW+ and W− consistent with 
PDF expectations
Close to challenging global PDF 
precision!
Limited primarily by +/- efficiency 
ratio (Z statistics)
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Lumi 
error

Clearly Lumi is the 
area with largest 
potential of 
improvement

Comparison with Theory arXiv:1012.2466 

W cross section non-lumi error 2.9%

Z cross section non-lumi error 3.9%
W/Z ratio total error 3.8% 

Internally consistent across channels
Everywhere close to systematics 
limited
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Z→ττ→τ-jet µ

34

µ Pt = 32.4 GeV/c
η = 1.7 

τ Pt = 37.4 GeV/c
η = 1.5
Mass = 1.2 GeV/c2 

from: G. Rolandi, Paris, Dec 2010
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Conclusions



Liverpool
Jan 11 G. Dissertori : Recent SM Results from CMS

Summary
The CMS experiment at the LHC
performs extremely well

The first year at 7 TeV has already given us a sample 
big enough to seriously test and challenge the SM

The speed, at which the two experiments deliver 
results, and their quality, is really impressive
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The last slide

Thanks!
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References (CMS results)

Gateway to collection of all CMS Results: 
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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Thanks to...
Input taken from (talks by)

G. Rolandi
S. Krutelyov
V. Chiochia
M. Konecki

Thanks to the organizers for the kind 
invitation!!


