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B physics at LHCB physics at LHC

● b quark in pp collisions:b quark in pp collisions:
– high cross sectionhigh cross section
– efficient tagging efficient tagging 

possibilitiespossibilities
– provide a test of QCD provide a test of QCD 

higher order correctionshigher order corrections
(production mechanism)(production mechanism)

– weak (production and) weak (production and) 
decay:decay:

● tool for testing also tool for testing also 
the weak sectorthe weak sector
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B physics at LHCB physics at LHC

– Early B physics at CMS (low luminosity):Early B physics at CMS (low luminosity):
● Quarkonia productionQuarkonia production
● inclusive b-jet productioninclusive b-jet production

  
– Later, with higher statistics:Later, with higher statistics:

● exclusive b-hadron decaysexclusive b-hadron decays
– test SM and BSM  physics (CP, rare decays)test SM and BSM  physics (CP, rare decays)

– Main tools: Main tools: 
● muons (semileptonic b, quarkonia ID)muons (semileptonic b, quarkonia ID)
● secondary vertexing (b-jet tagging)secondary vertexing (b-jet tagging)
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LHC and CMS performanceLHC and CMS performance

L≃2×1032 cm−2 s−1

Very good LHC performance and rapid
Improvement

LHC instantaneous pp luminosity  
2x1032 cm-2s-1

end of 2010 pp run:
 
43 pb-1  collected  by CMS

Low pT dimuon triggers initially 
optimized for J/ψ and Upsilon 

Only a fraction of the collected data is used for the results presented here
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relevant detectors for B physics 
(b-tagging and quarkonium detection):

●Silicon Tracker
●Muon Chambers
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tracker performancetracker performance

impact parameter resolution

impact parameter significance

secondary vertex displacement significance

very good data/MC
agreement

CMS-PAS-TRK-10-005 CMS-PAS-BTV10-001
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Di-lepton invariant massDi-lepton invariant mass

Stricter triggers now in place to 
limit storage rates.

Level-1 and HLT trigger:  
high capability and flexibility
 

down to low masses and pT, 
(especially low pT muon triggers)
 
(lower instantaneous luminosities 
at LHC start-up)
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Muon TriggerMuon Trigger

● Two trigger levelsTwo trigger levels
– Level 1Level 1  (hardware)(hardware)

● (fast) based on (fast) based on 
calorimeters & muon calorimeters & muon 
system (not combined)system (not combined)

– High Level TriggerHigh Level Trigger  
(software)(software)

● matches different matches different 
subdetectorssubdetectors

● based on fast local based on fast local 
tracking for muonstracking for muons

● trigger requirements trigger requirements changingchanging  
with increasing luminosity         with increasing luminosity         
(due to total rate issues)(due to total rate issues)

– Single muonSingle muon: : 

● pp
TT
> 3 GeV at start-up> 3 GeV at start-up

increasing to increasing to 
● pp

TT
> 7 GeV at  L > 7 GeV at  L ≈≈ 10 103131 cm cm-2-2ss-1-1

– Double muonDouble muon: : 
● No pNo p

TT
 threshold at start-up! threshold at start-up!

● at  L at  L ≈≈ 10 103131 cm cm-2-2ss-1 -1 ad-hoc ad-hoc 
strategies  for quarkonia strategies  for quarkonia 
(combination of different single (combination of different single 
muon triggers)muon triggers)

allows detection
of low-p

T 

quarkonia
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CMS muon detectors
pseudorapidity reach
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Muon identificationMuon identification

Global muon 
(outside-in):

Muon reconstructed in Muon 
detectors

matched to

reconstructed track

High pur ity
Low ef f iciency for  low 
momentum muon

Tracker muon 
(inside-out):

Track reconstructed in Silicon 
detectors

matched to

Track element in Muon detectors

lower  pur ity (high fake rate)
Higher  ef f iciency for  low 
momentum muon
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muon identification performancemuon identification performance

Muons from minimum bias eventsMuons from minimum bias events

detectors commissioned with 
cosmic runs in 2008 in 2009

CMS-PAS-MUO-10-002



Franco Ligabue               CMS B Physics                      Discrete2010 12

muon identification performancemuon identification performance

pion misidentification 
probability
from K

S
 decays

Tracker Muons Global Muons

kaon misidentification 
probability
from φ decays

CMS-PAS-MUO-10-002
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muon efficiencies: muon efficiencies: 
Tag & Probe methodTag & Probe method

exploit J/Ψ→ μμ  mass peak

tag muon: 
strictly 
identified

probe muon:
used to 
measure 
efficiency

can be used to measure on data
different efficiencies:

muon-ID
trigger
track quality cuts

CMS-PAS-MUO-10-002
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prompt and non-prompt J/prompt and non-prompt J/ψψ  
productionproduction

● motivations: motivations: 
– prompt production: prompt production: 

● test theoretical models test theoretical models 
(e.g. color singlet vs (e.g. color singlet vs 
octet) octet) 

● historical historical 
discrepancies with discrepancies with 
Tevatron dataTevatron data

– non prompt: from b hadron non prompt: from b hadron 
decaysdecays

● test B production and test B production and 
decay models at high decay models at high 
energiesenergies

● test QCD and PDFstest QCD and PDFs

CERN-PH-EP/2010-046
18 Nov 2010
Submitted to EPJC
arXiv:1011.4193



Franco Ligabue               CMS B Physics                      Discrete2010 15

prompt and non-prompt J/prompt and non-prompt J/ψψ  
productionproduction

●Acceptance window for muons

•  Track quality:
• number of hits in full tracker
• number of hits in pixel layers
• track fit χ2

•  Muon quality:
• fit χ2
• track-muon matching

•  Di-muon vertex quality

~27000 events selected

vertexing and tracking allow
separation between 
prompt and non-prompt
productionCMS Analysis:

(first 314 nb-1)
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prompt J/prompt J/ψ ψ cross sectioncross section

depends on the 
polarization of the J/ψ:
computed for 5 «extreme» cases

invariant mass fit in pre-defined p
T
 and y regions  

measured yield is corrected for

acceptance 
and

efficiency

kinematics and 
decay spectrum
from MC

linked to detector 
performance
from data (T&P)

prompt J/ψ:  unpolarized (isotropic decay)
non-prompt:  polarized as predicted by EvtGen

in the  MC:

null polarization scenario

prompt cross section
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J/J/ψ: acceptanceψ: acceptance  
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non-prompt non-prompt J/J/ψ ψ cross sectioncross section

u= pT/|pT|
x = SVxy - PVxyPV

SV

projection of measured vertex distance onto momentum direction

Decay length lxy resolutions depend on the pT and
mildly on the rapidity
pT (J/Psi) 0-2 GeV/c     ~250 µm 
pT (J/Psi) 10-30 GeV/c ~35 µm

Decay length parametrization :
Prompt :  δ-function
Non-prompt :  MC templates
all convoluted with a 3-Gaussian resolution
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non-prompt non-prompt J/J/ψ ψ cross sectioncross section

PV

SV
6.5<pT<10 GeV/c 
1.6<|y|<2.4

2.0<pT<4.5 GeV/c
 |y|<1.6
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prompt and non-prompt J/prompt and non-prompt J/ψ: ψ: 
comparison with theorycomparison with theory
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Y(nS) productionY(nS) production
●Similar selection as J/ψ:

●acceptance from MC
●efficiencies from data (T&P)

●fit to 3 Crystal Ball functions +
linear background

●main systematics from 
efficiency

important systematic
uncertainties
cancel out in the
ratio

X-section result depends 
on assumed polarization 
(~20% variation between 
5 extreme scenarios)
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Y(nS) production: Y(nS) production: 
comparison with theory and Tevatroncomparison with theory and Tevatron
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  exclusive B channelsexclusive B channels

BB±±→→J/J/ψψ K K±±

Analysis ongoing, 
based on larger statistics
(measuring differential cross section)

fit: 3 gaussians + exponential bkg

BB00→→J/J/ψψ K K00
SS

BB00→→J/J/ψψ K* K*00

Also:
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BBss
→→J/J/ψψ  φφ
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b semileptonic decaysb semileptonic decays

larger transverse momentum relative to jet axis
than with lighter flavour

use  p
T

rel  template shapes to fit for the b fraction 
in the selected events

signal template: MC validated on data with b-
enriched sample

light flavour templates: from hadron spectra in 
data combined with muon faking probability 
from MC 

charm template: from MC
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b semileptonic decaysb semileptonic decays

charm and light-flavours 
merged into a single template
(shapes too similar)

binned log-likelihood fit 
(bins of muon p

T
 and η)

non-lumi systematics 11-16%  
dominated by 
● underlying event simulation
● light flavour template shape
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b semileptonic decaysb semileptonic decays

MC@NLO consistently underestimates the cross section
larger discrepancies in the central region and at low transverse momentum 

mailto:MC@NLO
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Inclusive b-jet productionInclusive b-jet production
b-jet tagging exploiting secondary vertices (pixel detector)

complementary to semileptonic tagging 
(different systematics)

b-tagging efficiency validated on data
using semi-leptonic decays:

data/MC = 0.98±0.08(stat)±0.08(syst)
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Inclusive b-jet productionInclusive b-jet production

sample purity validated on data
using 
●vertex mass fit
●MC fake rates and measured signal efficiency

puritypurity

unfolding factorunfolding factor

b-tagging efficiencyb-tagging efficiency

jet efficiencyjet efficiency
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Inclusive b-jet productionInclusive b-jet production

Experimental uncertainties (~20%) dominated by 
b-tagging efficiency and jet energy scale (~5%)

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

good agreement with Pythia at high Pt

discrepancy with MC@NLO at high pt and
rapidity

mailto:MC@NLO
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Inclusive b-jet productionInclusive b-jet production

Jet energy corrections and luminosity 
systematic uncertainties cancel 
out

Pythia in perfect agreement in 
measured range

Indicates shape discrepancies with 
NLOJet++ (used to generate 
inclusive jets)  to MC@NLO ratio

Ratio of b-jet to all jets.
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ProspectsProspects

● Analysis of the entire 2010 data set going onAnalysis of the entire 2010 data set going on
● Many results expected:Many results expected:

● b-jet angular correlations b-jet angular correlations to study to study production mechanismproduction mechanism

● quarkonia production updates and quarkonia production updates and polarizationpolarization measurements  measurements 
(smaller systematics, also from increased statistics and finer binning)(smaller systematics, also from increased statistics and finer binning)

● integrated B meson mixing parameterintegrated B meson mixing parameter

● χχ
cc
 observation  observation 

● b hadron exclusive decays: b hadron exclusive decays: ((BB++→J/ψ K→J/ψ K++  ,,BB00→J/ψ K→J/ψ KSS, B, B
ss
→J/ψ φ,→J/ψ φ, Λ Λbb→J/ψΛ)→J/ψΛ)

(ΔΓ/Γ, CP violation)(ΔΓ/Γ, CP violation)
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ConclusionsConclusions

● CMS has recorded more than CMS has recorded more than 40pb40pb-1-1 of data at  of data at √√s = 7 TeVs = 7 TeV
● only a fraction used for the results shown here (basically data only a fraction used for the results shown here (basically data 

collected before the summer)collected before the summer)
● QuarkoniaQuarkonia production measurements already allow the comparison  production measurements already allow the comparison 

with theoretical models and with other experiments with theoretical models and with other experiments 
● systematics will go down with increasing statisticssystematics will go down with increasing statistics

● b quark inclusive production b quark inclusive production measured with complementary measured with complementary 
techniques: semileptonic decays and secondary vertexingtechniques: semileptonic decays and secondary vertexing
● hints of discrepancies with theoretical models (errors hints of discrepancies with theoretical models (errors 

comparable)comparable)
● some some exclusive decaysexclusive decays reconstructed reconstructed
● more results to come with full 2010 statistics!more results to come with full 2010 statistics!
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Backup
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CMS detectorCMS detector
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J/J/ψ: acceptanceψ: acceptance  
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J/Psi from b hadrons
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  J/J/ψ from b-hadrons: comparison ψ from b-hadrons: comparison 
with other LHC experiments and with other LHC experiments and 

with Tevatronwith Tevatron
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quarkonia to electronsquarkonia to electrons
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b quark production b quark production 
mechanismsmechanisms
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b-jet ansatz fitb-jet ansatz fit

assumed jet production shape:

smeared with a gaussian resolution function

unfolding correction



Franco Ligabue               CMS B Physics                      Discrete2010 42

CMS muon systemCMS muon system
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J/psi B fraction absolute systematicsJ/psi B fraction absolute systematics
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LHC in 2011LHC in 2011

 4 TeV (to be discussed at Chamonix)
 936 bunches (75 ns)
 3 micron emittance
 1.2 x 1011 protons/bunch
 beta* = 2.5 m, nominal crossing angle
 Hubner factor 0.2

2011: “reasonable” numbers

4

Peak luminosity 6.4  x 1032

Integrated per day 11 pb-1

200 days 2.2 fb-1

Stored energy 72 MJ

12/11/10 LHC status

Usual warnings apply – see problems, problems above
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primary vertex resolution: 25, 20 μm 

tracker resolutionstracker resolutions



Franco Ligabue               CMS B Physics                      Discrete2010 46

BB±±→→J/J/ψψ K K±±
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JES & JERJES & JER
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