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B-quark production at LHC

B Excellent test bench for perturbative QCD and Monte Carlo models

+ Tensions between data and theory gradually resolved at hadron
colliders with lower energy (Tevatron, HERA)

+ Early measurements at LHC can have smaller uncertainties than NLO
QCD predictions currently available

B B-quark jets are a frequent background to searches for new
physics
+ Rate and dynamics of b-quark production needs to be well measured
and reproduced by MC tools

B CMS detector is well suited for b-quark cross section
measurements, thanks to its excellent tracking and muon
identification, combined with a flexible trigger system
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Production processes in p-p

Flavour creation (FCR) B 22 processes:
+ Flavour creation: gluon fusion and qq annihilation

B 23 processes:

+ Flavour Excitation: bb from the proton sea, only one
b participates to the hard scatter, asymmetric
transverse momentum for the two b-quarks

+ Gluon splitting: g— bb in initial or final state, b at
low pT and close in the azimuthal angle (A)

+ Real and virtual corrections to Flavour creation

+ virtual
corrections
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2 to 3 processes dominant at the LHC!
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SILICON TRACKER
Pixels (100 x 150 um2)
~1m? ~B66M channels

Microstrips (80-180um)

Pxems ~200m? ~9.6M channels
CRYSTAL ELECTROMAGNETIC
Tracker CALORIMETER (ECAL)
EC AL ~76k scintillating PoWO, crystals
HCAL
Solenoid
PRESHOWER
Steel Yoke Silicon strips
M U@ﬂ S ~16m? ~137k channels
STEEL RETURN YOKE
~13000 tonnes
SUPERCONDUCTING
SOLENOID
Niobium-titanium coil
carrying ~18000 A FORWARD
CALORIMETER
Steel + quartz fibres
_ HADRON CALORIMETER (HCAL) ~2k channels
Total weight : 14000 tonnes Brass + plastic scintillator ~ MUON CHAMBERS
Overall diameter :15.0 m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7m Endcaps: 468 Cathode Strip & 432 Resistive Plate Chambers
Magnetic field :38T
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B-quark identification

® |dentification with semi-leptonic decay into muons
¢ Low momentum (3 GeV) single-muon trigger thresholds at CMS startup cMS-PAS-

¢ Can probe inclusive beauty production at low momentum BPH-10-007
B  Secondary vertex identification
+ Exploit high precision of pixel tracker and long B hadrons lifetimes
+ Efficient secondary vertex reconstruction for Ev¢>20 GeV CMS-PAS-
+ Particle flow jet reconstruction for reliable jet energy resolution BPH-10-009
¢+ Excellent for region at larger momenta
T e CMS preliminary 2010 \s=7TeV
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Measurement with
semileptonic decays into muons
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Semileptonic decays

B Exploit kinematics of semi-leptonic decay due to heavy quark mass
+ Muon transverse momentum w.r.t. jet on average larger for b-quark
+ Fraction of events with b-decays extracted from a fit with simulated pr® templates
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Muon ID performance

_Mm-blas dataset
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B Muon identification based on outside-in matching of
muon segments with tracks in the inner tracks,
“Global muons”

B Fraction of muons from Pions, Kaons and Protons
verified with resonance decays
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Cross section calculation

Efficiencies (e€):
Muon trigger ~82% (Data)
Muon reconstruction ~97% (MC)
Muon-jet association ~77% (MC)

L o
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Differential cross sections
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Experimental uncertainties (15-20%) dominated by modeling of fake muons and underlying event

MC@NLO: larger discrepancies at low pr* and central region
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FONLL and POWHEG
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B-jets production with
secondary vertex tagging
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Secondary vertices

CMS Preliminary 2010, \Ns =7 TeV, L =15 nb'
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Based on primary vertex finder
tool applied to tracks in a jet

Commissioning of secondary
vertex reconstruction shows
very good understanding of
discrimination variables

+ Track multiplicity
+ Flight distance significance

Invariant mass of tracks
associated to the vertex is a
useful tool to verify sample
purity after tagging

V. Chiochia (Uni. Zurich) — Beauty and charm production with CMS - CERN Physics Days, 3/12/2010 CERN 13



B jets cross section

B By tagging B jets we can extend the cross section measurement to large
transverse momenta

+ Exploit secondary vertex reconstruction with silicon pixel detector
+ 50-60% tagging efficiency for pr=100 GeV with 0.1% background contamination

B Different systematic uncertainties w.r.t. semi-leptonic decays
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Cross section calculation
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Results
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B Experimental uncertainties (~20%)
dominated by b-tagging efficiency and jet
energy scale

B MC@NLO uncertainties dominated by
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mass (+17%,-14%)
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Generally good agreement with Pythia
above 40 GeV

Shape differences with MC@NLO at large
pt and forward region
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Ratio to inclusive jets

CMS preliminary, 60 nb’ \s=7TeV
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Inclusive jet measurement:
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() B-hadron decays
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Charmed mesons
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Conclusions

®  First measurements of b-quark production in central region for p-p
collisions at Vs=7 TeV available

®  Significant uncertainties (up to 40%) on NLO QCD predictions

®  Two different techniques adopted:
+ Semi-leptonic decays into muons:
« Sensitive to low momentum region 6<pt*<30 GeV and |n®|<2.1
- Statistical error 5-20% with 8 nb-" and systematic error ~15-20%
« MC@NLO underestimates the cross section at low pt and central region
+ Jet cross section with secondary vertex b-tagging
« Covers wider pt range 18<pT<300 GeV and |y|<2
- Statistical error ~2% with 60 nb-' and systematic ~20%

« Good agreement with Pythia predictions

» Reasonable agreement with MC@NLO but shape differences observed for pr and y
dependence

®  Outlook:
+ Cross section measurements in exclusive decay channels (B, B*, Bs, Ab, open ¢)

+ Measurements of B-hadron angular correlations: disentangle production process
through final state topology
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BACKUP
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Muon cross section: systematics

source uncertainty
Trigger 3-5%
Muon reconstruction 3%
Tracking efficiency 2%
Background template shape uncertainty 1-10%
Background composition 3-6 %
Production mechanism 2-5%
Fragmentation 14 %
Decay 3 %
MC statistics 14 %
Underlying Event 10 %
Luminosity 11 %
total 16-20 %
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B jets: systematic uncertainties
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