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Heavy flavor physics at CMS
¥ CMS heavy flavor program uses (mainly) di-muon 

triggers.

¥ Di-muon mass resolution competitive with LHCb,
we still separate the Y states. 

¥ Owing to the pixel detector, we have excellent 
transversal and longitudinal vertex resolution

3

Trigger population

Di-muon mass resolution
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all results can be found at https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
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Inclusive b-jet production
Inclusive jet analysis
¥ Triggered with minimum bias and single jet

(pT depended)
¥ Collected luminosity 34 pb-1

¥ b-Jet selection by secondary vertex fit with 
3+ tracks

¥ c-Jet rejection using 3D decay length sign.
¥ Selected 43,046 jets

Jet + muon analysis
¥ Single muon trigger
¥ Collected luminosity 3 pb-1

¥ b-Jet selection secondary vertex fit 2+ tracks
¥ Muon in region of b-jet 
¥ Selected 113,561 jets
¥ b-fraction from template fit: (86 ± 5)%
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Inclusive b-jet results
¥ The b jet cross sections are presented in 

(scaled) rapidity ranges versus jet pT. 
¥ The cross section drops four orders of 

magnitude in the pT range.

¥ The ratio plot shows the comparison with 
MC@NLO and PYTHIA

¥ MC@NLO: 

¥ slightly underestimates the cross sections 
in the central region at high pT

¥ slightly overestimates the cross sections 
in the forward region at high pT

¥ PYTHIA: overestimates the cross sections 
at low pT
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Jet+muon analysis
¥ Differential cross sections compared to MC@NLO and PYTHIA

¥ Low pT jets show difference with PYTHIA prediction.
¥ Rapidity distribution shape different from MC@NLO prediction.
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b-jet cross section comparison
¥ For a comparison: adjustment for the visible phase space for 

the jet+muon analysis using PYTHIA.  
(reduced pseudorapidity region, exclusion of neutrinos)

¥ Jet and jet+muon analyses agree.

¥ CMS and ATLAS agree. 

¥ Data and MC@NLO agree.
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bb cross section with muon pairs
¥ Inclusive bb cross section reconstructed through 

double muon events:

¥ Using           pairs, single muons with pT>4 GeV or 6 GeV, |! |<2.1. 

¥ Fraction of                      estimated with 2D
template fit to muon impact parameter.

¥  Removal of Z and Y by rejecting
m!! >70 GeV and 8.9<m!! <10.6 GeV

9 JHEP 06 (2012) 110
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BB angular correlation
Measurement of angular correlations in BB hadron production 
¥ Lowest order pQCD diagrams predict back-to-back BB production
¥ Higher order diagrams emit additional partons (gluons). 
¥ Sensitive test to LO versus NLO cross sections and underlying 

production subprocesses.

 Iterative vertex finding (IVF) method to distinguish b jets
¥ Able to reconstruct multiple B hadrons in overlapping jets.

b-Jets only merge at very low angles.  
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BB angular correlation

¥ Distribution normalized in shaded region to see effects in small angle region.
¥ Sizable fraction of B-hadron pair cross section in back-to-back region.
¥ Collinearity increases for harder scattering region.
¥ Measurement is between PYTHIA and Madgraph predictions.
• MC@NLO and CASCADE are below the data.
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B meson cross sections
¥ Reconstruction of exclusive B meson channels:                       , 

                          and                      .

¥ Candidate selection based on reconstructed masses, muon pT, secondary 
(tertiary) vertex reconstructions and utilizing kinematic, mass constrained 
fits of the B-meson candidates.

¥ Reconstruction mass- and lifetime distributions fit simultaneously with 
extended maximum likelihood fits. Pdf’s setup for signal and background 
components.
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B+ differential cross section
¥ Cross section measurement corrected for efficiency and 

luminosity. 

¥ Distribution shapes  are in reasonable agreement with MC@NLO 
and PYTHIA

¥ Measured integrated cross section (pT>5GeV and |yB|<2.4):
 
in agreement with MC@NLO:
but significantly below PYTHIA:    

13
PRL 106, 112001 

(2011)

functions [29]. The uncertainty on the predicted cross
section is calculated by varying the renormalization and
factorization scales by a factor of 2, 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 [30] to simulate the underlying
event. The total integrated cross section for pB

T > 5 GeV
and jyBj < 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 !b, where the
first uncertainty is statistical, the second is systematic
(including the branching fraction uncertainty), and the
last is from the luminosity measurement. This result lies
between the predictions of MC@NLO, 25:5" 8:8

# 5:4$scale%
" 2:5
# 1:8 &

$mass% ! 0:8$PDF%!b, and PYTHIA (48:1 !b).
In summary, first measurements of the total and

differential cross sections for charged B production in pp
collisions at

ffiffiffi
s

p
' 7 TeV using the decay B! ! J=cK!

have been presented. The measurements cover the
range jyBj < 2:4 and pB

T from 5 GeV to greater than
30 GeV. The result is in reasonable agreement with the

predictions of MC@NLO in terms of shape and absolute
normalization.
We wish to congratulate our colleagues in the CERN

accelerator departments for the excellent performance of
the LHC machine. We thank the technical and administra-
tive 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); COLCIENCIAS (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); CINVESTAV, CONACYT, SEP, and
UASLP-FAI (Mexico); PAEC (Pakistan); SCSR (Poland);
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functions [29]. The uncertainty on the predicted cross
section is calculated by varying the renormalization and
factorization scales by a factor of 2, mb by ! 0:25 GeV,
and by using the CTEQ6.6 parton distribution set. For
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a b-quark mass of 4.8 GeV, CTEQ6L1 parton distributions
[29], and the D6T tune [30] to simulate the underlying
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respectively. The solid red line is the PYTHIA prediction.
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B0 differential cross section
¥ B0 cross sections, corrected for luminosity and efficiency.

¥ pT  diff. distributions fall slightly faster than predictions.
¥ |y| diff. distributions flatter than PYTHIA, compatible with 

MC@NLO

¥ Integrated for (                                    ): 

compatible with MC@NLO: 
below PYTHIA: 

14
PRL 106, 252001 

(2011)

pBT > 5 GeV, |yB | < 2.4
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Bs0 differential cross section
¥ Measured 

¥ The differential distributions fall more rapid in pT and are 
more flat in |y| than the PYTHIA predictions. 

¥ The integrated cross section for  (                                ) 

and is higher than MC@NLO: 
smaller than PYTHIA:
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" b production
¥ measurement of the differential " b cross section and the

" b/" b production ratio.

¥ Reconstruction:

¥ Selection: 1252 ± 42 candidates
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" b differential cross section
¥ Results compared to POWHEG and PYTHIA

• PT spectrum falls faster than POWHEG and PYTHIA 
while |y| distribution shape in agreement. 

¥ Total cross section for                                            :                                         
                                           =1.16±0.06±0.12 nb
PYTHIA: (1.19 ± 0.64) nb, POWHEG:                  nb 
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" b/" b ratio
¥ Ratio 

¥  

¥ Ratio is consistent with unity; 
No evidence for asymmetries.
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1
N

dN
dpT

= CpT

✓
1 +

p
p2
T+m2�m

nT

◆

B hadron summary

¥ Integrated cross sections compatible with predictions MC@NLO/POWHEG. 
Predictions tend to be too low.

¥ From Tsallis fit
n(B+,B0) = 5.7 ±0.3, n(" B) = 7.6 ± 0.4  (4.7  #   tension) 

¥ pT differential cross sections for " b fall faster than for the B mesons. 
Is there a different pT dependence in baryon/meson production?  
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Reconstruction of Bc mesons

¥ Bc is the heaviest B meson and its production is heavily 
suppressed.

¥ Reconstruction of                       and                                decays.

¥ First goal to measure relative branching ratios.
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¥ Decay chain kinematically fit with masses constrained.
¥ Selection based on mass and flight lengths.
¥  
¥  
¥ 21 events observed, 3.0 ± 1.4 bkg events exp.
¥ significance = 6.9
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     lifetime
¥     reconstructed in                     decays.

¥ Lifetime from combined mass and proper decay time fit:
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Bs lifetime difference

¥ Lifetime difference         measured with                     decay.

¥ Event selection through 

¥ Kinematic fit with J/$  and % masses constrained. 

¥ CP eigenstates separated through angular fit. 

¥ Mixing phase      assumed zero.

¥ Untagged analysis.
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Bs lifetime difference24
CMS-PAS-

BPH-11-006

��s=0.048±0.024±0.003 ps�1measured:                                                  compatible with world average.               
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Summary
Several CMS b-production studies in pp collisions at 7TeV presented
¥ b-tagged jets, two independent measurements agree with MC@NLO.

¥ bb cross sections with muon pairs agree with MC@NLO and with ATLAS.
¥ Angular correlation of B hadrons measured with secondary vertex fits.  

Measurement falls between MadGraph and PYTHIA predictions at small 
opening angles.

¥ Exclusive B hadron differential cross sections measured in B+, B0, Bs
0 

mesons and      baryons. MC@NLO predictions tend to be too low.

¥            production ratio measurement consistent with 1.
¥ Observation of a new          baryon.
¥ Preliminary results from precise      lifetime measurement.
¥ Lifetime difference         measured through                     .

Result in agreement with world average. 
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BACKUP SLIDES

26
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Inclusive b-jet cross sections27

Data (μb) MC@NLO (μb) PYTHIA (μb)

Jet

pT>18 GeV 9.75±0.32±1.67±0.39 7.3±2.9 ±1.2±0.7 15.3

Jet
pT>32 GeV 1.73±0.07±0.20±0.07 1.3±0.5  ±0.2±0.1 2.1

Jet+μ

pT>30 GeV,
pT

! > 9 GeV, 
|&|<2.4

0.113±0.001±0.014±0.005 0.113±0.04  ±0.003±0.005 0.158

Jet+μ

pT>30 GeV 2.25±0.01±0.31±0.09 1.83±0.64 ±0.05±0.08 3.27

1.8

0.3

0.023

0.42

JHEP 04 (2012) 084
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BB angular correlation

¥ Distributions for opening in phi
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Bs lifetime difference
¥ Result:

¥ Agrees with world average.
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