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• Z/γ* + bb production is main background to SM Higgs and BSM searches
• Z/γ* + bb differential cross-section as function of angular variables is a good 
test of the description of QCD processes and Monte Carlo simulation 

motivations
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the ingredients

• Z/γ* boson selected through leptonic decay into muons and electrons

• B hadron decays identified through secondary vertex reconstruction

• rejection of backgrounds (top pair production) and extraction of signal yield

• detector-level number of signal events           to be corrected for

• lepton acceptance, reconstruction and selection efficiency

• B hadron acceptance, identification efficiency     ,  and charm contamination 

• leptons and Z/γ*: transverse momentum pT(lepton) > 20 GeV,                            
pseudorapidity ¦η(lepton)¦ < 2.4, 60 < M(leptons) < 120 GeV

• B hadrons: pT > 15 GeV, ¦η¦ < 2.0
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the CMS experiment
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silicon tracker

4.6 fb-1 of  LHC data 
collected in 2011 

used by this analysis

muon system

ECAL

HCAL

• very good position resolution in tracker (from 5 to 30 µm)
• excellent performance in reconstruction of charged tracks
• very good performance in reconstruction of displaced decays and b identification
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lepton selection and Z reconstruction

• muon channel: two reconstructed muons:

• isolated, matched to High-Level Trigger objects, pT > 20 GeV, |η| < 2.1

• electron channel: two reconstructed electrons:

• isolated, matched to High-Level Trigger objects, pT > 25 GeV, |η| < 2.4

• efficiency estimated from simulation and data with Tag & Probe technique
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B identification: the Inclusive Vertex Finder
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• identification of  a B hadron through its decay vertex 

• vertices from cascade B to charm decays merged into single B hadron candidate
• no use of  jets, based on tracks displaced w.r.t. the primary interaction

• no limitation from jet cone size, unprecedented sensitivity to very small angular 
separation between B hadrons

• very good resolution in B hadron flight direction ( ΔR(BB)̃0.02 ) thanks to the 
excellent CMS performance in track and vertex reconstruction

• sensitivity to low momentum B hadrons 

primary vertex primary vertex
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B hadron properties and selection

• presence of two B candidates required

• pT > 8 GeV, ¦η¦ < 2.0, vertex track multiplicity > 3, vertex mass > 1.4 GeV, 
vertex flight distance significance > 5

• B identification efficiency between 10 and 15% (evaluated from simulation)

• high B purity: charm contamination < 5% (evaluated from simulation)
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extraction of signal yield and corrections

• detector-level number of signal events extracted 
from extended maximum likelihood fit of the 
lepton pair invariant mass distribution

• no unfolding is needed, thanks to excellent angular 
resolution 

• bin-by-bin corrections for lepton acceptance and 
selection efficiency, B identification efficiency, B 
purity, estimated mostly from Monte Carlo 
simulation

• systematic uncertainties:
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• IVF phase space correction. The measurement of B candidates is corrected to the fidu-
cial phase space using the MADGRAPH Monte Carlo generator. The associated un-
certainty is estimated by varying the pT cut on the reconstructed B candidate from 8
to 10 GeV, corresponding to the IVF energy resolution (RMS). The maximal deviation
from a constant yields a ±4% uncertainty. This uncertainty is conservatively added
with the one associated to the B hadron kinematics yielding a total ±9% uncertainty
propagated in all bins.

• IVF purity. The purity is essentially affected by events in which only one B-candidate
corresponds to a B-hadron. The production of c or light-flavoured emission depends
on the model of simulation. The uncertainty on the purity correction is therefore
estimated by comparing MADGRAPH and aMC@NLO. The maximal deviation from
a constant yields a ±4% uncertainty.

• Fit uncertainty. The estimation of systematic effects due to the extraction of Ndata, f it
i

from the extended unbinned maximum likelihood fit has been made by varying the
shape parameters within their uncertainties. For the signal, the shape parameters are
the Breit-Wigner mean and width, as well as the Gaussian standard deviation. For
the background, the parameters of the Chebychev polynomial distribution are con-
sidered. A conservative variation of these factors leads to a signal yield uncertainty
below 2%

• MC statistical uncertainty. The efficiency and purity corrections are dominated by
the statistical uncertainty of the Zbb̄ component of the Drell-Yan MADGRAPH signal
sample. This effect is propagated in each bin and taken as an additional source of
uncertainty that varies between ±6% and ±10%.

The systematic uncertainties are summarized in Table 2.

Source Uncertainty
Softer B-hadron pT and IVF phase-space correction ±9%
IVF purity ±4%
Fit uncertainty ±(1% − 2%)
Leptons kinematics ±0.5%
MC statistics ±(6% − 10%)

Table 2: Summary of the systematic uncertainties on the normalized differential cross section.

6 Results
The normalized differential cross section as function of the distance ∆R between the B-hadron
pair is shown in Fig. 7 (left) and compared to the MADGRAPH prediction. In the upper panel,
the error bars on the data points represent both the quadratic sum of statistical and systematic
uncertainties, and the statistical uncertainty. This latter is estimated from the uncertainty on the
fraction of Zbb̄ in each bin, obtained from the template fit method used for the tt correction. In
the lower pannel, the yellow shade displays the systematic uncertainty, and the error associated
to the markers gives the statistical uncertainty. The measured distributions agree reasonably
with the simulated ones in most of the ∆R range, although they suggest a globally flatter slope.
Figure 7 (right) shows a comparison of the measured normalized cross section to the aMC@NLO
prediction. Also in this case the trends of data and MC shapes agree reasonably.

It is worth noticing that, unlike the MADGRAPH prediction, the aMC@NLO simulation does not

detector-level ΔR(BB) distribution

708 events 
after all 

selections
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normalized differential cross-section
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• measured normalized ΔR(BB) distribution compared to Monte Carlo simulation (hadron-
level):

• tree-level prediction by MadGraph (JHEP 0709 (2007) 028) ( including events from Z + light jet 
+ B hadron pairs from Multiple Parton Interactions )

• next-to-leading order prediction by aMC@NLO (JHEP 09 (2011) 061) ( not including Z +light 
jet + B hadron pairs from MPI )

• reasonable agreement between data and Monte Carlo simulation, data shows flatter 
trend compared to prediction

CMS-PAS-EWK-11-015
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conclusions

• we performed the first measurement of the angular correlation between B hadrons 
produced in association with a Z/γ* boson

• with 4.6 fb-1 of integrated luminosity collected by the CMS experiment in 2011

• probing for the first time the region of collinear B pair production 

• the measured normalized differential cross-section was compared to Monte Carlo 
simulation at the hadron-level:

• reasonable agreement with the tree-level prediction by MadGraph and with the NLO 
prediction by aMC@NLO, although data suggest a flatter distribution

• the measurement of the absolute differential cross-section will help establishing which 
model provides the best description of the observed trend

• crucial for the understanding of the backgrounds of the Higgs searches into b quarks.
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