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Total Uncertainty

Experimental-Only Uncertainty

Statistical Uncertainty

 CMS 2012
 0.07 (th) pb ± 0.11 (sys) ± 0.02 (stat) ±0.69 

MCFM (x Hadronization)
  pb  DPS  0.06±  PDF  0.02±0.51 

MG+Py6 5F
  pb  PDF  0.03±0.51 

MG+Py6 4F
  pb  DPS  0.06±  PDF  0.02±0.49 

MG+Py8 4F
  pb  DPS  0.06±  PDF  0.03±0.50 
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W+bb ̅Signal Region Selections
Exactly two b-tagged jets:
• pTjet > 25 GeV, |η| < 2.4
• b-tagged with CSV Tight
• Reject events with 

pTjet3 > 25 Gev, |η| < 5.0 

Exactly one lepton
(muon or electron) :
• pTlep > 30 GeV, |η| < 2.1
• pileup corrected tight isolation
• Reject events with

pTlep2 > 10 GeV, |η| < 2.4Triggers :
• Single Isolated Muon pT > 24 GeV 
• Single Isolated Electron pT > 27 GeV

Ev
en

ts
 / 

15
 G

eV

0

500

1000

1500

2000

2500

3000

3500

4000

Data
Fit Uncertainty

bW+b
cW+c

W+udscg
tt
Single Top
Diboson
Drell-Yan
QCD

CMS
Preliminary

 (8 TeV)-119.8 fb
-multijet control region]t [tb)+bνµW(

Transverse Mass [GeV]
0 20 40 60 80 100 120 140 160 180 200 220D

at
a 

/ M
C

0.7
0.8
0.9

1
1.1
1.2
1.3

Ev
en

ts
 / 

15
 G

eV

0

500

1000

1500

2000

2500

3000

3500

4000

Data
Fit Uncertainty

bW+b
cW+c

W+udscg
tt
Single Top
Diboson
Drell-Yan
QCD

CMS
Preliminary

 (8 TeV)-119.8 fb
-multijet control region]t [tb)+bνW(e

Transverse Mass [GeV]
0 20 40 60 80 100 120 140 160 180 200 220D

at
a 

/ M
C

0.7
0.8
0.9

1
1.1
1.2
1.3

Ev
en

ts
 / 

15
 G

eV

0

50

100

150

200

250
Data
Fit Uncertainty

bW+b
cW+c

W+udscg
tt
Single Top
Diboson
Drell-Yan
QCD

CMS
Preliminary

 (8 TeV)-119.8 fb
-multilepton control region]t [tb)+bνµW(

Transverse Mass [GeV]
0 20 40 60 80 100 120 140 160 180 200 220D

at
a 

/ M
C

0.7
0.8
0.9

1
1.1
1.2
1.3

Ev
en

ts
 / 

15
 G

eV

0

50

100

150

200

250
Data
Fit Uncertainty

bW+b
cW+c

W+udscg
tt
Single Top
Diboson
Drell-Yan
QCD

CMS
Preliminary

 (8 TeV)-119.8 fb
-multilepton control region]t [tb)+bνW(e

Transverse Mass [GeV]
0 20 40 60 80 100 120 140 160 180 200 220D

at
a 

/ M
C

0.7
0.8
0.9

1
1.1
1.2
1.3

Ev
en

ts
 / 

15
 G

eV

0

200

400

600

800

1000

1200

1400

Data
Fit Uncertainty

bW+b
cW+c

W+udscg
tt
Single Top
Diboson
Drell-Yan
QCD

CMS
Preliminary

 (8 TeV)-119.8 fb
b)+bνµW(

Transverse Mass [GeV]
0 20 40 60 80 100 120 140 160 180 200 220D

at
a 

/ M
C

0.7
0.8
0.9

1
1.1
1.2
1.3

Ev
en

ts
 / 

15
 G

eV

0

200

400

600

800

1000

1200

1400

Data
Fit Uncertainty

bW+b
cW+c

W+udscg
tt
Single Top
Diboson
Drell-Yan
QCD

CMS
Preliminary

 (8 TeV)-119.8 fb
b)+bνW(e

Transverse Mass [GeV]
0 20 40 60 80 100 120 140 160 180 200 220D

at
a 

/ M
C

0.7
0.8
0.9

1
1.1
1.2
1.3

LH
CC

po
ste

rs
es

sio
n

CE
RN

Ge
ne

va
2

M
arc

h
20

16 1

Simulated Samples
W + jets, Z + jets :  (five flavor - massless b quarks included)

MadGraph 5 (CTEQ6L LO) + Pythia 6 (Z2*),  cross section from FEWZ (NNLO)
W+bb,̅ W+cc,̅ W+udscg separated using jet parton flavor

W+bb ̅: (four flavor)
MadGraph 5 (CTEQ6L LO) + Pythia 6 (Z2*)
normalized to W+bb ̅component of W + jets (five flavor)

tt ̅:
MadGraph 5 (CTEQ6L LO) + Pythia 6 (Z2*),  cross section from CMS/ATLAS data

Single Top : 
Powheg 2.0 (CTEQ6M NLO)  + Pythia 6 (Z2*),  cross section from MCFM (NLO)

Diboson (WW, WZ, ZZ) : 
Pythia 6 (CTEQ6L LO)  + Pythia 6 (Z2*),  cross section from MCFM (NLO)

QCD : (data driven)
Shape from inverted lepton isolation control region
Initial normalization to match data in 0 < MT < 20 GeV

Systematic Uncertainties

The production cross section of the W boson in association with two b jets is measured using a sample of proton-proton collisions collected by the CMS experiment
at the LHC at ps = 8 TeV. The data sample corresponds to an integrated luminosity of 19.8 fb�1. The W bosons are reconstructed via their leptonic decays to muons
(W ! µ⌫) and electrons (W ! e⌫). The W+b¯b production cross section, �(pp ! W(`⌫) + b

¯

b) = 0.69± 0.02(stat)± 0.11(syst)± 0.07(theo)± 0.02(lumi) pb,
measured in a fiducial region, p`T > 30 GeV, |⌘`| < 2.1, with exactly two b-tagged jets having pT > 25 GeV and |⌘| < 2.4, agrees with standard model predictions.
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Fitted Yields
Three-step Fitting Procedure
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Step 1: Fit in tt-̅multijet control region
- inverted jet veto (less sensitive to JES)
- fit for b-tagging efficiency scale factors

Step 2: Fit in tt-̅multilepton control region
- inverted lepton veto

(sensitive to JES and b-tagging efficiency)
- fit for jet energy scale (JES)
Step 3: Fit in the W+bb ̅signal region, using both the separate and combined lepton channels
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Predicted Cross Sections 

Observed Cross Sections

MCFM (x Hadronization) :  
  Parton + Jets (MSTW2008)
  applied hadronization correction factor (0.81 ± 0.07)
  corrected for double parton scattering (DPS) (0.06 ± 0.06 pb)

MG+Py6 5F : (five flavour)
  MadGraph 5 (CTEQ6L LO) + Pythia 6 (Z2*)

MG+Py6 4F : (four flavor)
  MadGraph 5 (NNLO PDF) + Pythia 6 (CUETP8M1)
  corrected for effects of DPS (0.06 ± 0.06 pb)

MG+Py8 4F : (four flavor)
  MadGraph 5 (NNLO PDF) + Pythia 8 (CUETP8M1)
  corrected for effects of DPS (0.06 ± 0.06 pb)
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