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•  A new resonance with mass near 125 GeV/c2 

has been observed in Higgs searches 

•  Properties of this resonance still unclear 

•  Combination of all CMS analyses shows 

fermion couplings (CF) slightly suppressed 

 in the next future to 
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2	  

SM Higgs	  
Data  

Best Fit	  

The	  solid	  and	  dashed	  contours	  show	  
the	  68%	  and	  95%	  CL	  ranges	  
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•  @ 125 GeV/c2 bb highest branching ratio 

•  At hadron colliders 
Gluon fusion ( huge QCD background ) 

 Associated production with vector boson  

•  Analysis performed by 4 experiments 
–  Tevatron (D0, CDF) 

–  LHC (ATLAS, CMS) 

–  None yet sensitive to SM cross section               
for mH = 125GeV/c2 
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•  Five channels with different vector boson 

–  W (lνl) H(bb),  l = Electron, Muon 
–  Z (ll) H(bb),  l = Electron, Muon, Neutrino 

•  Large boost on the vector boson important      
to suppress background 

	  
•  Isolated lepton(s)  
•  Transverse Missing Energy 
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•  Two jets identi"ed as B-Jets using dedicated      
likelihood discriminant 

4	  
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Mbb = 128 GeV/c2 

MLL = 91 GeV/c2 

pT LL = 185 GeV/c 

ZH, Z->LL, H->bb 

B-Jet 1	  

B-Jet 2 

Muon 1	  
Muon 0	  
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Background 
Normalisation 

Scale factors form 
solution of analytic 

system 
Simultaneous "t 
using full shapes 

Better con"dence of 
background 

normalisation 

Di-Jet Mass 
Resolution 

Standard CMS Jet 
Energy Correction  

Multivariate Jet 
Energy Regression in 

addition  
~ 20% better mass 

resolution 

Phase-Space 
Analyzed 

Single bin in      
vector pT 

Add a lower vector 
pT bin to recover 
signal efficiency 

~ 10% Higher 
sensitivity 

Signal 
Extraction 

Cut and Count on 
BDT discriminator 

output  

Use of full shape 
information of BDT 

discriminator 
~ 20% Higher 

sensitivity 

Pi
er

lu
ig

i  
Bo

rti
gn

on
 –

 H
ig

gs
 H

un
tin

g -
 1

8th
 Ju

ly 
20

12
 - 

O
rsa

y 



7	  

	  

Ev
en

ts
/ 0

.1

-110

1

10

210

310

410
Data
VH(125)
VV
W + bb
W + udscg
Z + bb
Z + udscg
Single Top
tt

QCD
MC uncertainty

CMS Preliminary
-1 = 7 TeV, L = 5 fbs

)b)H(b��Z(

BDT
-1 -0.8 -0.6 -0.4 -0.2 0 0.2

D
at

a/
M

C
 

0.5
1

1.5
2

MC uncert. (stat.) MC uncert. (stat.+sys.) = 0.842s = 1.392, K2
�
�

Pi
er

lu
ig

i  
Bo

rti
gn

on
 –

 H
ig

gs
 H

un
tin

g -
 1

8th
 Ju

ly 
20

12
 - 

O
rsa

y •  Combination of all 5 channels 

•   7 TeV and 8 TeV data. 5fb-1 each 

•   Two vector pT categories 

•  MVA techniques (BDT) to classify                      

signal against background 

•  BDT validated in control regions 

•  Fit on the shape of the BDT output distribution 

20 
categories	  

Example of BDT  
discriminant output	  

Background-like	  

Signal-like	  
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•  ~ 50% improvements on the analysis since 
2011 published results 

•  CMS is the most sensitive experiment for 

this channel by now 
•  About a factor 2.5 in integrated luminosity 

needed to be sensitive at mH = 125 GeV/c2 
     => Excess compatible with γγ and ZZ 
Higgs observation at 126 GeV/c2 
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•  Higgs to bb results are in the official 

Higgs combination of CMS 

•  Essential channel to characterize the 

observation in γγ and ZZ channels 

•  Important to measure Higgs couplings 

•  LHC is expected to provide about     

20 fb-1 before the next long shut-down 
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Mbb = 128 GeV/c2 

MLL = 91 GeV/c2 

pT LL = 185 GeV/c 

ZH, Z->LL, H->bb 

B-Jet 1	  

B-Jet 2 

Muon 1	  
Muon 0	  



11	  

Pi
er

lu
ig

i  
Bo

rti
gn

on
 –

 H
ig

gs
 H

un
tin

g -
 1

8th
 Ju

ly 
20

12
 - 

O
rsa

y 

1.  CMS	  CollaboraBon,	  “Search	  for	  the	  standard	  model	  Higgs	  boson	  
decaying	  to	  boIom	  quarks	  in	  pp	  collisions	  at”,	  Physics	  Le*ers	  B	  710	  
(2012),	  no.	  2,	  284,	  doi:10.1016/j.physletb.2012.02.085.	  	  

2.  CMS	  CollaboraBon,	  “Search	  for	  the	  standard	  model	  Higgs	  boson	  
produced	  in	  associaBon	  with	  W	  or	  Z	  bosons,	  and	  decaying	  to	  boIom	  
quarks	  for	  ICHEP	  2012”,	  CMS-‐PAS-‐HIG-‐12-‐019,	  hIp://cdsweb.cern.ch/
record/1460692?ln=en	  
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•  For low SM Higgs mass hypothesis bb decay
channel has the highest branching ratio 

•  At hadron colliders very difficult to suppress QCD 
background if looking at gluon fusion production 
–  Way out :  require associated production with a 

vector boson 

•  Phenomenology paper shows the
at LHC for this channel 

–  Phys. Rev. Lett. 100 (2008) 242001 

•  Tevatron not sensitive to SM Higgs at 125 GeV/c2 

•  ATLAS has published 2011 results only 
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•  B hadron production cross section 
is huge compared to the Higgs one 

•  QCD B hadron production is a 
mostly irreducible background 

•  B Jet energy resolution not optimal 
to look for a peak on the mBB 
distribution 

•  Difficult to design an efficient 
trigger for this topology 

is extremely 
challenging at hadron colliders 
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 is a better analysis strategy 

•  Main background V+2 b 

•  S/B increases by ~ 4 orders 
of magnitude 

•  Partially reducible 
background using vector 
boson momentum 

•  Easier to trigger using 
isolated leptons or high 
transverse missing energy 
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•  Five different channels 

–  W (EleNu) H(bb) 

–  W (MuNu) H(bb) 

–  Z(EleEle) H(bb) 

–  Z(MuMu) H(bb) 

–  Z(NuNu) H(bb) 

•  Different channels have 
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14 7 Event Selection

Figure 5: Distributions of WH simulated signal and background events for M(jj)(top left),
pT(W)(top right), CSV output (middle left), Df(V, H)(middle right), and Naj(bottom).

21	  Invariant mass resolution ~ 10% 

B-Tag working point efficiency ~ 50% 
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6 4 Event Selection

Table 1: Variables used in the training of the various BDT analyzers. The pT threshold on the
additional jets is 20 GeV.

Variable
pT j: transverse momentum of each Higgs daughter
m(jj): dijet invariant mass
pT(jj): dijet transverse momentum
pT(V): vector boson transverse momentum (or pfMET)
CSVmax: value of CSV for the b-tagged jet with largest CSV value
CSVmin: value of CSV for the b-tagged jet with second largest CSV value
Df(V, H): azimuthal angle between V (or Emiss

T ) and dijet
|Dh(jj)|; difference in h between Higgs daughters
DR(j1, j2); distance in h–f between Higgs daughters (not for Z(``)H)
Naj: number of additional jets (pT > 30 GeV, |h| < 4.5)
Df(Emiss

T , jet): azimuthal angle between Emiss
T and the closest jet (only for Z(nn)H)

Dqpull: color pull angle [62] (not for Z(``)H)

Table 2: Selection criteria for the samples used for training the BDT algorithm in each channel.
Entries marked “–” indicate that the variable is not used in the given channel. Entries in paren-
thesis indicate the selection for the high pT(V) region. The second and third rows refer to the
pT threshold on the leading (j1) and sub-leading (j2) jets.

Variable W(`n)H Z(``)H Z(nn)H
m`` – 75 < m`` < 105 –

pT(j1) > 30 > 20 > 80
pT(j2) > 30 > 20 > 20
pT(jj) > 120 – 120 � 160 (> 160)
m(jj) < 250 80 < m(jj) < 150 (–) < 250
pT(V) 120 � 170 (> 170) 50 � 100 (> 100) –

CSVmax > 0.40 0.50 (0.244) > 0.50
CSVmin > 0.40 0.244 > 0.50

Nal = 0 – = 0
Df(Emiss

T , jet) – – > 0.5
Emiss

T > 35 (elec) – 120 � 160 (> 160)
BDT full distribution full distribution full distribution

6 4 Event Selection

Table 1: Variables used in the training of the various BDT analyzers. The pT threshold on the
additional jets is 20 GeV.

Variable
pT j: transverse momentum of each Higgs daughter
m(jj): dijet invariant mass
pT(jj): dijet transverse momentum
pT(V): vector boson transverse momentum (or pfMET)
CSVmax: value of CSV for the b-tagged jet with largest CSV value
CSVmin: value of CSV for the b-tagged jet with second largest CSV value
Df(V, H): azimuthal angle between V (or Emiss

T ) and dijet
|Dh(jj)|; difference in h between Higgs daughters
DR(j1, j2); distance in h–f between Higgs daughters (not for Z(``)H)
Naj: number of additional jets (pT > 30 GeV, |h| < 4.5)
Df(Emiss

T , jet): azimuthal angle between Emiss
T and the closest jet (only for Z(nn)H)

Dqpull: color pull angle [62] (not for Z(``)H)

Table 2: Selection criteria for the samples used for training the BDT algorithm in each channel.
Entries marked “–” indicate that the variable is not used in the given channel. Entries in paren-
thesis indicate the selection for the high pT(V) region. The second and third rows refer to the
pT threshold on the leading (j1) and sub-leading (j2) jets.

Variable W(`n)H Z(``)H Z(nn)H
m`` – 75 < m`` < 105 –

pT(j1) > 30 > 20 > 80
pT(j2) > 30 > 20 > 20
pT(jj) > 120 – 120 � 160 (> 160)
m(jj) < 250 80 < m(jj) < 150 (–) < 250
pT(V) 120 � 170 (> 170) 50 � 100 (> 100) –

CSVmax > 0.40 0.50 (0.244) > 0.50
CSVmin > 0.40 0.244 > 0.50

Nal = 0 – = 0
Df(Emiss

T , jet) – – > 0.5
Emiss

T > 35 (elec) – 120 � 160 (> 160)
BDT full distribution full distribution full distribution



0 20 40 60 80 100 120 140

Ev
en

ts
 / 

12
 G

eV

20

40

60

80

100
Data
VV
W + bb
W + udscg
Z + bb
Z + udscg
Single Top
tt

QCD
MC uncert. (stat.)

CMS Preliminary
-1 = 8 TeV, L = 5.1 fbs

)b)H(bνµW(

pfMET [GeV]
0 20 40 60 80 100 120 140

D
at

a/
M

C
 

0.5
1

1.5
2

MC uncert. (stat.) MC uncert. (stat.+sys.) = 0.924, KS = 0.5952
ν
χ

23	  

	  

	  	  

Main backgrounds are taken from the data. Simulation 
only used to extrapolate to the signal region. 
$e control regions are de"ned as close as possible to 
the signal region to minimize the extrapolation. 
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Table 3: Data/MC scale factors for each control region in each decay mode for the 2011 7 TeV
analysis. The errors include the statistical uncertainty from the fit, and a systematic uncertainty
accounting for possible data/MC shape differences in the discriminating variables. Electron
and muon samples in Z(``)H and W(`n)H are fit simultaneously to determine average scale
factors.

Process WH Z(``)H Z(nn)H
Low pT

W + udscg 0.88 ± 0.01 ± 0.03 – 0.89 ± 0.01 ± 0.03
Wbb 1.91 ± 0.14 ± 0.31 – 1.36 ± 0.10 ± 0.15

Z + udscg – 1.11 ± 0.03 ± 0.11 0.87 ± 0.01 ± 0.03
Zbb – 0.98 ± 0.05 ± 0.12 0.96 ± 0.02 ± 0.03

tt 0.93 ± 0.02 ± 0.05 1.03 ± 0.04 ± 0.11 0.97 ± 0.02 ± 0.04
High pT

W + udscg 0.79 ± 0.01 ± 0.02 – 0.78 ± 0.02 ± 0.03
Wbb 1.49 ± 0.14 ± 0.19 – 1.48 ± 0.15 ± 0.20

Z + udscg – 1.11 ± 0.03 ± 0.11 0.97 ± 0.02 ± 0.04
Zbb – 0.98 ± 0.05 ± 0.12 1.08 ± 0.09 ± 0.06

tt 0.84 ± 0.02 ± 0.03 1.03 ± 0.04 ± 0.11 0.97 ± 0.02 ± 0.04

5 Background Control Regions

Appropriate control regions are identified in data and used to correct the Monte Carlo yield
estimates for several of the most important background processes, including production of W
and Z bosons in association with jets (light- and heavy-flavor), and tt production. A set of si-
multaneous fits is then performed to the distributions of discriminating variables in the control
regions, separately in each channel, to obtain consistent scale factors by which the Monte Carlo
yields are adjusted. These scale factors account not only for cross section discrepancies, but also
potential residual differences in physics object selection. Therefore, separate scale factors are
used for each background process in the different channels. The uncertainties in the scale factor
determination include a statistical uncertainty coming from the fits (affected by the finite size
of the samples) and an associated systematic uncertainty obtained by refitting the distributions
in the control regions when modified by the uncertainty of various sources of systematic uncer-
tainty such as b-tagging, jet energy scale, and jet energy resolution. Examples of the selection
procedures used in the construction of the control regions include reversing the b-tagging re-
quirements to enhance W + jets and Z + jets with light-flavor jets, enforcing a tighter b-tagging
requirement and requiring extra jets to enhance tt, and requiring low boost in order to enhance
Vbb over tt.

Table 3 and 4 summarize the fit results for all channels for the 7 TeV and 8 TeV data, respec-
tively. In general, the fit results are very good and reliable scale factors are determined that are
consistent with estimates from the previous version of this analysis [39].

6 Uncertainties

The primary result described in this note is an upper limit on the production of a standard
model Higgs boson produced in association with a vector boson and decaying to a bb̄ pair.
Uncertainties on the expected signal and background yields and shapes affect the upper limit.
Table 5 lists the uncertainties considered that enter in the limit calculation.

The uncertainty in the CMS luminosity measurement for the dataset used in the analysis is
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•  Specialized b jet energy regression similar to CDF 

http://arxiv.org/pdf/1107.3026.pdf  
•  => improve dijet invariant mass (and MET) 

•  Use MVA regression trained with b quark jets 
discriminant, properties of a secondary vertex, track 
information, charged constituents, variables related 
to the energy reconstruction of the jet etc.  

•  Attempts to recover the true b-jet energy. 
•  Validated in MC and in data using pT balance 

in Z + 2 Jets events 
•  Upshot  

•  15-20% improved mass resolution 
•  mbb distribution becomes more consistent with 

true generated mass spectrum 
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10 8 Summary
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Figure 1: Distributions of the BDT output, for mH=115 GeV, for each mode after all selection
criteria are applied. The solid histograms for the backgrounds and the signal are summed cu-
mulatively. The line histogram for signal is also shown superimposed. The data is represented
by points with error bars.
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