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Motivation
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‣ discovery of a SM-like Higgs boson
- observation in boson decay modes

‣ but does it couple to fermions? 
- not really needed for the fermions’ mass
- bosonic modes provide some indirect information 
- bb decay mode: measure directly the coupling to down-type quarks
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Large Hadron Collider
CMS

M.Bachtis CERN-LHC Seminar 15/07/14 3

Data sample 

Search era
(+past) 

Observation [5+5 fb-1]

Measurement era
5+20fb-1 until today
(+future)
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Compact Muon Solenoid
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Production mechanisms and BRH → bb̄ at LHC

2ICHEP 2-9 July 2014 Valencia                  Caterina Vernieri (Pisa)

• Unique final state to measure the coupling with down-
type quark 

• large branching fraction ~58%, dominates total width

• Overwhelming background from QCD production of b quarks

GF 
87%H → bb̄ at LHC
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• Unique final state to measure the coupling with down-
type quark 

• large branching fraction ~58%, dominates total width

• Overwhelming background from QCD production of b quarks

• Signal topology of the production mechanism is exploited

• VH associated production, V decaying leptonically

• 107 bigger, GF cannot be used

GF 
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H → bb̄ at LHC
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• Unique final state to measure the coupling with down-
type quark 

• large branching fraction ~58%, dominates total width

• Overwhelming background from QCD production of b quarks

• Signal topology of the production mechanism is exploited

• VBF mechanism, a very peculiar topology but no leptons

• VH associated production, V decaying leptonically

• 107 bigger, GF cannot be used

GF 
87%

H → bb̄ at LHC

• ttH complementary to the VH channel  
• dominant backgrounds is tt̄ + jets instead of V + jets
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VBF 
7%

VH 
5%

ttH 
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• Unique final state to measure the coupling with down-
type quark 

• large branching fraction ~58%, dominates total width

• Overwhelming background from QCD production of b quarks

• Signal topology of the production mechanism is exploited

• VBF mechanism, a very peculiar topology but no leptons

• VH associated production, V decaying leptonically

• 107 bigger, GF cannot be used
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Challenges

Why so challenging? 

3

Comparison with the discovery channel

H(bb̄) searches need: 
 

• exploit all possible information 
from the event to improve S/B 

• improve m(bb̄) resolution 

ICHEP 2-9 July 2014 Valencia                  Caterina Vernieri (Pisa)

H → 4ℓ H → bb̄  

BR 0.013% 58%

mass resolution 1% 10%

signal efficiency 30% 1.3%

S/B 2 0.05
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‣ H(bb) abundant: why so difficult to observe?
- much larger backgrounds
- much worse mbb resolution 
- more difficult to trigger on

‣ what can be done?
- exploit every piece of information

H→ZZ→4l

VH(bb)

dijet massfour lepton mass
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b jets and b tagging
● b tagging is a reconstruction technique that tries to “determine” whether a jet contains a 

b hadron

● Relies on the track reconstruction and can be based on:
● Displaced track information

● Secondary vertex information

● Soft lepton information

● Some combination of the above

● Exploits distinct properties of b hadrons:
● Long lifetime (τ≈1.5 ps, cτ~500 μm, βγcτ≈5 mm @ 50 GeV; for 

comparison, primary vertex position resolution ~few tens of μm)

● Large mass (~5 GeV)

● Decays with high track multiplicities (~5 on average)

● Relatively large semileptonic branching fraction (for electrons and 
muons, ≈20% each with cascade decays included)

● Hard fragmentation function (a large fraction of the original b quark 
momentum carried by the b hadron)

● Several b-tagging algorithms available in CMS
● Each producing a single discriminator value per tagged jet; the more positive the value the more b-like the jet is

7

Identification of b-jets (I)
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‣ exploit lifetime and mass of B-hadrons
‣ track information

- impact parameter significance
‣ secondary vertex information 

- mass 
- transverse momentum
- flight distance

‣ combined multivariate discriminator 

SV flight distance /unc. SV mass

combined tagger
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Identification of b-jets (II)

ICHEP 2-9 July 2014 Valencia                  Caterina Vernieri (Pisa)

Combined Secondary Vertex

• The CSV through multivariate technique 
combines 

Track information 
• Impact parameter significance of the 

most energetic tracks 

Vertex information 
• if available or pseudo vertex from 

displaced tracks 

6
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b-jet energy regression
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‣ re-calibration of b-jets
- applied on top of default JEC
- multivariate regression
‣ target semileptonic decays (35%)

- jets badly mismeasured due to the 
neutrino 
‣ use jet and event information

- MET, soft lepton pT, jet structure

15-25% mbb resolution 
improvement
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associated production with a vector boson
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VH final state

ICHEP 2-9 July 2014 Valencia                  Caterina Vernieri (Pisa)

Validation on Data, Diboson

Diboson production in the bb̄ final state 

Purest bb̄ resonance 

  	   A standard candle to validate the Higgs search

q
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W (Z)

VZ,VH: same event topology

9

6.3σ, first observation of the VZ(bb̄) at an hadron collider 
!
! σ (pp → WZ) = 4.8 ± 1.4 (stat.) ± 1.1(syst.) pb 

σ (pp →  ZZ) = 0.90 ± 0.23(stat.) ± 0.16(syst.) pb

 agreement with 
NLO MCFM 

prediction 
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arXiv:1403.3047v1!
submitted to the EPJ C
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arXiv:1403.3047v1!
submitted to the EPJ C

- trigger on leptonic decays
- suppress enormous QCD 
background

- search for the Higgs boson
- validate the strategy by 
observing VZ(bb)

irreducible backgrounds
- W/Z + bb
- t-tbar
- single top
- diboson
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Validation with data: VZ(bb)
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VH search overview

‣ complicated analysis 
- 14 event categories based on the 
signature (0,1,2 leptons) and on the 
boson pT

- multivariate discriminant (BDT)
- simultaneous fit for the signal in all 
categories 

‣ background prediction 
- BDT shape taken from the 
simulation 

• data vs MC scale factors applied 
(trigger, btag, pT(V), etc)

- normalization taken from data
• control regions
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VH results (I)
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VH results (II)
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vector-boson fusion
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VBF final state
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‣ all hadronic
‣ jet flavor tagging 

- b-jets from H decay
- quark jets (VBF legs)
‣ VBF signature 

- large η separation 
‣ no QCD color flow

- suppressed soft track activity 
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VBF search overview

Ev
en

ts
 / 

0.
10

 

1

10

210

310

410

510
Data (set A)

 1.65)×QCD (
Z+jets

tt
single top
W+jets

VBF H(125)×10
GF H(125)×10

MC stat. unc.

BDT Output
-1 -0.5 0 0.5 1Da

ta
 / 

M
C 

- 1

-0.4
-0.2

0
0.2
0.4

 (8 TeV)-119.8 fbCMSPreliminary

Ev
en

ts
 / 

10
 G

eV

1

10

210

310

410

510 Data (set A)

 1.68)×QCD (

Z+jets

tt
single top

W+jets

VBF H(125)×10

GF H(125)×10

MC stat. unc.

 (GeV)
bb

Regressed m
50 100 150 200 250 300D

at
a 

/ M
C

 - 
1

-0.4
-0.2

0
0.2
0.4

 (8 TeV)-119.8 fbCMSPreliminary

‣ multivariate discriminant (BDT) 
- aim to suppress the overwhelming QCD background
- minimum correlation to mbb

‣ fit of the mbb spectrum
- simultaneously in multiple event categories based on the BDT
- similar to the Η→γγ 



Konstantinos KousourisHEP2015 19

VBF results
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work in progress work in progress
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associated production with a top-quark pair
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ttH final state & analysis strategy
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‣ “crowded” events 
- additional b-jets, jets/leptons from 
top decays
- easier to trigger on

‣ channels
- semileptonic, dileptonic
- all hadronic not used in Run I

‣ strategy
- further categories based on Njets and 
Nbjets

- multivariate discriminant (BDT)
- simultaneous fit to all BDT outputs

• background shapes taken from MC 
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ttH results
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Summary

CMS has performed H→bb searches in all feasible production 
modes (VH, VBF, ttH)

• important to make an independent observation

• important to measure the coupling to down-type quarks 

combined result

• consistent with SM: μ = 1.0 ± 0.4

• 2.6σ observed significance

• largely driven by the VH mode (most sensitive) 

Run II prospects

• Run I result statistics dominated: more data needed (O(10 fb-1) @ 
13 TeV for similar sensitivity as in Run I ) !!

• new ideas being considered to reduce systematics and enhance S/B

• additional channels explored (e.g. boosted VH and all-hadronic ttH)


