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• Second largest Higgs production mechanish at the LHC
• Distinct topology of final state: two forward jets with little p gy j

extra hadronic activity and the decay products of the Higgs 
• Background expected small
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• Central Jet Veto allows to reduce the QCD backgrounds



Motivation to study VBF Higgs productionMotivation to study VBF Higgs productionMotivation to study VBF Higgs productionMotivation to study VBF Higgs production

qqH BR(H)qqH

Djouadi, Kalinowski, Spira

P f f t ili li t t l l ( f th Hi M h i )
Significantly extend possibility of Higgs boson coupling measurements
Provide possibility of indirect measurement of light Higgs boson width

Proof of trilinear couplings at tree level (consequence of the Higgs Mechanism)
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Provide possibility of indirect measurement of light Higgs boson width
D. Zeppenfeld et al., Phys.Rev. D62 (2000) 013009.  M. Duehressen et al., Phys.Rev. D70 (2004) 113009



Physics TDR VBF Higgs StudiesPhysics TDR VBF Higgs Studies
with 30 fbwith 30 fb--11 of CMS dataof CMS data
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Expected Expected ττττ mass distribution for mass distribution for 30 fb30 fb--11

115 < M115 < MHIGGSHIGGS < 145 < 145 GeVGeV
Expected Expected ττττ mass distribution for mass distribution for 30 fb30 fb--11

115 < M115 < MHIGGSHIGGS < 145 < 145 GeVGeV

Full di- τ mass using collinear approximation 
of neutrinos from the τ decays and the visibleof neutrinos from the τ decays and the visible 
τ decay products

Th b f i l d f 30fb 1 i 10The number of signal events expected for 30fb-1 is ~ 10
The statistical significance for discovering the Higgs 
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boson is 3.9σ for MHIGGS =135 GeV



Expected VBF Expected VBF HH→→γγγγ signal  with 30 signal  with 30 fbfb --1 1 & 60 fb& 60 fb--11

115 < M115 < MHIGGSHIGGS < 150 < 150 GeVGeV
Expected VBF Expected VBF HH→→γγγγ signal  with 30 signal  with 30 fbfb --1 1 & 60 fb& 60 fb--11

115 < M115 < MHIGGSHIGGS < 150 < 150 GeVGeV

Vertex
constrainconstrain

Expected number of signal & background
events in a 5 GeV mass window
Background uncertainty estimated from

60 fb-1

Background uncertainty estimated from
side bands

Signal significance for 60 fb-1 :
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Signal significance for 60 fb :
3σ for low mass Higgs



Expected VBF HExpected VBF H→WW→WW** →→llννjjjj with 30 fbwith 30 fb--11

120 < M120 < MHIGGSHIGGS < 250 < 250 GeVGeV
Expected VBF HExpected VBF H→WW→WW** →→llννjjjj with 30 fbwith 30 fb--11

120 < M120 < MHIGGSHIGGS < 250 < 250 GeVGeV

Tight central jet vetoTight central jet veto
Nextra,jet <1

Signal+

Nextra jet <2

Backgr.

Loose central jet veto
Nextra,jet 2

Background

In the mass range 140-200 GeV a 5σ significance of the Higgs boson
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g g gg
discovery can be achieved with an integrated luminosity of 30 fb-1



Summary of Higgs Boson Discovery PotentialSummary of Higgs Boson Discovery Potential
in the CMS Experiment with 30 fbin the CMS Experiment with 30 fb--11

Summary of Higgs Boson Discovery PotentialSummary of Higgs Boson Discovery Potential
in the CMS Experiment with 30 fbin the CMS Experiment with 30 fb--11

Higgs discovery potential 
in VBF with 30 fb-1

qqH,H→ττ→lj: 4σ 115-145GeV
qqH ,H→γγ: 2σ 115-135GeV
qqH ,H→WW→lνjj: 5σ 140-200GeV
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VBF VBF H→H→ττττ → lepton jet→ lepton jet
with 1 fbwith 1 fb--11 of CMS dataof CMS data
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with 1 fbwith 1 fb--11 of CMS dataof CMS datawith 1 fbwith 1 fb 1 1 of CMS dataof CMS datawith 1 fbwith 1 fb 1 1 of CMS dataof CMS data



Central Rapidity Gap Selections: Central Rapidity Gap Selections: 
Central Jet VetoCentral Jet Veto

Central Rapidity Gap Selections: Central Rapidity Gap Selections: 
Central Jet VetoCentral Jet Veto

ET
MC > 10, 15, 20, 25, 30, 35, 40, 45 GeVT 0, 5, 0, 5, 30, 35, 0, 5 GeV

Signal: Higgs (135 GeV)

ηZ= ηjet3-0.5( ηjet1 + η jet2)

Tracks in the jet cone from signal vertex
ET

RAW ~ 10 GeV
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Jets considered for Central Jet Veto if



Central Rapidity Gap Selections: Central Rapidity Gap Selections: 
Track Counting VetoTrack Counting Veto

Central Rapidity Gap Selections: Central Rapidity Gap Selections: 
Track Counting VetoTrack Counting Veto

• Tracks 8 hits and Z(track,vertex<2 mm)
• Lepton and  τhad tracks not included

Number of tracks 0,1, 2, …

Physics at LHC 2008, 29/09, 2008 - 11VBF SM Higgs production in CMS, Mónica L. Vázquez Acosta (Imperial College London)

Similar performance of central jet veto and track counting veto



Rejection of Electrons faking Rejection of Electrons faking TausTausRejection of Electrons faking Rejection of Electrons faking TausTaus

Transverse energy of 
hottest HCAL tower in τh dhottest HCAL tower in τhad

Sum of ET of HCAL towers around
leading track impact point in the CAL

pT of leading track

E HT /p ltr >0 1 : τ efficiency > 85%
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ET
HT

3X3 /pT
ltr >0.1 : τhad efficiency > 85%



Z→Z→ττττ mass shape from mass shape from Z→Z→μμμμ datadataZ→Z→ττττ mass shape from mass shape from Z→Z→μμμμ datadata

VBF selection: Mjj >400 GeV, Δηj1j2 >2.5

pt
μ >10 GeV

|ημ|<2.4

Inclusive Drell-Yan

|η |<2.4
70<Mμμ<110 GeV

Inclusive Drell-Yan

Search for Higgs boson signal above Z→ττ peak: understanding DY di-τ mass shape important 
Uncertainty dominated by modeling of E miss (pileup underlying event calorimeter noise & response )
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Uncertainty dominated by modeling of Et
ss (pileup, underlying event, calorimeter noise & response, …)

Z→μμ events : μ’s substituted by simulated τ’s with μ’s kinematics to model background shape



qqHqqH, , H→H→ττττ mass reconstruction methodsmass reconstruction methodsqqHqqH, , H→H→ττττ mass reconstruction methodsmass reconstruction methods

HP τ1

Visible Mass Full Mass

Pt 
had ET

Pt
HPt 

τ1

Collinear 
Approximation
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Pt
lep Pt 

τ2



Expected Expected ττ ττ mass distribution for 1 fbmass distribution for 1 fb--11Expected Expected ττ ττ mass distribution for 1 fbmass distribution for 1 fb--11

Relaxed VBF selection

1 fb-1 Analysis 30 fb-1  Analysis

for 1 fb-1 analysis 

1 fb Analysis 30 fb Analysis

Δη>2.5 Δη>4.2

Mj1j2>0.4 TeV Mj1j2>1 TeVMj1j2>0.4 TeV Mj1j2>1 TeV

Δϕ<2.2

Full di τ mass using collinear approximation of neutrinos

Physics at LHC 2008, 29/09, 2008 - 15VBF SM Higgs production in CMS, Mónica L. Vázquez Acosta (Imperial College London)

Full di- τ mass using collinear approximation of neutrinos 
from the τ decays and the visible τ decay products



Expected Number of Expected Number of Events: VBF Events: VBF l+l+ττhadhad
Systematic uncertainties for 1 fbSystematic uncertainties for 1 fb--11

Expected Number of Expected Number of Events: VBF Events: VBF l+l+ττhadhad
Systematic uncertainties for 1 fbSystematic uncertainties for 1 fb--11

Background

Backup slides:
data-driven method to estimate 

Signal
QCD background
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Expected Exclusion limits for 1 fbExpected Exclusion limits for 1 fb--11 of dataof dataExpected Exclusion limits for 1 fbExpected Exclusion limits for 1 fb--11 of dataof data
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SummarySummarySummarySummary

•An analysis strategy for the Standard Model Higgs boson  
produced in vector boson fusion (VBF) and decaying into a pairproduced in vector boson fusion (VBF) and decaying into a pair 
of τ leptons with a lνν+τhadν final state in the mass range
between 115 and 145 GeV/c2 with 1 fb-1 of early CMS data atbetween 115 and 145 GeV/c with 1 fb of early CMS data at 
the LHC is developed
• No signal e idence is e pected for a l minosit of 1 fb-1 and• No signal evidence is expected for a luminosity of 1 fb-1 and
a cross section times branching ratio 5-10 larger than the SM 

t ti b b l d dexpectations can be be excluded 
•The Higgs boson discovery in VBF can be achieved with 30 fb-1

- qqH, H→ττ: 4σ significance in mass range 115-145 GeV
- qqH , H→γγ: 2σ significance in mass range 115-135 GeV
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- qqH , H→WW: 5σ significance in mass range 140-200 GeV



BACKUP SLIDESBACKUP SLIDESBACKUP SLIDESBACKUP SLIDES



Z+jetsZ+jets Background Contribution Background Contribution 
from Double Parton Scattering from Double Parton Scattering 

Z+jetsZ+jets Background Contribution Background Contribution 
from Double Parton Scattering from Double Parton Scattering 
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After VBF Selections: Z+jets Double Parton Interaction is ~15% of Single Parton Interaction
Study the pt unbalance in Z+jets events with VBF cuts allow to control/measure DPI   



HH→→ττττ →→leptonlepton--jet: Kinematic Selectionjet: Kinematic SelectionHH→→ττττ →→leptonlepton--jet: Kinematic Selectionjet: Kinematic Selection

Lepton : 
pT > 15GeV, |η| < 2.5
τhad : 
ET > 30GeV, |η| < 2.3
VBF j tVBF jets : 
ηj1 x ηj2 < 0, |η| < 4.5
ET > 30GeVET > 30GeV
VBF cuts :
soft  (hard for 30fb-1)
Δη > 2.5 (4.2)
M(j1,j2) > 0.4 TeV (1 TeV)
Δφ not used (< 2.2)
Lepton-ET

miss :
M (l E miss) < 40GeV
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MT(l,ET ) < 40GeV



QCD QCD pp→pp→μμ+X+X background shape from data with non background shape from data with non 
isolated isolated muonsmuons after all after all qqHqqH selectionsselections

QCD QCD pp→pp→μμ+X+X background shape from data with non background shape from data with non 
isolated isolated muonsmuons after all after all qqHqqH selectionsselections
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QCD background normalisation from data:QCD background normalisation from data:
D0 methodD0 method

QCD background normalisation from data:QCD background normalisation from data:
D0 methodD0 method

Hypothesis

PYTHIA QCD with real muon or electron pt> 15 GeVQ pt

PYTHIA QCD ith f k l l t < 15 G VPYTHIA QCD with fake or real electron pt< 15 GeV

A value of R=1 for QCD multi-jet background estimation is used in this analysis
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VBF VBF H→H→ττττ → → eeμμ channelchannelVBF VBF H→H→ττττ → → eeμμ channelchannel
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