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Outline

• Introduction 
• Current limits on the SM Higgs searches
• The ATLAS Detector
• H WW signatures
• Results from cut-based analysis
• Signal detection improvement by using 

multivariate method (Boosted Decision Trees)
• Conclusions
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SM Higgs Production at LHC

Gluon-gluon fusion and WW/ZZ fusion are
two dominant Higgs production mechanism.
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Higgs Decay Branching Ratios 
and Discovery Channels

m(H) > 2 mZ
H → ZZ → 4l

qqH → ZZ → ll νν *
qqH → ZZ → ll jj *
qqH → WW→ lνjj *
* for mH > 300 GeV

forward jet tag

Low mass region: m(H) < 2 mZ
H → γγ (good at mH ~ 120 GeV)
H → bb (huge bb background)
H → ττ
H → ZZ* → 4l (clean)
H → WW* → lνlν or lνjj

-

Disfavoured by EW precision fits
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Present Limits on Higgs Searches
Recent CDF+DO direct search (4.2fb-1)
exclude range 160 -170 GeV
http://arxiv.org/abs/0903.4001

LEP direct search: mH > 114.4 GeV
http://lepewwg.web.cern.ch/LEPEWWG

Experiments 
at LHC will 
cover the 
whole mass 
range for SM 
Higgs search
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The ATLAS Detector at LHC
45 m

ATLAS Collaboration, JINST 3:S08003 (2008)

24 m



DPF09 H. Yang - HWW Search 7

• Main search channel for mass in range: 
130 GeV < mH < 190 GeV due to large 
WW decay branching ratio

• Analyses: 
– H + 0 jets lνlν

(dominated by Gluon Gluon Fusion)

– H + 2 jets lνlν + 2 jets 
(dominated by Vector Boson Fusion)

• Main backgrounds: 
WW, Wt, tt and W+jets

7

Search for H WW using leptonic
decay final states at LHC
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Signal and Background cross 
sections at √s = 14 TeV

BR(W eν) = 10.8%,  cross section of H WW lνlν (l=e,μ) 
at mH = 170 GeV and 14 TeV center-of-mass energy is 0.906 pb. 

Major experimental challenges:
- Irreducible SM WW background
- Unable to reconstruct MH in leptonic decay modes 



DPF09 H. Yang - HWW Search 9



DPF09 H. Yang - HWW Search 10

H WW Signature

H WW
QCD WW

Transverse opening angle Δφll
of two leptons from WW decay

Control RegionSignal Region
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Transverse Momentum of WW

ggF H WW signal has larger PT
WW than SM WW background because 

gluon-initiated process tends to have more ISR than quark-initiated process.
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Gluon-gluon Fusion H WW eνμν
Event Selection (mH=170 GeV, 1 fb-1)

Selected event has exactly two isolated, opposite-charge leptons with pT>15 GeV

In ‘signal region’: 51 Higgs events, 126 background events
The signal efficiency is 11.2%, signal-to-background ratio is 0.4
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Vector Boson Fusion (VBF) Higgs Production

Δηjj

Δφjj ΕT
jet3

Signal: WW + 2 jets

q

Mjj
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VBF H WW eνμν + 2 jets
Event Selection (mH=170 GeV, 1 fb-1)

In signal box with b-veto: 9.3 Higgs events, 38 background events
signal efficiency is 7%, signal-to-background ratio is ~0.24

Signal box: Δφll < 1.5 and Δηll < 1.4;  otherwise Control box
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Higgs Mass Determination 
(Maximum-likelihood fit)

H WW eνμν + 0 jet
2-D fit: MT and pT

WW

(2bins: Δφll<1.575, Δφll>1.575)

H WW eνμν + 2 jets
2-D fit: MT and NN output
(Δηjj, Mjj, ET

jet3, η3-(η1+η2)/2)

H+0j H+2j

Higgs mass determination variabilities for 130, 160 and 190 GeV
Higgs boson masses are about 5.2, 1.6 and 4.2 GeV, respectively. 
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Higgs Detection Significance
Log-likelihood ratio test-statistics by using MT, pT

WW, NN
distributions in signal and control regions from H + 0/2 jets.

Significance at 10 fb-1

for H WW(eνμν)+0/2j

5σ discovery could be 
achieved if Higgs mass
between 135 GeV and 
190 GeV

5σ discovery
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To improve the Higgs detection sensitivity
• Using multivariate method (Boosted Decision Trees, 

ref: H. Yang ref: H. Yang et.alet.al., NIM A555 (2005) 370., NIM A555 (2005) 370) to combine a set of 
discriminating variables into one final powerful 
discriminator variable to select Higgs events.  

• Discriminating variables used in our BDT analysis:
– Event topology: Jet multiplicity, Impact parameter of leptons, 

opening angle between leptons (jets) etc.
– Energy and momentum of leptons, jets, MET
– Masses: invariant mass of two leptons, transverse mass of two 

leptons with MET
– Lepton isolations: number of tracks, sum of track PT, sum of jet 

ET in ΔR < 0.4 cone around lepton

Higgs signal efficiency could be improved by ~30% and   
signal-to-background ratio is improved by a factor of ~ 2.
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Conclusions
• H WW lνlν is one of the most interesting and 

sensitive channels to discover the Higgs boson 
for Higgs mass between 130 GeV – 190 GeV.

• The Higgs detection sensitivity can be improved 
significantly by using multivariate method such 
as Boosted Decision Trees.

• The discovery of the SM Higgs boson through 
W-pair leptonic decay modes could be achieved 
by using a few fb-1 integrated luminosity if the 
Higgs mass is around 140 GeV – 190 GeV. 

We are looking forward the LHC collision data !
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Backup Slides
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Boosted Decision Trees (BDT)

B.P. Roe, H.J. Yang, B.P. Roe, H.J. Yang, et.alet.al., physics/0408124, NIM A543 (2005) 577., physics/0408124, NIM A543 (2005) 577
H.J. Yang, B.P. Roe, H.J. Yang, B.P. Roe, et.alet.al., physics/0508045, NIM A555 (2005) 370., physics/0508045, NIM A555 (2005) 370

Relative new in HEP – MiniBooNE, BaBar, D0(single top discovery), ATLAS
Advantages: robust, understand ‘powerful’ variables, ‘not a black box’, …

• Split data recursively based on input
variables until a stopping criterion is
reached (e.g. purity, too few events)

• Every event ends up in a “signal” or a
“background” leaf

• Misclassified events will be given larger
weight in the next tree (boosting)

• For a given event, if it lands on the signal
leaf in one tree, it is given a score of 1,
otherwise, -1. The sum of scores from all
trees is the final score of the event. 

Sum of 1000 trees
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Systematic Uncertainties
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