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/μ+

Higgs Boson

WH CHANNEL
At low mass mH<135 GeV/c2
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OneOne highhigh ppTT isolatedisolated leptonlepton
(e/(e/μμ): ): ppTT> 20 GeV> 20 GeV

TwoTwo tighttight jets: jets: 
EETT(L5(L5)>20 GeV)>20 GeV
||ηη|| < 2.0< 2.0

CosmicCosmic, , conversionconversion, , dileptondilepton andand Z vetos.Z vetos.
QCD veto (as in QCD veto (as in thethe single single toptop analysesanalyses).).
HighHigh missingmissing transversetransverse energyenergy: : 

MET>20 GeV (25 GeV MET>20 GeV (25 GeV forfor PHX)PHX)

At At leastleast oneone SECVTX bSECVTX b--tagtag..

EVENT SELECTION
/μ+
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EXTENDED MUONS

Recover muons in the
gaps left by the high pT
muon triggers.

Acceptance gain of ~15%.

Leptons used in the analysis:
CEM, PHX,
CMUP, CMX,
CMU, CMP,
CMIO, BMU,
SCMIO, CMXNT

CDF Note 9105, see Bruno´s talk!!
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ChannelChannel Single Single tagtag DoubleDouble tagtag

TopLJTopLJ 121.3121.3±±17.117.1 23.823.8±±3.93.9
TopDilTopDil 48.848.8±±6.86.8 14.114.1±±2.32.3

NonNon--WW 135.5135.5±±54.254.2 9.09.0±±3.63.6
WH ( WH ( 115GeV115GeV)) 6.36.3±±0.50.5 2.02.0±±0.20.2

tt--channelchannel 64.064.0±±9.39.3 1.81.8±±0.30.3
ss--channelchannel 40.640.6±±5.75.7 12.812.8±±2.12.1

DibosonDiboson 80.080.0±±8.08.0 5.45.4±±0.60.6

Z+jetsZ+jets 37.437.4±±5.55.5 2.12.1±±0.30.3
WbbWbb 538.7538.7±±162.5162.5 70.370.3±±22.522.5
WccWcc/Wc/Wc 489.1489.1±±150.9150.9 6.86.8±±2.32.3
MistagsMistags 458.0458.0±±57.957.9 2.22.2±±0.60.6

ObservedObserved 1998.01998.0 156.0156.0

BACKGROUND ESTIMATION

•W+jets: Alpgen_v2 + Pythia, jet-based
HF overlap removal (each
process weigthed by x-section).

•W+light: pretag events (weighted by
the mistag matrix).

•tt and diboson: standard Pythia
samples (normalized
to theorical x-section).

•Single top: Madgraph + Pythia
(normalized to theorical
x-sextion).

•Z+jets: Alpgen_v2 + Pythia, weighted
the same as W+jets.

•Non-W: anti-electrons, jet-electrons,
noniso-muons samples, 
pretag events.

2 jet bin
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Double tag events
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MATRIX ELEMENT METHOD

TheThe probabilityprobability ofof anan eventevent ofof beingbeing signalsignal isis proportionalproportional
toto thethe differentialdifferential cross cross sectionsection ofof a a givengiven processprocess: : 

FermiFermi´́ss Golden Golden RuleRule tellstells usus thethe differentialdifferential cross cross sectionsection
forfor a a givengiven scatteringscattering processprocess::
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Parton Distribution Functions
Transfer Functions

Matrix Elements

Phase Space Factor

Inputs:
lepton and jet 4-vectors 
– no other information

needed!

TRANSFER FUNCTIONS (TFs):
We parameterize the Ep – Ej distribution
as a sum of two Gaussian functions. 
In this analysis we used a NNoutput as 
an estimation of Ej.

EVENT PROBABILITIES

CalculateCalculate probabilityprobability densitydensity ofof anan eventevent resultingresulting
fromfrom a a givengiven processprocess: : 
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EPD = Psignal / (Psignal+Pbackground)

DISCRIMINANT

EEventvent PProbabilityrobability DDiscriminantiscriminant (EPD) (EPD) definitiondefinition: : 

BackgroundsBackgrounds peakpeak toto zerozero andand signalsignal peakspeaks higherhigher. . 

Higgs Mass = 115 GeV Higgs Mass = 115 GeV

Single tag region Double tag region

WH x 25 WH x 10

Most sensitive
variable for the BDT
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BDT
Overview Training

21 Input
variables

Channels Events

2jet-1tag

2jet-2tag

Signal

Background

9 variables
based on ME

12 kinematic
variables

picture

Wbb

tt

Single top

WH
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Single tag events

Single tag events

Single tag events

Single tag events

Some Input Variables for the BDT
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Higgs Mass = 115 GeV

mH = 115 GeV

WH x 10

BDT OUTPUTS

Double tag region

See BDT output for the single 
tag region in the back up slides!

FINAL DISCRIMINANT!!
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Systematic
uncertainty Single Tag (%) Double Tag (%)

Jet energy scale 2.0  2.0  

ISR/FSR + PDF 3.1  5.6  

Lepton ID ~2.0 ~2.0

Luminosity 6.0  6.0 

b-tagging SF 3.5 8.4 

RATE SYSTEMATICS
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RESULTS
mmHH

(GeV/c(GeV/c22))
ExpectedExpected
((σσ/SM)/SM)

ObservedObserved
((σσ/SM)/SM)

100100 4.074.07 3.523.52

110110 4.824.82 6.676.67

115115 5.645.64 5.755.75

120120 7.027.02 7.987.98

125125 8.328.32 8.368.36

130130 10.710.7 11.711.7

135135 14.214.2 20.520.5

150150 52.152.1 107.6107.6

105105 4.284.28 4.194.19

140140 20.820.8 26.126.1

145145 29.429.4 54.554.5

MCLIMIT used
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NEAR FUTURE PLANS

Combine Combine thisthis resultresult withwith thethe NN WHNN WH 2.7 2.7 fbfb--11 resultresult..
SplitSplit intointo differentdifferent tagtag categoriescategories: (SVSV, SVJP : (SVSV, SVJP andand SV).SV).
StudyStudy looseloose tagtag categoriescategories..
AddAdd isolatedisolated trackstracks andand compare compare themthem withwith thethe extended extended 
muonsmuons categoriescategories..
OptimizeOptimize thethe transfer transfer functionsfunctions..
AddAdd newnew variables variables intointo thethe BDT training.BDT training.
NewNew ideasideas: : addadd newnew variables variables fromfrom thethe ME ME calculationcalculation. . 
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SM Higgs search with ME+BDT technique has 
been performed with 2.7 fb-1 of CDF data.

Boosted decision trees use the ME output as 
input with some other kinematic variables.

Our 95% C. L. expected upper limit is 5.64xSM 
for a Higgs of 115 GeV/c2.

WeWe are are workingworking onon combiningcombining thisthis resultresult withwith thethe
NN WH NN WH groupgroup. . SeeSee JasonJason´́ss talk!!talk!!

SUMMARY
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MainMain notenote: CDF Note : CDF Note 94049404..

RelatedRelated material:material:

DOCUMENTATION

WH search using ME in 2.2 fb-1: CDF Note 9255.

Single Top search using ME in 2.2 fb-1: CDF Note 9223.

Single Top search using BDT in 2.2 fb-1: CDF Note 9263.

Extra muons: CDF Note 9105.

Method-II For You: CDF Note 9185.
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QCD VETO

QCD veto QCD veto appliedapplied onlyonly in in thethe single single taggedtagged samplesample..

Central electrons (CEM):
mmTT(W(W) > 20 GeV/c) > 20 GeV/c22

METsigMETsig≥≥ --0.05 x 0.05 x mmTT(W(W) + 3.5) + 3.5
METsigMETsig≥≥ 2.5 2.5 -- (2.5/0.8) x (2.5/0.8) x ΔφΔφ((MET,jet2MET,jet2))

PlugPlug electronselectrons (PHX):(PHX):
MET > 25 GeV MET > 25 GeV 
mmTT(W(W) > 20 GeV/c) > 20 GeV/c22 METsigMETsig> 2> 2
MET > 45 MET > 45 -- 30 x 30 x ΔφΔφ((MET,jet1MET,jet1))
MET > 45 MET > 45 -- 30 x 30 x ΔφΔφ((MET,jet2MET,jet2))

MuonsMuons::
mT(W) >10 GeV/c) >10 GeV/c22
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ProcessProcess TheoreticalTheoretical xx--sectionssections
ss--channelchannel 0.884 0.884 ±± 0.110.11

tt--channelchannel 1.980 1.980 ±± 0.250.25

WWWW 12.4 12.4 ±± 0.250.25

tttt 6.7 6.7 ±± 0.80.8

WZWZ 3.96 3.96 ±± 0.060.06

ZZZZ 1.58 1.58 ±± 0.050.05
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mmHH (GeV/c(GeV/c22)) BR(HBR(H -->>bbbb)) σσ BR x BR x σσ pbpb
100100 0.8120.812 0.2860.286

0.2530.253

0.2190.219

0.1860.186

0.1530.153

0.1360.136

0.1200.120

0.1030.103

0.0860.086

0.0780.078

0.0700.070

0.2320.232

105105 0.7960.796 0.2010.201

110110 0.7700.770 0.1690.169

115115 0.7320.732 0.1360.136

120120 0.6790.679 0.1040.104

125125 0.6100.610 0.0830.083

130130 0.5270.527 0.0630.063

135135 0.4360.436 0.0450.045

140140 0.3440.344 0.0300.030

145145 0.2560.256 0.0200.020

150150 0.1760.176 0.0120.012
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Double tag events

Double tag eventsDouble tag events

Double tag events
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1    EPD                              2.428e-01    EPD                               9.952e-02
2    Ht 8.334e-02    log(ProbWH/Wc)           9.199e-02
3    J2Et 6.797e-02   log(ProbWH/tchan)       8.354e-02
4    log(ProbWH/Wjg)          5.456e-02   log(ProbWH/ttbar)         7.425e-02
5    log(ProbWH/schan)       5.202e-02   log(ProbWH/schan)      7.367e-02
6    log(ProbWH/Wc)           4.960e-02   log(ProbWH/tchan2)      6.198e-02
7    met 4.872e-02   log(ProbWH/Wgg)         5.751e-02
8    J1Et 4.373e-02   log(ProbWH/Wjg)          4.353e-02
9    log(ProbWH//WccWbb) 4.006e-02   MetLepDPhi 4.174e-02
10  mJ1J2 3.932e-02     mJ1J2 4.145e-02
11  LepPt 3.901e-02     LepEta 4.134e-02
12  log(ProbWH/tchan)      3.723e-02     J1Et 3.968e-02
13  log(ProbWH/ttbar)        3.461e-02     Ht 3.460e-02
14  MetLepDPhi 2.893e-02     KaNN 3.358e-02
15  log(ProbWH/tchan2)    2.842e-02     MetJ1DPhi 3.062e-02
16  log(ProbWH/Wgg)       2.726e-02     J2Et 2.821e-02
17  KaNN 2.715e-02      log(ProbWH//WccWbb) 2.664e-02
18  wmt 1.785e-02      met 2.656e-02
19  LepEta 1.284e-02      cosLepJ1 2.587e-02
20  cosLepJ1 1.246e-02      LepPt 2.431e-02
21  MetJ1DPhi 1.209e-02      wmt 1.939e-02

Rank Variable (1 TAG)      Importance Variable (2tag)          Importance

INPUT VARIABLES FOR THE BDT
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BDT OUTPUTS

Single tag region

Single tag region

Higgs Mass = 115 GeV

WH x 25

Higgs Mass = 115 GeV

Single tag region!!
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