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H! WW ! 2l2" ,l" qq
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 Final state with the highest rate in most of 
the mH mass range:

 2l2" : high BR, clean signature, no mass peak
 

 l" qq: highest rate sub-channel, closed kinematics, 
large background

HWW channel covers by alone mH=[125-600] GeV

expected exclusion
with 5.0 fb-1(7 TeV)
+ 5.0 fb-1 (8 TeV)

H! WW

gluon fusion Vector Boson Fusion
non-resonant background

region=[300-500] GeV

region=[125-500] GeV
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H! WW !  2l2" : strategy
Most sensitive channel around 2 × MW (125 < MH < 200 GeV)
Signature: two high pT isolated leptons + MET
No narrow mass peak
Main backgrounds 

WW (irreducible)
Z+jets, WZ, ZZ, tt, W + jets

BKG estimation crucial
Main BG estimated from data

# PT

32 GeV e PT

34 GeV

MET

47 GeV

H→WW→eμνν candidate

Scalar H boson +
V-A structure of W decay
favors small $% between 

leptons

3
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H! WW* ! 2l2" : backgrounds
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process characteristic rejection

W+jets (31000 pb) lepton + fake lepton 2 well identified and isolated 
leptons

Z+jets (5000 pb) Z peak, no real ETmiss

✤ proj ETmiss > 40 GeV(ee,µµ), 20 
GeV (eµ)
✤ |mll-mZ|<15 GeV (ee, µµ), 
mll>12 GeV (eµ)

tt (158 pb), tW (11 pb) additional (b-)jets
✤ classify events in 0-,1-jet
✤ anti b-tagging

W,Z + γ (165 pb) electron from γ coversion ✤ conversion veto

WW (43 pb) non resonant ✤ small Δφll

WZ (18 pb), ZZ (6 pb) Z peak
✤ |mll-mZ|<15 GeV (ee, µµ), 
mll>12 GeV (eµ)

relative importance after selection depends on mH
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H! WW !  2l2" : selection
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DY-dominated sample, MET selection, Z-veto 
[crucial the resolution with high pileup]

top dominated sample:                                                                  
jet counting (0,1,2) + b-tagging [crucial low mis-tag rate 
for jelow pT jets]

 WW dominated sample [performed measurement of 
cross section for pp→WW @ 8 TeV]

apply mH dependent cuts: kinematics                                                
depending on the Higgs mass (pT1,pT2,Δϕll,mll,mT)

8 TeV data

<15> interactions/BX in 2012

used a combination of MET / track-based MET / dilepton
recoil against MET, etc to reduce Drell Yan for ee/##  Þnal states
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Jet categorization
Categorize events by jet multiplicity (jet pT>30 
GeV, |η|<4.7)

very good description of jet counting, validated 
with Z! ll events in data 

jet ID used to reduce pileup effects at high |η|

0-jet: WW dominated.  Most sensitive category to 
gg→H

mH<130 GeV: W+jets, Drell Yan backgrounds

eµ final state very pure final state

1-jet: dominated by tt+tW, apply anti b-tagging on 
all jets with pT>10 GeV

clean eµ from DY→ττ with mT>80 GeV

2-jets: specific selections to isolate VBF production

Δη(j1-j2)>3.5, mj1,j2>450 GeV
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Backgrounds estimation
Measure all the backgrounds from data control samples:

W+jets from fake-enriched sample, weighted with 
fake→lepton probability

relevant for low pT leptons (low mH)

top from b-tagged events

DY from Z on-peak data events

WW from signal free region (mll>100 GeV for mH<200 
GeV. For high mass H, no signal-free region, taken from 
simulation)

Cut & count analysis: dominated by systematics on 
background normalization:

W+jets: ≈40% (do not improve with statistics)

Drell-Yan: 60%

Top: 25%

WW: 15-30%
7

top control sample
from 1 b-tag jet

crucial effort in measuring backgrounds 
from data with the largest precision possible
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WW event yields
With a selection tuned to reduce systematic uncertainties (pT1,2>20/20 GeV), measure 
the WW cross section at 8 TeV:

similar ratio measurement / prediction as in 7 TeV data collected in 2011

pre-selection relaxed for a low mass Higgs (pT1,2>10/20 GeV):

8

data tot. bkg. WW tt+tW
0 jet 1594 1501±21 1046.1±7.2 164.2±5.4
1 jet 1186 1162±27 381.0±4.0 527.3±8.4
2 jets 1295 1412±24 177.0±2.8 886.5±11.1

W+jets WZ+ZZ Z/γ* Wγ
0 jet 158.2±7.1 32.6±0.6 73±17 27.1±3.9
1 jet 122.6±6.7 30.3±0.6 77±24 23.7±5.2
2 jets 94.9±6.4 20.8±0.5 227±20 5.6±2.1

�NLO
W W (gg ! W+W ! + qq ! W+W ! ) = 57 .25

!
+2.35
! 1.60

"
pb

statistical uncertainties only

! W W = 69.9 ± 2.8(stat) ± 5.6(syst) ± 3.1(lumi .)pb
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WW ! 2l2"  event pre-selection 

9

0 jet

1 jet

Cebby
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Higgs selection
Further discrimination with Higgs is provided by kinematic variables: apply 
optimized cuts:

10

5

4 H ! W+ W" search strategy160

To enhance the sensitivity to a Higgs boson signal, a cut-based approach is chosen for the Þnal161

ÒHiggsÓ selection. Because the kinematics of signal events change as a function of the Higgs162

mass, separate optimizations are performed for different mH hypotheses.163

The extra requirements, designed to optimize the sensitivity for a SM Higgs boson, are placed164

on p! ,max
T , p! ,min

T , m!! , ! ! !! and the transverse massmT, deÞned as
!

2p!!
T Emiss

T (1 � cos! ! Emiss
T !! ),165

where ! ! Emiss
T !! is the difference in azimuth between Emiss

T and the transverse momentum of the166

dilepton system. The cut values, which are the same in both the 0- and 1-jet categories, are167

summarized in Table 1. The ! ! !! and m!! distributions in the 0-jet and 1-jet categories, for a168

mH = 125 GeV SM Higgs boson and for the main backgrounds are shown in Figures 2 and 3,169

respectively.170

Table 1: Final event selection requirements for the cut-based analysis in the 0-jet and 1-jet bins.
Values for other mass hypotheses follow a smooth behavior with respect to the report values.

mH p! ,max
T p! ,min

T m!! ! ! !! mT

[ GeV] [ GeV] [ GeV] [ GeV] [�] [ GeV]
> > < < [,]

120 20 10 40 115 [80,120]
130 25 10 45 90 [80,125]
160 30 25 50 60 [90,160]
200 40 25 90 100 [120,200]
250 55 25 150 140 [120,250]
300 70 25 200 175 [120,300]
400 90 25 300 175 [120,400]
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Figure 2: Distributions of ! ! !! in the 0-jet (left) and 1-jet (right) categories, for a mH = 125 GeV
SM Higgs boson and for the main backgrounds. The cut-based H ! W+W� selection, except
for the requirements on the ! ! !! and the dilepton mass, is applied.

The 2-jet category is mainly sensitive to the vector boson fusion (VBF) production mode [38Ð171

41], whose cross section is roughly ten times smaller than that of the gluon-gluon fusion mode.172

$& ll, 0-jet

6 5 Background predictions

 [GeV]l,lm
50 100 150 200

ev
en

ts
/6

.7
 G

eV

0

10

20

30

40

50

60

70

80

90

 [GeV]l,lm
50 100 150 200

ev
en

ts
/6

.7
 G

eV

0

10

20

30

40

50

60

70

80

90  HWW125  data
 WW *�a Z/
 top  VZ
 W+jets

CMS Preliminary
 = 8 TeVs

-1L = 5.10 fb

 [GeV]l,lm
50 100 150 200

ev
en

ts
/6

.7
 G

eV

0

10

20

30

40

50

60

70

80

90

 [GeV]l,lm
50 100 150 200

ev
en

ts
/6

.7
 G

eV

0

5

10

15

20

25

30

35

40

 [GeV]l,lm
50 100 150 200

ev
en

ts
/6

.7
 G

eV

0

5

10

15

20

25

30

35

40
 HWW125  data
 WW *�a Z/
 top  VZ
 W+jets

CMS Preliminary
 = 8 TeVs

-1L = 5.10 fb

 [GeV]l,lm
50 100 150 200

ev
en

ts
/6

.7
 G

eV

0

5

10

15

20

25

30

35

40

Figure 3: Distributions of dilepton mass in the 0-jet (left) and 1-jet (right) categories, for a
mH = 125 GeV SM Higgs boson and for the main backgrounds. The cut-based H ! W+ W"

selection, except for the requirement on the dilepton mass itself, is applied.

The VBF channel offers a different production mechanism to test the compatibility of a signal173

with the SM Higgs boson hypothesis. The VBF signal can be extracted using simple selection174

criteria, especially in the relatively low background environment of the fully leptonic W + W"
175

decay mode, providing additional search sensitivity. The H ! W+ W" events from VBF pro-176

duction are characterized by a pair of energetic forward-backward jets and very little hadronic177

activity in the rest of the event. Events passing the W + W" criteria are further required to178

satisfy pT > 30 GeV for both leading jets, with no jets above this threshold present in the pseu-179

dorapidity region between the two leading jets. The two leptons are required to be within the180

pseudorapidity region deÞned by the two jets. To reject the main background from top-quark181

decays, two additional requirements are applied to the two jets, j1 and j2: |! ! ( j1, j2)| > 3.5182

and mj1j2 > 450 GeV. In addition, mT is required to be larger than 30 GeV and smaller than the183

Higgs mass hypothesis. Finally, a mH dependent upper limit on the dilepton mass is applied.184

5 Background predictions185

A combination of techniques is used to determine the contributions from the background pro-186

cesses that remain after the Higgs selection. Where feasible, background contributions are187

estimated directly from data, avoiding large uncertainties related to the simulation of these188

sources. The remaining contributions taken from simulation are small.189

The W + jets and QCD multijet backgrounds arise from leptonic decays of heavy quarks, ha-190

drons misidentiÞed as leptons, and electrons from photon conversion. The estimate of these191

contributions is derived directly from data using a control sample of events in which one lep-192

ton passes the standard criteria and the other does not, but instead satisÞes a relaxed set of193

requirements (ÒlooseÓ selection), resulting in a Òtight-failÓ sample. The efÞciency," loose, for a194

jet that satisÞes the loose selection to pass the tight selection is determined using data from an195

independent multijet event sample dominated by non-prompt leptons, and parameterized as196

a function of pT and ! of the lepton. The background contamination is then estimated using197

the events of the Ótight-failÓ sample weighted by " loose/(1 - " loose). The systematic uncertain-198

mll, 0-jet
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Results on 2011 and 2012
• Result on 8 TeV data: observed exclusion limit: 127 < MH < 200 GeV

• 7 TeV data not re-analized: observed exclusion limit: 129 < MH < 270 GeV 

11

this channel is sensitive to mH=[125-400] GeV with 8 TeV data

Expected limit: 127 < MH < 270 GeV
Observed limit: 129 < MH < 270 GeV

Expected limit: 128 < MH < 250 GeV
Observed limit: 135 < MH < 198 GeV

2011 published result
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Figure 4: Expected and observed 95% CL upper limits on the cross section times branching
fraction, sH ⇥ BR(H ! W+W�), relative to the SM Higgs expectation, using the 8 TeV data
only (left) and the combined 7 TeV and 8 TeV data (right). Results are obtained using the CLs
approach.
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formed by the CMS experiment using a data sample corresponding to an integrated luminos-304
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Acknowledgements308

We wish to congratulate our colleagues in the CERN accelerator departments for the excellent309

performance of the LHC machine. We thank the technical and administrative staff at CERN and310

other CMS institutes, and acknowledge support from: FMSR (Austria); FNRS and FWO (Bel-311

gium); CNPq, CAPES, FAPERJ, and FAPESP (Brazil); MES (Bulgaria); CERN; CAS, MoST, and312

NSFC (China); COLCIENCIAS (Colombia); MSES (Croatia); RPF (Cyprus); Academy of Sci-313

ences and NICPB (Estonia); Academy of Finland, MEC, and HIP (Finland); CEA and CNRS/314

IN2P3 (France); BMBF, DFG, and HGF (Germany); GSRT (Greece); OTKA and NKTH (Hun-315

gary); DAE and DST (India); IPM (Iran); SFI (Ireland); INFN (Italy); NRF and WCU (Korea);316

LAS (Lithuania); CINVESTAV, CONACYT, SEP, and UASLP-FAI (Mexico); MSI (New Zealand);317

PAEC (Pakistan); MSHE and NSC (Poland); FCT (Portugal); JINR (Armenia, Belarus, Geor-318

gia, Ukraine, Uzbekistan); MON, RosAtom, RAS and RFBR (Russia); MSTD (Serbia); MICINN319

and CPAN (Spain); Swiss Funding Agencies (Switzerland); NSC (Taipei); TUBITAK and TAEK320

(Turkey); STFC (United Kingdom); DOE and NSF (USA). Individuals have received support321

from the Marie-Curie programme and the European Research Council (European Union); the322

Leventis Foundation; the A. P. Sloan Foundation; the Alexander von Humboldt Foundation;323

the Belgian Federal Science Policy Office; the Fonds pour la Formation à la Recherche dans324
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Combined result on 10 fb-1

• statistical combination of 8 TeV (5.1 fb-1) and 7 TeV (4.9 fb-1, not reanalized) 
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H! WW ! l" qq
Sensitive channel for mH=[300-600] GeV, 
max sensitivity for mH=350 GeV

Event selection: one lepton, ETmiss  and 2 or 
3 jets:

one e(µ) with pT>35(25) GeV

anti kT jets with pT>30 GeV

ETmiss  > 25 (30) GeV for e(µ) final state

events with di-jet mass 65<mj1j2<95 GeV 
keep 80% of signal

kinematic fit with constraints M(lν)=MW and 
M(jj)=MW allows full reconstruction of Higgs 
boson mass M(lνjj)

use a mH-dependent angular likelihood 
discriminant to optimize continuum W+jets 
rejection

Search for a peak over a continuum background

13

mjj,
mH=500 GeV

ml" jj,
mH=500 GeV
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Results with 7,8 TeV data
• Used 4.9 fb-1 of 7 TeV data and 3.5 fb-1 of 8 TeV data

14

Observed limit: 260 < MH < 390 GeV Observed limit: 240 < MH < 450 GeV

8 TeV data 7 TeV + 8 TeV data
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Conclusions
!e H→WW channel is one of the most sensitive to the SM Higgs in a 
wide mass range, starting from mH=125 GeV

CMS has searched for a Standard Model Higgs boson in WW fully 
leptonic "nal state with 4.9 #-1 (7 TeV) and 5.1 #-1 (8 TeV) data

observed an exclusion limit of mH=[129-520] GeV, when expecting 
mH=[122-450] GeV exclusion limit

for low masses, a broad excess is observed at the level of 2 Standard 
Deviations

CMS has extended the search exploring the semi-leptonic "nal state, 
excluding the presence of Higgs boson n 240-450 GeV

the excess at low mass is still both compatible with s Higgs boson 
with mass mH=125 GeV and with a $uctuation of the 
backgrounds

15
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Combination 7 TeV + 8 TeV

17

 [GeV]Hm
120 130 140 150 160

SM
σ/

σ
95

%
 C

.L
. L

im
it 

on
 

0

1

2

3

4

5

6 Median Expected
σ 1±Expected 
σ 2±Expected 

Observed

-1 = 5.1 fb
int

 = 8 TeV, LsCMS, 

 0/1/2 jet cut basedν2l2→WW→H

zoom at low mH

for 7 TeV + 8 TeV
signal strength:

channel
compatibility



E. Di Marco

signal injection test
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Event yields at 8 TeV

19

9

Table 3: Observed number of events, background estimates and signal predictions for an inte-
grated luminosity of 5.1 fb�1 after applying the H ! W+W� cut-based selection requirements.
The combined statistical, experimental, and theoretical systematic uncertainties are reported.
The Z/g⇤! `+`� process includes the dimuon, dielectron and ditau final state.

mH
H pp WZ + ZZ Top W + jets Wg(⇤) all bkg. data! W+W� ! W+W� +Z/g⇤! `+`�

0-jet category eµ final state
125 23.9 ± 5.2 87.6 ± 9.5 2.2 ± 0.2 9.3 ± 2.7 19.1 ± 7.2 6.0 ± 2.3 124.2 ± 12.4 158
130 35.3 ± 7.6 96.8 ± 10.5 2.5 ± 0.3 10.1 ± 2.8 20.7 ± 7.8 6.3 ± 2.4 136.3 ± 13.6 169
160 98.3 ± 21.2 53.6 ± 5.9 1.2 ± 0.1 6.3 ± 1.7 2.5 ± 1.3 0.2 ± 0.1 63.9 ± 6.3 79
400 16.6 ± 4.8 50.5 ± 5.8 1.5 ± 0.2 26.1 ± 5.7 4.5 ± 2.0 0.7 ± 0.5 83.3 ± 8.4 92

0-jet category ee/µµ final state
125 14.9 ± 3.3 60.4 ± 6.7 37.7 ± 12.5 1.9 ± 0.5 10.8 ± 4.3 4.6 ± 2.5 115.5 ± 15.0 123
130 23.5 ± 5.1 67.4 ± 7.5 41.3 ± 15.9 2.3 ± 0.6 11.0 ± 4.3 4.8 ± 2.5 126.8 ± 18.3 134
160 86.0 ± 18.7 44.5 ± 4.9 11.3 ± 13.4 3.8 ± 0.9 1.3 ± 1.1 0.4 ± 0.3 61.4 ± 14.4 92
400 12.3 ± 3.6 37.1 ± 4.3 5.7 ± 1.3 20.0 ± 4.7 3.4 ± 1.9 13.6 ± 4.8 79.9 ± 8.3 55

1-jet category eµ final state
125 10.3 ± 3.0 19.5 ± 3.7 2.4 ± 0.3 22.3 ± 2.0 11.7 ± 4.6 5.9 ± 3.2 61.7 ± 7.0 54
130 15.7 ± 4.7 22.0 ± 4.1 2.6 ± 0.3 25.1 ± 2.2 12.8 ± 5.1 6.0 ± 3.2 68.5 ± 7.6 64
160 52.6 ± 14.9 20.1 ± 4.0 1.6 ± 0.2 21.5 ± 1.8 5.0 ± 2.3 0.9 ± 0.5 49.2 ± 5.0 62
400 11.4 ± 3.3 39.1 ± 6.3 2.1 ± 0.3 56.6 ± 3.7 7.1 ± 3.1 0.6 ± 0.6 105.5 ± 8.0 96

1-jet category ee/µµ final state
125 4.4 ± 1.3 9.7 ± 1.9 8.7 ± 4.9 9.5 ± 1.1 3.9 ± 1.7 1.3 ± 1.2 33.1 ± 5.7 43
130 7.1 ± 2.2 11.2 ± 2.2 9.1 ± 5.4 10.7 ± 1.2 3.7 ± 1.7 1.3 ± 1.2 36.0 ± 6.3 53
160 37.9 ± 10.9 13.8 ± 2.8 28.4 ± 10.7 16.2 ± 1.6 3.8 ± 2.1 0.0 ± 0.0 62.3 ± 11.4 65
400 7.4 ± 2.2 19.6 ± 3.2 7.9 ± 2.4 33.4 ± 2.4 1.6 ± 1.3 4.4 ± 1.8 66.8 ± 5.1 67

2-jet category eµ final state
125 1.5 ± 0.2 0.4 ± 0.1 0.1 ± 0.0 3.4 ± 1.9 0.3 ± 0.3 0.0 ± 0.0 4.1 ± 1.9 6
130 2.5 ± 0.4 0.5 ± 0.2 0.1 ± 0.0 3.0 ± 1.8 0.3 ± 0.3 0.0 ± 0.0 3.9 ± 1.9 6
160 9.9 ± 1.3 0.8 ± 0.2 0.1 ± 0.0 4.2 ± 2.2 0.6 ± 0.4 0.0 ± 0.0 5.6 ± 2.2 11
400 2.3 ± 0.4 1.9 ± 0.8 0.2 ± 0.0 9.1 ± 2.7 0.5 ± 0.4 0.0 ± 0.0 11.7 ± 2.9 22

2-jet category ee/µµ final state
125 0.8 ± 0.1 0.3 ± 0.1 3.1 ± 1.8 2.0 ± 1.2 0.0 ± 0.0 0.0 ± 0.0 5.4 ± 2.2 7
130 1.3 ± 0.2 0.4 ± 0.2 3.8 ± 2.2 2.0 ± 1.2 0.0 ± 0.0 0.0 ± 0.0 6.2 ± 2.5 7
160 6.0 ± 0.8 0.7 ± 0.3 4.7 ± 2.7 2.4 ± 1.2 0.2 ± 0.4 0.0 ± 0.0 8.0 ± 3.0 9
400 1.6 ± 0.2 1.5 ± 0.7 6.6 ± 2.8 4.9 ± 1.9 0.7 ± 0.7 0.0 ± 0.0 13.8 ± 3.5 15


