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Introduction
n 4th July 2012 - the discovery of a new particle
n ATLAS and CMS today: 

n ~2.5x larger data set
n reduced experimental uncertainties
n new exclusive analyses - event categories 

targeting specific production modes
n WW channel:

n large branching ratio
n clear signature
n but no mass peak
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Higgs to WW→lvlv CMS
n exactly two opposite sign iso. leptons (e,µ) and large MET

n cuts on mll, pT(ll), Z-peak veto, b-jet veto, Z/γ* rejection 
using MVA 

n split in categories:
n jet multiplicity: 0j, 1j, 2j
n separated in same (SF) and opposite (DF) flavour

n challenging backgrounds:
n data-driven methods for reducible bkg: tt/tW, W+jets, 

Z→ll, Z→ττ
n WZ/ZZ, V+γ* from MC
n WW fit to data in sidebands

n analysis categories:
n 0j, 1j DF category: 2D shape analysis
n 0j, 1j SF category: mH dependent cuts on Δφ(ll), 

pT(lmax), pT(lmin), mll, mT
n VBF category: 2 or 3 jets (2 jets with pT > 30 GeV), no 

jets in the gap |Δη(jj)|>3.5 and mjj>500 GeV

]o [
ll
φΔ

0 20 40 60 80 100 120 140 160 180

o
ev

en
ts

 / 
10

 

0

200

400

600

800

1000  data =125 GeVH m
 H125  W+jets
 VV  Top

*γ Z/  WW
syst.⊕ stat.

CMS Preliminary
-1 = 8 TeV, L = 19.5 fbs
 -1 = 7 TeV, L = 4.9 fbs

 µ0-jet e

]o [
ll
φΔ

0 50 100 150

da
ta

 / 
M

C

0
0.5

1
1.5

2
2.5

]o [
ll
φΔ

0 20 40 60 80 100 120 140 160 180

o
ev

en
ts

 / 
10

 

0

100

200

300

400

500  data =125 GeVH m
 H125  W+jets
 VV  Top

*γ Z/  WW
syst.⊕ stat.

CMS Preliminary
-1 = 8 TeV, L = 19.5 fbs
 -1 = 7 TeV, L = 4.9 fbs

 µ1-jet e

]o [
ll
φΔ

0 50 100 150

da
ta

 / 
M

C
0

0.5
1

1.5
2

2.5

CMS-PAS-HIG-13-003

DF, 0j

DF, 1j

VBF: CMS-PAS-HIG-12-042

4



 (GeV)TM
60 70 80 90 100 110 120

 (G
eV

)
ll

M

20

30

40

50

60

70

80

90

100

0

2

4

6

8

10

12

14

16

18

 = 125 GeVHM
 (8TeV)-1CMS preliminary L = 19.5 fb

 (GeV)TM
60 70 80 90 100 110 120

 (G
eV

)
ll

M
20

30

40

50

60

70

80

90

100

0

20

40

60

80

100

120

Background
 (8TeV)-1CMS preliminary L = 19.5 fb

0j, 1j DF category: 2D shape analysis

M
ll

MT

signal, 0j

background, 0j

 [GeV]Hm

SM
m/

m
95

%
 C

.L
. L

im
it 

on
 

-110

1

10

210

100 200 300 400 500 600

Observed

Median Expected

m 1±Expected 

m 2±Expected 

m 1±=125 GeV 
H

Injection m

CMS Preliminary
-1=7 TeV, L = 4.9 fbs

-1=8 TeV, L = 19.5 fbs
 0/1-jeti2l2AWWAH

4.0 (5.1)  obs. (exp.)  
significance at 125 GeV

poor mass resolution
broad excess

additional SM Higgs-like boson 
excluded in the mass range 
128 - 600 GeV at 95% CL. 

CMS-PAS-HIG-13-003

Higgs to WW→lvlv CMS

 13.2±
2.9

 17.0±
1.9

 16.4±
11.1

 13.7±
24.3

 14.0±
25.9

 11.5±
-6.1

 10.7±
-1.7

 15.9±
17.8

 15.5±
25.4

 17.1±
-4.0

 14.0±
11.4

 17.7±
16.6

 13.1±
-9.3

 22.7±
-3.0

 15.6±
-8.4

 14.3±
6.3

 13.6±
7.4

 15.5±
10.6

 10.9±
12.3

 14.5±
8.4

 19.5±
12.6

 13.3±
-5.4

 14.5±
7.1

 15.4±
7.5

 14.9±
18.4

 20.2±
-11.4

 27.0±
-4.6

 16.6±
-8.4

 16.0±
-0.2

 17.7±
1.1

 (GeV)TM
60 70 80 90 100 110 120

 (G
eV

)
ll

M

20

30

40

50

60

70

80

90

100

-10

-5

0

5

10

15

20

25

Data - Background
 (8TeV)-1CMS preliminary L = 19.5 fb 0j

0j+1j

5



n test spin-2 resonance which couples to WW through 
minimal couplings (100% gg production)

n WW final state can’t be fully reconstructed but use 
other spin-sensitive variables:
n Δφ(ll), Mll, mT

n DF only, all jet bins
n build a maximum likelihood fit like in the standard 

analysis but for both models - SM and  spin-2 model
n use test statistic q to quantify the consistency of data to 

the two models
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n single e, µ triggers
n lepton pt > 25, 15 GeV
n jet pt > 25 GeV, 30 GeV for |η| > 2.5
n rel. MET > 25 GeV

http://arxiv.org/abs/1307.1427
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n VBF category(2+j):
n require b-veto and two 

forward jets
n ΔYjj > 2.8, Mjj > 500 GeV

http://arxiv.org/abs/1307.1427
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n WH, ZH production in 3l, 4l channels
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n same preselection like in the H→WW rate 
analysis but 0 jet, eµ-channel only

n looser cuts on metrel, pT(ll), M(ll), Δφ(ll)
n train separate BDTs on 4 variables: 

pT(ll), M(ll), Δφ(ll) and mT
n J=0+,1-,1+ and 2+ vs all backgrounds

n study test statistic of J=0+ vs others
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Summary
n a Higgs boson seen beyond any doubts in all 

three bosonic channels
n evidence in the WW channel

n looks more and more like a SM Higgs boson
n no evidence for additional Higgs bosons at 

higher or lower mass
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Higgs to WW→lvlv CMS
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