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 Production mechanisms

Gluon fusion is the dominant production mechanism

VBF, VH and ttH allow to test H properties

ttH, see M. Peruzzi presentation this afternoon

http://indico.cern.ch/event/432527/contributions/1072545/ 

 Higgs decay

WW  is one of the Higgs decays with larger BR and a 

reasonable level of irreducible backgrounds

ggH  48.58 pb

qqH   3.78 pb

WH+ZH   2.38 pb

ttH+bbH    1.0  pb

m
H
 = 125 GeV
13 TeV

Higgs production and decayHiggs production and decay
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Signal and backgroundSignal and background

 CMS 13 TeV HWW results: HIG-15-003 https://cds.cern.ch/record/2161793

 2.3/fb collected in 2015

 Background composition varies w.r.t. number of jets

 0 jets: WW, W+jets

 1 jet: WW, Top

jet
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The background menuThe background menu
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Analysis strategyAnalysis strategy

Neutrinos → impossible reconstruct an invariant mass spectrum

  In transverse plane momentum conservation

Build a transverse mass variable:

2 neutrinos → more complicated than in simple W → ln decay

Di-lepton and MET system considered

Df (ll,MET) = angle between di-lepton system and MET

p
T

ll = momentum of di-lepton system

 2D template fit based on m
ll
/m

T
ll MET as in Run 1

0 jet and 1 jet to have different background contamination

em and me p
T
 ordered leptons, to exploit different fake rate for electrons 

and muons

H → WW
# jets

0 jet H → WW 1 jet H → WW

em me em me

 H
W +

W -

Spin 0

   Spin 1      
      

      
  Spin 1


W -

l 
-

l 
+

lepton

n

lepton

n

H
lepton

lepton

H

MET



4th August 2016 6A. Massironi (Northeastern University)    CMS H > WW

Tackling backgroundsTackling backgrounds

Lepton selections:

WW selections
Low mass resonances: m

ll
> 12 GeV

Kinematic cut: p
T

ll > 30 GeV

Extra lepton veto:  2 leptons only with p
T
 > 10 GeV 

E
t
miss  selection:

E
t
miss   > 20 GeV

 m
T

ll MET > 60 GeV

Jet selections:
B-veto: 

b jets identified looking at tracks associated to the 
jet exploiting lifetime of B mesons and soft muons 
coming from leptonic b decays (combined MVA)

2 opposite charge leptons (|h|<2.5 for e, |h|<2.4 for m) with optimized lepton isolation and identification criteria
p

T 
leading lepton  > 20 GeV and p

T 
2nd lepton  > 10 (13) GeV for m(e)
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Lepton selections:

WW selections
Low mass resonances: m

ll
> 12 GeV

Kinematic cut: p
T

ll > 30 GeV

Extra lepton veto:  2 leptons only with p
T
 > 10 GeV 

E
t
miss  selection:

E
t
miss   > 20 GeV

 m
T

ll MET > 60 GeV

Jet selections:
B-veto: 

b jets identified looking at tracks associated to the 
jet exploiting lifetime of B mesons and soft muons 
coming from leptonic b decays (combined MVA)

TacklingTackling backgrounds backgrounds

2 opposite charge leptons (|h|<2.5 for e, |h|<2.4 for m) with optimized lepton isolation and identification criteria

q

W → ln +jetsW → ln +jets
~61 nb

lepton

W

p
T 

leading lepton  > 20 GeV and p
T 

2nd lepton  > 10 (13) GeV for m(e)
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W+jetsW+jets

Data driven estimation based on fake-rate method: probability for a jet to be reconstructed as 
a lepton

Control region in same-sign 2-leptons phase space:

0 jet 1 jet
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TacklingTackling backgrounds backgrounds

Lepton selections:

WW selections
Low mass resonances: m

ll
> 12 GeV

Kinematic cut: p
T

ll > 30 GeV

Extra lepton veto:  2 leptons only with p
T
 > 10 GeV 

E
t
miss  selection:

E
t
miss   > 20 GeV

 m
T

ll MET > 60 GeV

Jet selections:
B-veto: 

b jets identified looking at tracks associated to the 
jet exploiting lifetime of B mesons and soft muons 
coming from leptonic b decays (combined MVA)

2 opposite charge leptons (|h|<2.5 for e, |h|<2.4 for m) with optimized lepton isolation and identification criteria

lepton

q

lepton

Z

DY → llDY → ll
~6 nb

p
T 

leading lepton  > 20 GeV and p
T 

2nd lepton  > 10 (13) GeV for m(e)
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 MC based with normalization from control region 

 low m
T

ll MET  region

m
T

ll MET  < 60 GeV
Zrecoiling 

jets t

t

m

e

n
m

n
t

n
t

ne

DY → DY → tttt

0 jet 1 jet
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TacklingTackling backgrounds backgrounds

Lepton selections:

WW selections
Low mass resonances: m

ll
> 12 GeV

Kinematic cut: p
T

ll > 30 GeV

Extra lepton veto:  2 leptons only with p
T
 > 10 GeV 

E
t
miss  selection:

E
t
miss   > 20 GeV

 m
T

ll MET > 60 GeV

Jet selections:
B-veto: 

b jets identified looking at tracks associated to the 
jet exploiting lifetime of B mesons and soft muons 
coming from leptonic b decays (combined MVA)

2 opposite charge leptons (|h|<2.5 for e, |h|<2.4 for m) with optimized lepton isolation and identification criteria

lepton
b

b

lepton

n

nt

t

tt → WWbb → lnlnbbtt → WWbb → lnlnbb
~87 pb

p
T 

leading lepton  > 20 GeV and p
T 

2nd lepton  > 10 (13) GeV for m(e)

Details on b-tag in M. Verzetti’s talk
on Saturday morning

http://indico.cern.ch/event/432527/contributions/1072114/
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Requiring at least a jet 
identified as a b-induced jet

0 jet p
T
 > 30 GeV

1 jet p
T
 > 30 GeV

Top shape from MC and 
normalization from data, 
measured separately in 0/1 jet 
category

TopTop

0 jet 1 jet

m
ll

m
T

ll MET
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HWW @ 13 TeV resultsHWW @ 13 TeV results

me

me

em

em

0 jet

1 jet

Signal strength 
s/s

SM
 = 0.3 ± 0.5

Significance = 
0.7s 

(expected 2.0s)

CMS HIG-15-003

 2D un-rolled distribution based on m
ll
/m

T
ll MET : trains of m

ll
 in m

T
ll MET windows
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Recent results @ 7/8 TeVRecent results @ 7/8 TeV

Characterization of the new boson
Spin tests
Anomalous couplings

Recent results:
Higgs width measurement
Differential measurement p

T
H
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Higgs widthHiggs width

Measurement of Higgs boson width by looking at the off-shell production
Simultaneous measurement of on-shell and off-shell Higgs cross section

WW and ZZ final state: G
H
 < 13 MeV

CMS HIG-14-032

Details on coupling/width 
in U. Sarica’s talk this afternoon
http://indico.cern.ch/event/432527/contributions/1071465/
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Higgs transverse momentum pHiggs transverse momentum p
TT H H

Differential measurement of Higgs 
transverse momentum

With MET resolution, but still p
T

H good 
observable

Result unfolded at generation level in 
fiducial phase space
Inputs: measure the Higgs cross section 
in windows of p

T
ll MET

CMS HIG-15-010
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ResultsResults

7/8 TeV H → WW characterization
Cross section
Different production modes targeted
Anomalous couplings
Higgs width indirect measurement
Differential measurement of Higgs transverse momentum
Some measurement still statistically dominated

13 TeV search mode
Signal strength s/s

SM
 = 0.3 ± 0.5

More data → characterization at 13 TeV

Stay tuned for new results based on more data at 13 TeV
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backup
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 http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG/index.html 

 http://cms-results.web.cern.ch/cms-results/public-results/publications/ 

ReferencesReferences
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CMSCMS
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Final plotFinal plot

2D shape analysis 

Di-lepton invariant mass: m
ll

Lepton + MET transverse mass:

7 bins in m
T
H: 60 – 200 GeV  [20 GeV width]

5 bins in m
ll
: 10-110 GeV  [20 GeV width]

Unrolled 1D distribution

m
ll

m
T
H
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The complete H→WW searches at 7/8 TeVThe complete H→WW searches at 7/8 TeV

ggH 0 jet

ggH 1 jet

H → WW 2 jet

VH → WW 2 jet

VBF 
H → WW 2 jet

WH H → WW
3 leptons

ZH H → WW → lvjj
3 leptons

ttH H → WW
2 same-sign, 3 leptons, 4 leptons
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How significant is the excess at 7/8 TeV?How significant is the excess at 7/8 TeV?

Significance
Obs    Exp

s/s
SM

0.72 +0.20
-0.184.3s 5.8s

0.76 ± 0.214.0s 5.2s

combination

em alone
0/1 jet
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Hunting different production mechanismsHunting different production mechanisms
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Signal strength vs Higgs massSignal strength vs Higgs mass
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Candidate H → WW →  Candidate H → WW →  mmnnmmnn
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Cross sectionCross section
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Branching ratioBranching ratio
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vs

Spin testingSpin testing
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Spin testingSpin testing
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Anomalous couplingsAnomalous couplings
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Anomalous couplingsAnomalous couplings
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Couplings in k-frameworkCouplings in k-framework
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Couplings results from HWWCouplings results from HWW
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Rare channels: 2l + 2 jetsRare channels: 2l + 2 jets

VBFVH
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VBFVH

Rare channels: VH and VBFRare channels: VH and VBF



4th August 2016 37A. Massironi (Northeastern University)    CMS H > WW

WH ZH

Rare channels: 3l (+2jet)Rare channels: 3l (+2jet)
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ppTT
HH response matrix response matrix

folding unfolding
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Higgs width distributionsHiggs width distributions
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H → WW
# jets

0 jet H → WW 1 jet H → WW

em me em me

Top 0 jet

DY 0 jet

Top 1 jet

DY 1 jet

2015 analysis strategy2015 analysis strategy

Signal phase space
Phase space to normalize the 
backgrounds
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