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Scalar sector and heavy (pseudo-)scalars

I Simple extended scalar sector:

I neutral pseudo-scalar A

I neutral scalar H

I ...

I A→ Zγ (CMS-PAS-HIG-14-031)

I H→WW/ZZ (CMS-HIG-13-031-001)
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Figure 7: Upper limits at the 95% CL for each of the contributing final states and their combi-
nation. The theoretical cross section, sSM, is computed in Ref. [63]. The observed and expected
limits of the six individual channels are compared with each other and with the combined re-
sults (right), for H ! WW channels (top right panel) and H ! ZZ channels (bottom right
panel) separately.

of C02 versus mass parameters to be excluded for various values of Bnew. We also plot the
µh(125) = 1 ± 0.14 [75] indirect constraint C02 < 0.28 at 95% CL for Bnew=0. The upper dash-
dotted line shows the cutoff of the allowed region for Bnew = 0.5 where the width of the heavy
Higgs boson becomes larger than the SM width at that mass hypothesis.

In order to understand the constraints of these results in a model-independent approach, we
further subdivide the results into categories. In Fig. 9 we show the limits in various configu-
rations. At the top of Fig. 9 are the limits we obtain when we combine the ZZ (top left) and
WW (top right) channels separately. Since the ZZ channels are more sensitive in the search for
a Higgs boson with SM-like couplings, they better constrain the BSM case as well. The bottom
of Fig. 9 shows the combined 95% CL for all final states but only the ggF or VBF production
mechanism for the heavy Higgs boson. In the heavy Higgs boson with SM-like couplings sce-
nario, we assume the ratio of the cross sections for various production mechanisms to be the
same as in the SM case.
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Two-Higgs-Doublet-Model

I 5 physical scalar fields

I 3 neutral: h, H, A
I 2 charged: H±

I 2 parameters:

I tanβ = v1/v2
I α is the mixing angle h/H

I particular value:
cos(β−α) = 0→ h2HDM = hSM

  

tan β∼1
cos (β−α)∼0

Results from 
HIG-14-011

  

From arXiv:1304.0028

MH>M A+M Z
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Two NEW analyses: HIG-15-001

2HDM type-II
cos(β−α) = 0.01, tanβ = 1.5

pp→ H/A→ Z A/H

llbb final state

I Large A/H→ bb Branching ratio.

I Large background from t t̄ and DY+bb

llττ final state

I Smaller A/H→ ττ Branching ratio.

I Smaller background (ZZ, fakes)
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llbb: Selection and Background

Selection

2 OS SF leptons pT > 20 GeV, |η|< 2.5(2.4)

76 < Mll < 106 GeV
2 b-tagged jets pT > 30 GeV, |η|< 2.4
Emiss

T -significance < 10

I DY and ttbar : Data driven normalisation.

 (GeV)-e+eM
60 70 80 90 100 110 120

E
ve

nt
s/

8.
6 

G
eV

0

100

200

300

400

500

600

700

800

900
Data
Zh

Z+bb
Z+bx
Z+xx

Wt
tW

 lepttt
 dileptt

WW
WZ
ZZ

Fit unc.

 (8 TeV)-119.8 fb

CMS
Preliminary

category: ee - 2jets

CSV product
0.5 0.6 0.7 0.8 0.9 1

E
ve

nt
s/

0.
13

0

100

200

300

400

500

600

700

800

900
 (8 TeV)-119.8 fb

CMS
Preliminary

category: ee - 2jets

 (GeV)-e+eM
60 70 80 90 100 110 120

E
ve

nt
s/

8.
6 

G
eV

0

100

200

300

400

500

600

700
Data

Zh

Z+bb
Z+bx

Z+xx

Wt
tW

 lepttt

 dileptt
WW

WZ

ZZ
Fit unc.

 (8 TeV)-119.8 fb

CMS
Preliminary

category: ee - >2jets

CSV product
0.5 0.6 0.7 0.8 0.9 1

E
ve

nt
s/

0.
13

0

100

200

300

400

500

600

700

 (8 TeV)-119.8 fb

CMS
Preliminary

category: ee - >2jets

 (GeV)-µ+µM
60 70 80 90 100 110 120

E
ve

nt
s/

8.
6 

G
eV

0

200

400

600

800

1000

1200

1400 Data

Zh

Z+bb

Z+bx

Z+xx

Wt

tW

 lepttt

 dileptt

WW

WZ

ZZ

Fit unc.

 (8 TeV)-119.8 fb

CMS
Preliminary

 - 2jetsµµcategory: 

CSV product
0.5 0.6 0.7 0.8 0.9 1

E
ve

nt
s/

0.
13

0

200

400

600

800

1000

1200

 (8 TeV)-119.8 fb

CMS
Preliminary

 - 2jetsµµcategory: 

 (GeV)-µ+µM
60 70 80 90 100 110 120

E
ve

nt
s/

8.
6 

G
eV

0

200

400

600

800

1000 Data
Zh
Z+bb

Z+bx
Z+xx
Wt

tW
 lepttt
 dileptt

WW
WZ

ZZ
Fit unc.

 (8 TeV)-119.8 fb

CMS
Preliminary

 - >2jetsµµcategory: 

CSV product
0.5 0.6 0.7 0.8 0.9 1

E
ve

nt
s/

0.
13

0

100

200

300

400

500

600

700

800

900

 (8 TeV)-119.8 fb

CMS
Preliminary

 - >2jetsµµcategory: 

5

https://cms.web.cern.ch
https://cp3.irmp.ucl.ac.be


llbb: Variables of interest and analysis strategy

I Two main observables in this analysis
(ee & µµ combined):

I DY is rescaled to NLO shape in Mllbb

I Good agreement inclusively: The
Yellow band represent the statistical
error on the MC.

I We want to search for excesses in the
2D plane (Mbb ,Mllbb).
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cut and count analysis

I Resolution is about 15% of the
reconstructed mass.

I Width is driven by the resolution

→Width = 3 S.D.

I Bins are overlapping to cover the whole
phase space properly.
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llbb: Signal efficiency and re-interpretation
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Results are valid for any model with
relatively narrow H, at least compared to
the exp resolution:

I ΓH/A� 0.15×MH/A

Or when ΓH ≤ ΓBenchmark

If not:

I Signal efficiency map for the
benchmark model.

I To be recasted: only the efficiency
has to be substituted.
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llττ: Motivation and event selection

  From arXiv:1304.0028

Z selection
2 OS SF leptons

Electrons
pT > 20(10) GeV, |η|< 2.5
Muons
pT > 20(10) GeV, |η|< 2.4

A selection
A→ eµ, eτ, µτ, ττ

e : pT > 10GeV , |η|< 2.5
µ : pT > 10GeV , |η|< 2.4
τ : pT > 10GeV , |η|< 2.3

Extra cuts:

I ∆φ(Z , /ET ) > 1.5

I B-jet veto

I extra lepton veto

Two analyses:

I Cut and Count (LT )

I Shape based (cut on LT , Mττ)
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llττ: Background and Mττ distributions

I Mττ reconstructed with SVFit method using the two taus and the missing-ET .
I Distribtion after cut on LT

I LT > 20 GeV for eµ, µτh, τhτh
I LT > 40 GeV for eτh
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Results : Limit on the Cross-section

Observed limit on σ(fb)

llbb final state:
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llττ final state (C&C):
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Results: 2HDM interpretation

llbb Exclusion on µ = σ95%/σTH and 2HDM parameters exclusion:
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llττ Exclusion on µ = σ95%/σTH and 2HDM parameters exclusion:
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Conclusion

A 2HDM motivated search in the llbb and llττ final state has been presented.

I this analysis is sensitive to new/uncovered territory

Results interpreted in terms of 2HDM H/A→ ZA/H→ llbb(ττ) decay channel.

I Limit on cross-section x BR

I Limit on µ for one given class of models (Model dependent)

I Limit on tanβ− cos(β−α)

Good perspective for Run II

I Higher Energy,higher luminosity→ better sensitivity

I Include boosted topology

I Low MA and/or high MH
I A new phase space with discovery potential
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Back-up

Back-up slides
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Signal generation

Cross section times branching ratio values for the processes
H/A→ ZA/H→ llττ (in fb) normalized to NNLO SusHi predictions.
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Simulation samples generation

MadGraph5 + Pythia 6

I W/Z+jets

I t t̄+jets

I di-boson

POWHEG

I qq̄→ ZZ

I single top

The signal gg→ H→ ZA was generated using MadGraph5 + Pythia6
renormalised to the NNLO cross-section (using SusHi)
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llττ analysis: Event selection

Z selection
2 OS SS leptons

PF electrons
pT > 20(10) GeV, |η|< 2.5
∆β iso < 0.3
PF muons
pT > 20(10) GeV, |η|< 2.4
∆β iso < 0.3

A selection
e : pT > 10GeV , |η|< 2.5 and ∆Biso < 0.1
µ : pT > 10GeV , |η|< 2.4 and ∆Biso < 0.1
τ : pT > 10GeV , |η|< 2.3 and ∆Biso < 0.1

A→ eµ Loose MVA ID, Loose ID
A→ eτ Tight MVA ID, Anti-muon2 Loose and Anti-electron Tight MVA
A→ µτ Loose ID, Anti-muon2 Tight and Anti-electron Loose
A→ ττ Anti-muon2 Loose and Anti-electron Loose 16
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llbb: Systematics

source Unc.[%]

Luminosity 2.6
Pile-up effects 1-3
Lepton ID/Isolation/ES 2
Lepton trigger efficiency 1
Jet ES/ resolution 3
B-tagging and mis-tag eff. 5(4-6)
Bkg. normalisation

ZZ 11
DY+jets and t t̄ < 8
tW, WW, WZ and Zh 6-23

Drell-Yann bkg. modelling 5-30
Signal eff. extrapolation 3-50
Signal (PDF,scale) 5-6
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Object definitions

Leptons
pT > 20GeV , |η|< 2.5(2.4)

Jets anti-kT
pT > 30GeV , |η|< 2.4
B-tagging
CSV medium WP

Selection cuts

2 OS SF leptons
76 < Mll < 106GeV

2 b-tagged jets
Emiss

T -significance < 10
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