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The LHC
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• Run2 is over with more than 150 fb-1 of data delivered during 2015-2018. 

• Almost 140 fb-1 of that is good for physics. 

• Average μ value for the full Run 2 was ~30.
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Beyond the SM
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• Standard Model (SM): 
One doublet of Higgs, only one neutral Higgs boson. 

• SM needs to be extended: 
ν mass, dark matter… 

• Fermions (leptons and quarks) come in three 
generations, why only one Higgs doublet?  

• In many extensions of the SM: 
Prediction of two complex Higgs doublets (2HDM). 

• Five physical states: h0, H0, A0, H+, H-. 
+
+
+
+
++

+
+
+
++
+ + + -

-
-
-
--

-
-
-
--
- - -

Higgs 2020



Fermionic Decays
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H/A -> ττ New

• Production: gluon-gluon fusion or b-associated. 

• Inspired by MSSM -> τ and b couplings ~tanβ -> interpretation in many MSSM scenarios. 

• Analysis: 

• τhad
-τ

had/lep
: split in b-tagged and b-veto categories (τ/lepton trigger) ->  

probe production modes. 

• Require at least one hadronic τ decay and have angles and invariant masses cuts. 

• Most of the BGs are estimated using MC (with corrections from data).  
Data-driven techniques are used for processes where the τhad-vis charged lepton is misidentified. 

• Discriminating variable:  

1. Introduction

The discovery of a scalar particle [1, 2] at the Large Hadron Collider (LHC) [3] has provided important
insight into the mechanism of electroweak symmetry breaking. Experimental studies of the new particle
[4–8] demonstrate consistency with the Standard Model (SM) Higgs boson [9–14]. However, it remains
possible that the discovered particle is part of an extended scalar sector, a scenario that is favoured by a
number of theoretical arguments [15, 16].

The Minimal Supersymmetric Standard Model (MSSM) [15, 17, 18] is the simplest extension of the
SM that includes supersymmetry. The MSSM requires two Higgs doublets of opposite hypercharge.
Assuming that CP symmetry is conserved, this results in one CP-odd (A) and two CP-even (h, H) neutral
Higgs bosons and two charged Higgs bosons (H±). At tree level, the properties of the Higgs sector in
the MSSM depend on only two non-SM parameters, which can be chosen to be the mass of the CP-odd
Higgs boson, mA, and the ratio of the vacuum expectation values of the two doublets, tan �. Beyond
tree level, a number of additional parameters a�ect the Higgs sector, the choice of which defines various
MSSM benchmark scenarios. In some scenarios, such as m

mod+
h

[19], the top-squark mixing parameter
is chosen such that the mass of the lightest CP-even Higgs boson, mh, is close to the measured mass
of the Higgs boson that was discovered at the LHC. A di�erent approach is employed in the hMSSM
scenario [20, 21] in which the measured value of mh can be used, with certain assumptions, to predict
the remaining masses and couplings of the MSSM Higgs bosons without explicit reference to the soft
supersymmetry-breaking parameters. The couplings of the MSSM heavy Higgs bosons to down-type
fermions are enhanced with respect to the SM for large tan � values, resulting in increased branching
fractions to ⌧ leptons and b-quarks,1 as well as a higher cross section for Higgs boson production in
association with b-quarks. This has motivated a variety of searches for a scalar boson in ⌧⌧ and bb final
states at LEP [22], the Tevatron [23–25] and the LHC [26–32].

(a)

_

(b) (c)

Figure 1: Lowest-order Feynman diagrams for the production of a neutral MSSM Higgs boson via (a) gluon–gluon
fusion and b-associated production in the (b) four-flavour and (c) five-flavour schemes of a neutral MSSM Higgs
boson.

This paper presents the results of a search for neutral MSSM Higgs bosons in the ⌧⌧ decay mode using
13.3 fb�1 of LHC proton–proton (pp) collision data collected with the ATLAS detector [33] in 2015
and 2016 at a centre-of-mass energy of 13 TeV. From this dataset, 3.2 fb�1 were collected in 2015 and
10.1 fb�1 in 2016. The search considers the ⌧lep⌧had and ⌧had⌧had decay modes, where ⌧lep represents the
1 Throughout this paper the inclusion of charge-conjugate decay modes is implied.
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• The search is performed over the mass range  
0.2–2.5 TeV. 

• Upper limits on XS*BR are set at the 95% CLs: 

• 240–1.2 fb for gluon–gluon fusion. 

• 230–1.0 fb for b-associated. 

• Lowest local p0 is 0.014 (2.2σ) at m = 400 GeV.
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H/A -> ττ New
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H/A -> tt
• The search is performed over the mass range 400-750 GeV  

with total relative width of 0.5-25%. 

• Event selections:  

• Basic semi/di-leptonic ttbar selections. 

• Special spin-sensitive variables. 

• The interference with the SM ttbar BG is taken into account. 
• A small peak-dip structure is observed at at the lowest masses tested  

with 1.9σ global significance.
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H -> µµ
• Production: gluon-gluon fusion or b-associated. 
• Require at least 2 opposite charged muons and additional b-tagged jets for the 

different regions. 
• BGs are  

• ATLAS: estimated by using MC (with corrections from data). 
• CMS: modelled using functional forms. 
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H -> µµ

• The search is performed over the mass range:  

• ATLAS: 200 GeV- 1 TeV. 

• CMS: 130 GeV - 1 TeV.

Higgs 2020
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H/A -> bb
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• Production: b-associated. 

• Require at least 3 b-tagged jets and different 
angular selections. 

• Different multiplicities of (b-tagged) jets are 
used for the different regions. 

• BGs estimation is data driven.
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H/A -> bb
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• The search is performed over the mass range  
300 (450) GeV – 1.3 (1.4) TeV for CMS (ATLAS). 

• Upper limits on XS*BR are set at the 95% CLs: 

• 0.6–4.0 pb for ATLAS. 

• 0.4-20 pb for CMS.
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• Amazing collection of results using 13 TeV dataset: 

• Most of them are only with 2015-2016 data…. 

• Unfortunately, no significant deviation from the SM prediction has been 
observed yet. 

• Many more exciting results to come using the full run2 dataset. 
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