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Electron-Tau-Misidentification

The observation of a charged Higgs boson would clearly 
indicate new physics beyond the Standart Model (SM). 
There are many non-minimal Higgs scenarios that predict 
the presence of a charged Higgs boson, like Two Higgs 
Doublet Models (2HDM). The Higgs sector of the Minimal 
Supersymmetric extension of the Standard Model (MSSM) 
belongs to the group of the type-II 2HDM.

§ Measure the ratio Rl of top-pairs 
decaying to τhad & lepton (μ/e) 
and so-called dileptonic decays.

§ Very sensitive to the charged 
Higgs, as in most models H± 

prefer a decay to τs if lighter 
than the top-quark.
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True Embedding Technique

§ So far ATLAS as well as CMS searched for the       
“light” charged Higgs boson, mH± < mt.

§ The largest source for light charged Higgs are 
top-quarks decaying into b-quarks and H±.

Background Estimation: New Idea: The Ratio Method

Almost all systematic uncertainties 
cancel, except those related to 
the τhad decay and the lepton!

Branching Ratio Limits and Interpretation in the MSSM [7]: Improvements with the Ratio-Method [12]:

Search for Charged Higgs Bosons 
at the ATLAS Experiment
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Figure 2: B(t → bH+) × B(H+ → τν) versus mH+ and tan β, in the mmax
h

scenario of the MSSM.

The presence of a charged Higgs boson H+ → τν in the top quark decay(s) leads to an increase in97

the number of tt̄ events with either a charged lepton l (electron or muon) and a hadronically decaying98

τ lepton or two charged leptons in the final state.2 For the tt̄ events with two charged leptons, two b99

quarks and neutrinos, the relative increase of the signal rate comes from the fact that a τ lepton decays100

into an electron or muon more often (35%) than a W boson (25%). However, this relative variation101

is rather small. On the other hand, the relative increase of the event rate is much more pronounced102

for tt̄ final states having one hadronically decaying τ lepton, one charged lepton l, two b quarks and103

neutrinos, as suggested by Fig. 3(a). An excess of tt̄ events with (at least) one hadronically decaying104

τ lepton in the final state, as compared to the event rate for tt̄ final states with only electrons and/or105

muons, is thus a clear signature for charged Higgs bosons. Any deviation from the SM predictions for106

the cross sections σtt̄ × B(tt̄ → bb̄ + lτhad + Nν) and σtt̄ × B(tt̄ → bb̄ + ll′ + Nν), where Nν stands for107

any number of neutrinos and where l and l′ are electrons and muons, can be interpreted as new physics108

where lepton universality is not conserved. However, the accuracy on the measurement of individual109

cross sections is limited by systematic uncertainties related to e.g. the integrated luminosity, the object110

reconstruction and identification, b-tagging, etc. To cancel most of the systematic uncertainties in the111

analysis, a measurement of event yield ratios Rl for tt̄ → bb̄ + lτhad + Nν and tt̄ → bb̄ + ll′ + Nν is112

performed:113

Rl =
B(tt̄ → bb̄ + lτhad + Nν)

B(tt̄ → bb̄ + ll′ + Nν)
. (1)

Figure 3(b) shows that the ratio Rl indeed strongly depends on B(t → bH+). The results shown here114

do not include kinematical cuts and thereby do not depend on e.g. the charged Higgs boson mass: only115

B(t → bH+) determines the value of the ratio Rl. In the absence of charged Higgs bosons, Rl = 0.574116

if l and l′ are two leptons of different flavors. In the following, only eµ final states are considered in the117

denominator of Rl.118

119

The data and the simulated samples used in the analysis are the same as in Ref. [11] and are briefly120

described in Section 2. In Section 3, the reconstruction of physics objects in ATLAS is discussed. Then,121

in Section 4, an event selection aimed at collecting a data sample enriched in tt̄ events is presented.122

Data-driven methods to estimate the backgrounds with misidentified electrons, muons and hadronically123

decaying τ leptons are discussed in Sections 5 and 6. Exclusion limits in terms of B(t → bH+) and tan β124

are presented in Section 7, based on the measured ratios among event yields in τhad+lepton and dilepton125

final states. Finally, a summary is given in Section 8.126

2An increase in the number of tt̄ events with two hadronically decaying τ leptons also occurs in the presence of a charged
Higgs boson H+ → τν in both top quark decays, but is not relevant for this study.
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(tau_tauLlhTight) with an efficiency of about 30 % for hadronically decaying τ leptons with

pT > 20 GeV in Z → ττ events is chosen, leading to a rejection factor of about 100–1000 for jets.

The rejection factor depends on the pT and η of the candidate and on the number of associated

tracks. Only τ candidates that fulfill the likelihood criterion tau_tauLlhTight are henceforth

referred to as “τhad leptons”.

1.3.6 Removal of geometric Overlaps between Objects

When candidates selected using the criteria above overlap geometrically, the following proce-

dures are applied, in this respective order: muon candidates are rejected if they are found within

∆R < 0.4 of any jet with pT > 25 GeV; a τ candidate is rejected if found within ∆R < 0.4 of

a b-tagged jet, or within ∆R < 0.2 of a selected muon or electron; jets are removed if they are

within ∆R < 0.2 of a selected τhad lepton or electron.

1.3.7 Missing transverse Momentum

The magnitude of the missing transverse momentum, Emiss
T , is reconstructed from three-

dimensional, noise-suppressed clusters of cells in the calorimeter and from muon tracks recon-

structed in the muon spectrometer and the inner tracking detectors [20]. Clusters of calorimeter

cells belonging to jets (including τ candidates) with pT > 20 GeV are calibrated to the hadronic

energy scale. Calorimeter cells not associated with any object are also taken into account and

calibrated at the electromagnetic energy scale. In order to deal appropriately with the energy

deposited by muons in the calorimeters, the contributions of muons to Emiss
T are calculated

differently for isolated and non-isolated muons. The Emiss
T definition used in this analysis is

MET_RefFinal_em_tightpp.

1.4 Selection and Cut Optimization

1.4.1 Lepton+Jets Analysis Selection

This analysis relies on the detection of lepton+jets decays of tt̄ events, where the charged lepton,

# (electron or muon), arises from H± → τ±lepν, while the jets stem from a hadronically decaying

W boson, i.e. tt̄→ bb̄WH+ → bb̄(qq̄′)(τlepν).

The lepton+jets analysis uses events passing a single-lepton trigger with an ET threshold of

20–22 GeV for electrons and a pT threshold of 18 GeV for muons. In addition, to select a sample

of lepton+jets events enriched in tt̄ candidates, the following requirements are applied:

• exactly one lepton with ET > 25 GeV (electron) or pT > 20 GeV (muon) and matched to

the corresponding trigger object, neither a second lepton nor a τhad lepton in the event;

6 1.4. Selection and Cut Optimization

• at least four jets with pT > 20 GeV, exactly two of these b-tagged;

• Emiss
T > 40 GeV and, in order to discriminate between Emiss

T arising from isolated

neutrinos and from poorly reconstructed leptons, this requirement is tightened to

Emiss
T × | sin∆φ",miss| > 20 GeV if the azimuthal angle ∆φ",miss between the lepton and Emiss

T

is smaller than π/6.

1.4.2 τ+Lepton Analysis Selection

This analysis relies on the detection of τ+lepton decays of tt̄ events, where the hadronically

decaying τ lepton arises from H± → τ±hadν, while the electron or muon stem from a leptonically

decaying W boson, i.e. tt̄ → bb̄WH+ → bb̄(lν)(τhadν). In this analysis Emiss
T is used as the

discriminating variable between SM tt̄ events and those where the top quark decays are mediated

via a charged Higgs boson, in which case the neutrinos are likely to carry away more energy.

The object pT and ET cut were in the lepton case determined by the trigger thresholds. The lower

thresholds of further reconstructed objects were set in accordance to the recommendations of the

appropriate performance groups and the validity range for the applied MC to data scale-factors.

Concerning the cuts on Emiss
T and

∑

pT a scan of the phase space was performed in order to

determine a signal to background ratio optimized set of cuts. As Emiss
T was decided to be the final

discriminating variable, no value criterion was set. The analysis single-lepton triggers listed in

Section 1.2.1. In order to select τ+lepton events, the following requirements are imposed:

• exactly one lepton, with ET > 25 GeV (electron) or pT > 20 GeV (muon) and matched to

the corresponding trigger object, no further electron or muon present in the event;

• exactly one τ, within |η| < 2.3 with pT > 20 GeV and an electric charge opposite to the

selected lepton;

• at least two jets with pT > 20 GeV, of these at least one b-tagged jet;

•
∑

pT > 100 GeV; in order to suppress multi-jet events.

1.4.3 τ+Jets Analysis Selection

This analysis relies on the detection of τ+jets decays of tt̄ events, where the hadronically decay-

ing τ lepton arises from the H± → τ±hadν decay, while the jets stem from a hadronically decaying

W boson, i.e. tt̄ → bb̄WH+ → bb̄(qq̄′)(τhadν). For the selected events, the transverse mass2, mT,

2mT =

√

2pτTEmiss
T (1 − cos∆φτhad,miss), where ∆φτhad,miss is the azimuthal angle between the τhad lepton and the

direction of the missing transverse momentum.

6 1.4. Selection and Cut Optimization

• at least four jets with pT > 20 GeV, exactly two of these b-tagged;

• Emiss
T > 40 GeV and, in order to discriminate between Emiss

T arising from isolated

neutrinos and from poorly reconstructed leptons, this requirement is tightened to

Emiss
T × | sin∆φ",miss| > 20 GeV if the azimuthal angle ∆φ",miss between the lepton and Emiss

T

is smaller than π/6.

1.4.2 τ+Lepton Analysis Selection

This analysis relies on the detection of τ+lepton decays of tt̄ events, where the hadronically

decaying τ lepton arises from H± → τ±hadν, while the electron or muon stem from a leptonically

decaying W boson, i.e. tt̄ → bb̄WH+ → bb̄(lν)(τhadν). In this analysis Emiss
T is used as the

discriminating variable between SM tt̄ events and those where the top quark decays are mediated

via a charged Higgs boson, in which case the neutrinos are likely to carry away more energy.

The object pT and ET cut were in the lepton case determined by the trigger thresholds. The lower

thresholds of further reconstructed objects were set in accordance to the recommendations of the

appropriate performance groups and the validity range for the applied MC to data scale-factors.

Concerning the cuts on Emiss
T and

∑

pT a scan of the phase space was performed in order to

determine a signal to background ratio optimized set of cuts. As Emiss
T was decided to be the final

discriminating variable, no value criterion was set. The analysis single-lepton triggers listed in

Section 1.2.1. In order to select τ+lepton events, the following requirements are imposed:

• exactly one lepton, with ET > 25 GeV (electron) or pT > 20 GeV (muon) and matched to

the corresponding trigger object, no further electron or muon present in the event;

• exactly one τ, within |η| < 2.3 with pT > 20 GeV and an electric charge opposite to the

selected lepton;

• at least two jets with pT > 20 GeV, of these at least one b-tagged jet;

•
∑

pT > 100 GeV; in order to suppress multi-jet events.

1.4.3 τ+Jets Analysis Selection

This analysis relies on the detection of τ+jets decays of tt̄ events, where the hadronically decay-

ing τ lepton arises from the H± → τ±hadν decay, while the jets stem from a hadronically decaying

W boson, i.e. tt̄ → bb̄WH+ → bb̄(qq̄′)(τhadν). For the selected events, the transverse mass2, mT,

2mT =

√

2pτTEmiss
T (1 − cos∆φτhad,miss), where ∆φτhad,miss is the azimuthal angle between the τhad lepton and the

direction of the missing transverse momentum.

τ+Jets:
τ+Lepton:
Lepton+Jets:
Charged Higgs Search Channels:

Data-Driven Background Estimation Techniques [2]:
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For the τ+Jets Channel
Trigger Studies:

§ Measure the rate of 
electrons misidentified as 
τhad in the data via Tag and 
Probe method of Z→ee 
events [1].

§ Dedicated studies [2]  
showed: application 
legitimate in busy top-pair 
environment. 

§ Dedicated τhad+MET trigger items were proposed and 
studied to ensure maximal signal efficiency along with 
stable rates throughout the 2012 data-taking [8,9].

§ exactly 1 lepton (μ/e), trigger-matched;
§ exactly 1 τhad lepton;
§ > 2 jets, at least one b-jet;
§ ∑pT >100 GeV.

Selection τ+Lepton Analysis:

http://arxiv.org/abs/1212.3572
http://arxiv.org/abs/1212.3572

