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Introduction

Several reasons to study SM H → ττ :

Higgs coupling to fermions
Higgs CP (see talk by D. Zanzi)

Challenging channel(s):

Complex final states (jets, leptons, MET,
taus)
Numerous backgrounds (both irreducible
and fake) to be understood and controlled
Low S/B
Poor MH resolution

Today: Run-1 (2011+2012) results - JHEP 04 (2015) 117

Run-2 results (2015+2016) coming soon.
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http://indico.ihep.ac.cn/event/5221/session/10/contribution/43
http://link.springer.com/article/10.1007/JHEP04(2015)117


Higgs Decay to Fermions

Dugan O’Neil (SFU) Higgs Searches in the τ+τ− Channel September 21, 2016 3 / 32



SM Higgs Production

ttH

ggF

VBF

W/Z Associated Production
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SM Higgs Decay

Highest BR among the leptons.

Low overall BR compensated using all
production/decay modes.

Presence of neutrinos in final state
makes full kinematic reconstruction
impossible.
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ATLAS Tau Basics

Identifying hadronic τ Decays

Hadronic decays are a
well-collimated collection of charged
and neutral pions.

Large jet background at LHC.

BDT-based τhad ID:

55-60%(40%) efficiency for
medium (tight)
1-2% (0.5%) jet acceptance.

For this reason, the tau-tau channel is actually many channels, classified by
the decay of the tau: τ`τ` , τ`τhad , τhadτhad .
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Analysis Strategy

BR for each mode:

H → ττ → τ`τ` + 4ν (12%)
H → ττ → τ`τhad + 3ν (46%)
H → ττ → τhadτhad + 2ν (42%)

Separate analyses in each decay mode allows optimization for
different background compositions.

Define analysis categories motivated by Higgs production modes:

VBF: target VBF topology by requiring 2 forward jets in opposite
hemispheres.
Boosted: target ggF topology with Boosted Higgs to improve mass
resolution.
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Special Considerations

In all modes, neutrinos limit mass resolution. Use Missing Mass
Calculator (MMC) to achieve 30% resolution.

Use data-driven background models where possible.

Z → ττ is an important background to all decay modes. Use
embedding:

Start with Z → µµ data events, remove muons.
Embed MC τ in the data events.

Improves modeling of jet/met variables, reduces systematic
uncertainties, increases sample sizes!!
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Important Backgrounds to τ`τ`

Z → ττ : embedding

Others: MC normalized in
data control region.

Top: MC normalized in data
control region.

Fake Leptons: shape from

data control (reverse lepton
isolation), normalized to data.
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Important Backgrounds to τ`τhad

Z → ττ : embedding

Fake τ : Includes background
with jets faking taus, including
W+jets and multi-jets.

Top: MC normalized in data
control region.

Others: W+jets, Z → ``,
di-bosons. From MC.
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Important Backgrounds to τhadτhad

Z → ττ : embedding

Fake τ : shape from
not-opposite-sign (notOS), not
isolated data. Normalized by
fitting ∆η(ττ) distribution (free
in final fit).

Others: Shape from MC. Fake
rate derived from data samples.
Dominated by W → τν+ jets.
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(Cascading) Selection Criteria

VBF Boost Rest

τ`τ` pT (j) > 40, 25 GeV Fail VBF
∆ηjj > 2.2 PH

T > 100 GeV -

P j1
T > 40 GeV

τ`τhad pT (j) > 50, 30 GeV Fail VBF -
∆ηjj > 3.0 PH

T > 100 GeV
mvis
ττ > 40GeV

τhadτhad pT (j) > 50, 30 GeV Fail VBF Fail VBF, Boost
∆ηjj > 2.0 PH

T > 100 GeV

Differing background composition and sample sizes lead to different
optimal settings per decay mode.

Events which fail VBF get passed to the next category...
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Poor S/B, Train 6 BDTs

VBF Boost

τ`τ` S/B=0.02 S/B=0.01

τ`τhad S/B=0.02 S/B=0.01

τhadτhad S/B=0.02 S/B=0.01
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Poor S/B, Train 6 BDTs

VBF Boost

τ`τ`

τ`τhad

τhadτhad
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BDT Variables
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Final Discriminant: BDT Score
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Combining Channels

Dugan O’Neil (SFU) Higgs Searches in the τ+τ− Channel September 21, 2016 16 / 32



Extracting Results

Use combined, binned maximum-likelihood fit
Use BDT output in 6 signal categories (separate 7/8TeV)
Zll, top, Rest control regions to constrain backgrounds
Extract signal strength µ (observed/expected SM for σ × BR)

Dugan O’Neil (SFU) Higgs Searches in the τ+τ− Channel September 21, 2016 17 / 32



Significances

Dugan O’Neil (SFU) Higgs Searches in the τ+τ− Channel September 21, 2016 18 / 32



Results
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Results
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Is it at 125 GeV?
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Summary and Conclusions

Results from di-tau channels
with full 2011+2012 datasets
presented

Combination with CMS yields a
5.5σ observation with
µ = 1.12+0.25

−0.23

2016 dataset (13 TeV) now
exceeds 25fb−1. New results
coming soon!
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https://arxiv.org/abs/1606.02266


EXTRA SLIDES



MC Generators
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Trigger Thresholds
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Preselection
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Control Regions
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Scale Factors
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Systematic Variations
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τ`τ` Yields
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τ`τhad Yields
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τhadτhad Yields
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