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Evidence for H → ττ in ATLAS
H → ττ : why ?

1. Production of H(125) σtot(H) = 22.1 pb σtot(Z) ∼ 104 pb

2. Decays of H(125) (emphasis on fermionic decay)

bb decay : largest BR, benefits from
additional lepton to reduce pp → bb̄ + X.

ττ decay : lower BR, cleaner signature

cc decay : impossible in hadron collider

µµ decay : extremely low BR (0.02%),
good mass resolution
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Evidence for H → ττ in ATLAS
Final state with τ leptons : how ?

Experimentally challenging ! Jets contamination very frequent in hadrons collider !

Typical signature of hadronic τ decay :

1 or 3 isolated tracks, with possible secondary vertex reconstruction.

Collimated calorimeter energy deposit.
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Evidence for H → ττ in ATLAS
Final state with τ leptons : how ?

Reconstruction of τ lepton in ATLAS
.

......

τhad candidate is built from the calorimeter (π± and π0) and the tracking
system (π±)

1. Calorimeter object :
...1 calorimeter cells → 3D clusters (topological cluster)
...2 τcalo is defined as a jet of topo-clusters (anti-kT algorithm with ∆R = 0.4)

2. Tracks : a track is matched if
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Evidence for H → ττ in ATLAS
Final state with τ leptons : how ?

Energy calibration of τ lepton

Why and how ?

mττ ∝
√

Eτ1 Eτ2 : a wrong scale will lead to shifted mass peak.

Use the simulation to measure the energy response

Use data (and MC) to estimate the uncertainty - and a potential bias
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Evidence for H → ττ in ATLAS
Final state with τ leptons : how ?

Neutrinos momentum : E/T reconstruction
.

......
Neutrinos don’t interact with the detector : they are measured using the

unbalance of the total transverse momentum.

Calorimeter based :

Raw : E⃗/T ≡ −∑cell i E⃗i
T,

Corrected for muons (only MIP),

Corrected for energy scale of each type of object

Keep in mind : E⃗/T
reco
=

(
∑i p⃗νi

)
T

Comments : sensitive to all the activity in the
event (pile up, detector noise, soft radiations, ...).

Some technics are elaborated to reduce pile-up
effect on the E/T resolution.
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Evidence for H → ττ in ATLAS
H → ττ : how ?

Signal extraction using the di-tau mass
Natural strategy : Use the reconstructed mass to test the presence of signal. It
was done in the last two ATLAS public results.

.

......

Naive projection with 25 fb−1 : limit ∼ 1.0 and p0 ∼ 2.0 σ.
Not sensitive enough to unambiguously conclude on H → ττ
Switch to a more efficient approach : Multivariate analysis (BDT)
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Romain Madar (Freiburg Universität) LAL seminar - 14/02/14 47 / 63



Evidence for H → ττ in ATLAS
H → ττ : results

H → τℓτhad candidate (data)
m(τ, τ) = 129 GeV, BDT= 0.99 (S/B = 1.0), m(j1, j2) = 1.53 TeV
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Systematic uncertainties
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Mass spectrum of the excess
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Evidence for H → ττ in ATLAS
Summary

H → ττ probes the Yukawa couplings between the Higgs boson and
fermions, directly. Probe lepton-Higgs couplings. Constraint VBF production.

τ lepton needs sophisticated algorithms and a deep undersdanding of the
experiment. Background modelling challenging.

.
New ATLAS analysis (MVA)
..
...... Observed (expected) evidence for H → ττ at 4.1 σ (3.2 σ).

Summary of the PDG
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BACK UP
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Evidence for H → ττ in ATLAS
Summary

Gauge symmetry and fermion masses
.

......
Why the couplings to fermions are crucial to measure ?

(CMS ττ + bb combination submitted to Nature Physics - arXiv :1401.6527)
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Evidence for H → ττ in ATLAS
Summary

.
3 types of property
..

......

...1 Couplings to other SM particles : observed event rates

...2 Mass : full reconstruction, energy resolution

...3 Spin/CP : polarization, angular correlation/distributions
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Evidence for H → ττ in ATLAS
Summary

Signal modeling : EW corrections of qq′ → qq′H
Motivations and goal :

VBF@LO is EW : δEW ∼ δQCD (unlike gg → H)

σtot is already QCD+EW NLO : but shape effects of δEW ?

At generated level : most affected distribution is pH
T - HAWK

At reconstructed level :
negligeable impact, wrt to other exisiting systematics,
This spectrum distortions should be kept in mind for the future.
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