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Background composition

Dominant backgrounds
Z→ ττ

Monte Carlo simulation
70% overall, up to 90% in boosted
Normalization from dedicated,
embedded Control Regions
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Missing mass calculator

At least two neutrinos in the
final state
Individual contributions to Emiss

T
not measured
Perform likelihood scan using
angles between measured
particles and Emiss

T

Find most probable Higgs
boson mass mMMC

Most important discriminant
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Machine learning

VBF tagger
Targeting VBF topology
(two forward jets)
Rejecting:
ggF and Z→ ττ

Trained on jet kinematics
VH tagger

Reject non-VH production
modes
Trained on jet and Higgs
kinematics
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Targeted signal frac.: 94% in VBF_1 66% in VH_1
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BDTs for ttH

Employ two BDTs
Reject tt and Z→ ττ background
Trained on jet, τ, H and Emiss

T
properties
Define ttH_1 with rectangular cuts
ttH signal fraction in ttH_1: 92%
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Measured cross sections

Measurements for different
Parameters of Interest (PoI)

1 Total cross section
2 Cross section per

production mode
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Measured cross sections

Measurements for different
Parameters of Interest (PoI)
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Strong constraints on VBF cross-section
Observation of VBF process at 5.3σ
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2D Scans

ggF vs. VBFH
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Measured cross sections
STXS measurement

Measurement in 9 bins of STXS stage 1.2
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κ Combination
Introduction

κ framework
Zero-width assumption, decompose
production and decay
Scale coupling strengths with κ

modifiers

σ j→ κ
2
j σ

SM
j Γ j→ κ

2
j Γ

SM

For Standard Model, all κ j = 1 VBF with coupling modifiers
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κ Combination
Model 1: Fermion and gauge boson couplings

κV := κW = κZ

κF := κt = κb = κτ = κµ

Best-fit:

κV = 1.039+0.031
−0.030

κF = 0.93±0.05

Low p-value attributed to:

(σ ×BR)ttH+tH bb = 0.35+0.34
−0.33

(σ ×BR)ggH ττ = 0.87+0.23
−0.25
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κ Combination
Model 2: Generic without BSM

Generic “tree-level” model
Loops assumed to be SM-like
No invisible/undetected decays
Measure κW ,κZ ,κt ,κb,κτ and κµ

[ ATLAS-CONF-2021-053 ]
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κ Combination
Model 3: Tree-level plus BSM in loops

Higgs mechanism: coupling ∝ mass
Heavy BSM particles contributing to
loops?
Measure tree-level modifiers:
κW ,κZ ,κt ,κb,κτ and κµ

Measure loop modifiers: κg, κγ , κγZ

Limits on invisible BSM decays
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→ No sign of BSM
Bi. < 0.09 and Bu. < 0.16 at 95% CL
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Conclusion

Total measured H→ ττ cross section

2.90±0.21(stat)+0.37
−0.32(syst)pb

STXS measurements in 9 bins
Observation of VBF H→ ττ at 5.3 σ

Improved precision† from 27% to 14%
Combination with other Higgs decay
channels

→ More precise measurements in future
with refined analysis techniques and
Run 3 dataset
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† wrt. Phys. Rev. D 99,072001 (2019)
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Simplified embedding procedure

Motivation
Phase space mismatch between SR (Z→ ττ)
and CR (Z→ ``)

phase space

pT
μ > 30 GeV

pT
τ > 30 GeV

n
o
rm

a
liz

a
ti

o
n

→ How to define matching CR?

Procedure
In control region

1 Select Z→ `` events
2 Unfold ` reconstruction,

identification and isolation
effects

3 Scale p` by parametrized τ

decay effects
4 Reweight to account for

efficiencies
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Data-driven estimation of misidentified τ

lephad and τhadτhad

Jets misidentified as τhad

Background estimated with fake factor
method

NSR
fake = (Nanti-τ

Data −Nanti-τ
MC, no jet)×F

τeτµ

Misidentified leptons
Data-driven matrix method

(Ntight/loose) =
[
eff. matrix

]
(Nreal/fake)

For all channels
Assign uncertainties O(5−30%)
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Uncertainties

Limited by systematic
uncertainties
Large theory uncertainties
Largest exp. uncertainties
from Jet/MET

[ ATLAS-CONF-2021-044 ]
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Fit structure

Normalization of Top background
from Top control regions
Normalization of Z→ ττ from
kinematically embedded Z→ ``
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Partial Run 2 dataset
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[pb] ττ→Hσ
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Combination

VBF

Boosted

0.95−
+1.063.77    )

0.74−
+0.87 , 

0.59−
+0.60( 

1.41−
+1.613.34    )

1.12−
+1.34 , 

0.85−
+0.90( 

1.33−
+1.544.02    )

1.07−
+1.32 , 

0.78−
+0.79( 

  total ) stat. , syst. (

total stat. SM exp.

ATLAS 1−fb , 36.1VeT 13 = s
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