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2 Unfold ` reconstruction,
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effects

3 Scale p` by parametrized τ

decay effects
4 Reweight to account for

efficiencies
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Validation
Compare embedded Z→ `` (MC)
to Z→ ττ (MC)

50 100 150 200

) [GeV]
had
τ(

T
p

0.9
0.95

1
1.05

1.1

R
a

tio

ττ→ll / Z →Embedded Z ττ→ll / Z →Embedded Z 

0

5

10

15

20

310×

G
e

V
1

0
/

E
n

tr
ie

s

ll→Z 
ll→Embedded Z 

ττ→Z 

Simulation PreliminaryATLAS
-1= 13 TeV, 139 fbs

had
τ

lep
τ→H 

Boost + VBF + V(had)H selection

ll→Z 
ll→Embedded Z 

ττ→Z 

0 50 100 150 200

[GeV]miss
TE

0.9
0.95

1
1.05

1.1

R
a

tio

ττ→ll / Z →Embedded Z ττ→ll / Z →Embedded Z 

0

5

10

15

310×
G

e
V

1
0

/
E

n
tr

ie
s

ll→Z 
ll→Embedded Z 

ττ→Z 

Simulation PreliminaryATLAS
-1= 13 TeV, 139 fbs

had
τ

lep
τ→H 

Boost + VBF + V(had)H selection

ll→Z 
ll→Embedded Z 

ττ→Z 

Good closure

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

October 21, 2021 Frank Sauerburger – Measurements of H→ ττ with the ATLAS detector 6 / 15



Introduction

Background modelling

Machine learning

Results

Simplified embedding procedure

Kinematic distribution in
embedded τlepτhad selection
Event selection in CR with
embedded quantities
Z→ `` events assigned to
exactly one channel
Data-MC comparison in CR to
normalize Z→ ττ (MC) SR
Reduced extrapolation
uncertainties
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Data-driven estimation of misidentified τ

τlepτhad 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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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
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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

0

20

40

60

80

100

120

140

160

180

Ev
en

ts
 / 

10
 G

eV ATLAS Preliminary
√  = 13TeV,139 fb−1

All VBF_1 SRs

Data
Uncertainty

→  (0.92 × SM)
→ 

Other backgrounds
Misidentified 

50 75 100 125 150 175 200
  [GeV]

-50

0

50

D
at

a 
− 

Bk
g

0

100

200

300

400

500

600

Ev
en

ts
 / 

10
 G

eV ATLAS Preliminary
√  = 13TeV,139 fb−1

All VH_1 SRs

Data
Uncertainty

→  (0.92 × SM)
→ 

Other backgrounds
Misidentified 

50 75 100 125 150 175 200
  [GeV]

-25
0

25

D
at

a 
− 

Bk
g

Targeted signal frac.: 94% in VBF_1 66% in VH_1

October 21, 2021 Frank Sauerburger – Measurements of H→ ττ with the ATLAS detector 10 / 15



Introduction

Background modelling

Machine learning

Results

Machine learning

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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Measurements for different
PoIs

1 Total cross section
2 Cross section per

production mode
3 9 bins of STXS stage 1.2

Results are in agreement with
the SM
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−0.32(syst)pb
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Total measured H→ ττ cross section

2.90±0.21(stat)+0.37
−0.32(syst)pb

Inclusion of four production modes
Observation of VBF H→ ττ at 5.3 σ

Improved precision† from 27% to 14%
STXS measurements in 9 bins
Results in agreement with SM

→ More precise measurements in future
with refined analysis techniques and
Run 3 dataset
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Signal region composition

Signal region composition with 100GeV< mMMC
ττ < 150GeV
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Systematic uncertainties

Largest systematic uncertainties
from signal theory uncertainties
(8.1%)
Largest experiemntal uncertainty
(4.2%)
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Fit structure
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Signal correlation
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Partial Run 2 dataset
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[Phys. Rev. D 99,072001 (2019)]
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