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• BEH mechanism major ingredient of the SM  
• Spontaneous breaking of the U(1)Y⊗SU(2)L symmetry generating W,Z mass terms
• Lepton masses generated via independent Yukawa couplings

Introduction

2

λf ~ mf

• Huge progress in the past 2 years
• Discovery (γγ, ZZ*, WW*) ✓
• Mass measurement ( mH ~ 125.5 ± 0.7 GeV ) ✓
• Coupling measurements ( all SM like so far ) ✓
• Spin determination ( strong preference for 0+ ) ✓
• Coupling to fermions assessed via loop contributions so far
• Direct confirmation of fermionic couplings important for 
identification as SM Higgs boson

) µSignal strength (
0 1 2 3
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BR(H ! ⌧⌧) = 6.3%
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Higgs Boson Production @ LHC
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1.2 Phänomenologie der Hadron-Hadron-Streuung

Beiträge, die durch die störungstheoretische Behandlung in bestimmten Termen auftreten,

zu regularisieren, und sind somit ein Artefakt der Entwicklung. In einer konvergenten Reihe

sollten diese Abhängigkeiten mit steigender Ordnung kleiner werden. Im Folgenden wird

daher von Skalenunsicherheiten die Rede sein, welche prinzipiell eine Abschätzung der

theoretischen Unsicherheit darstellen.

Zur Berechnung von Wirkungsquerschnitten existieren Programmpakete, deren implemen-

tierte Methoden es ermöglichen, die in vielen Diagrammen auftretende Integrale numerisch

zu lösen. Während für einige Prozesse, beispielsweise der Produktion von W und Z Bo-

sonen, bereits Rechnungen in dritter Ordnung oder höher möglich sind, existieren zur

Vorhersage des Jet-Produktions-Wirkungsquerschnitts lediglich Rechnungen in zweiter

Ordnung Störungstheorie. Dies erlaubt also die Beschreibung von Endzuständen mit drei

Partonen und die Berücksichtigung einfacher Schleifenintegrale. Auf die Berechnung der

theoretischen Vorhersage wird in Abschnitt 4.2 im Detail eingegangen werden.

1.2 Phänomenologie der Hadron-Hadron-Streuung

Underlying
event

Parton
density

Fragmentation

Jet

FSR (LO)

Jet

ISR

Hard scatter

Jet

Abbildung 1.4 Schematische Darstellung einer faktorisierten Proton-Proton Wechselwirkung
[6].

In Hadron-Hadron-Kollisionen kollidieren Bindungszustände fundamentaler Teilchen. Dies

erschwert die Berechnung der zu erwartenden Prozessraten erheblich, sind schließlich

neben den Streuprozessen einzelner Fermionen außerdem Aussagen über die Dynamik der

Bindungszustände zu treffen. Abbildung 1.4 zeigt schematisch eine Proton-Proton-Kollision.

Ein sogenannter harter Streuprozess mit einem hohen Impulsübertrag steht dabei meist im

Zentrum der Physikanalyse. Möglichst genaue Rekonstruktion dieses Prozesses erlaubt zum

Beispiel Rückschlüsse auf Strukturen des Matrixelements dieses Prozesses oder auf die

Existenz und Eigenschaften eventueller kurzlebiger Zwischenzustände. Dieser harte Prozess

stellt in der Proton-Proton-Streuung das Analogon zur von vornherein fundamentalen Streu-

ung zweier Leptonen dar - man denke beispielsweise an e+e� Kollisionen. Er wird initiiert

durch zwei Partonen, die im Folgenden als initiierende Partonen bezeichnet werden sollen.

11

t,b

• Gluon-Fusion: 
• Colored initial state & quark loop: important corrections
• Radiation leading to significant transverse momentum

• Vector-Boson-Fusion:
• 2 well separated Jets at Tree-Level !

19.27 pb

σ @ LHC (8 TeV)

1.58 pb

1

0.1

10-2

10-3

bb
_

WW

ττ gg ZZ

cc
_

Zγγγ

120 140 160 180 200100

m
H

   (GeV/c2)

SM Higgs branching ratios (HDECAY)

ll
12%

lh
46%

hh
42%

 Three ττ decay channels: 

• Leptonic (2 light leptons + 4 ν)  

• Hadronic (2 had. τ + 2 ν)    

• Semi-leptonic (1 light lepton 
                                   + 1 had. τ + 3 ν)  

• Z → ττ
• top pair production
• Z → ee / µµ

• Z → ττ
• Multijets

• Z → ττ
• W + Jets 
• Multijets

Dominant background processes

q

q
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Categorization

4

• Very loose preselection
• Categorization exploiting signal-sensitive phase-space:
• VBF category ( VBF signal fraction 55% -75% )

• Identified by 2 well separated jets

• High pT category ( Gluon-fusion signal fraction 70% - 75% )
• Large transverse momentum of Higgs Boson candidate

ATLAS-CONF-2013-108

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-108/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-108/
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• Variety of background processes
   Real τ‘s & Misidentified τ‘s
 

• Multiple variables needed to suppress them
• Z→ττ:  VBF tagging-jets topology 
• Misidentified τ‘s: Use angular variables

ATLAS-CONF-2013-108
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Discriminating Variables & Signal Extraction 

5

• Combining up to 9 variables in  Boosted Decision Trees
• Exploiting correlations across variables
• Extensively validated in control regions

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-108/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-108/
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Results

6

• ATLAS observes a significant excess of events
• Corresponding to 4.1 σ @ 125 GeV ( 3.2 σ expected )
• Present in all three decay channels and categories

ATLAS-CONF-2013-108

• The fitted signal strength corresponds to:
• μcomb = 1.4+0.5-0.4

• μggF  x B/BSM = 1.1+1.3-1.1

• μVBF,VH  x B/BSM = 1.6+0.8-0.7

Combing all 6 BDT 
distributions

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-108/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-108/
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BACKUP
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10 ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s

-1Ldt = 20.3 fb∫ = 8 TeV, s

b,bττ,ZZ*,WW*,γγ →Combined H

]Fκ,Vκ[
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(d)

Figure 5: Results of fits for the 2-parameter benchmark model defined in Section 5.2.1 that probe di↵erent
coupling strength scale factors for fermions and vector bosons, assuming only SM contributions to the
total width: (a) Correlation of the coupling scale factors kF and kV ; (b) the same correlation, overlaying
the 68% CL contours derived from the individual channels and their combination; (c) coupling scale
factor kV (kF is profiled); (d) coupling scale factor kF (kV is profiled). The dashed curves in (c) and (d)
show the SM expectations. The thin dotted and dash-dotted lines in (c) indicate the continuations of the
likelihood curves when restricting the parameters to either the positive or negative sector of kF .

Rencontres de Moriond EW - H→ττ 21 March 2014

• H → ττ contributes majorly to the overall ATLAS coupling fits
• particularly constraining the signal strength in VBF production 
• and the fermion coupling

ATLAS Higgs combination

8
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ττ,ZZ*,WW*,γγ

ggF+ttH
µ

-2 -1 0 1 2 3 4 5 6

ττ
,Z

Z
*,

W
W

*,
γγ V
B

F
+

V
H

µ

-2

0

2

4

6

8

10
Standard Model

Best fit

68% CL

95% CL

γγ →H 

 4l→ ZZ* →H 

νlν l→ WW* →H 

ττ →H 

PreliminaryATLAS 

-1Ldt = 4.6-4.8 fb∫ = 7 TeV  s
-1Ldt = 20.3 fb∫ = 8 TeV  s

 = 125.5 GeVHm

Figure 2: Likelihood contours in the (µ f
ggF+ttH , µ

f
VBF+VH) plane for the channels f=H! ��,

H!ZZ⇤! 4`, H!WW⇤! `⌫`⌫, H ! ⌧⌧ and a Higgs boson mass mH = 125.5 GeV. The sharp lower
edge of the H!ZZ⇤! 4` contours is due to the small number of events in this channel and the require-
ment of a positive pdf. The best-fit values to the data (⇥) and the 68% (full) and 95% (dashed) CL
contours are indicated, as well as the SM expectations (+).

5 Coupling fits151

In the previous section signal strength scale factors µ f
i for given Higgs boson production or decay modes152

are discussed. However, for a measurement of Higgs boson couplings, production and decay modes153

cannot be treated independently. Scenarios with a consistent treatment of Higgs boson couplings in154

production and decay modes are studied in this section. All uncertainties on the best-fit values shown in155

this Section take into account both experimental and theoretical systematic values.156

5.1 Framework for coupling scale factor measurements157

Following the leading order (LO) tree level motivated framework and benchmarks recommended in158

Ref. [14], measurements of coupling scale factors are implemented for the combination of all analyses159

and channels summarised in Table 1. This framework is based on the following assumptions:160

• The signals observed in the di↵erent search channels originate from a single narrow resonance161

with a mass near 125.5 GeV. The case of several, possibly overlapping, resonances in this mass162

region is not considered.163

• The width of the assumed Higgs boson near 125.5 GeV is neglected, i.e. the zero-width approxi-
mation is used. Hence the product � ⇥ BR(i ! H ! f ) can be decomposed in the following way
for all channels:

� ⇥ BR(i! H ! f ) =
�i · �f

�H
,

where �i is the production cross section through the initial state i, �f the partial decay width into164

the final state f and �H the total width of the Higgs boson.165

• Only modifications of couplings strengths, i.e. of absolute values of couplings, are taken into166

account, while the tensor structure of the couplings is assumed to be the same as in the SM. This167

ATLAS-CONF-2014-009
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Event Selection

9

E/T
e/μ τhad

Jet(s)

νe/μ ντ ντ

E/T

τhad

Jet(s)

ντ ντ
τhad

E/T
e/μ e/μ

Jet(s)

νe/μ ντ ντ
νe/μ

• Exactly 1 e/μ
• Exactly 1 hadronic tau 
• Opposite charge
• Single lepton trigger 
• or tau+lepton trigger 

• Exactly 2 hadronic taus
• At least one of them passing a 
tighter ID criteria (~40% signal eff.)

• Opposite charge
• Di-tau trigger 

• Exactly 2 light leptons 
• 30 GeV < mll < 75 GeV (same flavour)
• 30 GeV < mll < 100 GeV (diff. flavour)

• No hadronic taus
• Opposite sign
• Single electron trigger 
•  Di-lepton trigger

Lep/Had Had/Had Lep/Lep

ATLAS-CONF-2013-108

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-108/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-108/
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Mass Compatibility

10

• Weighting each event by ln(1+ S/B) of its corresponding BDT bin
• Visualizing the compatibility of the observed excess with a Higgs Boson of 125 GeV

ATLAS-CONF-2013-108

• Alternative signal hypothesis are scaled to 
their fitted signal strength
• .. to focus on the shape difference

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-108/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-108/
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Event Yields
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H→ττ%Search:%Results%

•  ATLAS%observes%significant%excess%of%data%events%in%high%S/B%region%
–  Excess&is&observed&in&all&three&channels&
–  Expected&significance&at&MH=125&GeV&corresponds&to&3.2%sigma%%%

–  Observed&significance&at&MH=125&GeV&corresponds&to&4.1%sigma%

11/26/13& CERN&seminar& 39&

Numbers&of&events&in&highest&&
BDTcscore&bin&&

LepTlep% LepThad% HadThad%

Signal& 5.7±1.7& 8.7±2.5& 8.8±2.2&

Bckg& 13.5±2.4& 8.7±2.4& 11.8±2.6&

Data% 19% 18% 19%

Signal& 2.6±0.8& 8.0±2.5& 3.6±1.1&

Bckg& 20.2±1.8& 32±4& 11.2±1.9&

Data% 20% 34% 15%

VB
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d&
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 = 8 TeV s

���H

Data

=1.4)µBackground (

=0)µBackground (

=1.4)µ (���(125)H

=1)µ (���(125)H

• ATLAS observes a significant excess of events in all decay channels
• Corresponding to 4.1 σ @ 125 GeV ( with 3.2 σ expected)

ATLAS-CONF-2013-108

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-108/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-108/
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Categorisation
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November 23, 2013 – 09 : 06 DRAFT 10

Category Selection τlepτlep τlepτhad τhadτhad

VBF

pT( j1) > (GeV) 40 50 50
pT( j2) > (GeV) 30 30 30/35
∆η( j1, j2) > 2.2 3.0 2.0
b-jet veto for jet pT > (GeV) 25 30 -
pHT > (GeV) - - 40

Boosted
pT( j1) > (GeV) 40 - -
pHT > (GeV) 100 100 100
b-jet veto for jet pT > (GeV) 25 30 -

Table 2: Selection criteria applied in each analysis category for each channel. Only event that fail VBF
category selection are considered for the boosted category. Events in the τlepτhad VBF category must also
satisfy mττvis > 40 GeV, and those that fail this requirement are not considered for the τlepτhad boosted
category. The τhadτhad pT( j2) threshold is 30 (35) GeV for jets within (outside of) |η| < 2.4.

While these categories are conceptually identical across the three channels, differences in dominant235

backgrounds and in dataset size require that the selection criteria differ in each. Table 2 illustrates the236

selection criteria used for each channel. For both categories, the requirement on jets is an inclusive237

requirement: additional jets aside from the ones passing the category requirements are allowed as well.238

The τlepτhad channel imposes an additional cut on events in the VBF category, requiring that mττvis >239

40 GeV. The events failing this cut are not used in the boosted category.240

8 Boosted Decision Trees241

BDTs are used in each category to extract the Higgs-boson signal from the large amounts of background.242

Decision trees [15] recursively partition the parameter space into multiple regions where signal and243

background purities have been enhanced. Boosting is a method [16, 17] which improves the performance244

and stability of decision trees and involves the combination of many trees into a single final discriminant.245

After boosting, the final score undergoes a logistic transformation to spread the scores between -1 and 1.246

The most signal-like events have scores near 1 while the most background-like have scores near -1.247

BDTs trained on a sample of signal and background must be evaluated on a sample of independent248

events. In this analysis each sample (signal and background) is divided in two separate samples: A and249

B. The training is then performed with sample A and evaluated on sample B and vice-versa. The final250

distributions use all sample A events (evaluated using the BDT-trained on sample B) and all sample B251

events (evaluated using BDT-trained on sample A) such that 100% of the original sample appears in the252

final distributions. For events in data, they are evaluated randomly such that half the events are evaluated253

using the BDT trained on sample A and half using BDT trained on sample B.254

Separate BDTs are trained for each analysis category and channel. Separately training by category255

naturally exploits differences in event kinematics between different Higgs boson production modes. The256

VBF category is trained with a VBF signal sample, while the Boosted category is trained with gluon-257

gluon fusion, VBF, and VH signal samples, where the signal samples have mH = 125 GeV. Separately258

training in each channel allows different discriminating variables to be used to address the differing259

background compositions in each channel. The details of background models and compositions for each260

channel is described in Section 9. The BDT input variables for each category are shown in Table 3. Most261

of these variables have straightforward definitions; those requiring definition are listed below:262

• pTotalT : Magnitude of vector sum of the visible components of the τ decay products, the two leading263
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Major Uncertainties
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• Impact of dominating uncertainties on the measured signal strength
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Figure 11: Event yields as a function of log(S/B), where S (signal yield) and B (background yield) are
taken from each event’s bin in the BDT. All events in the BDTs are included. The predicted background
is obtained from the global fit (with µ = 1.4), and signal yields are shown for mH = 125 GeV, at µ = 1
and µ = 1.4 (the best-fit value). The background only distribution (dashed line), is obtained from the
global fit, but fixing µ = 0.

Source of Uncertainty Uncertainty on µ
Signal region statistics (data) 0.30
Z → !! normalization (τlepτhad boosted) 0.13
ggF dσ/dpHT 0.12
JES η calibration 0.12
Top normalization (τlepτhad VBF) 0.12
Top normalization (τlepτhad boosted) 0.12
Z → !! normalization (τlepτhad VBF) 0.12
QCD scale 0.07
di-τhad trigger efficiency 0.07
Fake backgrounds (τlepτlep) 0.07
τhad identification efficiency 0.06
Z → τ+τ− normalization (τlepτhad) 0.06
τhad energy scale 0.06

Table 7: The important sources of uncertainty on the measured signal strength parameter µ, given as
absolute uncertainties on µ.

29

ATLAS-CONF-2013-108

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-108/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-108/
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Input Variables
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Variable VBF Boosted
τlepτlep τlepτhad τhadτhad τlepτlep τlepτhad τhadτhad

mMMCττ • • • • • •
∆R(τ, τ) • • • • •
∆η( j1, j2) • • •
mj1, j2 • • •
η j1 × η j2 • •
pTotalT • •
sum pT • •

pT(τ1)/pT(τ2) • •
EmissT φ centrality • • • • •
xτ1 and xτ2 •
mττ, j1 •
m$1,$2 •
∆φ$1,$2 •
sphericity •

p$1T •
pj1T •

EmissT /p$2T •
mT • •

min(∆η$1$2,jets) •
j3 η centrality •

$1 × $2 η centrality •
$ η centrality •
τ1,2 η centrality •

Table 3: Discriminating variables used for each channel and category. The filled circles identify which
variables are used in each decay mode. Note that variables such as ∆R(τ, τ) are defined either between
the two leptons, between the lepton and τhad, or between the two τhad candidates, depending on the decay
mode.

13
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15

• Estimating the neutrino four momenta using known tau decay kinematics 
• Majorly improving the mass resolution 

A.2 Additional Mass Figures
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Figure 19: Distributions for mMMCττ normalized to unit area for Z → τ+τ−, from τ-embedded Z → µ+µ−
data, and H → τ+τ− events in the (a) τlepτlep, (b) τlepτhad and (c) τhadτhad channels for events that pass
preselection requirements and have at least 1 jet. Full width at half maximum (FWHM) values for the
τlepτlep distributions are: 42 GeV for H → τ+τ− and 39 GeV for Z → τ+τ−. FWHM values for the
τlepτhad distributions are: 47 GeV for H → τ+τ− and 33 GeV for Z → τ+τ−. FWHM values for the
τhadτhad distributions are: 38 GeV for H → τ+τ− and 26 GeV for Z → τ+τ−.
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H→ττ%Search:%m(ττ)%Reconstruc@on%

•  Good%m(ττ)%resolu@on%is%single%most%effec@ve%tool%against%Z→ττ%
–  m(ττ)&is&one&most&highly&ranked&BDT&input&variables&

•  m(ττ)&reconstructed&by&Missing&Mass&Calculator&(MMC)&&
–  MMC&is&sophisYcated&technique&to&reconstruct&m(ττ)&in&presence&of&neutrinos&

from&τcdecays&

•  MMC&resoluYon&in&events&with&at&
least&one&jet&(table&below)&
–  MMC&resoluYon&depends&on&τcdecay&

type&and&event&topology&

–  It&is&beÅer&in&VBF&and&Boosted&category&

11/26/13& CERN&seminar& 33&

Z→ττ%%

Lepclep& 21.4%&

Lepchad& 18.1%&

Hadchad& 14.3%&
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-108/
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Fake Estimate LepHad

16

• Statistically huge sample of misidentified τ‘s available in reversed ID region  ( „Anti-Taus“ )
• Scaling it with a fake rate measurement: Shape & yield can be extrapolated into signal region

NSR,ID =
NCR,ID

NCR,Fail ID
NSR,Fail ID

• Fake Factor measured separately in a W and a QCD control region
• combined into effective fake rate  ( estimated fractional W/QCD contribution in SR )
• Large (~30%) uncertainties due to unknown q/g fractions in signal region

}

FF = fW+JetsFFW + (1� fW+Jets)FFQCD

9.1 Data-Driven Backgrounds

The τlepτlep channel treats all backgrounds from a misidentified lepton together, which accounts for mul-
tijet, W+jets and semileptonic t  t processes. A control sample is created for this purpose by inverting
isolation selections on one of the two leptons and subtracting contributions from other electroweak back-
grounds (dileptonic t  t , Z → e+e−, Z → µ+µ−, Z → τlepτlep, diboson) obtained from MC simulations.
A template is created from this sample and normalized by fitting the pT distribution of the sub-leading
lepton at an early stage in the preselection requirements defined in Section 6.1.

The τlepτhad channel uses the “fake-factor” [13] method to derive estimates for multijet and W+jets
backgrounds that pass the τlepτhad selection due to a misidentified τhad candidate. The fake-factor method
requires a sample enriched in fake τhad candidates defined by applying an event selection equivalent
to the VBF and boosted category definitions except that the candidate must fail the Medium [49] τhad
identification requirement. The fake-factor is defined by the ratio of identified τhad candidates to non-
identified τhad candidates. This is determined separately for samples dominated by quark and gluon
jets using a separate W+jets control region which is dominated by quark jets defined by high mT and a
loose lepton region dominated by gluon jets. The derived fake-factors, weighted by the expected relative
W+jets/multijets composition, also determined in the same control regions, are then applied to the fake
τhad events to calculate the expected multijet and W+jets background. The pT(τhad) dependence of these
fake-factors is shown in Figure 4.
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Figure 4: Fake-factors used to derive estimates for multijet and W+jets backgrounds in the τlepτhad
channel. Factors are plotted as a function of the pT of the τhad candidate for the VBF and boosted
categories: (a) for 1-prong τhad candidates (b) for 3-prong τhad candidates.

In the τhadτhad channel, the notOS data is used as a multijet template. For validation plots and as a
starting point for the global fit, the normalization of the sample is determined by performing a simul-
taneous fit of multijet (modeled by notOS data) and Z → τ+τ− (modelled by embedding) templates to
preselection data. The variable used in the fit is ∆η(τhad, τhad), shown in Figure 5. The final normaliza-
tions for multijet and Z → τ+τ− are floated in the global fit in this channel, as described in Section 12.

14

ATLAS-CONF-2013-108
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Fake Estimate HadHad
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Preselection 
HH

VBF Boosted

BDT BDT

SR

Rest

CRSR

• A Multijet template is built from not opposite sign events
• Charge (τ1) * Charge (τ2) >= 0 

• Enhanced in Multijet background due to little charge correlation
• Normalization extracted in combined Fit 
• Δη (τ1,τ2) included in the fit for its separation power between     
Z→ ττ and the Multijet background
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• Text
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• Ebene 3

Additional Control Region BDTs LepLep
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Figure 7: BDT score distributions for the Z → !!-enriched control region in the τlepτlep channel (top),
Z → ττ-enriched control region in the τlepτhad channel (middle), and mass sideband control region in
the τhadτhad channel (bottom), for the VBF (left) and Boosted (right) categories. The signal shapes are
shown multiplied by a factor of 50. These figures use background predictions made without the global
fit defined in Section 12. 19
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Figure 7: BDT score distributions for the Z → !!-enriched control region in the τlepτlep channel (top),
Z → ττ-enriched control region in the τlepτhad channel (middle), and mass sideband control region in
the τhadτhad channel (bottom), for the VBF (left) and Boosted (right) categories. The signal shapes are
shown multiplied by a factor of 50. These figures use background predictions made without the global
fit defined in Section 12. 19
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Figure 23: BDT score distributions for the Z → ττ-enriched (a, c) and top-quark enriched (b, d) control
regions for the VBF (a, b) and Boosted (c, d) categories in the τlepτlep channel. The signal shapes are
shown multiplied by a factor of 50. These figures use background predictions made without the global
fit defined in Section 12.
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Figure 23: BDT score distributions for the Z → ττ-enriched (a, c) and top-quark enriched (b, d) control
regions for the VBF (a, b) and Boosted (c, d) categories in the τlepτlep channel. The signal shapes are
shown multiplied by a factor of 50. These figures use background predictions made without the global
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45

A.4 Additional Control Region Figures

BDT score

-1 -0.5 0 0.5 1

Ev
en

ts
 / 

0.
1 

0

50

100

150

200

250

300

Data
ττ →(125)H50 x 

ττ →Z
µµ,ee →Z

+single-toptt
WW/WZ/ZZ
Fake Lepton
Uncert.

 VBFµµ + µe + ee ATLAS Preliminary

 = 8 TeVs  CRττ →Z-1 L dt = 20.3 fb∫

BDT score

-1 -0.5 0 0.5 1

Ev
en

ts
 / 

0.
1 

0
20
40
60
80

100
120
140
160
180
200
220

Data
ττ →(125)H50 x 

ττ →Z
µµ,ee →Z

+single-toptt
WW/WZ/ZZ
Fake Lepton
Uncert.

 VBFµµ + µe + ee ATLAS Preliminary

 = 8 TeVs top-quark CR-1 L dt = 20.3 fb∫

(a) (b)

BDT score

-1 -0.5 0 0.5 1

Ev
en

ts
 / 

0.
1 

0

100

200

300

400

500

600

700

Data
ττ →(125)H50 x 

ττ →Z
µµ,ee →Z

+single-toptt
WW/WZ/ZZ
Fake Lepton
Uncert.

 Boostedµµ + µe + ee ATLAS Preliminary

 = 8 TeVs  CRττ →Z-1 L dt = 20.3 fb∫

BDT score

-1 -0.5 0 0.5 1
Ev

en
ts

 / 
0.

1 
0

100

200

300

400

500

600

Data
ττ →(125)H50 x 

ττ →Z
µµ,ee →Z

+single-toptt
WW/WZ/ZZ
Fake Lepton
Uncert.

 Boostedµµ + µe + ee ATLAS Preliminary

 = 8 TeVs top-quark CR-1 L dt = 20.3 fb∫

(c) (d)
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Figure 7: BDT score distributions for the Z → !!-enriched control region in the τlepτlep channel (top),
Z → ττ-enriched control region in the τlepτhad channel (middle), and mass sideband control region in
the τhadτhad channel (bottom), for the VBF (left) and Boosted (right) categories. The signal shapes are
shown multiplied by a factor of 50. These figures use background predictions made without the global
fit defined in Section 12. 19
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Figure 7: BDT score distributions for the Z → !!-enriched control region in the τlepτlep channel (top),
Z → ττ-enriched control region in the τlepτhad channel (middle), and mass sideband control region in
the τhadτhad channel (bottom), for the VBF (left) and Boosted (right) categories. The signal shapes are
shown multiplied by a factor of 50. These figures use background predictions made without the global
fit defined in Section 12. 19
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Figure 24: BDT score distributions for the top-quark enriched (a, c) and W-enriched control regions
(b, d) for the VBF (a, b) and Boosted (c, d) categories in the τlepτhad channel. The signal shapes are
shown multiplied by a factor of 50. These figures use background predictions made without the global
fit defined in Section 12.
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Figure 24: BDT score distributions for the top-quark enriched (a, c) and W-enriched control regions
(b, d) for the VBF (a, b) and Boosted (c, d) categories in the τlepτhad channel. The signal shapes are
shown multiplied by a factor of 50. These figures use background predictions made without the global
fit defined in Section 12.

46

Additional Control Region BDTs LepHad



Rencontres de Moriond EW - H→ττ 21 March 201420

BDT score

-1 -0.5 0 0.5 1

Ev
en

ts
 / 

0.
2

1

10

210

310

410
Data

ττ→(125)H ×50 
ττ→Z

Others
Multijet
Uncert.

 VBFhadτhadτ

 = 8 TeVs   -1 L dt = 20.3 fb∫

ATLAS Preliminary

Sideband CR

BDT score

-1 -0.5 0 0.5 1
Ev

en
ts

 / 
0.

2

1

10

210

310

410

510
Data

ττ→(125)H ×50 
ττ→Z

Others
Multijet
Uncert.

 Boostedhadτhadτ

 = 8 TeVs   -1 L dt = 20.3 fb∫

ATLAS Preliminary

Sideband CR

Additional Control Region BDTs HadHad


