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Motivation
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Z→ττ decays result in same final state as H→ττ; σZ/σH≈2000
Z/H mass difference not large compared to mττ resolution and 
spin effects are fairly subtle
⇒ Z→ττ large irreducible H→ττ BG; overlapping mass peaks

H→ττ analyses use complex signatures (VBF, boosted H, MVA)
MC systematics (event topology, jets, MET) difficult to assess
⇒ rely on simulation as little as possible
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Motivation
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Z→ττ decays result in same final state as H→ττ; σZ/σH≈2000
Z/H mass difference not large compared to mττ resolution and 
spin effects are fairly subtle
⇒ Z→ττ large irreducible H→ττ BG; overlapping mass peaks

cannot select signal-free Z→ττ directly from data
Z→μμ events have ~same properties; H-μ coupling small; 
easy to select with hight purity and signal-free
⇒ use Z→μμ data as starting point

H→ττ analyses use complex signatures (VBF, boosted H, MVA)
MC systematics (event topology, jets, MET) difficult to assess
⇒ rely on simulation as little as possible
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Concept
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select Z→µµ data 

remove muon tracks and cells  
(removed calo energy estimated  
 from stand-alone muon  
 simulation with same kinematics)

from reconstructed muons,  
simulate corresponding 
TAUOLA Z→ττ decays at 
reconstructed vertex (disable 
calorimeter noise)

insert simulated tracks and cells

re-reconstruct objects and  
missing ET
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6.1 The Embedding Procedure

corresponds the description below the actual technical realisation is more complicated. The increasing
amount of taken data, and therefore the larger number of embedded events has made it necessary to
restructure the individual steps in order to exploit the avaiable computer ressources in a more e�cient
way during productions. The technical realisation within the ATLAS production setup is summarized
in Appendix A.
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Figure 6.2: Flowchart of the embedding procedure

• Selection of Z/�⇤ ! µµ input events:
In order to obtain a rather pure Z/�⇤ ! µµ input sample with low background contamination
events have to pass several requirements listed in Tab. 6.1. The event has to be triggered by at
least one of the two chosen muon triggers. The choice of the muon triggers is driven by the
trigger selection and pT thresholds used in the analysis. The single muon trigger EF_mu24i_tight
triggers events with one isolated muon with transverse momentum of higher 24 GeV whereas
the di-muon trigger EF_mu18_tight_mu8_EFFS requires two muons with pT >18 GeV (8 GeV)
. The event has to contain at least two combined staco muon candidates passing the listed track
quality criteria (according to the standard recommendations of the ATLAS muon CP group) as
well as having non-zero charge, |⌘µ| < 2.5 and pT >15 GeV . For each event, all possible pairs
of oppositely charged muon candidates with a common vertex are formed, where the transverse
momentum of the leading candidate is required to exceed 20 GeV . Only events that contain at
least one such pair with an invariant mass mµµ >40 GeV are selected, and the muon pair with mµµ
closest to the Z boson mass is chosen as the Z ! µµ candidate. For the skimming of 7 TeV data
no triggers are required and the leading muon has only to exceed pT >15 GeV.

• Generation of Z/�⇤ ! ⌧⌧ decays:
In the next step a Z/�⇤ ! ⌧⌧ decay with the same kinematics as the original Z/�⇤ ! µµ decay
is generated. To do so the muons and the reconstructed Z � boson are written in a file ASCII file
in HEPEVT format which contains the particle’s four momentum, production or decay vertex (in
case of the Z � boson) , information about possible daughter or mother particles and last but not
least its particle identification number. To declare the Z/�⇤ ! µµ decays as Z/�⇤ ! ⌧⌧ decays
the particle identification number of the muons is changed to the one of the ⌧-lepton and their four
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Validation
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don’t embed anything, just re-run reconstruction on 
Z→μμ data(“re-reconstructed data”);  
compare to original Z→μμ input data

embedding of simulated Z→μμ decays in Z→μμ data 
(“muon-embedded data”);  
compare to original Z→μμ input data

embedding of of simulated Z→μμ decays in simulated 
Z→μμ events (“muon-embedded MC”); 
compare to original Z→μμ input MC

embedding of of simulated Z→ττ decays in simulated 
Z→μμ events (“tau-embedded MC”); 
compare to standard Z→ττ MC  

 also, internal work (C. Schillo) on Z→ee embedding, see slide 14 of
 https://indico.desy.de/getFile.py/access?contribId=12&resId=0&materialId=slides&confId=10937

https://indico.desy.de/getFile.py/access?contribId=12&resId=0&materialId=slides&confId=10937


J. Kroseberg          Tau Embedding @ ATLAS          HA ττ Workshop    DESY      Nov 16/17 2015

Actual Workflow
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A Production setup

simultaneously for di↵erent final states and/or with di↵erent systematic variations. Thereby, interme-
diate files (e.g. the simulated stand-alone Z ! µµ decays needed for the cell subtraction) could be
reused for di↵erent final states, which significantly reduced the required CPU time. A sketch of the
corresponding embedding workflow is shown in Fig A.1.
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mfsdn
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Figure A.1: Restructured embedding workflow.

In addition, the embedding software was adapted to the ATLAS central production system, which
necessarily involved the integration into the ATLAS JobTransforms framework [67], which provides
a consistent interface to the ATLAS production system and is capable of managing the execution of
multiple sequential production tasks. Production jobs can be configured by specifying the input and
output data; the transform automatically selects and executes the relevant steps. For example, if only
the nominal embedded output files corresponding to Z ! ⌧⌧ ! ⌧hadl3⌫ and Z ! ⌧⌧ ! ll4⌫ decays are
specified, only the steps necessary to produce these final states are executed, omitting any parts of the
procedure that are relevant only to the production of ⌧had⌧had2⌫ final states or the systematic variations.
The transforms are also able to start and end a job at di↵erent points within the embedding workflow.

100 4th November 2015 13:07
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Physics Use Cases
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used in all public Run1 ATLAS Higgs→ττ analyses
also adapted to single-τ final states (W→τν, H+→τν)

MSSM H/h/A→ττ

SM H→ττ

 W→τν

 H+→τν

 LVF H→τμ
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Technical Paper
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1 Introduction

The experimental sensitivity of searches for (and eventually studies of) Higgs bosons in tt final
states at the LHC is driven by analyses of intricate event signatures that are not restricted to the
Higgs candidate decay products. For example, the missing transverse momentum enters the recon-
struction of the di-t invariant mass mtt , which is a key quantity in these analyses. The shape of the
reconstructed mtt distribution also depends on the boost of the tt system and thus on the presence
and kinematics of additional jets in the event. In addition, details of the final-state topology are used
to define event categories, for example based on vector-boson fusion topologies characterised by
two high-energy jets with large rapidity separation, and recent ATLAS analyses [1] also combine
them into multivariate classifiers to extract the Higgs boson signal.

In these analyses, events with Z/g⇤ ! tt decays constitute a large irreducible background,
and thus a reliable and detailed model of these processes is a critical ingredient. In view of the
complexity of the relevant event properties it is highly desirable to rely as little as possible on
simulation; moreover, it has been shown in dedicated measurements [2–4] that existing Monte
Carlo simulations of Z+jets events need to be corrected in order to model the data. Ideally the model
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Modelling Z ! ⌧⌧ processes in ATLAS

with ⌧-embedded Z ! µµ data

The ATLAS Collaboration

Abstract

This paper describes the concept, technical realisation and validation of a largely data-driven
method to model events with Z ! ⌧⌧ decays. In Z ! µµ events selected from proton–proton
collision data recorded at

p
s = 8 TeV with the ATLAS experiment at the LHC in 2012, the

Z decay muons are replaced by ⌧ leptons from simulated Z ! ⌧⌧ decays at the level of
reconstructed tracks and calorimeter cells. The ⌧ lepton kinematics are derived from the
kinematics of the original muons. Thus, only the well-understood decays of the Z boson
and ⌧ leptons as well as the detector response to the ⌧ decay products are obtained from
simulation. All other aspects of the event, such as the Z boson and jet kinematics as well as
e↵ects from multiple interactions, are given by the actual data. This so-called ⌧-embedding
method is particularly relevant for Higgs boson searches and analyses in ⌧⌧ final states,
where Z ! ⌧⌧ decays constitute a large irreducible background that cannot be obtained
directly from data control samples. In this paper, the relevant concepts are discussed based
on the implementation used in the ATLAS Standard Model H ! ⌧⌧ analysis of the full
datataset recorded during 2011 and 2012.

c� 2015 CERN for the benefit of the ATLAS Collaboration.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-3.0 license.
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μ embedding

τ embedding
systematics

Z-enriched  
control region
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Muon reconstruction and FSR effects
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effects of input muon reco and 
final state radiation covered by 
(and difficult to separate from and) 
procedure-based systematics  
(isolation + associated energy)

μ embedding 
(reco seed)

μ embedding 
(gen. seed)

τ embedding 
(reco/gen. seed)
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Run2
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merits and challenges of continued use of τ-embedded 
samples was assessed by an ATLAS-internal review board  
⇒ proceed with τ embedding in Run2

at least initially, try to minimise changes w.r.t. Run1 
procedure 

however, significant changes in the environment  
(data model, reconstruction/ID algorithms) pose  
conceptual and technical challenges 

work is still on-going; timeline for first physics analysis 
deployment under discussion
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Summary
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τ-embedding was a key component of ATLAS 
Run1 Higgs searches / analyses in τ final states
limited public documentation was available already 
within the corresponding physics papers 
have now followed up with a dedicated publication 
describing the procedure and its validation
transfer to Run2 setup is not at all trivial but work is 
well underway 

Bonn group has been passing the technical 
responsibility on to Freiburg


