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Report from Monte Carlo Truth task force
F. Akesson, A. Dell’Acqua, D. Froidevaux, I. Hinchliffe,

P. Loch, E. Moyse, R. Nikolaidou, A. Nisati

1. Introduction

The Monte-Carlo Truth task force has been set up jointly by the ATLAS management
(F. Gianotti), the Physics Coordinator (G. Polesello) and the Computing and Software
Coordinators (D. Barberis and D. Quarrie), as an outcome to some of the software reviews held
during the first half of 2005.

1.1   Mandate

The Monte-Carlo Truth (MCT) task force will collect from physics and detector performance
groups, as well as from calibration and alignment groups, the full set of requirements on Monte-
Carlo Truth.

The MCT task force will then consider the current implementation in the Event Data Model
(EDM) and discuss and agree the improvements, or replacements, that may be needed in the
code base in order to satisfy the above requirements.

Finally the MCT task force will make sure that the work-plan is realistic, manned, and executed
to completion within the agreed timescales.

1.2   Membership

The composition of the MCT Task Force includes people with experience in physics and
detector performance studies, as well as EDM experts The MCT task force has eight members:
F. Akesson, A. Dell’Acqua, D. Froidevaux (chair), I. Hinchliffe, P. Loch, E. Moyse,
R. Nikolaidou and A. Nisati.

The MCT task force also has four ex officio members: D. Barberis, F. Gianotti, G. Polesello and
D. Quarrie.

Based on a suggestion by A. Dell’Acqua, the MCT task force invited W. Pokorski from PH/SFT
to its meetings. W. Pokorski attended the first meeting and stated that the AA part of the LCG
project was considering HEPMC as a possible candidate for a generic interface to MC generators
across all experiments.

1.3   Timescale

Two milestones were set to the MCT task force:
- definition of the work-plan and high-level design by release 11 (September 2005);
- implementation of the new MCT system by release 12 (February 2006).
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1.4   Meetings, material and minutes

The MCT task force began its work at the end of the summer period (first days of September)
and has held a set of four meetings on 02/09, 12/09, 20/09 and 27/09/05. The agendas of these
meetings, the material presented by the various contributors, and the minutes and action items
arising from these meetings can be found at http://agenda.cern.ch/displayLevel.php?fid=473.

1.5   Acknowledgments

The MCT task force expresses heartfelt thanks to K. Assamagan, S. Binet, P. Calafiura and
D. Rousseau for their help and contributions, without which the report presented here would not
have been possible.

2. Findings and requirements

In this section, the report summarises the findings of the MCT task force and explicitly
formulates requirements not met by the current functionality of the software. These additional
(or not yet implemented) requirements are justified based on discussions within the task force
itself and contacts with the community at large. Wherever possible and relevant, suggestions for
implementation are also discussed in this section.

The section is subdivided into three parts:
• the first one deals with particle truth and how it is propagated from event generation to

full G4 simulation and to the AODs (the Analysis Object Data which will be used
eventually for physics analysis). The reader should note that any discussion here of ESD
and/or AOD format and size applies only to fully-simulated/reconstructed Monte Carlo
samples, which, in the ATLAS Computing Model, are supposed to amount to not more
than 20% of the total ATLAS data volume;

• the second one deals with detector truth and how this detector truth, implemented as a
reference between a hit in the detector and the particle from which this hit originated, is
propagated from detector hits (RDOs) to reconstructed objects (track parameters or
calorimeter cell energies);

• the third one deals with other issues discussed in the task force, such as time-of-flight,
choice and validation of G4 parameters, book-keeping of default parameter settings used
to store particle truth, etc.

2.1 Particle truth: from event generators to AODs

2.1.1 Particle truth from event generator

A few years ago, it was decided to merge the “event generator” truth with the “G4 simulation”
truth into one collection of particles called McEventCollection. This collection carries the
history of the whole event from the hard-scattering process, including initial-state radiation, to
selected detailed particle interactions in the ATLAS detector. This collection has several



- 3 -

different incarnations, as explained in more detail below; in the following, McEventCollection
will refer only to the full collection including the complete generator piece (also referred to
separately as GEN_EVENT) and the complete G4 simulation piece. The slimmed version of
McEventCollection currently stored to AOD will be referred to as GEN_AOD.

The event generator truth is stored in the so-called HEPMC format, originally defined by
ATLAS, and consists of a set of connected GenParticle (inheriting from HepLorentzVector) and
GenVertex objects. This format can be used to store the complete history of any set of classical
branching processes. The software repository contains tools to facilitate navigation in HEPMC
(iterators to children, parents, ancestors, descendants). The HEPMC class hierarchy and
corresponding header files and code (doxygen) can be found at
http://atlas.web.cern.ch/Atlas/GROUPS/SOFTWARE/OO/dist/10.5.0/InstallArea/doc/HepMC/h
tml/hierarchy.html (see also http://mdobbs.home.cern.ch/mdobbs/HepMC/),
the various tools can be found at
http://atlas.web.cern.ch/Atlas/GROUPS/SOFTWARE/OO/dist/10.5.0/InstallArea/doc/TruthExa
mples/html/hierarchy.html and at
http://atlas.web.cern.ch/Atlas/GROUPS/SOFTWARE/OO/dist/10.5.0/InstallArea/doc/Generator
Filters/html/hierarchy.html,
and general documentation and guidelines at
http://www-theory.lbl.gov/~ianh/monte/Generators/General/Generators.html

The quality of the event generator truth information depends to a large extent on that of the
translators from HEPEVT (the so-called Fortran standard for event generator output) to
HEPMC. Each event generator has its own specific translator and any deficiencies in the event
generator truth found over the past two years have usually been traced back to a translator (or a
few times to the event generator itself). As new generators come into the game (e.g. Sherpa),
users cannot expect a one-to-one correspondence between the HEPMC records from the new
generator and those from their favourite well-known generator. The various physics groups and
the Monte-Carlo group should always agree on the translators and the HEPMC interfaces for
new event generators as part of their certification process. The status of generator validation can
be found at https://uimon.cern.ch/twiki/bin/view/Atlas/GeneratorValidation; it is not
recommended to do generator validation work using AODs (see section 2.1.3).

Although some of the infrastructure is there, the particle truth from background events merged
with the main physics event at the level of the G4 hits is not currently saved in the particle truth.
Clear use-cases have always existed for saving an affordable fraction of the particle truth of
such events:

• measurements of fake track rates in the ID and muon systems;
• tracing the origin of fake muon triggers from cavern background.

Realistic requirements have been formulated from these use-cases and past experience:

Req1: need to include in particle truth from event generator McEventCollection for pile-
up and cavern background events, following the cuts suggested below (Req3 and Req4).

Req2: store for out-of-time pile-up the relevant bunch-crossing identifier so that it can be
included in detector truth information.

Req3: store stable particles from pile-up with pT > 0.4 GeV and |η| < 3.0 over BX = [-2,+2];
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Req4: store cavern background charged particles with kinetic energy above 1 MeV.

The justification for the cuts proposed for Req3 is simply the need to know that a reconstructed
low-pT track in events with pile-up does indeed correspond to a real particle traversing the
detector, even if out of time, so that the diagnostics tools do not label it as a fake track.
The justification for the choices in Req4 is based on old studies of the source of correlated
triggers between RPC or TGC stations, which demonstrated that they are, as one might expect,
due to charged particles (for more details see
http://agenda.cern.ch/askArchive.php?base=agenda&categ=a055811&id=a055811s1t2%2Ftrans
parencies%2Fmeet050920.pdf). In any event, one could not afford to store all relevant neutrals
from cavern background events, given the very high fluences expected in the muon
spectrometer at design luminosity.

2.1.2 Particle truth from G4 simulation

The particle truth from G4 simulation has been implemented according to the vast past
experience with GEANT3 and is still evolving today to meet e.g. new requirements from the
cosmics simulation for ATLAS. The current implementation has been found to cover almost all
the requirements but really suffers from a lack of documentation. For release 11.0.0, it consists
of two distinct pieces:
• track records or lists of selected particles passing from one G4 volume to the next one (these

are actually implemented as G4 volumes (thin layers) and currently clash with some of the
muon and calorimeter envelopes):

a) a muon track record containing all charged particles with kinetic energy above
100 MeV, which enter the muon system (no time-of-flight information);

b) a second muon track record containing only muons (with time-of-flight), which
enter the muon system for cosmics simulations. This track record will eventually
become the single track record for the muon system;

c) a calorimeter track record containing only muons (with time-of-flight), which
enter the calorimeter system (front-face of LAr cryostat) for cosmics simulations.
This track record will eventually become the single track record for the
ID/calorimeter systems.

• G4 interaction vertices and corresponding outgoing particles in the ID volume, provided
they satisfy certain kinematic cuts (which can all be set by JobOptions):

a) bremsstrahlung with Eprimary > 1 GeV and Esecondary > 300 MeV;
b) conversions with Eprimary > 1 GeV;
c) decays with Eprimary > 1 GeV;
d) δ-rays with Eprimary > 1 GeV and Esecondary > 300 MeV;
e) hadronic interactions with Eprimary > 1 GeV (only since recent releases).

In the latter case, the particles and vertices are added to the particle truth from the event
generator in McEventCollection, whereas in the former case the particles in the track records
are stored in a separate container (AthenaHitsVector<TrackRecord>.

Additional requirements were discussed in the MCT task force: a significant one from the muon
community was picked up and retained (this has to do with photons irradiated by muons
traversing the calorimeter, as stated below) and small modifications to the defaults used at
present were suggested. The full list of requirements requiring either natural evolution of the
track record containers, small changes to default parameters or some actual coding is the
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following (the list is long but the actual work to be done is not huge, once the outstanding issue
of schema evolution and of envelope clashes for the track record containers has been solved):

Req5: add to the particle truth from G4 simulation all photons with energy above 1 GeV
irradiated by muons traversing the calorimeter

Req6: store in final version of muon-system track record all charged particles with kinetic
energy above 100 MeV (including their time-of-flight), which enter the muon system.

Req7: store in final version of calorimeter track record all particles with energy above
1 GeV and |η| < 3.0, which enter the calorimeter system.

Req8: use the following default cuts for storing the G4 interactions in McEventCollection
in the Inner Detector volume:

a) bremsstrahlung with Eprimary > 500 MeV and Esecondary > 100 MeV;
b) conversions with Eprimary > 500 MeV;
c) decays with Eprimary > 500 MeV;
d) δ-rays with Eprimary > 500 MeV and Esecondary > 100 MeV;
e) hadronic interactions with Eprimary > 500 MeV.

Req9: same as above for the muon spectrometer volume.

The justification for Req5 is the need to monitor catastrophic energy losses of muons in the
calorimeter system. The justification for Req8 is the need to understand track reconstruction
efficiencies in the Inner Detector all the way to the natural threshold of about 400-500 MeV.
The justification for Req9 is symmetry of treatment for the muon spectrometer with respect to
the Inner Detector since the performance requirements are not so different.

All the above numbers and implementations will need validation within the respective systems
and may need some iteration once the size on disk is known (for some cases like the calorimeter
track record). These validations should be documented during the preDC3 validation campaign,
so that DC3 is launched with a fully validated implementation.

2.1.3 Truth content of the AODs

2.1.3.1 Current status

The particle truth consists of the various elements described in sections 2.1.1 and 2.1.2 above.
The dominant contribution by far to the truth part of the ESDs and AODs stems from the
McEventCollection itself, which has typically a size of 100 kBytes per event on ESD for tt
events produced with MC@NLO, i.e. some of the more complex physics events).

For this reason, the particle truth on the AODs is currently slimmed and limited to a size of
about 40 kBytes per event for a total AOD size of 80-90 kBytes per event. The slimming
procedure is an evolving process depending on the feedback from individual users or groups of
users. There is no real policy defined yet for the AOD particle truth.

Table 1 provides the breakdown of the current size on disk (and in memory) of the various
AOD containers related to truth and Atlfast information (i.e. containers, which will not exist in
the data AODs) and to reconstruction information for completeness.
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Container name Container description
Size in

memory
(kBytes)

Size on
disk

(kBytes)
Monte Carlo truth containers: total is about 44 kBytes per event

McEventCollection Slimmed particle truth 95.6 38.8
AthenaHitsVector<TrackRecord>
(muon system original implem.)

Charged particles entering muon
system with kinetic energy

above 100 MeV
6.4 3.5∗

ParticleJetContainer Truth jets from JetRec package (two
sorts of truth for three jet algorithms)

6.8 1.6∗∗

TrackParticleTruthVector Links TrackParticle to particle truth 3.5 0.3
MissingEtTruth ET

miss computed from particle truth < 0.1 < 0.1
Atlfast containers: total is about 0.5 (8.7) kBytes per event without (with) tracks

TrackParticleContainer Tracks reconstructed in ID following
recipe of ATL-INDET-97-195

53.8 8.2

ParticleJetContainer Jets reconstructed with Atlfast 3.3 0.4
JetTagContainer 0.4 0.1
MuonContainer Muons reconstructed with Atlfast 0.1 < 0.1
PhotonContainer Photons reconstructed with Atlfast 0.1 < 0.1
TauJetContainer τ-leptons reconstructed with Atlfast 0.1 < 0.1
ElectronContainer Electrons reconstructed with Atlfast < 0.1 < 0.1
MissingETContainer ET

miss reconstructed with Atlfast < 0.1 < 0.1
Reconstructed containers: total is about 36 kBytes per event

TrackParticleContainer 57.3 13.6
JetTagContainer 80.6 7.7
VxContainer 14.0 4.4
ParticleJetContainer 15.8 3.6
ElectronContainer 7.1 2.8
DataHeader 10.3 2.0
MuonContainer 4.7 1.2
PhotonContainer 1.8 0.5
MissingEtCalo 0.3 0.1
MissingET < 0.1 < 0.1
TauJetContainer < 0.1 < 0.1
CTP_Decision < 0.1 < 0.1
EventInfo < 0.1 < 0.1
LVL1_ROI < 0.1 < 0.1

Table 1

Names and sizes (in memory and on disk after compression) of containers related to truth
(top), Atlfast (middle) and reconstructed information (bottom) on the current AODs (release

10.4.0), as obtained from a sample of tt events produced with MC@NLO.

                                                  
∗   This container will disappear as soon as TrackParticleTruthVector will be available for muons.
∗∗ The truth jets are assumed to represent 30% of the total contents of all ParticleJetContainers.
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A few important points should be noted before looking in detail at the numbers in Table 1:
a) the numbers in Table 1 have been obtained from a sample of tt events produced with

MC@NLO;
b) the containers from fast simulation (Atlfast) are not currently saved by default to the AODs

although it would be highly desirable to do so for many future applications. They are
dominated entirely by the track containers from fast simulation (these have been designed
and used only for B-physics analyses);

c) The track record for the muons is currently on AOD because the muon track particle truth
has not been implemented yet; it will therefore be removed from the AODs soon, thereby
saving some space;

d) Different ParticleJetContainers with different keys contain the reconstructed jets, the Atlfast
jets and the truth jets. The sizes in Table 1 assume that 30% of the total contents of all
ParticleJetContainers are from truth jets, which are stored for two different computations
and for three different jet algorithms (cones with ΔR of 0.4 and 0.7 and kT);

e) A few containers not mentioned yet in the previous sections are related to detector and
reconstruction truth (see section 2.2), but their size is not an issue and they will not be
considered further in these terms in this report.

If the full content of McEventCollection were to be copied from ESD to AOD, its size would
grow from about 40 kBytes per event to 120 kBytes per event for these rather typical high-pT
physics events. When eventually pile-up and cavern background truth will be included, the size
of the full truth in McEventCollection will most likely increase by 30% or more (this should be
verified as soon as feasible), leading to MC AODs at high luminosity with a total size exceeding
200 kBytes per event. This is too large on even the medium term, hence the attempts made over
the past year to slim the AOD truth in a way tailored to the requests from the users. This process
is still ongoing and the AOD truth has been slowly growing since the Rome physics workshop
(the current slimming produces McEventCollection containers on AODs, GEN_AOD, with a
size of about 40 kBytes per event for the same tt events produced with MC@NLO).

2.1.3.2 Possible simple slimming scheme for AOD particle truth

In contrast, as demonstrated in recent work done within the B-physics group (see
http://agenda.cern.ch/askArchive.php?base=agenda&categ=a055812&id=a055812/moreinfo)
and summarised in Table 2 below, events produced at lower Q2 are much smaller in size,
typically a factor of more than two, and it would clearly be justified to keep the full ESD
content of McEventCollection on AOD for such events, since the full sequence of decays from
b-quarks to stable particles is needed for detailed B-physics studies.

Table 2 also shows the impact on B-physics and top events of implementing simple cuts to slim
the AOD particle truth. The proposed simple-minded slimming is the following:

a) keep all particles from the hard-scattering process. For the major parton-shower Monte
Carlo programs, Pythia and Herwig, appropriate status flags can be set in the job options,
such that e.g. the H → ZZ → llll or tt → WbWb → lνbjjb decay chains are part of the
hard-scattering process;

b) require that either, pT > 0.3 GeV and |η| < 3.5, or pT > 1 GeV and |η| < 5.5, for all other
particles.
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Zipped sizes on disk per event (kBytes) B-physics (low pT)
Λβ_Λµµ (release 10.4.1)

Top physics (high-pT)
tt (table 1)

Full truth in McEventCollection 49.0 120.0

b- and c-quarks/particles with full tree 24.1

McEventCollection slimmed with simple cuts:
(pT > 0.3 and |η| < 3.5) or (pT > 1 and |η| < 5.5)
+ hard scattering process without any cuts

22.8 65.0

Reconstruction: TrackParticleContainer 13.4 13.6

Reconstruction: all other containers 9.1 26.1

Atlfast containers (TrackParticles kept for low pT) ~ 8.0 0.5

Total (McEventCollection slimmed for high-pT) ~ 80.0 ~ 105.0

Table 2

Comparative sizes of AODs between low-pT (B-physics) and high-pT (top physics) Monte Carlo
samples, depending on the approach adopted for slimming the particle truth (McEventCollection)

and for storing the results from Atlfast (not currently done as default).

Table 2 shows that the resulting overall size of the AODs would range from 80 kBytes per event
for B-physics events (containing the full particle truth and the TrackParticles from Atlfast)
to 105 kBytes per event for top events (with slimmed particle truth as proposed above).
Including pile-up and cavern-background related truth will undoubtedly increase these sizes to
some extent.

The arguments in favour of a rather simple slimming of the truth common to all high-pT physics
Monte Carlo samples are strong (these arguments do not apply to B-physics, as discussed
above, nor to heavy-ion physics or forward physics, for which special samples may be produced
with the full particle truth copied to the AOD):

a) it is of utmost importance for the cohesion of ATLAS physics studies that the AODs
preserve a common format for all processes and samples, which will be used in many
different physics studies and even exchanged between physics groups;

b) the reconstruction content of the AOD is bound to grow during the next phase of
evolution of the analysis model. It represents currently only 30 to 40% of the AOD
content for the Monte Carlo samples;

c) the use-cases for preserving in the AODs more truth particles than those which can
actually be identified and measured in the ATLAS detector are very specific and not
very compelling (see below for the most prominent examples put forward from the
feedback received over the past month or so);

d) access to Monte Carlo data (in AOD format or otherwise) will certainly be an issue over
the coming years. Reducing the size per particle of the HEPMC truth is under
investigation and should also be pursued as a measure to limit the size of the MC AODs.
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2.1.3.3 Are there significant use-cases not satisfied by the simple slimming scheme?

The simple slimming proposed above has been discussed extensively in various threads with
several key persons from the community, who have been involved with particle truth in the
recent and not-so-recent past, or who have been receiving requests for improvements and
extensions to the particle truth as it was implemented at the time of the Rome workshop.

The most significant objections and use-cases brought forward are listed below with the
hopefully satisfactory answers put forward to them on behalf of the MC truth task force:

1) Truth jets: this is the one use-case which potentially requires going back to the full
AOD particle truth, since it requires to keep all stable particles over |η| < 5. This use-
case has been brought forward in a timely way, since the recent changes to the
calorimeter EDM and AOD format make it possible to run any jet reconstruction
algorithm from the AODs. It is less clear however why one would need to rerun jet
truth reconstruction, since there is already a potential overabundance of jet truth
information on the AODs (see Table 1) and since a combination of running Atlfast and
of studying limited samples from ESD should be sufficient to collect the answers
needed. It should be noted here that AODs obtained directly from running Atlfast will
be much smaller since they will not contain the 40 kBytes per event from
reconstruction, but, more importantly, they will also contain only about 50% of the
120 kBytes from McEventCollection, since there will be no G4 simulation truth in the
particle truth in this case.

2) Interesting particles outside the η-range: one example quoted was a Z from Higgs
boson decay with pT = 0.5 GeV and η = 5.14. This will be preserved in any case
because it is part of the hard-scattering process.

Another example quoted was a heavy particle (e.g. a D-meson) outside the η-range
sending one of its decay products into the η-range of the Inner Detector thereby
producing a track with e.g. large impact parameter but an unknown parent. This
example can in fact be generalised to the case of any reconstructed track, which the
user may wish to relate to the corresponding truth particle. This issue is in fact more
an issue of detector truth (see Section 2.2). In such studies, the main concern of the
user is to relate a particular reconstructed track and its parameters to the corresponding
particle, which generated the hits in the detector. This relation can be problematic to
establish unambiguously in a complex environment (high-pT b-jets, large amounts of
pile-up or of cavern background), but once it is established, the need to know
everything about the ancestors of the truth particle is less obvious. It seems very
unlikely that the tracks limiting the b-tagging performance in ATLAS arise from decay
products from parents totally outside the ATLAS acceptance.

3) Interesting particles below the pT-threshold: many such cases will arise if one does not
keep the full particle truth on AOD. A relevant but non-exhaustive list includes low-
energy electrons from photon conversions, low-energy photons from electron
bremsstrahlung, low-energy charged particles from secondary decays (K0

s, Λ, etc) or
from hadronic interactions in the ID material, low-energy particles from τ-decay, low-
energy charged particles from heavy-flavour cascade decays (b-tagging use-case), etc.
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At this point, it is important to know that even the full particle truth is not foolproof in
the current implementation because the G4-simulation component of the truth has to
apply some reasonable cuts to limit the amount of information put into
McEventCollection (see Section 2.1.2). This is illustrated by Figure 1, which shows
the distribution of the fractional energy carried by an electron exiting the Inner
Detector volume in the CTB simulation. This plot is obtained from the particle truth
information and displays an unphysical dip just below unity. This dip is entirely an
artefact of the cuts used to store or not the G4 simulation truth in McEventCollection.
For e.g. bremsstrahlung processes with photon energy below 300 MeV, the process
vertex is not stored in the particle truth and the electron “appears” to conserve its full
energy (the G4 simulation proceeds correctly of course!).

Figure 1

Fraction of energy carried by electron exiting Inner Detector volume
in CTB simulation.

One can clearly live with such features if they are simple and fully documented. The
issue with missing truth particles, because they are below the pT threshold applied in
the AOD truth slimming, is similar in nature. An asymmetric photon conversion with
one electron reconstructed and the other not because it had very low pT will appear as
a special feature in the truth, a photon vertex with one exiting electron (from which it
will be possible to deduce the momentum and direction of the missing partner). The
important link to the truth in all such cases is that to the particle, which was actually
reconstructed and nothing more.
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4) Atlfast comparator: the Atlfast comparator is a tool being developed to hopefully make
useful comparisons between fast simulation and full simulation, from which perhaps
improved Atlfast comparisons could be derived. This tool will mostly run off the
AODs and will eventually require access to the particle truth used by Atlfast. The
proposed slimming satisfies the needs of the comparator except for the soft particles
which would be needed to redo the jet reconstruction, exactly the same issue as for the
truth jets discussed above. The impact of the missing soft particles on the jet
reconstruction is significant at large rapidities, but this should be studied and evaluated
before drawing any conclusions.

The outcome of the above can be formulated as the following requirements:

Req10: provide a significant slimming of the AOD particle truth for all high-pT physics
processes (exceptions to this would be B-physics, heavy-ion physics and forward physics),
which can be expressed and documented in a simple way and implemented in a stable way
with very little work. Make sure that the physics community finds this acceptable before
taking a final decision on the implementation (feedback collected through and discussed at
Physics Coordination). Further policy issues should be handled and controlled by Physics
Coordination.

Req11: pursue in parallel methods to reduce the size per particle of the current
implementation of particle truth (this is on average 50 Bytes per particle).

Req12: preserve the possibility to copy the full ESD particle truth to AOD through a
simple JobOption choice.

Req13: include Atlfast output (except for tracks, which are only of use for B-physics) by
default into AODs. This would increase size by less than 1 kByte per event.

2.1.4 Reference frames

For consistency and the longer-term future, one needs to consider the possibility of boosting
generated events into the proper reference frame for ATLAS simulation and reconstruction (for
a detailed discussion of the various reference frames used in ATLAS, the reader is referred to
http://agenda.cern.ch/askArchive.php?base=agenda&categ=a045109&id=a045109s36/document).

There are two reasons for requiring to boost the generated events into the ATLAS global
reference frame: a non-zero average offset in position and angle of the beam line with respect to
the global frame, but also the planned crossing half-angle of 285 µrad between the proton
beams, which will most likely not be implemented for early running in 2007.

2.2 Detector truth: from G4 hits to TrackParticleTruthVector (in AODs)

2.2.1 Detector truth: Inner Detector and Muon Spectrometer

In line with the ATLAS software policy of decoupling the reconstruction EDM from any
information about truth, which can only be provided by Monte Carlo, the Inner Detector and
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muon RDOs should be accompanied by so-called SDOs (Simulation Data Objects) when
written out to ESD. These SDOs should contain the information required to point to all particles
in McEventCollection, which actually contributed to a given hit/digit/RDO.

The muon SDOs are not currently written out to ESDs (because of problems encountered with
size when launching DC2 with some missing shielding in the end-cap region) and the muon
EDM beyond the RDOs has no links implemented to carry the particle truth forward to the
reconstructed tracks.

Neither the ID RDOs nor SDOs are currently written out to ESDs (because of the overall large
size of the ID RDOs). The link between SDO and particle truth at the level of the reconstructed
track is implemented but the algorithm is not correct nor is it put in place at the right moment in
the reconstruction chain (the particle-level truth should be carried forward all the way to the hits
on tracks or RiOonTrack and an algorithm deciding which is the most likely truth particle
corresponding to the reconstructed track should be executed just before writing the TrkTrack to
StoreGate.

2.2.2 Detector truth: calorimeter

There is currently no link of any sort implemented between the particle truth and the
energies deposited in the calorimeter cells. Calibration hits provide access to a certain
flavour of truth but they are not run by default and they cause a penalty in performance
which is sizeable.

2.2.3 Detector truth: trigger

The L1 trigger RDOs for the calorimetry and the TGCs carry the information necessary
to trace back any L1 trigger to the particle truth, which caused it. The RPCs also provide
this to a large extent, but some detailed issues require further investigation.

2.2.4 Other issues

Time-of-flight issues for e.g. cosmic triggers in the ATLAS pit (and SR1 for the ID) are
significant for the offline and the necessary software is far from being in place today
(both in terms of digitization for many of the various detectors and in terms of the
definition and actual implementation of a global L1 trigger object carrying the necessary
information, in particular the phase difference between clock and trigger for MDTs and
TRT, independently from the source of the L1 trigger, whether RPC, TileCal or even
TRT). Exotic particles should also be considered when reviewing the implementation of
the time-of-flight in the various detectors and this is largely driven by physics use-cases.

Book-keeping of event generation and simulation parameters used is not implemented
yet, but work is in progress in this area.

Validation and consistent use throughout ATLAS of G4 cuts (ranges in sensitive
materials) and tracking parameters in magnetic field has not really be done thoroughly
across-board yet. Examples are the different ranges used by muons (1 mm versus 5 mm)
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and SCT (1 mm versus 10 mm) in ATLAS versus CTB. Another example is the recent
tracing of the systematic bias on the momentum measurement in the ID, found
by A. Poppleton et al., to a non-optimal choice of one of the parameters for G4 tracking
in a magnetic field.

3. Summary of requirements

In preparation for the recommendations in the next section, the requirements collected in the
previous section are listed below in the order in which they have been presented:

Req1: need to include in particle truth from event generator GEN_EVENT for pile-up
and cavern background events, following the cuts suggested below (Req3 and Req4).

Req2: store for out-of-time pile-up the relevant bunch-crossing identifier, so that it can be
included in detector truth information.

Req3: store stable particles from pile-up with pT > 0.4 GeV and |η| < 3.0 over BX = [-2,+2];

Req4: store cavern background charged particles with kinetic energy above 1 MeV.

Req5: add to the particle truth from G4 simulation all photons with energy above 1 GeV
irradiated by muons traversing the calorimeter.

Req6: store in final version of muon-system track record all charged particles with kinetic
energy above 100 MeV (including their time-of-flight), which enter the muon system.

Req7: store in final version of calorimeter track record all particles with energy above
1 GeV and |η| < 3.0, which enter the calorimeter system (provided their contribution to the
truth content in the event remains small).

Req8: use the following default cuts for storing the G4 interactions in McEventCollection
in the Inner Detector volume:

a) bremsstrahlung with Eprimary > 500 MeV and Esecondary > 100 MeV;
b) conversions with Eprimary > 500 MeV;
c) decays with Eprimary > 500 MeV;
d) δ-rays with Eprimary > 500 MeV and Esecondary > 100 MeV;
e) hadronic interactions with Eprimary > 500 MeV.

Req9: same as above for the muon spectrometer volume.

Req10: provide a significant slimming of the AOD particle truth for all high-pT physics
processes (exceptions to this would be B-physics, heavy-ion physics and forward physics),
which can be expressed and documented in a simple way and implemented in a stable way
with very little work. Make sure that the physics community finds this acceptable before
taking a final decision on the implementation (feedback collected through and discussed at
Physics Coordination). Further policy issues should be handled and controlled by Physics
Coordination.

Req11: pursue in parallel methods to reduce the size per particle of the current
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implementation of particle truth (this is on average 50 Bytes per particle).

Req12: preserve the possibility to copy the full ESD particle truth to AOD through a
simple JobOption choice.

Req13: include Atlfast output (except for tracks, which are only of use for B-physics) by
default into AODs. This would increase size by less than 1 kByte per event.

4. Recommendations

4.1  Particle truth

Recommendation 1:

Implement infrastructure changes to include GEN_EVENT for pile-up and cavern background
events. Store for out-of-time pile-up the relevant bunch-crossing identifier so that it can be
included in detector truth information.  The initial suggested cuts to store particles from pile-up
are: only stable particles from bunch-crossings [-2,+2] with pT > 0.4 GeV and |η| < 3.0. The
initial suggested cuts to store particles from cavern background are: charged particles with
kinetic energy above 1 MeV. These cuts should be reviewed once the contribution of pile-up
and cavern-background truth to the overall size of McEventCollection on ESD will be known.

Recommendation 2:

Add to the particle truth from G4 simulation all photons with energy above 1 GeV irradiated by
muons traversing the calorimeter.

Recommendation 3:

Store in final version of muon-system track record all charged particles with kinetic energy
above 100 MeV (including their time-of-flight), which enter the muon system.

Recommendation 4:

Store in final version of calorimeter track record all particles with energy above 1 GeV
and |η| < 3.0, which enter the calorimeter system (provided their contribution to the truth
content in the event remains small).

Recommendation 5:

Use the following default cuts for storing the G4 interactions in McEventCollection in the Inner
Detector and Muon Spectrometer volumes:

a) bremsstrahlung with Eprimary > 500 MeV and Esecondary > 100 MeV;
b) conversions with Eprimary > 500 MeV;
c) decays with Eprimary > 500 MeV;
d) δ-rays with Eprimary > 500 MeV and Esecondary > 100 MeV;
e) hadronic interactions with Eprimary > 500 MeV.
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The above choices should be validated and reviewed by the relevant experts from both the Inner
Detector and Muon Spectrometer communities during the pre-DC3 validation phase.

Recommendation 6:

For all high-pT physics processes (exceptions to this would be B-physics, heavy-ion physics and
forward physics), implement a stable and simple-to-understand process for reducing the amount
of information from the particle truth.

To this end, it is proposed to keep only the following from the full particle truth on ESD:
a) all particles from the hard-scattering process. For the major parton-shower Monte-Carlo

programs, Pythia and Herwig, appropriate status flags can be set in the job options, such
that e.g. the H → ZZ → llll or tt → WbWb → lνbjjb decay chains are part of the hard-
scattering process;

b) require that either, pT > 0.3 GeV and |η| < 3.5, or pT > 1 GeV and |η| < 5.5, for all other
particles.

The cuts above should be reviewed based on a more detailed study of the dependence of the
AOD particle truth size on the pT threshold at large η. A simple switch in the jobOptions should
provide the possibility of copying the full content of the ESD particle truth to AOD for the more
specialised physics groups and for specific studies, which will surely be required in certain
cases.

Further such policy issues should be handled and controlled by Physics Coordination. In
particular, the need to recalculate or not the jet truth from the AOD particle truth should be
reviewed by at a later stage.

Recommendation 7:

Pursue in parallel methods to reduce the size per particle of the current implementation of
particle truth (this is on average 50 Bytes per particle).

Recommendation 8:

Include Atlfast output (except for tracks, which are only of use for B-physics) by default into
AODs. This would increase size by less than 1 kByte per event.

Recommendation 9:

Address with separate lower-priority study (using the relevant physics processes and Atlfast) the
issue of whether or not generated events need to be boosted to account for the beam crossing
angle of 150 µrad.

4.2  Detector truth

Validate all SDOs for all detectors in terms of content, in particular of time-of-flight in view of
cosmics running (to be monitored by off-line commissioning group).
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Provide and validate generic L1 trigger object for reconstruction when running with cosmics
(interface hopefully independent of whether L1 trigger comes from RPCs, TileCal or even
TRT).

Write SDOs out for all muon detectors to ESDs.

Write out PrepRawData for ID to ESDs.

Implement detector truth all the way to RiOonTrack for muons and ID.

Implement track truth algorithm along the lines of existing one for the ID based on the
information in the RiOonTracks (majority logic presumably).

Store particle truth in calorimeter cells, as summed energy deposits over e.g. four particle types
(type refers here to first stable particle from event generator when navigating up the tree):
electromagnetic, charged hadrons, neutral hadrons, and others.

Write dead material hits (cryostats essentially) with coarse granularity as default for calorimeter
simulation.

Decouple sensitive elements from detector geometry in LAr simulation.

5. Conclusions


