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https://www.kaggle.com/c/trackml-particle-identification
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• Preserve & advance LHC state of the art 
track reconstruction software 

• Develop & deploy production ready  
software for HL-LHC and beyond


• Establish R&D testbed for algorithms, 
technology advance (e.g. ML, GPU, detectors)


• Work & educate in state of the art technology/workflows

 

 

      tsa project - Mission statement

AS, Community Driven Common Tracking Software, Plenary, CHEP2018

https://doi.org/10.1016/0010-4655(94)90217-8
https://cds.cern.ch/record/973401?ln=en
https://chep2018.org/chep-2018-plenary-speakers
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• ACTS re-implements the ATLAS fast track simulation (Fatras)


‣MC particle tracking based simulation 
- relies on internal navigation transport in tracking geometry  
- simplified, yet extendable physics models in parameter transport


‣ Can serve as input to reconstruction algorithms


• ATLAS Fatras - “the original one”


‣ Runs as part of ATLFAST-2F 
- inside the ATLAS Integrated Simulation Framework (ISF)


‣ References:

Fast Track Simulation (Fatras)

https://cds.cern.ch/record/1091969
https://cds.cern.ch/record/1458503
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Fast Track Simulation (Fatras)

https://cds.cern.ch/record/1091969
https://cds.cern.ch/record/1458503

We are sti
ll in

 th
e process  

of completin
g th

e ATLAS 

functio
nality

 in ACTS

• Fatras shows/ed great agreement with Geant4 and data in ATLAS


‣Managed to reproduce hit deficiencies due to even inactive sensors 

https://cds.cern.ch/record/1091969
https://cds.cern.ch/record/1458503
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ACTS Geometry description (1)
ACTS TrackingGeometry is a surface based geometry that implements an 
intrinsic navigation


- Surfaces between attaching volumes act as portals between them 
in order to minimise navigational search
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�� 5HFRQVWUXFWLRQ RI FKDUJHG SDUWLFOH WUDMHFWRULHV

�D� �E�

$SSURDFK5HSUHVHQWLQJ 6HQVLWLYH

)LJXUH ����� 6NHWFK RI WKHZD\ D IXOO\ GHWDLOHG VLPXODWLRQ JHRPHWU\ �D�PRGHOV SDVVLYH HOHPHQWV�
LQ DGGLWLRQ WR WKH VHQVLWLYH HOHPHQWV VKRZQ LQ JUHHQ� �E� VKRZV D VLPSOLILHG
YHUVLRQ� ZKHUH DOO QRQ�VHQVLWLYH HOHPHQWV DUH DSSUR[LPDWHG�

VHFWLRQ ����� 0RUHRYHU� WKH IXOO\ GHWDLOHG JHRPHWU\ FRPHV DW WKH GLVDGYDQWDJH RI LQWURGXFLQJ
VLJQLILFDQW RYHUKHDG GXULQJ QDYLJDWLRQ� ,Q WKLV SURFHVV� DQ DOJRULWKP DWWHPSWV WR ILJXUH RXW
ZKLFK HOHPHQWV WKH SDUWLFOH SURSDJDWLRQ QHHGV WR WDUJHW� DV WKH WUDMHFWRU\ LV OLNHO\ WR LQWHUVHFW
WKHP� :LWK D JHRPHWU\ GHVFULSWLRQ WKLV SUHFLVH� WKH QDYLJDWLRQ SURFHVV EHFRPHV D VLJQLILFDQW
SHUIRUPDQFH ERWWOHQHFN�

r1
r2

r3

)LJXUH ����� 6NHWFK RI WKH ZD\ VHQVLWLYH HOHPHQWV DUH JURXSHG LQWR OD\HUV� 6KRZQ LV DQ xz�YLHZ
RI D QXPEHU RI VHQVRUV� DUUDQJHG DV LQ WKH $7/$6 VLOLFRQ GHWHFWRU EDUUHOV� 7KH\
DUH JURXSHG LQWR WKUHH OD\HUV EDVHG RQ WKHLU PRXQWLQJ UDGLXV� 7KH OD\HUV DUH
LQGLFDWHG LQ GLIIHUHQW FRORUV�

$V D FRPSURPLVH EHWZHHQ PRGHOOLQJ DFFXUDF\ DQG SHUIRUPDQFH� WKH $7/$6 WUDFNLQJ XVHV
D VLPSOLILHG JHRPHWU\ PRGHO >���@� ,W IRFXVVHV RQ WKH VHQVLWLYH HOHPHQWV� ZKLFK DUH VWULFWO\
QHHGHG� ZKLOH SDVVLYH HOHPHQWV DUH GLVFDUGHG IURP WKH H[SOLFLW GHVFULSWLRQ DQG DSSUR[LPDWHG�
)LJXUH ���E VKRZV VXFK D VLPSOLILHG JHRPHWU\� +HUH� WKH VHQVLWLYH HOHPHQWV DUH VWLOO VKRZQ LQ
JUHHQ� DQG RWKHU HOHPHQWV DUH JUH\HG RXW� LQGLFDWLQJ WKDW WKH\ DUH GLVFDUGHG� 7KH VHQVLWLYH
HOHPHQWV DUH WKHQ JURXSHG LQWR OD\HUV� DV VNHWFKHG LQ ILJXUH ���� +RZ H[DFWO\ WKH JURXSLQJ

��

Detailed Geometry  
(DD4hep, Geant4, GeoModel, TGeo …)

Acts::TrackingGeometry
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ACTS Geometry description (2)
Dedicated converters exist to translate sensitive elements and material*


�D� �E�

$SSURDFK5HSUHVHQWLQJ 6HQVLWLYH

Detailed Geometry  
(DD4hep, Geant4, GeoModel, TGeo …)

Acts::TrackingGeometry

Mainly translating sensitive elements

Also need some additional info: 
- cylinder, disc, plane layer 
- envelope distances, etc.
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ACTS Material description

x

y
DD4hep implementation

x

y Geant4 step map

x

y
propagation steps 
on beam pipe layer

propagation steps 
on volume boundary

propagation steps 
on inner support 

propagation steps 
on sensitive surface

propagation steps 
on volume boundary 
(end of world)

navigation sequence

Geometric modeller Geant4 hitmap ACTS TrackingGeometry

Automated mapping translation from Geant4 to Acts material maps 
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ACTS Material description

Sub % level agreement can 
be achieved


- Higher statistics and higher 
number of mapping bins 
and surfaces allow to fine 
tune the description


Open Data Detector, optimised for tracker coverage
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ACTS Fatras - Basic principles

• Track propagation in ACTS 


‣ Propagator module  
i.e. steering of the process


‣ Stepper module 
i.e. field integration & transport


‣ Actors  
e.g. material interaction,  
hit recording

Propagator < Stepper><Stepper <Magnetic Field>,
Extendable<> 


result

Options<Aborters, Actors>

Extendable<SimulationActor> Actors

Navigator>

Extendable<Particles, Hits> Aborter

Navigatoradaptive

step


estimation
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ACTS Fatras - Physics List (1)
• Physics processes are implemented: 

- as part of the material interaction  
- as other actors (e.g. path length stopping for decay, etc.)

EM Physics Implementation

Multiple Scattering Gaussian, Gaussian Mixture, Gaussian + Tail models

Ionization Bethe Bloch model

Bremstrahlung Bethe Heitler model

Photon conversion Kinematic model
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ACTS Fatras - Physics List (2)

• Physics processes are implemented: 
- as part of the material interaction  
- as other actors (e.g. path length stopping for decay, etc.)

Hadronic Physics Implementation

Nuclear interaction Parameterized model, Geant4 model (missing)

Particle Decay Implementation

Decay model Outsourced to Geant4 (i.e. needs Geant4 installation)

Geant4 4.10 already should give access to this
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ACTS Fatras - Physics List Validation (1)
• EM physics models have been in detail validated in ATLAS


‣ ACTS Fatras basically has  
one-to-one transcripts 
(checked again with ACTS 
 implementation)


‣ Tuning parameters 
are available to adjust 
parameterisation  
(to some extent)

https://cds.cern.ch/record/1091969

https://cds.cern.ch/record/1091969


9.2 Parameterisation of Nuclear Interaction

Figure 9.9: Final state particle types originated from 10 GeV ⇡+.

However since Fatras chains up multiple e↵ects in a list and evaluates one after the
other the deviations will become smeared out as a combination of nuclear interaction,
multiple scattering etc. are applied on the particles. Additionally, in these momen-
tum regimes the kinematics derived from the nuclear interaction become sub-dominant
compared to other e↵ects.

The last parameter that is treated for di↵erent initial momenta is the particle type
association. The obtained distributions are shown in Fig. 9.12. Both distributions show
a similar e↵ect as seen in Fig. 9.9. The overall shape of both is very similar compared
to the Geant4 simulation. Therewith the distributions of the most important hadrons

Figure 9.10: Invariant mass (left) and transverse momentum (right) of the sum of final state
particles originated from 100 GeV pi+.

215
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ACTS Fatras - Physics List Validation (2)
• Hadronic interaction models have been recently parametrized


‣ Interaction probability given by nuclear interaction length 


‣ Type, particle multiplicity from parameterisation

Code sti
ll n

eeds m
erging 

into th
e reposito

ry

[ Fabian Klimpel, PhD thesis ]

https://mediatum.ub.tum.de/doc/1616441/1616441.pdf


ACTS Fatras - Digitization (1)

• Fatras deploys a geometric digitization  


‣ Supports segmented readout structure & time measurement 

R [mm]

Pergiee

q = (d0, z0,�, ✓, q/p) (7)

C =

0

BBBB@

�2
(d0) cov(d0, z0) cov(d0,�) cov(d0, ✓) cov(d0, q/p)
. �2

(z0) cov(z0,�) cov(z0, ✓) cov(z0, q/p)
. . �2

(�) cov(�, ✓) cov(�, q/p)
. . . �2

(✓) cov(✓, q/p)
. . . . �2

(q/p)

1

CCCCA
(8)

Cluster position

m =
1

N

X

i=1,N

li (9)

2

the binary approach: i-th pixel position

measurement
reconstructed cluster position

true particle path and intersection with mid-plane

cell center positions

(0,m) (n,m)

(0,0) (1,0) (n,0)

l0

l1

thickness
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ACTS Fatras - Digitization (2)

• Fatras deploys a geometric digitization  


‣ Supports segmented readout structure & time measurement 

Reasonable cluster sizes vs. Incident angleNon-tuned resolution 



Hit created by

Fatras

Open Data Detector - Fatras in Action



• Open Data Detector is the follow-up detector of the TrackML detector 
- implemented in DD4hep, with support of Geant4 simulation and ActsFatras 
- validation campaign ongoing  
 


Geant4


ActsFatras

Geant4


ActsFatras

10 million µ tracks with refitting, out-of-the box (untuned) result

Open Data Detector - Fatras/Geant4 comparison



ACTS Fatras - Experience & Timing
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• Full dataset of TrackML Challenge  
was simulated using ACTS Fatras


‣Millions of events done, great validation 
feedback 

• ACTS Fatras allows sub-Hz level 
simulation of HL-LHC environment


‣ Targets detector design development 
with fast turn around 

HL-LHC scenario

MacBook M1 2020, single-threaded,  
Pythia8 hardQCD:all, pT = 50 MeV particle 
threshold, simulation only
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ACTS Fatras - Conclusion/Outlook

• ATLAS Fast Track Simulation (Fatras) being re-implemented in Acts


‣ Same concepts, new code, thread safe


‣ Full transport based fast simulation & hit creation 
- allows to feed into reconstruction algorithm, but also supports  
  reconstruction by-passing by truth trajectory building  
- allows direct comparison with Geant4  

• Most implementations are done, but not everything is merged yet


‣ Full validation with Open Data Detector vs. Geant4 planned



https://arxiv.org/abs/2106.13593 (to be appear in CSBS shortly)

https://github.com/acts-project/acts

https://arxiv.org/abs/2106.13593
https://github.com/acts-project/acts

