
Florian Bernlochner Fantastic Bs and where to find them

Florian Bernlochner

Area D Activities

IDT Collaboration Meeting Spring 2021

.1 !$// - !*- ��/.
ӥӥ ��4 ӦӤӦӥ

�-��Ԟ��/� �*''��*-�/$*) �  /$)"

��'! ��-&�.
-�'!բ0)$Χ�*))Α� 



#

Area D Activities Overview

AP D1: Novel Track reconstruction algorithms

AP D2: Common tools for tracking
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Area D Activities Overview

Belle

Goal: Exploratory studies

on including ACTS in

Belle II track finding

Goal: Implement

novel track finding 

algorithms in ACTS

Goal: Exploratory studies

on including ACTS in


CMS track finding

FASER (ForwArd Search ExpeRiment)

Motivation

• search for new, weakly-interacting particles (dark photon, . . . )

• study neutrino interactions

Challenges

• weak interactions ! high rates

• highly collimated beam ! forward search

• suppression of SM background ! absorber, magnets

2

Cellular Automaton for

track finding

Goal: Implement 
full ACTS-based


track finding 

AP D1 AP D1

AP D2 AP D2
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AP D1

Ivan Kisel, Uni-Frankfurt, FIAS, HFHF, GSI IDT-UM Collaboration Meeting, 10.05.2021      /3 
 

ACTS Cellular Automaton Track Finder

2

• Integration of the Cellular Automaton track finder into the ACTS framework 
• Track reconstruction in the end-cap detector system (only the right part is shown) 
• Small overlap of inner and outer sub-detectors acceptances 
• Requires precise KF fit of segments within the track finder or additional merging stage

Front view Side view

From Ivan Kisel’s Group

Ivan Kisel, Uni-Frankfurt, FIAS, HFHF, GSI IDT-UM Collaboration Meeting, 10.05.2021      /3 
 

ACTS Simulated Event

1

• Hits of a simulated event in the full ACTS detector system is shown

Front view Side view

Simulated hits

with TrackML detector

CA in action
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Ivan Kisel, Uni-Frankfurt, FIAS, HFHF, GSI IDT-UM Collaboration Meeting, 10.05.2021      /3 
 

ACTS Kalman Filter Track Fit

3

• Investigation of the ACTS Kalman Filter track fit for use within CA track finder 
• Strong correlation of the simulated and reconstructed momenta of the tracks is shown 
• Adaptation of the ACTS Kalman Filter track fit for use within the CA track finder in progress

From Ivan Kisel’s GroupAP D1
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Belle II VXD Geometry 
Render by Paul Gessinger-Befurt

From FB’s GroupAP D2
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Activities: 

- Helped in the development, debugging and validation of CKF   
(in collaboration with Prof. Heather Gray, Dr. Xiaocong Ai

Goal of activities: 

Identify and help develop missing features

that prevent use of ACTS at Belle II or similar experiments


Produce a “dummy” track reconstruction chain in ACTS

that replicates the full Belle II track reconstruction algorithm

Current blockers: 

- CDC implementation complicated

- Digitization of VXD hits 
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Current Focus: 

- Development of global  track fitter
χ2
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More about the status in  
Ralf Farkas’ Talk Tomorrow



# 8

AP D2 From FB’s Group

Tracking Detector
• 3 tracking stations, each containing 3 layers

• each layer uses 8 spare ATLAS semiconductor strip tracker (SCT) modules

Thanks to the ATLAS Collaboration!

• back-to-back sensor pair with 40mrad stereo angle, 80 µm strip-pitch,

! 17 µm / 580 µm track resolution

tracking stations

1 / 6

Very challenging to replace existing tracking Framework in a running experiment 

- Many (wo)manyears were used to develop them; cannot be replaced by the work of a single PhD student

- Never change a running system (running experiments often have other worries than replacing something 
that does its job)

- Technical challenges

Introduce ACTS into a new Experiment: Meet

FASER (ForwArd Search ExpeRiment)

Motivation

• search for new, weakly-interacting particles (dark photon, . . . )

• study neutrino interactions

Challenges

• weak interactions ! high rates

• highly collimated beam ! forward search

• suppression of SM background ! absorber, magnets

2

Built from ATLAS SCT Modules
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Track Reconstruction

• use ATLAS O✏ine Software Framework ”Athena”

and ACTS: A Common Tracking Software

for track reconstruction

40 mrad
Cluster Space points Track Seeds

create clusters from
semiconductor strips

combine clusters
from front and back
 to a space point

create track seeds
from linear χ2 fit

Tracks

use combinatorial
Kalman filter for 
track finding and fitting

2 / 6

AP D2 From FB’s Group

More about the status in  
Tobias Boeckh’s Talk Tomorrow

Implemented full tracking chain in offline 
software; carried out first MC tests

Reconstruction of first cosmic data with ACTS 
imminent —> Nice milestone to actually reconstruct 
data in a first experiment!
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ACTS Paper in Preparation
Computing and Software for Big Science manuscript No.
(will be inserted by the editor)
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Abstract The reconstruction of the trajectories of 1

charged particles, or track reconstruction, is a key com- 2

putational challenge for particle physics experiments. 3

While the tuning of track reconstruction algorithms 4

can depend strongly on details of the detector geome- 5

try, the algorithms currently in use by many particle 6

physics experiments share many common features. At 7

the same time, the intense environment of the High- 8

Luminosity LHC accelerator upgrade is expected to 9

put even greater computational stress on track recon- 10

struction software, motivating the development of more 11

performant algorithms for the LHC experiments. We 12

present here A Common Tracking Software toolkit, 13

which draws on the experience with track reconstruc- 14

tion algorithms in the ATLAS experiment and presents 15

them in an experiment-independent and framework- 16

independent toolkit. It provides a set of high-level 17

track reconstruction tools which are agnostic to the 18

details of the detection technologies and magnetic field 19

configuration and tested for strict thread-safety to sup- 20

port multi-threaded event processing. We present here 21

the conceptual design and technical implementation 22

of ACTS followed by selected applications and per- 23

formance and a discussion of the lessons learned and 24

future prospects. 25

Keywords Track reconstruction · Software · other · 26

keywords 27

Contents 28

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . 3 29

2 Conceptual Design . . . . . . . . . . . . . . . . . . . 4 30

2.1 Concurrent code execution . . . . . . . . . . . . 5 31

2.2 Contextual data handling . . . . . . . . . . . . 5 32

2.3 Research and Development lines . . . . . . . . 6 33

3 Technical Implementation . . . . . . . . . . . . . . . 7 34
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Fig. 4 Overview of selected components in the ACTS repository and their interaction. They are categorized into modules,
such as geometry, propagation or event data. Selected components for certain modules are shown, with the most detail provided
for the propagation module. The hierarchical relationship of the modules and components are indicated by thin arrows. A
non-exhaustive number of relationships between components in di↵erent modules are indicated by thick arrows. One example
connects the stepper components with the magnetic field module, because its components are used to retrieve the magnetic
field information.
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Fig. 5 Example of integration of ACTS into an experiment’s
software framework. The experiment- and detector-specific
code (green) is expected to handle low-level data preparation
and provide SourceLinks and Measurements as input to ACTS
algorithms. ACTS provides tracks and vertices as output for
further experiment-specific reconstruction and analysis.

3.5 Event data model512

The event data model (EDM) binds all modules to-513

gether by providing shared data structures. The EDM514

is used to communicate between di↵erent steps of the515

reconstruction chain. Thus, it needs to be both generic516

enough to hold all possible event data types, but also517

minimal enough to avoid overheads, as it will be used518

extensively throughout the code base.519

Conceptually, there are only a few types of event520

data: measurements, track parameters, and vertex pa-521

rameters. Each can be presented as N-dimensional vec-522

tors in appropriate vector spaces.523

There are two di↵erent track parameter spaces in524

ACTS, free and bound track parameters. The latter is525

used to describe a track bound to a surface; this can526

be a real detector surface such as the planar surface 527

of a silicon detector or a virtual surface, such as the 528

perigee surface used to describe a track near a vertex. 529

The bound track parameters comprise two local surface 530

positions, two momentum direction angles (or angle-like 531

parameters) and a curvature parameter. In ACTS, time 532

is always included as a track parameter in the same 533

manner as all other track parameters and thus bound 534

parameters are 6-dimensional. The bound parameters 535

can only be defined with reference to a surface and the 536

interpretation of the two local position components are 537

surface-dependent. At the perigee surface, the bound 538

track parameters are 539

L = (d0, z0,�, ✓,
q

p
, t), (1) 540

where the d0 and z0 represent the transverse and longi- 541

tudinal impact parameters, respectively. The remaining 542

parameters are the azimuthal angle �, the polar angle 543

✓, the charged singed inverse moment and the time t. 544

This parameterization exists for charged and neutral 545

particles, in the latter case the inverse momentum rep- 546

resentation is changed to 1/p. This choice of parameters 547

does not represent a helix representation by explicitly 548

using the momentum magnitude p in favor of the trans- 549

verse momentum parameter pT. Secondly, the time t is 550

part of the track parameterization and will be trans- 551

parently respected in track propagation and potential 552

measurement inclusion. 553

In contrast, free parameters require no reference sur- 554

face and use the same definition everywhere. Within 555

ACTS they are described by position and direction vec- 556

To be submitted to  
Computing and Software for Big Science

16 Xiaocong Ai et al.

Fig. 10 The geometry of the ATLAS ITk (top), the
sPHENIX silicon tracking detectors (middle) and the PANDA
silicon detector (bottom) implemented with ACTS. Colors in-
dicate di↵erent subsystems, in the top image, the HGTD is
shown in orange.

tracks are reconstructed. Their definitions require re-1049

constructed tracks to be associated to true particles.1050

A reconstructed track is assigned to a true particle if1051

the largest fraction of hits on the track is from this1052

simulated particle and the fraction of associated hits is1053

at least 50%. A track that is not assigned to any simu-1054

lated particle is considered to be a fake track. Duplicate1055

Fig. 11 A projection of the magnetic field implemented with
ACTS for the ATLAS tracking system into the x � y plane.
The strength of the magnetic field at each point is indicated
in color (top). The r-z coordinates of the intersections of
propagated pion tracks with the ATLAS ITk Detector at the
ATLAS magnetic field (bottom). Boundary intersections are
shown in blue, while intersections with sensors are shown in
orange. Green lines indicate a subset of extrapolated particle
tracks.

Fig. 12 Comparison of the mapped material obtained from
ACTS material mapping tool and the Geant4 material as a
function of |⌘| for the Open Data Pixel Detector. Prelimi-
nary picture: style to be updated and better description to
be expected.

tracks occur when multiple tracks are assigned to the 1056

same true particle. 1057

The track reconstruction e�ciency is defined as the 1058

fraction of true particles which have made at least 9 1059

hits on the traversed detectors and are associated with 1060

tracks. The fake rate and duplication rate of the tracks 1061


