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Introduction 
• The LHC’s planned High Luminosity run (run 4) presents significant computational 

challenges in terms of track reconstruction at ATLAS 

• To deal with this challenge, different track reconstruction pipelines where set up 
to obtain the best reconstruction chain for run 4 

• One promising contribution to this challenge is a new Graph Based Track Seeder
(GBTS) developed by Dmitry Emeliyanov which is used in multiple Tracking 
pipelines

• The aim of this work was to integrate the latest GBTS version into the ACTS 
framework 



The GBTS Algorithm (Overview)
• GBTS was designed to produce pure, low duplicate seeds to help 

reduce the time needed for track finding and subsequent steps.

• This is done by first applying geometry cuts, and then fitting the 
“helix hypothesis” to pairs of Spacepoints within the allowed region 
(edges)

• We then create a graph of connected edges and filter to produce 
seed candidates

• Clone removal and seed splitting then takes place 



Step 1: Geometry Cuts
• First we take layers of the detectors and calculate probability of “layer-to-

layer” particle transition using MC simulated particle tracks

• any layer link with the transition probability below a predefined threshold is 
neglected. The resulting graph of “layer-to-layer” transitions is illustrated 
below

Figure provided by Dr D Emeliyanov (RAL)



Step 1: Geometry Cuts

• Within allowed “layers” we then sub divide into “eta bins” and check if 
pairs of bins are compatible with the beam spot in r-z by extrapolating 
the min and max bin edges of the pair

• This graph of eta bins is then topologically sorted and used to guide the 
graph building

Beam Spot



Step 1: Geometry Cuts

• Finally, only spacepoints within 
a given phi angle are used

• This is scaled with the radii of 
the layers as well as min PT 

• This helps reduce 
combinatorics 



Step 2: Graph Creation

• We first iterate over eta bin pairs in the sorted “bin-to-bin” 
transition graph, and for spacepoints within the phi window, 
check:

• The valid r separation between spacepoints

• Caps on maximum slope allowed, as well as individual allowed node 
slopes based of the pixel cluster width (explained more in next slide)

• Compatibility with beam spot via r-z check 



Aside: Pixel Cluster Width in GBTS 
• We utilise the width of the cluster used to create the spacepoint to confine its 

allowed min and max slope in r-z (defined as the angle from the z axis)
• If the slope of the doublet is not within both allowed spacepoint slopes, pair 

is rejected

Figure provided by Dr D Emeliyanov (RAL)
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Step 2: Graph Creation
• After edge creation, we then try and link edges that share a common 

node by checking:

• Slope consistency in r-z (exp(-eta) ) ratio of both edges should be 
close to 1)

• Continuity at shared node in phi (the same azimuthal angle phi)

• Same curvature coefficient in phi (same curvature in “r-phi” plane)



Aside: Examples of Edge connection cuts 

Same Curvature, different tangent Same tangent, different curvature 

R1 R2 R1
R2

R1= R2 R1≠ R2

• Both continuity and curvature checks need to take place for edge 
connection to occur

Case 1 Case 2



Step 3: Graph Filtering
• After these steps we will have a graph of linked edges, i.e. pairs of 

spacepoints

Dotted Lines represent detector layers



Aside: The CCA and KF Filter

Iterate

Ignored

Potential track

• We process the graph of connected edges in two ways, first using a 
Connected Component Analysis (CCA) based on tag (level) propagation  
which gets rid of dead tracks

• Then using a simple Kalman Filter to resolve similar branches within 
candidates

Outside Inside Potential track



Step 4: Clone Removal 
• Seed candidates are ordered by quality calculated by the KF 
• lower quality seeds that share a certain fraction of spacepoints with a higher 

quality seed are rejected as clones

x

y

Higher Q seed

Lower Q seed

Lower Q seed rejected (to many 
shared hit) 

Clone removal



Step 4: Seed Splitting 
• If any of the surviving candidates are either 4 or 5 spacepoints (and in the 

barrel), self consistency checks on curvature are done to test if seed 
should be split in two 

x

y

x

y

x

y

Original Seed

Split

Split Seed (after curvature checks)



Current state before work 
• The GBTS algorithm was pulled out from the TrigInDetPattRecoTools

package – a part of Trigger FastTrackFinder (FTF) and implemented in 
ACTS thanks to the work of Rosie Hasan (EFTRACK-157)

• Since then, GBTS has gone through some major updates to its 
implementation (labelled GBTSv3) thanks to the work of Dmitry 
Emeliyanov (EFTRACK-142)

• The Aim of this project was to update the ACTS version with this new 
GBTSv3 (EFTRACK-865), and compare to the version used in C230 
(FTF+Gbts2Acts wrapper)

https://its.cern.ch/jira/browse/EFTRACK-157
https://its.cern.ch/jira/browse/EFTRACK-142
https://its.cern.ch/jira/browse/EFTRACK-865


Challenges Of Implementation
• Implementation of GBTS presented a few significant challenges:

• Geometry dependant and independent code was mixed together

• Adding geometry information to spacepoints

• Large amounts of refactoring and rewrite needed to satisfy ACTS coding 
standards 

• Legacy Athena and ACTS have different Geometry representations. Needed to 
map between them and the GBTS layer definitions. Ended up using a modified 
version of Rosie's solution for this.



New features
• Re worked and streamlined interface (ACTS and Athena):

• Steering function in core reworked to be detector independent 
• Hard coded variables pulled out to config

• Rework of code to ACTS standard:
• Change to camel case
• Change to fixed size and const (where appropriate) variables 
• Change to smart pointers or move semantics where appropriate
• Refactor when needed
• More appropriate naming

• GBTSv3 available in ACTS standalone as well
• Using new spacepoint and seed interfaces:

• Greatly simplifies storing spacepoint geometry information
• Core now only takes one spacepoint container (good for readability)



Results
• Comparison between “full_chain_Itk_Gbts” and “full_chain_itk” (Gbts vs 

TrigTripletSeeder) aka ACTS standalone

• Uses Pythia8 and Fatras simulation with ttbar 200 pileup events (2000 total)

• Comparing both Track Finding and seed eff, fake and duplicate rate



Seeding Results: Physics Efficiencies  

Caveat: Within Athena, eff is larger in end caps and difference is smaller



Seeding Results: Fake Rate 



Seeding Results: Duplicate Rate



CKF Results: Physics Efficiencies 



CKF Results: Fake Rate



CKF Results: Duplicate Rate 



Results: Timings

Version GBTS (ms/event) Grid Triplet Difference 

Seeding 49.9 226 4.5x

Track Finding 1128 1694 1.5x

Using  2 x 24 cores x 2 HT x86_64, 3.35884 GHz, 6387.86 BogoMIPS, 250.9 GB RAM: 
AMD EPYC 74F3 24-Core Processor (multi threaded threaded). 



Future Work
• Qualification Task coming to end (moving to 10 percent workload) so would 

be good to have in house ACTS development
• Carry on refactoring code to eventually move it out of experimental 

namespace 
• Implementation of Cluster Width within ACTS standalone
• Implementation of Layer connection and “Cluster Width” training tools within 

ACTS
• Study into remaining geometry dependencies in GBTS core:

• Pull out detector specific cuts still present within core
• Understand how flexible the GBTS geometry objects are to changes in detector design
• Could use the ODD as a test case for this  
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Aside: The CCA and KF Filter

Iterate

Ignored

Potential track

• We first assign a level to each edge
• Moving from outermost edges towards the beamline, an edge checks the level of the other 

connected edges downstream of it, if at least one is the same, its level goes up
• Only chains with sequential levels are picked (and min level of 3), in the case there are 

multiple sequential level branches (e.g. the orange or black), the KF filter picks the most 
likely track

Outside Inside Potential track


