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Long-lived particles

Many BSM scenarios predict new particles with macroscopic decay lengths:

long-lived particles (LLPs)

® Dark Sectors
® R-parity violating SUSY

® Extended neutrino sectors
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Many BSM scenarios predict new particles with macroscopic decay lengths:

long-lived particles (LLPs)

® Dark Sectors
® R-parity violating SUSY

® Extended neutrino sectors

Searches for LLP decays in the inner tracking detector offer

sensitivity to the widest range of LLP lifetimes

— Reconstructing displaced tracks with large |d,|is therefore

crucial to enabling this key LHC search program
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Long-lived particles

Many BSM scenarios predict new particles with macroscopic decay lengths:

long-lived particles (LLPs)

® Dark Sectors
® R-parity violating SUSY

® Extended neutrino sectors

Searches for LLP decays in the inner tracking detector offer

sensitivity to the widest range of LLP lifetimes

— Reconstructing displaced tracks with large |d,|is therefore

crucial to enabling this key LHC search program

Today, | will discuss ATLAS’ strategy for displaced track reconstruction,
and how we are using ACTS to prepare the LLP search program for Run 4
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Displaced track reconstruction in ATLAS

The standard ATLAS charged particle reconstruction places strict selections to ensure high precision tracking
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Displaced track reconstruction in ATLAS

The standard ATLAS charged particle reconstruction places strict selections to ensure high precision tracking

e Eg.|dy| <5 mminRun3
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Displaced track reconstruction in ATLAS

The standard ATLAS charged particle reconstruction places strict selections to ensure high precision tracking

* E.g.[dy| <5 mminRun3 Leads to strong loss in efficiency for displaced decays!
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Displaced track reconstruction in ATLAS

To recover efficiency for displaced tracks, a second “Large Radius Tracking" is performed with loosened cuts

* |djnax| cutrelaxed to 300 mm

 Runs using hits left over from primary tracking
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Displaced track reconstruction in ATLAS

To recover efficiency for displaced tracks, a second “Large Radius Tracking" is performed with loosened cuts

* |djnax| cutrelaxed to 300 mm

 Runs using hits left over from primary tracking
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LRT: A history

In Run 2, LRT was too computationally intensive to run in standard ATLAS reconstruction

e Relied instead on specialized data streams processing O(10%) of ATLAS data

Tier 0/ Tier 1 Data Processing Main physics streams "Reconstructed data for analyses
Data ) | Computing e=lp| —> RECONSIIUCIION | e——————— o standard objects
Facility of standard objects E 100% of events )
. (" R
Event Filter Special Processing Reconstructed data for analyses
- Selection of ~O(10%) S Reconstruction of e standard objects
of raw data, based on non-standard objects e non-standard LLP objects
standard objects C ~0(10%) of events N

LHC Run 2 workflow
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In Run 2, LRT was too computationally intensive to run in standard ATLAS reconstruction

e Relied instead on specialized data streams processing O(10%) of ATLAS data

Tier 0/ Tier 1 Data Processing Main physics streams "Reconstructed data for analvse;
Data ) | Computing (| —> ReCONSIIUCTION  |————l| o standard objects
Facility of standard objects ~* 100% of events )
- ( )
Event Filter Special Processing Reconstructed data for analyses
- Selection of ~O(10%) N Reconstructioh o e standard objects

of raw data, based on non-standard objects  non-standard LLP objects

standard objects C ~0(10%) of events

LHC Run 2 workflow

This significantly reduced analysis flexibility, sensitivity, and efficiency

— A paradigm shift was needed to advance the ATLAS LLP search programme for Run 3
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LRT: A history

In preparation for Run 3, the LRT implementation was completely overhauled to reduce computation time

e Aimed to reduce fake tracks while keeping efticiency high by targeted optimizations
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LRT: A history

In preparation for Run 3, the LRT implementation was completely overhauled to reduce computation time

e Aimed to reduce fake tracks while keeping efticiency high by targeted optimizations

1) Processing time sped up 1000%
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LRT: A history

In preparation for Run 3, the LRT implementation was completely overhauled to reduce computation time

e Aimed to reduce fake tracks while keeping efticiency high by targeted optimizations
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LRT: A history

These two factors combined allow for LRT to be run (for the first time!) on every recorded ATLAS event

LHC Run 3 workflow

Tier 0/ Tier 1

Facility

Data ) | Computing |———

Data Processing
— Reconstruction of standard

and non-standard objects
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LRT: A history

These two factors combined allow for LRT to be run (for the first time!) on every recorded ATLAS event

LHC Run 3 workflow

Tier 0/ Tier 1 Data Processing
Data ) | Computing = | Reconstruction of standard
Facility and non-standard objects

Main physics streams

Paradigm shift accomplished!
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LRT: A history

These two factors combined allow for LRT to be run (for the first time!) on every recorded ATLAS event

LHC Run 3 workflow

4 R
Tier 0/ Tier 1 Data Processing _ . Reconstructed data for analyses
Data ) | Computing ——fp (= Reconstruction of standard NI PIySICS SEraans * standard objects
Facility and non-standard objects * non-standard LLP objects
_* 100% of events )

Paradigm shift accomplished!

This update has revolutionized the ATLAS LLP search program

* |Improved performance, increased tlexibility, more physics!
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Run 3 LRT configuration

Summary of key LRT-specific parameters:
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Selection criteria Primary (inside-out) LRT

max. |do| [mm] 5 300

max. |zo| [mm] 200 500

min. pt [GeV] 0.5 1

max. |7 2.7 3.0

max. silicon holes 2 1

max. double holes 1 0

max. holes gap 2 1

road width [mm] 12 5

seeding Pixels and SCT SCT only

max. seeds per middle Pixel SP 1 —

max. seeds per middle SCT SP S 1
Common selection criteria

min. silicon hits 8

min. unshared silicon hits 6

max. track ¥ /npor 9

keep all confirmed seeds true




Run 3 LRT configuration

Summary of key LRT-specific parameters:

e |oosened selection on impact parameters
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Run 3 LRT configuration

Summary of key LRT-specific parameters:

e |oosened selection on impact parameters

e Tightened pr i,
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Run 3 LRT configuration

Summary of key LRT-specific parameters:

e |oosened selection on impact parameters

e Tightened PT.min
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Run 3 LRT configuration

Summary of key LRT-specific parameters:

e |oosened selection on impact parameters

e Tightened PT.min

e Strip seeding only
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Run 3 LRT configuration

Summary of key LRT-specific parameters:

e |oosened selection on impact parameters

e Tightened PT.min

e Strip seeding only

e Fewer seeds allowed per SP
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Run 3 LRT configuration

Summary of key LRT-specific parameters:

e |oosened selection on impact parameters

e Tightened PT.min

e Strip seeding only

e Fewer seeds allowed per SP

Aside from impact parameters, LRT is in general

a tighter track reconstruction configuration
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Selection criteria Primary (inside-out) LRT

max. |do| [mm] 5 300

max. |zo| [mm] 200 500

min. pt [GeV] 0.5 1

max. |7 2.7 3.0

max. silicon holes 2 1

max. double holes 1 0

max. holes gap 2 1

road width [mm] 12 5

seeding Pixels and SCT SCT only

max. seeds per middle Pixel SP 1 —

max. seeds per middle SCT SP S 1
Common selection criteria

min. silicon hits 8

min. unshared silicon hits 6

max. track ¥ /npor 9

keep all confirmed seeds true




LRT at the ITk

During LS2, ATLAS will replace the current Inner Detector with the new Inner Tracker (ITk)

® Fully instrumented with silicon out to
r = 1000 mm

® Pixel detector provides tracking coverage
up to || =4.0

Implications for ITk LRT pass:

® Capable of reconstructing particles with production
radii (r,roq) Up to 400 mm (was 300 mm in Run 3)

e Will not benefit from increased n coverage, as strips

only provide coverage up to || = 2.5
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Towards Run 4 LRT

Given the loose track parameter selections, LRT is prone to a high rate of combinatorial fakes

® Nonlinear scaling of (N 1 rr) With (i) poses serious challenges for HL-LHC
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Towards Run 4 LRT

Given the loose track parameter selections, LRT is prone to a high rate of combinatorial fakes
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Improved ITk detector will help, but running LRT at () = 200 will be a serious challenge...
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Additional Challenges

For Run 4, the primary ATLAS track reconstruction will further tighten |dj ;... | from 5mm to 2mm

® This puts even more strain on LRT as it must reconstruct tracks with |d,| € [2 mm, 5 mm]

Requirements Pseudorapidity interval
In| <2.0|20<|p| <26 |26<|n <£4.0

Pixel + strip hits >9 > 8 > 7

Pixel hits > 1 > 1 > 1

Holes <2 <2 <2
pr [MeV | > 900 > 400 > 400
|dp| [mm] <2.0 <2.0 < 10.0
1zo0| [cm] < 20.0 < 20.0 < 20.0
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Additional Challenges

For Run 4, the primary ATLAS track reconstruction will further tighten |dj ;... | from 5mm to 2mm

® This puts even more strain on LRT as it must reconstruct tracks with |d,| € [2 mm, 5 mm]

Requirements Pseudorapidity interval
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Pixel + strip hits >9 > 8 > 7

Pixel hits > 1 > 1 > 1

Holes <2 <2 <2
pr [MeV | > 900 > 400 > 400
|dp| [mm] <2.0 <2.0 < 10.0
1zo0| [cm] < 20.0 < 20.0 < 20.0

ATLAS will also switch to pixel-only seeding for the fast primary tracking pass for Run 4
® This means that strip seeding has been largely deprecated in ATLAS
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Additional Challenges

For Run 4, the primary ATLAS track reconstruction will further tighten |dj ;... | from 5mm to 2mm

® This puts even more strain on LRT as it must reconstruct tracks with |d,| € [2 mm, 5 mm]

Requirements Pseudorapidity interval
In| <2.0|20<|p| <26 |26<|n <£4.0
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Pixel hits > 1 > 1 > 1

Holes <2 <2 <2
pr [MeV | > 900 > 400 > 400
|dp| [mm] <2.0 <2.0 < 10.0
1zo0| [cm] < 20.0 < 20.0 < 20.0

ATLAS will also switch to pixel-only seeding for the fast primary tracking pass for Run 4
e This means that strip seeding has been largely deprecated in ATLAS a'tS

Most importantly, ATLAS is migrating to ACTS! LRT pass must be implemented and validated from scratch
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Additional Challenges

For Run 4, the primary ATLAS track reconstruction will further tighten |dj ;... | from 5mm to 2mm

® This puts even more strain on LRT as it must reconstruct tracks with |d,| € [2 mm, 5 mm]

Requirements Pseudorapidity interval
In| <2.0|20<|p| <26 |26<|n <£4.0

Pixel + strip hits >9 > 8 > 7

Pixel hits > 1 > 1 > 1

Holes <2 <2 <2
pr [MeV | > 900 > 400 > 400
|dp| [mm] <2.0 <2.0 < 10.0
1zo0| [cm] < 20.0 < 20.0 < 20.0

ATLAS will also switch to pixel-only seeding for the fast primary tracking pass for Run 4
e This means that strip seeding has been largely deprecated in ATLAS a'tS

Most importantly, ATLAS is migrating to ACTS! LRT pass must be implemented and validated from scratch

Without significant R&D to implement LRT in ACTS and overcome these challenges, we risk

losing all of the effort that went in to integrating LRT into the main reconstruction for Run 3!
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Implementing LRT in ACTS

Initial naive attempt at implementing ACTS-based LRT for ATLAS resulted in very low efficiency
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Implementing LRT in ACTS

Initial naive attempt at implementing ACTS-based LRT for ATLAS resulted in very low efficiency

Over the past several months, many issues have been identified and fixed, some trivial, others less so:
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&4 Trivial fix, achieved comparable seed efficiency with legacy implementation

® CKF branches killed after not finding hits
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Implementing LRT in ACTS

Initial naive attempt at implementing ACTS-based LRT for ATLAS resulted in very low efficiency

Over the past several months, many issues have been identified and fixed, some trivial, others less so:

® Seeding parameters not passed through Athena configuration layer as expected

&4 Trivial fix, achieved comparable seed efficiency with legacy implementation

® CKF branches killed after not finding hits

Fixed by loosening y* for measurements and outlier to 75 and 100, respectively
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Initial naive attempt at implementing ACTS-based LRT for ATLAS resulted in very low efficiency

Over the past several months, many issues have been identified and fixed, some trivial, others less so:

® Seeding parameters not passed through Athena configuration layer as expected

&4 Trivial fix, achieved comparable seed efficiency with legacy implementation
® CKF branches killed after not finding hits
Fixed by loosening y* for measurements and outlier to 75 and 100, respectively

® Many propagator errors during track param estimation (free = bound params)
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&4 Trivial fix, achieved comparable seed efficiency with legacy implementation
® CKF branches killed after not finding hits
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® Many propagator errors during track param estimation (free = bound params)

&4 Allow to fall back to curvilinear params without rejecting seed
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Implementing LRT in ACTS

Initial naive attempt at implementing ACTS-based LRT for ATLAS resulted in very low efficiency

Over the past several months, many issues have been identified and fixed, some trivial, others less so:

® Seeding parameters not passed through Athena configuration layer as expected

&4 Trivial fix, achieved comparable seed efficiency with legacy implementation
® CKF branches killed after not finding hits
Fixed by loosening y* for measurements and outlier to 75 and 100, respectively

® Many propagator errors during track param estimation (free = bound params)

&4 Allow to fall back to curvilinear params without rejecting seed

® |Imprecise initial param estimates from seeds resulted in no measurements found
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Implementing LRT in ACTS

Initial naive attempt at implementing ACTS-based LRT for ATLAS resulted in very low efficiency

Over the past several months, many issues have been identified and fixed, some trivial, others less so:

® Seeding parameters not passed through Athena configuration layer as expected

&4 Trivial fix, achieved comparable seed efficiency with legacy implementation
® CKF branches killed after not finding hits
Fixed by loosening y* for measurements and outlier to 75 and 100, respectively

® Many propagator errors during track param estimation (free = bound params)

&4 Allow to fall back to curvilinear params without rejecting seed

® |Imprecise initial param estimates from seeds resulted in no measurements found

Improved by re-fitting seeds before track tfinding
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Implementing LRT in ACTS

Initial naive attempt at implementing ACTS-based LRT for ATLAS resulted in very low efficiency

Over the past several months, many issues have been identified and fixed, some trivial, others less so:

® Seeding parameters not passed through Athena configuration layer as expected

&4 Trivial fix, achieved comparable seed efficiency with legacy implementation
® CKF branches killed after not finding hits
Fixed by loosening y* for measurements and outlier to 75 and 100, respectively

® Many propagator errors during track param estimation (free = bound params)

&4 Allow to fall back to curvilinear params without rejecting seed

® |Imprecise initial param estimates from seeds resulted in no measurements found

Improved by re-fitting seeds before track tfinding

After fixing all of these issues (and more), we have arrived at a first baseline ACTS-based LRT pass for Run 4
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Implementing LRT in ACTS

Initial naive attempt at implementing ACTS-based LRT for ATLAS resulted in very low efficiency

Over the past several months, many issues have been identified and fixed, some trivial, others less so:

® Seeding parameters not passed through Athena configuration layer as expected

&4 Trivial fix, achieved comparable seed efficiency with legacy implementation

® CKF branches killed after not finding hits

Fixed by loosening y* for measurements and outlier to 75 and 100, respectively

® Many propagator errors during track param estimation (free = bound params)

&4 Allow to fall back to curvilinear params without rejecting seed

® |Imprecise initial param estimates from seeds resulted in no measurements found

Improved by re-fitting seeds before track tfinding

After fixing all of these issues (and more), we have arrived at a first baseline ACTS-based LRT pass for Run 4

Today, | will show the preliminary LRT performance for the first time
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Benchmark models and reference pipelines

Performance is evaluated using a simplified dark sector model with a long-lived scalar particle s

e Consider production viapp = H — ss, with s — bb

b
e Consider m, = 55 GeV, CT, = 100 mm mnw?r“{m . ,<
® Truth matching considers only particles which originate | H< b
: p b
from s decay with pr o, > 1 GeV
g
b
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Benchmark models and reference pipelines

Performance is evaluated using a simplified dark sector model with a long-lived scalar particle s

e Consider production viapp = H — ss, with s — bb

® Consider m, =55 GeV, cr, = 100 mm CTTOTO

from s decay with p .y > 1 GeV

<
® Truth matching considers only particles which originate H .- b
<
b

Fake rate is evaluated using simulated samples of #f
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Benchmark models and reference pipelines

Performance is evaluated using a simplified dark sector model with a long-lived scalar particle s

e Consider production viapp = H — ss, with s — bb

b
® Considerm, =55 GeV, cr, = 100 mm WM . <

® Truth matching considers only particles which originate | H< b
from s decay with pr ., > 1 GeV S<

Fake rate is evaluated using simulated samples of #f ’ b

All samples simulated with () = 200 with ITk Geometry tag 03-00-00
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Benchmark models and reference pipelines

Performance is evaluated using a simplified dark sector model with a long-lived scalar particle s

e Consider production viapp = H — ss, with s — bb

® Consider m, =55 GeV, cr, = 100 mm CTTOTO

from s decay with p .y > 1 GeV

<
® Truth matching considers only particles which originate H .- b
<
b

Fake rate is evaluated using simulated samples of #f
All samples simulated with (u) = 200 with ITk Geometry tag 03-00-00

All metrics are compared to a legacy Athena implementation of LRT

® |dentical configuration as Run 3 but adapted for ITk geometry
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Benchmark models and reference pipelines

Performance is evaluated using a simplified dark sector model with a long-lived scalar particle s

e Consider production viapp = H — ss, with s — bb

® Consider m, =55 GeV, cr, = 100 mm CTTOTO

from s decay with p .y > 1 GeV

<
® Truth matching considers only particles which originate H .- b
<
b

Fake rate is evaluated using simulated samples of #f
All samples simulated with (u) = 200 with ITk Geometry tag 03-00-00

All metrics are compared to a legacy Athena implementation of LRT

® |dentical configuration as Run 3 but adapted for ITk geometry

Full set of results are publicly available here: IDTR-2026-01
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Benchmark models and reference pipelines

Performance is evaluated using a simplified dark sector model with a long-lived scalar particle s

e Consider production viapp = H — ss, with s — bb

® Consider m, =55 GeV, cr, = 100 mm CTTOTO

from s decay with p .y > 1 GeV

<
® Truth matching considers only particles which originate H .- b
<
b

Fake rate is evaluated using simulated samples of #f
All samples simulated with (u) = 200 with ITk Geometry tag 03-00-00

All metrics are compared to a legacy Athena implementation of LRT

® |dentical configuration as Run 3 but adapted for ITk geometry

Full set of results are publicly available here: IDTR-2026-01

NOTE: these results are preliminary: performance is expected to improve significantly with further optimization
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Efficiency: | d, |

Excellent reconstruction efficiency achieved — comparable to Legacy and in some cases better

e This is also after significant effort to reduce CPU which caused a slight drop in ACTS efficiency
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Efficiency: 7

Excellent reconstruction efficiency achieved — comparable to Legacy and in some cases better

e This is also after significant effort to reduce CPU which caused a slight drop in ACTS efficiency
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Efficiency: py

Excellent reconstruction efficiency achieved — comparable to Legacy and in some cases better

e This is also after significant effort to reduce CPU which caused a slight drop in ACTS efficiency
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Efficiency: Iy

rod

Excellent reconstruction efficiency achieved — comparable to Legacy and in some cases better

e This is also after significant effort to reduce CPU which caused a slight drop in ACTS efficiency

Track reconstruction efficiency
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Understanding the efficiency drop

Both ACTS and legacy LRT lose significant efficiency at large |d|
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Understanding the efficiency drop
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Understanding the efficiency drop

Both ACTS and legacy LRT lose significant efficiency at large |d|
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| ATLAS Simulation Preliminary 4+ ACTS
- Vs =14 TeV, HL-LHC Legacy -
— |Tk Layout: 03-00-00

—ACTS v45.5.1, Athena 25.0.56
~ LRT tracks, |df“" > 2 mm

® Consistent with Run 3 LRT behavior

o
o

® Mostly driven by loss in seeding efficiency

P s —

—— ——

Tracked this down to strip spacepoint formation:

® Note: ATLAS is not currently using ACTS for SP formation

Track reconstruction efficiency
o
(o))

i

0.2
Two sources of inefficiency: 09 e
0 10 10
® Implicit beamspot constraint used to reject SPs not 2l8 13— A S _;
compatible with a particle coming from origin o.51§— S E
® BS assumption baked into calculation of strip SP position [dol [mm]
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Understanding the efficiency drop

Both ACTS and legacy LRT lose significant efficiency at large |d|
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~ LRT tracks, |dZ“"] > 2 mm

® Mostly driven by loss in seeding efficiency
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Tracked this down to strip spacepoint formation:
0.4

® Note: ATLAS is not currently using ACTS for SP formation

Track reconstruction efficiency

O
)V

Two sources of inefficiency:

* 0 qor e
® Implicit beamspot constraint used to reject SPs not 2l8 13— A S _;
compatible with a particle coming from origin o.51§— S E
® BS assumption baked into calculation of strip SP position [dol [mm]

— results in SPs either not being used to form seeds, or incorrect position calculation
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Understanding the efficiency drop

Both ACTS and legacy LRT lose significant efficiency at large |d|

H-ss, mg=55GeV, ctg=100mm <,u>|:200
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| ATLAS Simulation Preliminary 4+ ACTS
- Vs =14 TeV, HL-LHC Legacy -
— |Tk Layout: 03-00-00

—ACTS v45.5.1, Athena 25.0.56
~ LRT tracks, |df“" > 2 mm

® Consistent with Run 3 LRT behavior

o
o

® Mostly driven by loss in seeding efficiency

P s —

—— ——

Tracked this down to strip spacepoint formation:

Track reconstruction efficiency
o
(o))

i

® Note: ATLAS is not currently using ACTS for SP formation -
0.2
Two sources of inefficiency: 09 L
0 10 10
® Implicit beamspot constraint used to reject SPs not 4 12— L R
compatible with a particle coming from origin o.51§— B E
® BS assumption baked into calculation of strip SP position [dol [mm]

— results in SPs either not being used to form seeds, or incorrect position calculation

Relaxing the first selection recovers a lot of efficiency at large |d,|, but also causes the CPU to explode

® Not planning on moditying SP formation strategy for Run-4, but worth keeping in mind for future optimizations
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Resolution

Resolution is degraded due to incorrect assignment of pileup hits to ACTS LRT tracks

e Need to investigate further to identify a solution
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Resolution

As expected, resolution degrades as you increase production radius 7,4 due to fewer measurements on track

ro
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Fake rate

Fake rate is currently considerably higher than Legacy — further optimization needed to reject fake seeds

e Aligns with what we are seeing in the resolution plot — ACTS more easily associates random hits to tracks
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CPU optimizations

Initial, out of the box LRT implementation in ACTS was ~20x slower than ACTS fast primary tracking pass (7., = 20)
® ~2xtimes slower than legacy LRT implementation

® Goal for integration into primary reconstruction pass for Run 4is T, ~ 1
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CPU optimizations

Initial, out of the box LRT implementation in ACTS was ~20x slower than ACTS fast primary tracking pass (7., = 20)
® ~2xtimes slower than legacy LRT implementation

® Goal for integration into primary reconstruction pass for Run 4is T, ~ 1

Several improvements to the ATLAS-side configuration reduced CPU considerably

® Tuning grid seeder parameters and turning on doublet-based impact parameter cuts reduced T, to ~8

® Achieved comparable/better CPU performance than legacy LRT implementation
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CPU optimizations

Initial, out of the box LRT implementation in ACTS was ~20x slower than ACTS fast primary tracking pass (7., = 20)
® ~2xtimes slower than legacy LRT implementation

® Goal for integration into primary reconstruction pass for Run 4is T, ~ 1

Several improvements to the ATLAS-side configuration reduced CPU considerably
® Tuning grid seeder parameters and turning on doublet-based impact parameter cuts reduced T, to ~8

® Achieved comparable/better CPU performance than legacy LRT implementation

Several recent MRs to ACTS Core by Makayla Vessella have further improved the LRT CPU performance

® #5239 : Reduce number of redundant calls in strip seeding
® Sped up strip-based seeding by a factor of 2 with zero impact on efficiency - T, & 5

® #5339 : add geometric filter options for strip seeding

® Gives additional ~30% reduction in CPU time with minimal efficiency loss — T, = 3.5
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CPU optimizations

Initial, out of the box LRT implementation in ACTS was ~20x slower than ACTS fast primary tracking pass (7., = 20)
® ~2xtimes slower than legacy LRT implementation

® Goal for integration into primary reconstruction pass for Run 4is T, ~ 1

Several improvements to the ATLAS-side configuration reduced CPU considerably

® Tuning grid seeder parameters and turning on doublet-based impact parameter cuts reduced T, to ~8

® Achieved comparable/better CPU performance than legacy LRT implementation

Several recent MRs to ACTS Core by Makayla Vessella have further improved the LRT CPU performance

® #5239 : Reduce number of redundant calls in strip seeding

® Sped up strip-based seeding by a factor of 2 with zero impact on efficiency - T, & 5

® #5339 : add geometric filter options for strip seeding

® Gives additional ~30% reduction in CPU time with minimal efficiency loss — T, = 3.5

In total, we reduced CPU by a factor of ~6 with minimal loss in tracking efficiency

® Still need another factor of ~3 CPU reduction, but we are making excellent progress
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LRT in the ODD

Started trying to implement “ATLAS-style” LRT with iterative tracking passes in Examples framework
® Opened a PR: #5370

> L

® Run with full chain odd LRT second pass.py % 12 __A_CTS Simulation 4 Primary pass -

S — Displaced muon gun LRT pass ]

. = 1.0 _

Runs the following workflow: o -

. . . . o F 1

® Displaced muon gun event generation + sim + digi = 0.8 -

o o[ {

® Standard tracking pass from full chain odd.py 9 64} .

. o L T

® Remove used measurements from first pass S L [

® |RT pass with short-strip seeding and loose | dj .. |/ |20 max | ;fé 0417 i

. . . 0.2—|] T _

Seems to be working as expected? But more validation needed - vll{“ﬂlhl ﬂl l ] | i
® Useful starting point for future collider LLP studies 0.05 555 75 1 “425 150 175 200

® Large-d,tracks tested in CI? Production radius [mm]

It would be very useful for the LLP physics community to have an open dataset with displaced tracks for ML R&D

® Possible to include LRT container in ColliderML?
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Summary & Next steps

A first functional ACTS-based LRT pass has been implemented for the ATLAS ITk
® Preliminary results show comparable efficiency and superior CPU performance to legacy, non-ACTS implementation
® Fake rate is currently much worse than legacy LRT, but expected to improve with future optimization

® Understanding the source of large fake rate can potentially bring significant CPU reduction for track finding
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Summary & Next steps

A first functional ACTS-based LRT pass has been implemented for the ATLAS ITk
® Preliminary results show comparable efficiency and superior CPU performance to legacy, non-ACTS implementation
® Fake rate is currently much worse than legacy LRT, but expected to improve with future optimization

® Understanding the source of large fake rate can potentially bring significant CPU reduction for track finding

There is still much work to do!

® Crucially, need to reduce CPU usage by a factor of ~3-4 in order to ensure LRT will be in default Run 4 reconstruction
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Summary & Next steps

A first functional ACTS-based LRT pass has been implemented for the ATLAS ITk
® Preliminary results show comparable efficiency and superior CPU performance to legacy, non-ACTS implementation
® Fake rate is currently much worse than legacy LRT, but expected to improve with future optimization

® Understanding the source of large fake rate can potentially bring significant CPU reduction for track finding

There is still much work to do!

® Crucially, need to reduce CPU usage by a factor of ~3-4 in order to ensure LRT will be in default Run 4 reconstruction

Next steps:

® Understand source of large fake rate and poor resolution, optimize

® Continue optimizing CPU to achieve T, = 1
® May require tightening |dj x|/ Z0.max | Trom current baseline Run 3 values
® |nterested in exploring dedicated GBTS for LRT

® Turn on LRT for default Run 4 reconstruction!

® Continue implementing ODD LRT workflow for ColliderML release??
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