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The Scale of BIB

ITk Hit Density 
[mm-2]

MCC Equiv. Hit Density 
[mm-2]

Pix Lay 0 0.643 3.68

Pix Lay 1 0.022 0.51

Str Lay 1 0.003 0.03

Outer
Inner
Vertex

ATL-PHYS-PUB-2019-014
Note: Not the latest layout!

Bz = 2 T
Bz = 3.57 T

ITk Pixels TDR, ITk Strips TDR

Hit density

after timing cuts

10x HL-LHC

https://cds.cern.ch/record/2669540/files/ATL-PHYS-PUB-2019-014.pdf
https://cds.cern.ch/record/2285585/files/ATLAS-TDR-030.pdf
https://cds.cern.ch/record/2257755/files/ATLAS-TDR-025.pdf
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Current Track Reconstruction

Algorithm + code inherited from CLIC software.
aka optimized for clean e+e- environment

Details

Global Hit Selection
ie: timing or double layers

Conformal Transform
circular tracks → straight lines

Cellular Automaton
straight “lines” → tracks

Kalman filter
Track fit

Credit: I. Kisel

Pattern Recognition Track FitRemove BIB hits

https://arxiv.org/abs/1908.00256
https://www.physik.uni-heidelberg.de/c/image/exp/f/highrr/Kisel_HD_12.04.2016.pdf


December 10, 2021LBL Snowmass Workshop4

Current Tracking Performance Details

● Employ hit multiplicity reduction strategies
● Region of Interest seeded tracking
● Directional information from double layers

● Require tight filtering for practical tracking
● Good track reconstruction once algorithm completes

~week/event
~2 days/event
~ 2 min/event

https://indico.fnal.gov/event/48798/contributions/213125/attachments/142222/179512/casarsa_MuonColliderTracking_APS2021.pdf
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Flavour Tagging

● Secondary vertex reconstruction possible with BIB
● Caveat: using a very loose hit filter

● Work ongoing on multivariate tagger
● Double layer filtering → possible bias

Details
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https://iopscience.iop.org/article/10.1088/1748-0221/15/05/P05001
https://agenda.infn.it/event/28080/contributions/143431/attachments/84462/111783/Effect%20of%20the%20Double%20Layer%20filter%20on%20tracks%20from%20a%20B.pdf
https://agenda.infn.it/event/28080/contributions/143431/attachments/84462/111783/Effect%20of%20the%20Double%20Layer%20filter%20on%20tracks%20from%20a%20B.pdf
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A Common Tracking Software

● ACTS is a standalone library for tracking algorithms
● Dedicated team working on advancing tracking algorithms

● Tracking is hard!

● Allows us explore alternate algorithms
● Triplet-based seeding optimized for high multiplicity environments
● Ongoing work to incorporate ML-based algorithms

● Code optimization come for free
● Good software is even harder than tracking!
● Also explores modern computing architectures (ie: GPU’s) tsa

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

LBL involvement via H. Gray’s group

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

Pattern Recognition
● Use hits associated to MC particle (100% efficiency)
● Same code for Marlin and ACTS

Track Fit
● Kalman Filter, but ACTS vs Marlin implementation

Fit Library Execution Time

ACTS 0.5 ms / evt

iLCsoft 100 ms / evt

Same inputs, same algorithm, 
but different programmer.
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Triplet Seeded CKF

Similar algorithm used by ATLAS.
aka optimized for high hit multiplicity

Global Hit Selection
ie: timing, *

Seed Finding
Initial parameters for CKF

Combinatorial Kalman filter
Track fit

Pattern Recognition
Track Fit

Remove BIB hits

Other hits
Seeding hits

Good 
seed

Good seed, 
but overlaps 
with green

Rejected 
seed

Other hits
Seeding hits

Two tracks from single seed

* Currently not leveraging double layers.
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ACTS Track Finding

● Seeded CKF runs in ~4 min / event.
● Parameters need to be optimized.

● Seeding: very narrow collision region
● CKF: No branching allowed w/o BIB

Reasonable efficiency

Discrimination 
wrt fake tracks

OK efficiency for 
displaced tracks

Details

https://agenda.infn.it/event/28080/contributions/143065/attachments/84463/111784/mcc-20210810.pdf
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ACTS Next Steps

Very promising direction for track reconstruction at Muon Collider!

● More validation
● Optimize seeding + CKF parameters

● Richard Wu’s URAP project: automated optimization using evo algorithms

● Need selection for fake track rejection
● Study (secondary) vertex reconstruction
● Extrapolation to calorimeter for p-flow

ACTSTracking package part of MCC software release
aka drop in replacement for current track reconstruction

https://github.com/MuonColliderSoft/ACTSTracking
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Jet Reconstruction

Fully efficient for pT>80 GeV with ~20% resolution

Plenty of room to optimize and innovate!

Transverse Hmiss
BIB – Hmiss

noBIB [GeV]
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Muon Reconstruction

● Muons reconstructed with high efficiency
● Can seed extension to inner tracker
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Conclusions

● Tracking: biggest challenge is pattern recognition
● Significant contribution from LBL: Modern algorithms via ACTS

● Calorimeter: huge diffuse background
● Plenty of room for new ideas

● Muons: No major problems seen

My next steps:
● Understand impact  of BIB on physics results.
● Target H→bb final state (H and HH)

SUBJECT TO CHANGE!
Expect plenty of innovation

in years to come.


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13

