Charged Pions in MAIA
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Yale University
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Quick Reminder

 w/ pion gun: found drastically different cluster “qualities” (link)
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https://indico.desy.de/event/48110/contributions/182463/attachments/95584/130856/Pions_taus_Feb13.pdf

Quick Reminder

* This propagates down reconstruction in the form of improved track-cluster matching efficiency:
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Entries

Quick Reminder

* Track states @ ECal face were not particularly enlightening (Link)
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https://indico.desy.de/event/48445/contributions/183683/attachments/96145/131797/Pions_taus_Mar13.pdf
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* Track states @ ECal face were not particularly enlightening (Link)
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https://indico.desy.de/event/48445/contributions/183683/attachments/96145/131797/Pions_taus_Mar13.pdf

Running Pandora Locally

* Giventhese bugs and previous challenges attempting to alter Pandora from the outside, | figured it was worth the
time to check pandora out locally

* Thanks to help from Thomas Madlener, | was able to do so
* Instructions can be found here
* [t’s notdifficultto replicate

* Following the instructions takes ~ 5 minutes of work


https://github.com/key4hep/k4GaudiPandora/wiki/Opening-Pandora's-Box

Pandora Algorithm in a Nutshell Link to Pandora

paper (thanks

 Pandora is the combination of many algorithms: Tova!)
1. Track selection (section 4.1 of paper) — details in previous presentations (1, 2)

1.

Not the culprit of poor efficiency

2. Clustering

i

N oo

8.

Photon clustering
Fast photon identification
Cone clustering
Topological cluster merging
1. This involves 9(!) edge cases that recluster, targeting various phenomena (some involving tracks)
Re-clustering
Photon identification and recovery
Fragment removal
Formation of particle flow objects

* |t’sclearthat most, if not all (I haven’t checked everywhere yet) of the algorithms are run somewhere in the code
* What’s not as clear from the paper is the extent to which they all talk to each other


https://indico.desy.de/event/48445/contributions/183683/attachments/96145/131797/Pions_taus_Mar13.pdf
https://indico.desy.de/event/48446/contributions/183692/attachments/96313/132106/short_update_mar20.pdf
https://arxiv.org/abs/0907.3577

Track-Cluster matching all over!

* Previously I thought that track-cluster matching (code) was just done once, after clustering
* The paperimplies this
* ThePandora conflg | took from the tutorial has 24 mstances of the track-cluster matching algorlthm

" instance = "

" description = "

* Thisisin addition to several instances of track-cluster distances being computed within individual clusteging
algorithms (example: GetDistancelolrackSeed in Cone clustering)


https://github.com/PandoraPFA/LCContent/blob/master/src/LCTrackClusterAssociation/TrackClusterAssociationAlgorithm.cc
https://github.com/PandoraPFA/LCContent/blob/7210daae0809b04ad62d7021a68d764b98a4749a/src/LCClustering/ConeClusteringAlgorithm.cc

The temporary fix

* The paper makes it clear that any final track-cluster association must be made by this track-cluster matching
(code)
 Rose hasinvestigated this (link)
* Found very small gains when fully relaxing cuts
 |alsoreplicated this, assuming| only need to change the parameters right when PFOs are made
 But nowlrealize that we call it manytimes, and with my local code | can hard-code the numbers in the C++ file:

43 ~ TrackClusterAssociationAlgorithm::TrackClusterAssociationAlgorithm() :

44 m_lowEnergyCut(0.2f), C,'lug,-}gf enet "H\{‘ﬂﬁ\nolc;\

45 m_maxTrackClusterDistance(10.f), PE'F?EaiE—h\ar distance

46 m_maxSearchLayer(9), Ilﬂk:lg_rﬁ mt cg‘igﬁmdzr +o seacdn 'qar" #rﬁhk
47 m_parallelDistanceCut(100.f), Qaralle\ distonce | Yeack and clugte
48 m_minTrackClusterCosAngle(0.
49

50

f) Gn %'\g berteen Yk and clyster

1 :TrackClusterAssociationAlgorithmi
m_lowEnergyCut(@.t),
terDistance(100888.T),
m_maxSearch s 188 ),
m_parallelDistanceCut(l088aa.ft),
m_minTrackClusterCosAngle(@.T)



https://github.com/PandoraPFA/LCContent/blob/master/src/LCTrackClusterAssociation/TrackClusterAssociationAlgorithm.cc
https://indico.desy.de/event/41501/contributions/153968/attachments/86099/114593/updates_10-19-23.pdf

The temporary fix

* Track-cluster matching efficiency looking much better
* Using SiTrack container:
* Good tracking efficiency
* Tracking studiesin paper used this
 Charged pion gun, flat in theta and phi, pT = 50 GeV
 Afew questionsto investigate:
 What’s driving the segmentation in theta?
 Why not perfect track-cluster matching efficiency?
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The temporary fix

* Track-cluster matching efficiency looking much better
* Using SiTrack container:
* Good tracking efficiency
* Tracking studiesin paper used this
 Charged pion gun, flat in theta and phi, pT = 50 GeV
 Afew questionsto investigate:
 What’s driving the segmentation in theta?
 Why not perfect track-cluster matching efficiency?
* Clustering also looking much better
* Confirming that track-cluster matching is called many (24!) times during Pandora
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Thoughts and next steps

 Pandorais a complicated algorithm
 Theresults | showed today are hard to interpret
* Where exactly did this matter?
* Next steps should be to simplify the algorithm to make it interpretable, then expand as needed
* What |l have in mind:
* Remove all but cone clustering and PFO creation in the config
* Understand the results — plot track-cluster distances when it is only being called in a few places
 AddBIB?
* Add sub-algorithms back in one at a time, understanding their impact w/ and w/o BIB individually
* How does photon clustering impact charged pion reconstruction?
« Howimpactful are the 9 “edge case” topological clustering algorithms in a Muon Collider environment?
* Do we needtorecluster to see anything reasonable?
* Very happy to hear other thoughts and opinions...

| hanks
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