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Reconstruction Efficiency

Pion Studies
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Goal with pions: Produce tracking, calorimetry plots that can be understood along with paper results
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Pion Studies

* Working with a (negatively) charged pion gun:

* 1000 events

« Ec (5,300) GeV

« 6 c (10,170) degrees

« ¢ c (0,2m) rad
* [|nitial step: take this through the Fermilab 2024 tutorial (key4hep software stack)
* No changes other than importing “MAIA_v0” geometry located here

Verified import by inspecting digitization / reconstruction logs
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Compact ++ Converted subdetector: | ype GenericCalBarrel_ol_v@l [calorimeter

ECalBarrel +++ Processing SurfaceInstall for subdetector:

DD4hep_CaloFaceBarrelSurfaceR{ugin install tracking surfaces for : ECalBarrel
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https://github.com/madbaron/detector-simulation/blob/KITP_10TeV/geometries/MAIA_v0/MAIA_v0.xml

Entries

Pion Tracking

* Reading the SiTrack container, no changes from default ACTS config
* Track nHits, Chi*2/dof looking similar to truth-matched from paper
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Tracking Efficiency
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* Reading the SiTrack container, no changes from default ACTS config
* Near-perfect tracking efficiency outside of endcap region, lower endcap efficiency
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Clustering

Checking how many clusters are made, and their share of the pion energy
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Charged pion tends to get split into multiple clusters

* Notideal

When there are multiple clusters, many have significant energy and cannot be ignored

Needs supporting plots: How far apart are these clusters, etc...
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Track-Cluster Matching

Checked that there is always a PFO created
Charged pion ID requires a track associated with a cluster —isolate track-cluster matching efficiency
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Efficiency

Charged Pion ID Efficiency
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All efficiencies together, adding charged pion ID of PFOs
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Refitting Tracks

* |n attemptto reproduce previous results, we tested CERN 2023 tutorial
* Before the transition to key4hep software stack
* Allstepsthrough digitization gave same results, but tracking config in reconstruction was different
* Addition of track “refit” (code here, haven’t extensively read it yet)
* Mildly different CKF parameters —tested to not be impactful
* Primary difference: Refit tracks (SiTracks_Refitted container) are fed into Pandora in place of SiTracks
* (ladmitthat currently I’'m not sure what this refit does)

= MarlinProcessorWrapper("

.ProcessorType = "
.Parameters = {

03\3\&0{ ‘\‘o -

ecen_ sfazr.?x



https://github.com/iLCSoft/MarlinTrkProcessors/blob/c8b864b397f4f4f2f92588060ffdd9d29ad59ffb/source/Refitting/src/RefitFinal.cc

Pion Tracking, re-fit tracks

 Re-run Pandora, with SiTracks_Refitted swapped in for SiTracks
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Pion Tracking, re-fit tracks

 Re-run Pandora, with SiTracks_Refitted swapped in for SiTracks
 Much harsher efficiency dropoff vs. 6
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Clustering, re-fit tracks

* Naively, I'd expect this to be independent of the tracking...
* Not sure whythese two scenarios look different
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Track-Cluster Matching, re-fit tracks
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* Now enough statistics — ID eff of PFOs looking ~95% PO vl a ‘raal
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Charged Pion ID Efficiency, re-fit tracks

e Definitions on slide 8
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Summary

* Refitting tracks gives worse tracking performance, but better charged pion ID down the line
* |needtoreadthe code to understand what the refit does
* At this stage, no clear preference for refitting vs. not refitting
 What steps should we take to harmonize with the tracking studies?
* Which track container is input to Pandora? Refitted, not refitted, something else, etc..
* |s there an optimized CKF config for muons that we can check on charged pions?
* Moving forward on charged pions:
* Any other helpful tracking plots that we don’t have?
* More clustering plots, such as distances between multiple clusters
 PFOs: Track-cluster distances
* Pion ID variables

* Ontaus: Ethan is working on writing standalone implementation of “TauFinder” algorithm
« Code development can be done in parallel with these pion studies
* [|nitial focus on 1-prong no-neutrals hadronic tau decays
* Moresoon!

* Misc points (in backup):
 Charged Pion ID not as dependent on Hcal cell threshold as Lorenzo found in MuColl_v1
* Performance in MAIA and MuColl_v1 is similar


https://github.com/iLCSoft/MarlinTrkProcessors/blob/c8b864b397f4f4f2f92588060ffdd9d29ad59ffb/source/Refitting/src/RefitFinal.cc

Efficiency

MAIA vs. MuColl v1 (refit tracks)

 Track, clustervariables are similar
* Very similar performance
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Hcal Cell Thresholds

Lorenzo Valla found that in MuColl_v1, charged pion ID performance was sensitive to HCal cell threshold
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https://indico.cern.ch/event/1483119/contributions/6249292/attachments/2974859/5236488/Slides_26-11.pdf
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