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Residuals study
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• Study the track reconstruction performance at each layer of the central 
tracker geometry


• The  depends on tracking parameters and is not as straightforward as a 
residual


• There is also an arbitrary  cut of 15 that separates hits from becoming 
measurements or outliers

χ2

χ2
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Issue + Motivation
Residuals



Defining a residual
• Compare the “RecHits” with the 

“CentralTrackSegment.points”


• Find the track point with the 
closest distance to the 
reconstructed hit in ∆r(∆z) for 
the barrel(endcap) 


• Barrel layer residual:


• ∆z = 


• Endcap layer residual:


• ∆r = 

zhit − ztrackpoint

rhit − rtrackpoint
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Representation of residuals



Sample of events

Events used:


• Single muon


• 10,000 events


• 0.5 < p < 20 GeV


• -4 4


• Only looking at the central tracker

≤ η ≤
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• Track segment 
points matched 
with measurement 
hits 


• Visually, it looks 
like the 
measurements line 
up nicely with the 
track points

r/z positions  
per layer
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Central Track Measurements

Track segment points matched to 
Central Track Measurements 

Detector configuration

- change ranges

-



• Realistic seeded, 
µ-


• Silicon peaks 
range from a 
FWHM of 13 - 131 
µm 


• Predicted track 
segments

Residuals
per layer
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FWHM at different layers
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https://wiki.bnl.gov/EPIC/index.php?title=Si_Vertex_Tracker

*See different TOF endcap coordinates at: https://eic.jlab.org/
Geometry/Detector/Detector-20231031150001.html

Outer MPGDMPGD Barrel

TOF Barrel
Backward MPGD Forward MPGD

TOF 
Endcap

x100

https://wiki.bnl.gov/EPIC/index.php?title=Si_Vertex_Tracker
https://eic.jlab.org/Geometry/Detector/Detector-20231031150001.html
https://eic.jlab.org/Geometry/Detector/Detector-20231031150001.html
https://eic.jlab.org/Geometry/Detector/Detector-20231031150001.html


• Predicted track states


• Realistic seeded


• See which hits were 
used in the final track 
fit


• Higher percentage of 
outliers visible in the 
outer silicon endcaps

Measurement 
vs outlier hits
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ACTS Track States
Predicted, filtered, and smoothed track states

• 3 optional sets of track parameters from track fitting process


• Predicting: determines track state at state 𝑘 based on previous 𝑘 − 1 measurements


• Filtering: adjusts the predicted track state at state 𝑘 taking into account the 
measurement at state 𝑘 

• Smoothing: adjusts the filtered track state with all measurements taken into account


• Rauch–Tung–Striebel (RTS) smoother


• Ensures that information from all measurements is included in the track 
parameter estimate at each measurement
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https://cds.cern.ch/record/2798674/files/Publication.pdf

https://cds.cern.ch/record/2798674/files/Publication.pdf


Residuals: 
smoothed 
track states
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• realistic seeded


• FWHM:


• silicon: ~4-20 µ


• MPGD: ~200-500 µ


• TOF barrel: ~10 mm in 
z


• should be ~30 µ in 



• TOF endcap: ~280 µ

rϕ



FWHM, smoothed track states
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x100



• Smoothed track 
states


• Realistic seeded


• See which hits were 
used in the final track 
fit


• Not a high percentage 
of outliers seen 
compared to the 
measurement hits

Measurement 
vs outlier hits
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Duplicate tracks study
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Issue + Motivation
Duplicate Tracks
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See Minjung Kim's presentation here for more information!

https://indico.bnl.gov/event/20473/contributions/85366/attachments/51967/88868/11Jan2024_MJKIM_EPIC_Meeting.pdf


Matching process
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Greedy ambiguity resolution solver
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J/ψ photoproduction at EIC
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Physics Performance
J/ψ photoproduction (5 < Q2 < 10)
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Physics Performance
DIS events
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High Q2 DIS events, seed-level
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Realistic seeding: fake seeds & missed particles
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Current wishlist + status
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* Current status: pull request coming soon!



Conclusions and Outlook
• “Biased” residuals can be calculated at a per layer level


• Smoothed track states are needed to properly evaluate track performance


• Unbiased residuals on the way!


• Current EICrecon implementation includes many duplicate tracks


• Greedy ambiguity resolution solver fixes this —> currently being added to 
the official repository


• Tested on J/psi events -> successful


• Tested on DIS events -> still needs some work, currently seeing fake hits
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Thank you!
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Backup
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ePIC Tracking Performance
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A caveat to truth seeding
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Looking at the 
# of 
measurements

29

• Smoothed track 
states


• # of measurements 
vs residuals


• residuals is a hit 
quantity, # of meas is 
a track quantity


• mostly 6-8 hits per 
track
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Measurement 
Chi^2
• Smoothed track 

states


• See more prominent 
correlation between 
measurement chi^2 
and the residual in 
silicon L2



TOF Barrel layer
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Residuals [mm]: Residuals [mm] for 
measurements vs outliers:

  [mm]Δz

Residuals [mm] vs # of 
measurements:

Residuals [mm] vs 
measurements chi2:

*azimuthal residuals in progress



FWHM at different layers

• Not much 
changed
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Single µ-,

silicon only 

reconstruction



FWHM at different layers
• Only 

looked at 
muons 
that were 
in the 
range of 
85º<θ<95º
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Single µ-,

full reconstruction



90 degree muons

34 5 GeV muons



Angular residuals
per layer
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• Quick look at finding the difference 
in  and θ ϕ



Angular residuals, remaining layers
per layer

• Quick look at finding the difference 
in  and θ ϕ
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