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How is  evaluated?χ2

Function Definition in ACTS

Residuals : 


• Calibrated track state —>Measurement at a given 
detector surface in local coordinates 

• Predicted track state —> Predicted track state 
projected onto the measurement space

Covariance :  The corresponding uncertainty 
in the track state 

• Measurement Covariance 
• Predicted Covariance

2

https://github.com/acts-project/acts/blob/758b0b0c0b4948250c4241b5c7ce48940551a7e0/Core/src/TrackFinding/MeasurementSelector.cpp#L82


How is  evaluated?χ2

ACTS definition of outliers vs 
measurements 

In the ACTS track Finding algorithm, a given 
detector hit will be considered an outlier or a track 

measurement is decided by if it satisfies the  
cutoff which is set to 15 by default.

χ2
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https://github.com/acts-project/acts/blob/758b0b0c0b4948250c4241b5c7ce48940551a7e0/Core/include/Acts/TrackFinding/MeasurementSelector.ipp
https://github.com/acts-project/acts/blob/758b0b0c0b4948250c4241b5c7ce48940551a7e0/Core/include/Acts/TrackFinding/MeasurementSelector.ipp
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χ2 = 1000

This is the ideal case scenario with respect to  as we are directing ACTS to consider all 
measurements in its track finding algorithm

χ2
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χ2
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This is the ideal case scenario with respect to  as we are directing ACTS to consider all 
measurements in its track finding algorithm

χ2

Revisiting Track Reconstruction Efficiency with 
Nhits > 3 (ePIC version 26.02 Updated Material Map)

• Track reconstruction efficiency is generally good under 
this ideal condition, except in the lowest momentum bin, 
where performance drops. 

• Efficiency decreases moving away from the central barrel 
region. 

• Between the end-caps, efficiency is lowest in the hadron 
end-cap region.

Nhits > 3
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Before moving onto the  distributions let’s first address the poor 
tracking efficiency in the lowest momentum bin  

χ2

0.5 < p < 1.0 GeV/c

0 1 2 3 4 5 60

0.2

0.4

0.6

0.8

1

1.2

1.4

Se
ed

 F
in

di
ng

 E
ffi

ci
en

cy
−3

.5
<

η
<

−
2.

5
−2

.5
<

η
<

−
2.

0
−2

.0
<

η
<

−
1.

0
−1

.0
<

η
<

1.
0

1.
0

<
η

<
2.

0
2.

0
<

η
<

2.
5

2.
5

<
η

<
3.

5

0.5 < p < 1.0 GeV/c

Seeding seems to be causing this effect!

−3
.5

<
η

<
−

2.
5

−2
.5

<
η

<
−

2.
0

−2
.0

<
η

<
−

1.
0

−1
.0

<
η

<
1.

0
1.

0
<

η
<

2.
0

2.
0

<
η

<
2.

5
2.

5
<

η
<

3.
5

1.0 < p < 2.0 GeV/c

7



1400− 1200− 1000− 800− 600− 400− 200− 0
[mm]hitz

0

50

100

150

200

250

300

350

400

450

500

[m
m

]
hi

t
r

hist_z_measure
Entries  37473
Mean x 749.1− 
Mean y   80.12
Std Dev x   219.9
Std Dev y   31.14

0

200

400

600

800

1000

hist_z_measure
Entries  37473
Mean x 749.1− 
Mean y   80.12
Std Dev x   219.9
Std Dev y   31.14

ACTS Predictions

Acceptance also plays a role!
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Output at the Simulated Level for different Collections

2.5 < η < 3.5

Hits are present at 
the MC level

Hits are present 
at the reco level 

as well

Seems like it’s 
a seed finding 

problem!
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  Distributionsχ2

−3.5 < η < − 2.5

Please notice the difference in the 
vertical scales! 

We can see a slight momentum 
dependence
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  Distributionsχ2
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• The distributions across all regions appear quite similar and 
are much better controlled with the updated material map. 

• These distributions suggest that an -dependent -cutoff 
might not be necessary at this point. 

• We could also consider a cut at 50; this option looks more 
viable and may provide a slightly better selection without 
significant loss.

η χ2
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Comparison between  cutoffsχ2
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No Significant difference!



Summary & Outlook

•The  distributions appear to be significantly better controlled with the updated material 
map, showing improved stability across the studied regions. 

•A comparison of different  cutoffs applied to the track reconstruction efficiency indicates 
that the default cutoff value of 15 already provides satisfactory performance. 

•The impact of the cutoff choice on the pointing resolution still needs to be evaluated by 
systematically varying the cutoff. The final decision on the optimal cutoff should be made 
after including DIS + background samples, so that it reflects the full physics environment 
and achieves the best overall performance.

χ2

χ2
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BACKUP
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Number of MC Tracks Number of reconstructed 
tracks with N >3 Hits

Total Number of 
Reconstructed Tracks

20k 85 85

20k 13 13

20k 3941 3956

Central Barrel 20k 15747 15919

20k 3629 3642

20k 734 734

20k 985 1152

1.0 < η < 2.0

2.0 < η < 2.5

2.5 < η < 3.5

−3.5 < η < − 2.5

−2.5 < η < − 2.0

−2.0 < η < − 1.0

For 0.5 GeV Pions
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Number of MC Tracks Number of reconstructed 
tracks with N >3 Hits

Total Number of 
Reconstructed Tracks

20k 19549 19589

20k 19654 19683

20k 19697 19735

Central Barrel 20k 19388 19430

20k 19803 19836

20k 19763 19780

20k 19514 19581

1.0 < η < 2.0

2.0 < η < 2.5

2.5 < η < 3.5

−3.5 < η < − 2.5

−2.5 < η < − 2.0

−2.0 < η < − 1.0

For 10 GeV Pions

20



Let’s look at the ACTS predictions
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These are all the measurements, 
not just the ones corresponding 

to a reconstructed track

2.5 < η < 3.52.5 < η < 3.5
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Please notice the difference in the 
vertical scales! 

We can see a slight momentum 
dependence
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−2.0 < η < − 1.0
Please notice the 

difference in the vertical 
scales! 

We can see a slight 
momentum dependence
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1.0 < η < 2.0
Please notice the 

difference in the vertical 
scales! 

We can see a slight 
momentum dependence
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2.0 < η < 2.5

Please notice the difference in the 
vertical scales! 

We can see a slight momentum 
dependence
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