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Outline

➢EICRecon was recently updated to use ACTS v30. Previously, we were 
using ACTS v21.1. We want to study what affect, if any, this update 
has on the real-seeded tracking.

➢Simulation summary:
➢Single negative muon generated

➢Uniform eta distribution from [-4,4]

➢Uniform momentum distribution from [0.5,20] GeV/c

➢Generation vertex: (0,0,0) mm

➢Same Geant4 (npsim) simulation file was used for both ACTS v30 and ACTS 
v21.1
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Seed multiplicity

ACTS v21.1 ACTS v30
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Seed efficiency

ACTS v21.1 ACTS v30
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Track efficiency

ACTS v21.1 ACTS v30
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Total number of found tracks = 27281 Total number of found tracks = 25245



Momentum resolution

ACTS v21.1 ACTS v30
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Seed level
Track level



Theta resolution

ACTS v21.1 ACTS v30
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Seed level
Track level



Phi resolution

ACTS v21.1 ACTS v30

12/7/2023 8

Seed level
Track level



Charge reconstruction

ACTS v21.1 ACTS v30
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Seed level
Track level



Loc-b resolution

ACTS v21.1 ACTS v30
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Seed level
Track level

Loc-b: longitudinal impact parameter with respect to (0,0,0)



Loc-a resolution

ACTS v21.1 ACTS v30
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Seed level
Track level

Loc-a: signed transverse impact parameter with respect to (0,0,0)



Loc-a resolution

ACTS v21.1 ACTS v30
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Seed level
Track level

Loc-a: signed transverse impact parameter with respect to (0,0,0)

At the seed level, ACTS 
loc-a is always being set 
positive in our v30 
implementation.



This leads to a bias in the track-level reconstruction

ACTS v21.1 ACTS v30

12/7/2023 13

(vx,vy,vz) = (0,0,0) mm
(vx,vy,vz) = (0,0,+10) mm
(vx,vy,vz) = (0,0,-10) mm

Reconstructed z: longitudinal impact parameter with respect to (0,0,0)
Reconstructed transverse DCA: signed transverse impact parameter with respect to (0,0,0)



Cause of this issue

➢In our EICRecon seeding code, we 
call the globalToLocal function. If 
this is function is successful, then it 
is used to set the ACTS loc-a and 
loc-b values.

➢If it fails, however, ACTS loc-a and 
loc-b are set by hand. In this case, 
ACTS loc-a gets (incorrectly) always 
set as a positive number.

➢In ACTS v21.1, the call to the  
globalToLocal function would 
usually work successfully; but in 
ACTS v30, it is almost always 
failing.
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https://github.com/eic/EICrecon/blob/main/src/algorithms/tracking/TrackSeeding.cc

https://github.com/eic/EICrecon/blob/main/src/algorithms/tracking/TrackSeeding.cc


Cause of this issue
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https://github.com/eic/EICrecon/blob/main/src/algorithms/tracking/TrackSeeding.cc

Passing in a constant vector is clearly wrong – we should pass in the seed 
momentum vector that we reconstructed. My guess is that in ACTS v21.1, for 
a particle generated at (x,y) = (0,0), the tolerance was set large enough that 
this was not an issue. But it has become one in ACTS v30. It was always an 
issue for off-beamline particles, so it should be fixed in any case.

https://acts.readthedocs.io/en/latest/core/geometry/surfaces.html#line-surface

https://github.com/eic/EICrecon/blob/main/src/algorithms/tracking/TrackSeeding.cc
https://acts.readthedocs.io/en/latest/core/geometry/surfaces.html#line-surface


Version comparison summary

➢Other than for ACTS Loc-a, the seeding results and the resultant 
tracking with these seeds is very stable.

➢The issue with the reconstruction of ACTS Loc-a seems to be more an 
issue with how we are calling the globaltoLocal function in our 
EICRecon track seeding code. Jeetendra Gupta and I are working to 
implement and test the fix.
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Another (not version related) issue

If we generate a negative muon 
from 

 (x,y,z) = (10,0,0) mm 

with a momentum direction of
(px,py,pz) = {+cos(10o),+sin(10o), 0},

we see the seed charge 
reconstructed as positive. This 
causes the seed phi to be wrong 
and the track reconstruction to 
fail.
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Another (not version related) issue
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https://github.com/eic/EICrecon/blob/main/src/algorithms/tracking/TrackSeeding.cc
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https://github.com/eic/EICrecon/blob/main/src/algorithms/tracking/TrackSeeding.cc


Another (not version related) issue
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https://github.com/eic/EICrecon/blob/main/src/algorithms/tracking/TrackSeeding.cc
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(xpos,ypos)

atan2(firstpos.second – ypos, firstpos.first – xpos) 

atan2(secondpos.second – ypos, secondpos.first – xpos) 

https://github.com/eic/EICrecon/blob/main/src/algorithms/tracking/TrackSeeding.cc


Another (not version related) issue
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https://github.com/eic/EICrecon/blob/main/src/algorithms/tracking/TrackSeeding.cc
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atan2(firstpos.second – ypos, firstpos.first – xpos) 

atan2(secondpos.second – ypos, secondpos.first – xpos) 

https://github.com/eic/EICrecon/tree/seed_charge

https://github.com/eic/EICrecon/blob/main/src/algorithms/tracking/TrackSeeding.cc
https://github.com/eic/EICrecon/tree/seed_charge


Another (not version related) issue
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https://github.com/eic/EICrecon/blob/main/src/algorithms/tracking/TrackSeeding.cc
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(x1,y1)

(x1,y1)

(x2,y2)

(x2,y2)

Positive 
Particle

Negative 
Particle

(xpos,ypos)

atan2(firstpos.second – ypos, firstpos.first – xpos) 

atan2(secondpos.second – ypos, secondpos.first – xpos) 

May be better to use matrix 
methods to determine charge:

Check sign of 

𝑥1 𝑦1 1
𝑥2 𝑦2 1
𝑥3 𝑦3 1

 

https://github.com/eic/EICrecon/blob/main/src/algorithms/tracking/TrackSeeding.cc


Seed charge summary

➢Issue exists with seed charge calculation when particle is generated 
off the beamline. This affects tracking downstream.

➢Implemented a simple fix in an EICRecon branch. Considering trying 
some other methods.

➢Jeetendra and I will perform some more detailed studies before 
submitting a PR.
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