
Realstic seeding with ACTS in ATHENA 
track reconstruction

Wenqing Fan, Yue Shi Lai 

LBNL

1



2Seeding

▸ A good seeding algorithm

https://acts.readthedocs.io/en/v9.0.0/core/seeding.html

It finds at least one seed for each particle that should be found
It doesn’t find many seeds which do NOT correspond to particles
It doesn’t find many seeds per particle

▸ ACTS seeding
Use triplet of hits for seed finding
Currently all hits used in ATHENA for seed finding
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▸ Configuration

Seeding

We cannot adjust deltaRMmax 
to much higher value

Tighter beam spot contraints
Any suggestions on tuning the 
parameters?



4Efficiency, fake rate, duplicate rate

▸ A well reconstructed track: tracks can be associated to a generated 
particle by mathcing the momentum algorithm (association criteria: 
Δp/p within 10%,  Δϕ within 50mrad, Δθ within 10mrad)

▸ A track that is not associated to any simulated particle is considered to 
be a fake track.

▸ Duplicate tracks occur when multiple tracks are associated to the 
same generated particle. 

From	Xiaocong	Ai’s	presenta9on,	TrackML	detector,	ATLAS	B	field	

▸ Currently looking at single particle events



5Truth seeding (p~1GeV, η~0)

hitsN
0 5 10

C
ou
nt
s

0

50

100

310×  [0.0, 0.5)ηSingle particle events, p [1.0, 2.0) GeV/c, 

 p/p∆
0.2− 0.1− 0 0.1 0.2

C
ou

nt
s

0

10000

20000

good (matched) track
duplicate track
fake (unmatched) track

 [0.0, 0.5)ηSingle particle events, p [1.0, 2.0) GeV/c, 

# of reconstructed (generated) particles 74752 (75663)
/ndf = 39.6)2χ = -0.00 (µ

 = 0.4%σ

effciency = 97.9%

duplicate rate = 0.0%
fake rate = 0.4%

 [rad]φ∆
0.005− 0 0.005

C
ou

nt
s

0

5000

10000

 [0.0, 0.5)ηSingle particle events, p [1.0, 2.0) GeV/c, 

# of reconstructed (generated) particles 74598 (75663)
/ndf = 17.0)2χ = -0.00 (µ

 = 0.6 mradσ

 [rad]θ∆
0.002− 0.001− 0 0.001 0.002

C
ou

nt
s

0

1000

2000

3000

 [0.0, 0.5)ηSingle particle events, p [1.0, 2.0) GeV/c, 

# of reconstructed (generated) particles 74211 (75663)
/ndf = 5.6)2χ = -0.00 (µ

 = 0.5 mradσ



hitsN
0 5 10

C
ou
nt
s

0

50

100

310×  [0.0, 0.5)ηSingle particle events, p [1.0, 2.0) GeV/c, 

6Realistic seeding (p~1GeV, η~0)
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For 1GeV tracks at mid-
rapidity: high efficiency, 
~10% duplicate tracks 
with realistic seeding

No obvious difference 
between good track and 

duplicate track 𝛘2



7Truth seeding (p~1GeV, η~2)
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8Realistic seeding (p~1GeV, η~2)
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For 1GeV tracks at 
forward-rapidity: low 

efficiency, bad 
reconstruction for track 
momentum direction



9Truth seeding (p~10GeV, η~0)
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10Realistic seeding (p~10GeV, η~0)
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For 10GeV tracks at mid-
rapidity: high efficiency, 
~10% duplicate tracks 
with realistic seeding



11Truth seeding (p~10GeV, η~2)
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12Realistic seeding (p~10GeV, η~2)
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For 10GeV tracks at 
forward-rapidity: high 

efficiency, ~25% 
duplicate tracks with 

realistic seeding



13Comparison between truth and realistic seeding

▸ In high p and mid-rapidty
Realistic seeding consistent with truth-
seeding results (p resolution, efficiency)
More fake tracks (<10%)

▸ In low p or forward(backward)-rapidty
Much lower efficiency with realistic 
seeding, a lot of fake tracks with wrongly 
reconstruct momentum direction
More fake tracks (~25%)
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Comparison between forward and backward rapidity
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▸ Single pion p = 1GeV, ϕ = 0 rad, θ = 1.57 rad (η = 2.5)

Addtional info on low efficiency events

No filtering
All of the seeds are with q/p systematically higher than the true q/p
All of the seeds are with θ systematically higher than the true θ
All of the seeds are with ϕ systematically lower than the true ϕ


