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Aug 14 general meeting:

https://indico.bnl.gov/event/33679/
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Impact Study
Goal: understand the change in tracking performance without L4 and HD4.

Simulation setup:
● 2 geometry configurations:

○ epic v26.08.0
○ epic - L4 - HD4

■ L4 and HD4 detector description removed, service cable routing 
unchanged. 

■ New material map generated

● track reconstruction:
○ eic-recon v1.40.0
○ default tracking algorithm with all available detector hits from each 

configuration
○ optional SVT sensor noise (2e-7/pixel/2us) 
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Impact Study
Goal: understand the change in tracking performance without L4 and HD4.

Event samples: 
● single pi+ (10k events per eta and momentum bin):

○ uniformly distributed in phi and eta
○ eta [-3.5,-3], [-3,-2.5], [-2.5,-1], [-1,1], [1,2.5], [2.5,3], [3,3.5]
○ momentum 0.5, 1, 2, 5, 10, 15 GeV/c
○ check efficiency, resolutions (momentum, angle, DCAr) [scripts]

● forced DIS+all beam background (10k events in total)
○ 10x275, Q2>1 GeV2 (highest background rate)
○ The official simulation campaign didn’t store hepmc source files → extract 

initial particles (MCParticle.simulatorStatus==0) from latest available 
npsim output at 
root://hpceph-xrootd.twgrid.org:1094//cephfs/epic//FULL/26.07.1/epic_craterlake/Bkg
_Exact1S_2us/GoldCt/10um/DIS/NC/10x275/minQ2=1/pythia8NCDIS_10x275_minQ2=1_beamEffe
cts_xAngle=-0.025_hiDiv_1.0001.edm4hep.root

○ optional SVT sensor noise (2e-7/pixel/2us) 
○ check efficiency, purity, momentum and angle resolutions [scripts]

https://github.com/eic/snippets/tree/main/Tracking/PerformanceStudy/SinglePion/pTDR
https://github.com/eic/snippets/tree/main/Tracking/track2particle
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Central Tracker Hit Map

SVT

config 1: default epic

L4: -0.9<eta<0.9

HD4: eta>1.7



6

Central Tracker Hit Map

L0

SVT

config 2: No L4, No H-Disk 4
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○ Efficiency integrated for each of 7 eta bins:
■ -1<eta<1 (L4): no noticeable change
■ eta > 2.5 (HD4): a few percent drop

Single Pion Results more plots available at [folder] 

https://drive.google.com/drive/u/0/folders/10mamdcwsZhpO3yMGfzXiID8lBqX26cSF
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○ Number of hits per track 
■ -1<eta<1: 1 hit less
■ eta > 2.5: 1 hit less

Single Pion Results more plots available at [folder] 

L4

HD4HD4

https://drive.google.com/drive/u/0/folders/10mamdcwsZhpO3yMGfzXiID8lBqX26cSF
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○ dp/p resolution:
■ -1<eta<1: up to 20% increase at high momentum
■ eta > 2.5: up to 20% increase at high momentum

Single Pion Results more plots available at [folder] 

https://drive.google.com/drive/u/0/folders/10mamdcwsZhpO3yMGfzXiID8lBqX26cSF
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○ dp/p resolution:
■ -1<eta<1: up to 20% increase at high momentum
■ eta > 2.5: up to 20% increase at high momentum

Single Pion Results more plots available at [folder] 

https://drive.google.com/drive/u/0/folders/10mamdcwsZhpO3yMGfzXiID8lBqX26cSF
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All primary particles

 # of tracking surfaces > 
N_TRACK_HIT_MIN = 4

vertex: r<1, z<100mm

Good particles

Good signal particles

generatorStatus 
==1 or 2

If not, good 
background 
particles

Tracks

>2 hits, AND >=50% of hits 
from a single particle 

Valid tracks

Good signal tracks

If not, ghost tracks Good tracks

Is the particle of 
primary source of 

hits from DIS?

If not, good background 
tracks 

● Truth info from MC ● Reconstructed tracks

Tracking Purity: 
good signal tracks / valid tracks

nMeasurements > N_TRACK_HIT_MIN = 4 
(the only cut that does not rely on truth info)

RED text: tunable parameters

DIS + Background Analysis

initial momentum 
> 0.3 GeV/c

Tracking efficiency:  
good signal particle with a good signal 

track  / good signal particles
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DIS kinematics from pythia8NCDIS_10x275_minQ2=1_beamEffects_xAngle=-0.025_hiDiv_4

● -1<eta<1: mostly low momentum tracks

● eta>2.5: widely spread in total momentum 

⇒ will show analysis results in four momentum bins of [0, 0.5, 1, 5, 1000] GeV 

Inspect DIS Kinematics
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epic vs. no_L4_HD4
● no noise
● p > 0.3 GeV/c
● eta range: 

○ [-4,4]
○ [-1,1] → focus on L4
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good signal particle with track
good signal particle

good signal track
valid track

epic (-4<eta<4) Efficiency:  
good signal particle with a good signal track  / good signal particles

Purity: 
good signal tracks / valid tracks
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good signal particle with track
good signal particle

good signal track
valid track

no_L4_HD4 (-4<eta<4) : slightly lower efficiency, comparable purity
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good signal particle with track
good signal particle

good signal track
valid track

epic: (-1<eta<1 for L4)
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good signal particle with track
good signal particle

good signal track
valid track

no_L4_HD4 (-1<eta<1 for L4): slightly lower efficiency, comparable purity



Simulated efficiency summary — by region, so both components are 
visible

Same full simulation.   Left: all η.   Centre: |η| < 1, the L4 acceptance.   Right: outside |η| < 1, which contains HD4.
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Summary by Ernst

https://indico.bnl.gov/event/33679/


Simulated track losses – acceptance

Same full simulation.   Loss split by the two disjoint acceptances of slide 4.   Counts include both acceptance and reconstruction effects.
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Summary by Ernst

https://indico.bnl.gov/event/33679/


Simulated purity of reconstructed tracks — by region

Purity is unchanged within the sensitivity of this study.  Pure tracks are still found with the deferred or descoped SVT configurations in 
current simulations including backgrounds.
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Summary by Ernst

https://indico.bnl.gov/event/33679/
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epic vs. no_L4_HD4
● with FHR = 2e-7/pixel/2us
● p > 0.3 GeV/c
● eta range: 

○ [-1,1] → focus on L4



22

epic with noise, -1<eta<1

valid tracks = 
good signal tracks + 
background tracks + 
ghost / noise tracks
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no_L4_HD4 with noise, -1<eta<1

valid tracks = 
good signal tracks + 
background tracks + 
ghost / noise tracks
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epic with noise, -1<eta<1
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less fake/ghost tracks 
with <=5 hits 

no_L4_HD4 with noise, -1<eta<1
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epic with noise, -1<eta<1 Efficiency:  
good signal particle with a good signal track  / good signal particles

Purity: 
good signal tracks / valid tracks

good signal particle with track
good signal particle

good signal track
valid track
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no_L4_HD4 with noise, -1<eta<1: slightly lower efficiency, higher purity (less 4- and 5-hit junks)  

good signal particle with track
good signal particle

good signal track
valid track
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epic vs. no_L4_HD4
● FHR = 2e-7/pixel/2us
● p < 0.4 GeV/c
● eta range: 

○ [-4,4]
○ [-1,1] → focus on L4
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200 MeV tracks can reach MPGD but are not reconstructed: issue with tracking 
(seeding) algorithm rather than the detector geometry. 
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Summary
Without L4 and HD4 hits in tracking,  the simulation studies find no show-stopper within what they address:

L4      |η| ≲ 0.9
•  Momentum resolution degraded — up to ≈ +23% at 15 GeV/c
•  Modest acceptance loss concentrated at low momenta
•  Purity unchanged
•  Impact-parameter resolution, DCAᵣ, preserved
•  Angular resolution at the vertex unchanged

HD4      1.8 ≲ η ≲ 3.7
•  Momentum resolution degraded by +10 to +21% above 5 GeV/c
•  Sizable acceptance loss concentrated at high η and high p
•  Purity unchanged
•  Impact-parameter resolution, DCAᵣ, preserved to within ~8%
•  Angular resolution at the vertex unchanged to within ~10%

courtesy of Ernst

Further studies to consider:
● Study with more signal and background configurations. 
● Keep L4 / HD4 structure/ materials but remove the hits from tracking
● L3 vs. L4? Disk position optimization. 
● Role of TOF/MPGD with realistic resolutions and noise?
● Impact on track projection into PID detectors

Simulation infrastructure and validation: 
● analysis scripts are available at epic/snippets, and should be part of the CI benchmark.
● better to make event source files available in simulation campaigns.
● TOF raw hits was found to not in eicrecon output so couldn’t link them back to mcparticles [PR] which affects all 

files before 26.08 campaign. This and similar checks should be part of code review and benchmarks. 

https://github.com/eic/EICrecon/pull/2835
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backup
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DIS + Background: signal track resolutions
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DIS + Background: signal track resolutions
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epic vs. no_L4_HD4
● no noise
● p < 0.4 GeV/c
● eta range: 

○ [-4,4]
○ [-1,1] → focus on L4
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epic vs. no_L4_HD4
● FHR = 2e-7/pixel/2us
● p < 0.4 GeV/c
● eta range: 

○ [-4,4]
○ [-1,1] → focus on L4



41



42



43



44


