
MC Activity
tracking optimization 



Brief Intro on the Tracking in EIC - ATHENA

https://arxiv.org/abs/2103.05419


ATHENA Detector : overview
https://wiki.bnl.gov/athena/index.php/Design_Concepts_and_Considerations

p/A à ß e

Right side = positive side
Left side   = negative side

https://wiki.bnl.gov/athena/index.php/Design_Concepts_and_Considerations


ATHENA Detector tracker

Backward

Forward

Barrel : 
vertex 
+ MM

Choices done to
optimize :

- tracking and vertex
reconstruction
performance

- cost

- ease of integration

- minimising material in 
front of the 
electromagnetic
calorimeters. 



ATHENA Detector : tracker

Barrel :
- 3+2 Cilinders of MAPS
- 4 Cilinders of MicroMegas

Forward: 
- 6 Disks of MAPS + 2 GEM 

tracking rings
- 1 µRWELL to constraint 

the track in the dRICH

Backward :
- 5 Disks of MAPS + 2 GEM 
tracking rings



Tracker acceptance



Tracker performances : Dp/p

0.5 h bins from -3.5 to 3.5 

largest |h| bins 3.5-3.7 

Δ𝑝
𝑝 = 𝐴𝑝! + 𝐵

Trends compatible to the 
expected parametrization
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Tracker performances : pointing resolution r-f

𝐷𝐶𝐴𝑇 =
𝐴!

𝑝𝑇!
+ 𝐵!

Trends compatible to the expected parametrization
Same holds for DCAZ
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-3.5 < h <-1

Forward 
1 < h < 3.5



Tracker performances : pointing resolution r-f

𝐷𝐶𝐴𝑇 =
𝐴!

𝑝𝑇!
+ 𝐵!

Central -1 < h < 1

Trends compatible to the expected 
parametrization
Same holds for DCAZ
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Tracking performances

DCAT:
- central : ok apart 

from 1-5 GeV/c

- F/B : not
satisfactory 
performance 
below 2 GeV/c

dp/p : requirements 
satisfied in all η bins
except the most
backward region

YR requirements

YR requirements YR requirements

YR requirements

YR requirements

YR requirements



Backward region performance study on B

0 5 10 15
p [GeV]

0

1

2

3

4

5

6

 /p
  [

%
]

p
σ

p 
re

so
lu

tio
n 

  

FieldMap: Scaled 1T ATHENA September Map
FieldMap: Scaled 2T ATHENA September Map
FieldMap: ATHENA September Map
FieldMap: Scaled 5T ATHENA September Map
FieldMap: Scaled 10T ATHENA September Map

 < -2.5 ηPWG Requirement for -3.5 < 

 < -2.50ηResolution for tracks with -3.50 < 



MC simulations

Experience with the tracking studies



Starting point:  Yellow Report

Several MC tools were available (JANA, eic-smear,  eic-root, but also jupyter-notebooks interfaces, etc.)
Our choice :
1) Perform studies with a well known  Fast Simulation Tool for barrel tracking
2) Use root with EIC libraries : eicroot
3) Recently : fun4all Studies always performed with dockers



Studies begin: Fast Simulation Tool

DP/P @ 5 Layers, 3T, 0.05-0.2 %  X/X0

- 0.75%  at  0.7 GeV/c
- 1.5 %   at   7 GeV/c

Tracking performances results from  
analytical calculations
Quality factors: Dp/p e d0

Tested in several configuration of layers, 
material budget and magnetic field



Results with eicroot

5 Layers, 
standalone tracking
B= 3 T
5 layers
- 0.05% X/X0 inner  
- 0.2% X/X0 outer 

≈1.5%

≈0.7%

≈1.5% @ 7 GeV/c

≈0.7%  @  0.7 GeV/c

Results in agreement with the FS tool

Such initial studies were useful to define the 
initial configuration geometries for the YR 

eicroot : first full simulation
software used in the tracking WG



Tracker optimization history

• ALL-SILICON tracking system 6-layer barrel, 5+5 disks for back/forward regions

• HYBRID tracking system: silicon vertex + TPC (barrel), 7 silicon disks for back/forward region



fun4all



fun4all
PROs
Developed since some time 
Documentation available
Docker usage J
Easy to install
Input : .C configuration file
Output : root files



MC Simulations in fun4all

Intermediate 
configurations



MC full simulation in  fun4all

21/11/21 Baseline 2 Tracker Simulation 3

Basline2 Geometry

Magenta: MC Tracks
Green: Hit Pointsa

Event DisplayATHENA tracker in fun4all.      
N.B.: ATHENA software used for the Proposal is dd4hep

Shyam Kumar
Uniba-Postdoc

Checks:
- dp/p
- DCA
- Efficiency



Tracker acceptance : box of p

flat h and pT flat h and p

rec

rec

gen

gen

gengen

gen rec

rec

Shyam Kumar

Shyam
Kumar



MC simulation in fun4all vs dd4hep
Trends quite compatible

Trends quite similar at all h
Low momentum tracking efficiency poor in fun4all  (known issue)

The official software for ATHENA is dd4hep (after its validation with fun4all)

Shyam
Kumar



MC simulation in fun4all vs dd4hep

fun4all trends similar to dd4hep
as expected

Despite fun4all is not the official ATHENA software, it 
remains an important software for crosschecks

Shyam
Kumar



Summary

https://eic.github.io/organization/swg.html

https://eic.github.io/organization/swg.html




Baseline 2 : Central tracker 



Forward Tracker : P-2.0

6 vertical disks 
[Silicon and MPGDs]

1 MPGD
[to constraint the track to the 
dRICH]



Backward tracker N-2.0




