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❏ This talk leverages on many concepts discussed in the previous talk by C. 
Fanelli.

❏ Key concepts 

Why AI in detector design

AI assisted EIC tracker

Walk through of developed Modular framework

Results

❏ See arXiv: 2205.09185:
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Outline

❏ Design parameters ❏ Constraints❏ Objectives ❏ Extension 

https://indico.cern.ch/event/1072579/contributions/4802327/
https://indico.cern.ch/event/1072579/contributions/4802327/
https://arxiv.org/pdf/2205.09185.pdf


Detector Optimisation Workflow

See C. Fanelli’s talk

GEANT4 simulations are 
typically compute-intensive. 

In order to explore a multi-
dimensional parameter space 
in a multi-objective space, AI 
can assist our design in a 
more efficient way. 

AI assist in designing.
NOT “just” fine tuning.
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Optimization of EIC detector design 

https://indico.cern.ch/event/1072579/contributions/4802327/


The Reference Detector: the Tracking System
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❏ The tracking system reconstructs charged particle tracks. It combines different technologies. 
❏ Goal : Optimal combination of choice of tech & optimal geometric parameters.
❏ Optimization Phases of optimization

AI assisted 
Tracker System

Si technology inner tracker    Gas detectors (μRWELL)     AC-LGAD ToF
                                         Check out Elke’s talk

η ≈ 0

η → ∞

η ≡ − ln[tan
θ
2 ]

https://indico.cern.ch/event/1072579/contributions/4818670/
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● Multiple “objectives”, e.g., weighted avg momentum resolution, 𝞱 

resolution, KF efficiency, projected 𝞱 resolution at PID location. 

Objectives could be conflicting. (This can be extended to other 
objectives, e.g., physics)

● Pareto-optimal solutions. Locus of points in Objective Space 
which are non-dominating to one another. Check out Cristiano 
Fanelli’s talk.

● Developed a pipeline for optimization with MOGA/MOBO to 
optimize and “Fun4All” (GEANT4 based framework) to simulate 
and analyze the detector response. The approach is agnostic to 
the simulation framework. 

Multi Objective Optimization

https://indico.cern.ch/event/1072579/contributions/4802327/
https://indico.cern.ch/event/1072579/contributions/4802327/
https://www.jlab.org/conferences/eicsw/EICSoftwareMeeting-Pinkenberg-Fun4All.pdf


The Tracker Parametrization 
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Parametrization is an essential part of the optimization:
● explores different designs
● avoids overlaps of volumes 
● encodes constraints 

Reference design

Ongoing R&D projective  

Variable pars; Fixed pars

Implementation of 
support structures 
with realistic material 
budgets 

η ≈ 0

η → ∞

η ≡ − ln[tan
θ
2 ]



●Design Parameters (n_pars ≥ 9)
○Based on an parameterization.

●Constraints being used (n_const ≥  3)
○STRONG The minimum distance between any 2 disks should be >= 10 cm 

(giving room for services)
○SOFT The Rmax-Rmin for the disks have to be multiple of 3.00 cms and 

1.8 cms (Tiling of pixels)

●Overlaps checked 
○GEANT4 unstable when overlaps are detected in volumes.
○Overlaps are checked for every design explored and penalized. 

Constraints 
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FST/

EST 

Disks

Barrel 

Si 

Layer

Extensive details at arXiv:2205.09185

https://arxiv.org/abs/2205.09185


Implementation 
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● Objective functions Average of Weighted Averages 

(n_obj ≥ 3)

○ Momentum resolution dp/p 

○ Theta resolution d𝜃

○ Projected d𝜃 at PID location.

○ Kalman Filtering inefficiency (improving the 

tracking reconstruction ability of the algorithm)

● Validation of the solutions

○ Validate by comparing optimal vs baseline d𝜑 

resolution, vertex resolution and reconstruction 

efficiency 

Weighted sum with errors
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Sum in bins of 
P 14 bins

Average 
objective 
in a η bin

9
6 𝜼 bins

Propagate uncertainties 
from fits

Weighted sum with errors
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Implementation 



Summarizing the MOGA pipeline
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2-level
Parallelization

Comprehensive checks 
Ensures feasibility of design
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Evolution of Detector Performance  

KF Efficiency

Momentum Resolution

KF Efficiency

ECCE Simulation 2021
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Figure B.15: KF E�ciency for ECCE projective geometry and ECCE simulation: Reconstruction e�ciency shows an improvement in the transition region
between 1.0 < |⌘| < 1.5. There is a significant drop in the transition region caused due to multiple scattering of the support structure.
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Figure B.16: Angular resolution (d�) for ECCE projective geometry and ECCE simulation: The resolution shows an improvement in the transition region
between 1.0 < |⌘| < 1.5. These plots have been produced using double-Gaussian fits.
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The π+K− invariant mass obtained from the SIDIS events with updated baseline and recent 
version of optimized projective geometry. 

A region of eta sensitive due to materials for support structure is considered for optimization. 

Post-hoc validation on physics observables



Summary 
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● EIC is one of the first experiments to be designed with the 
support of AI

● Optimization is continuous and iterative. The current tracking 
system is an AI-assisted design. arXiv:2205.09185 

● For the “first” time -> framework integrating the GEANT4 based 
simulation coupled to MOO has been developed with massive 
parallelization.

○ Modular framework : applicable to EIC Detector-1. Ongoing 
work to optimize tracker + PID detectors.

○ Pareto solutions can be explored post hoc and decision making 
can be done based on cost, engineering, physics realization 
etc.

ECCE Tracker Optimisation Summary
Under development

AI4EIC EIC Detector 1 EIC Canada arXiv:2205.09185 C. Fanelli, Z. Papandreou, K. Suresh et. al

Select the Method of Optimization

Multi Objective Bayesian Optimization GEANT4 Visualization of the design

Click on petals for finer evaluations Design Parameters Table

Finer Evaluation of Theta resolution for Selected Design

5 10 15 20Track p [GeV/c]

0.1
0.2
0.3
0.4

dθ
 [m

ra
d]

Selected Geometry Proj
Non-Proj Optim (Underway)

0< |η| < 1
1stCampaign Non-Proj

5 10 15 20Track p [GeV/c]

0.1
0.2
0.3
0.4

dθ
 [m

ra
d]

Selected Geometry Proj
Non-Proj Optim (Underway)

1< |η| < 1.5
1stCampaign Non-Proj

5 10 15 20Track p [GeV/c]

0.1
0.2
0.3
0.4

dθ
 [m

ra
d]

Selected Geometry Proj
Non-Proj Optim (Underway)

1.5< |η| < 2.5
1stCampaign Non-Proj

5 10 15 20Track p [GeV/c]

0.1
0.2
0.3
0.4

dθ
 [m

ra
d]

Selected Geometry Proj
Non-Proj Optim (Underway)

2.5< |η| < 3.5
1stCampaign Non-Proj

By K. Suresh contact ksv656@uregina.ca
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Performance of the Chosen Design Solution Parameter Name Parameter Value

Angle of cone [deg] 26.85

Radius of uRwell-1 [cms] 33.52

z E-TTL [cms] 167.68

z F-TTL [cms] 176.45

z EST-1 [cms] 42.97

z EST-3 [cms] 82.27

z FST-1 [cms] 41.52

z FST-3 [cms] 89.90

z FST-5 [cms] 142.01

https://arxiv.org/abs/2205.09185
http://ai4eicDetOpt.pythonanywhere.com

