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Introduction

• Motivated by discussion related to low energy studies in VD (Eric Church et al.)


• Geometry construction handled by single Perl scripts


• Various options allowed but not very configurable and extensible to new requirements


• Requires detailed knowledge of various elements, in consultation with Geometry experts


• => Longer development cycles, more chance for bugs, more technical debt etc..
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GeGeDe

• Python-based geometry constructor designed by Brett Viren : https://github.com/
brettviren/gegede

• Can emit GDML to interface with Geant4/ROOT, enforces consistent units through Pint


• Easily customizable schema for describing various shapes, materials etc


• Easy human-driven configuration, classes for layer-by-layer building
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FD-VD

ProtoDUNE-VD

https://github.com/brettviren/gegede
https://github.com/brettviren/gegede


Perl Scripts

• Existing implementation for Horizontal Drift (P. Lasorak, A. Borkum) : https://
github.com/DUNE/duneggd/tree/master/python/duneggd

• Seems like not widely used but its there


• ProtoDUNE-VD geometry uses v4 Perl script

• ~5000 lines, challenging to maintain


• Similarly for FD-VD : uses v6 script

• ~2000 lines


• We want to port this over to GGD and maintain it


• Validation to ensure all details are captured, including testing by running GEANT over 
GGD-based gdml

4

https://github.com/DUNE/duneggd/tree/master/python/duneggd
https://github.com/DUNE/duneggd/tree/master/python/duneggd
https://github.com/DUNE/dunecore/blob/develop/dunecore/Geometry/gdml/generate_protodunevd_v4_refactored.pl
https://github.com/DUNE/dunecore/blob/develop/dunecore/Geometry/gdml/generate_dunevd10kt_3view_30deg_v6_refactored.pl


Human-AI workflow
• Xin has had lot of success using Github Co-pilot + Claude 3.5 Sonnet


• Able to construct detailed ProtoDUNE-VD geometry within ~1 week


• Translating messy PERL code for subcomponents


• Using GeGeDe package as context input for LLM


• Validation using existing GDML vs produced GDML and visualization tools (from 
Chao)


• For FD-VD, I didn’t use LLMs (because I like going through messy code) but it was 
useful to see ProtoDUNE-VD code to learn GGD
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• More details in Xin’s talk at DUNE CM

https://indico.fnal.gov/event/62284/timetable/?view=standard#235-constructing-protodune-and


Implementation
FD-VD (Mine) ProtoDUNE-VD (Xin’s)

• Xin and I have implemented GGD-based builders for both FD and ProtoDUNE


• Done in parallel, different approaches, code structure etc (for self-learning and 
validation purposes)


• Mine : https://github.com/nitish-nayak/ggd_dunefdvd

• Xin’s : https://github.com/lastgeorge/gegede_protodune_vd

• PR for existing duneggd repository : https://github.com/DUNE/duneggd/pull/13

• Combines both codes
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https://github.com/nitish-nayak/ggd_dunefdvd
https://github.com/lastgeorge/gegede_protodune_vd
https://github.com/DUNE/duneggd/pull/13


Validation ProtoDUNE-VD

Steel Support Enclosure

Beam Pipe

Cryostat Enclosure

PMTs

X-Arapucas• All sub-components have been 
implemented


• Xin has validated that his 
implementation is functionally 
consistent with perl script
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Validation ProtoDUNE-VD

• Another component of validation is to check for volume vs volume overlaps using `TGeoChecker`. Example 
script by Xin : https://github.com/lastgeorge/gegede_protodune_vd/blob/main/check_overlap.C

• Seems like the xArapucas were being accidentally 
put inside the LAr volume a little bit


• Currently, Xin moved these by 1cm to prevent this 
overlap


• Full changes here

• Present in Perl script as well


• Maybe need some discussion with geometry experts 
for better implementation
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https://github.com/lastgeorge/gegede_protodune_vd/blob/main/check_overlap.C
https://github.com/lastgeorge/gegede_protodune_vd/commit/02a352b60512fa8e35b748c4fa79d3a770019701


• Some more overlaps of wires with boundary of active TPC 
volume


• Hard to spot, exists in perl script as well


• Easy fix, just reducing length by 0.2mm removes all the overlaps


• Both in FD-VD and PD-VD

Validation ProtoDUNE-VD
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Validation ProtoDUNE-VD

• Wenqiang has been testing workflow with larsoft (generator 
+ g4 stage)


• Caught some more issues


• Related to larsoft assumptions for naming schemes and 
volume placements

• Everything runs now! 
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Validation ProtoDUNE-VD

• Last remaining overlaps (exists in PERL script as well)


• Extrusions from beam plug and upstream end cap


• Looking into breaking off the extruded volume into its own object to remove these overlaps (a bit tricky because it has sub volumes of its own)


• I don’t think this matters (based on Wenqiang’s tests) and might require more code surgery than is worth, but will try to sit with it a bit more, maybe 
with help from Claude etc
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X-Arapucas

8x6 CRM (4x3 CRP) Workspace

Gaseous Argon Layer

Field Cage

• All sub-components have been implemented


• Validated that this implementation is 
functionally consistent with perl script


• Removed all overlaps, with and without 
wires

Validation FD-VD
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Summary & Next Steps
• GGD is a very useful tool for geometry construction in DUNE


• Improvements in code modularity, maintainability, extensibility etc


• Much easier to configure and thereby optimize GEANT running for our complicated geometries


• Xin and I have implemented new constructors within this framework for VD, both ProtoDUNE and FD (for all current workspaces)


• Corresponding to latest versions of geometry (v4 for ProtoDUNE, v6 for FD)


• Validation basically complete, everything runs. Less overlaps than Perl Script as well 


• PR in duneggd repository : https://github.com/DUNE/duneggd/pull/13

• Ready to use - further validation ongoing (Biao Wang et al. - Alabama, Edinburgh groups)


• Next Steps (order of priority) : 


• See how feasible it is to fix beam pipe overlaps


• Merging changes to shotcrete and rock layer in HD to FD-VD geometry as well


• Merge code structure across PD, FD (both HD and VD)


• Any others?
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https://github.com/DUNE/duneggd/pull/13


Backup



Overview

• GGD configuration overview


• Each builder can have multiple sub-builders enclosing 
different logical volumes


• Each builder can be configured separately


• Beyond construction itself, each builder responsible for 
how the LVs from sub-builders are placed within its own 
LV


• GGD uses this to then emit the GDML based on its schema
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FD-VD

ProtoDUNE-VD



Builders TPC Example (FD-VD)

Define shapes for charge readout planes

Define its corresponding logical volume

Access the sub-builder (Wires)

as defined by the configuration 
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Shapes

• Shapes defined based on GDML schema


• Can transparently add new ones as needed


• Brett added new ones (CutTubs, ExtrudeMany) recently as well


• For Field Cage Rings and Beam pipe volumes in PD-VD
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Materials

• GeGeDe implementation for various 
materials that go into the LV definitions


• Have a script that auto-fills this based 
on existing Materials file (xml parsing) 
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