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The detray Project

Project Outline

Realistic tracking geometry description
and propagation

Geometry classes without run-time polymorphism
(in particular, no virtual function calls)

Flat container structure, index based data linking

Implementation of core package equally usable
in host and device code

No dynamic memory allocations in algorithmic code

Layered Architecture

Geometry description used by the detector class

Navigation (main client of the detector, depends on
track concept)

Track parameter propagation (makes use of the
navigation, access to detector)

The detray Project
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ATLAS-like track reconstruction
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Geometry Description

® Surfaces, volumes, material [maps]: Conceptually similar to ACTS

(ACTS navigation policies = detray acceleration structures)
® Masks: Defined by a shape. Specify extent in local coordinates. ‘
® Surfaces and volumes are not addressed by pointers but descriptors.

® Detector: Holds SoA data containers, indexed by descriptors

(e.g. to material/grids/acceleration structures)
rmax
Y
® Dedicated surface and volume classes for an object-oriented, |
user-friendly interface

® Context objects allow to switch e.g. alignment loV -~

=

"mm
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Detector Container Structure

Linking by Index

B volume @8 Transform
® V\olumes keep a multi-index to the @ Portal 0  Mask
acceleration data structures. (different types)
@ surface yp
® Surfaces/Portals keep indices into the
transform, mask and material containers.
® Mask/material store: 0
tuple of mask/material vectors. SNENENELE
000000...
=

® Transform store holds transformation
matrices (contextual).

® Accelerator store: tuple of e.g grids.

= memory layout results in differences to ACTS tracking geometry, e.g. duplicate portal descriptors.
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Track Parameter Propagation

® Propagator: runs the propagation loop: calls stepper, navigator and actors.

® Navigator: Moves between detector volumes and finds distance to next candidate surface.
Queries volume acceleration structures one by one.

® Stepper: Transports the track parameters and covariance matrix in B-field.

® Actors/Aborters: Extend propagation with custom functionality.
Can be composed to model dependencies.

I

inner portaly,

A\

outer portaly,

I: Local navigation in V;
II: crossing portals between V; and Vi1
11I: Local navigation Vi1

IV: crossing outer portal Vi+1
(leaving the detector)
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Detector Building

Multiple input sources: Build in code, read from file, converted from ACTS on the fly

Core implementation: detector builder, volume builders and surface factories

Detector builder handles the full detector construction (memory layout, linking etc.)
Reader and writer backend to and from an intermediate "payload" description.

10 frontend: dedicated converters for payloads to and from IO file format (e.g. json).

All detector components files can be freely combined (e.g. w/wo material, acceleration

structures etc)
Backend

detector builder «+—— direct data input

T

common IO layer «—— DETRAY detector

4]1‘7

intermediate data representation

/I N\
Frontend [/
json csv oxml . DETRAY plugin in ACTS
read/write detector
| |
data files ACTS detector
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Detector Building

Build from scatch

® Register and fill volume builders and surface factories directly
® Manual portal generation (volume links)

® Possibility to re-use generator implementations for the test detectors (e.g. telescope generator,
toy detector barrel or endcap generators)

detray Plugin (preferred)

® detray Plugin in ACTS: Convert ACTS Gen2 geometry to detray payloads,
from there use detray 10 backend to construct detector

® All relevant detector components can be converted (optimization needed)
® Soon: Make this work with ACTS Gen3, as well

® Once ACTS tracking geometry is available, no further geometry modifications needed
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Getting Started

Multiple cmake preset configurations available:

cmake -S detray --list-presets

E.g.: developer options pull in all possible dependencies:

cmake -S detray -B detray-build --preset dev-£fp32 \
-DDETRAY_BUILD_TUTORIALS=0N

Some important options:

® DETRAY_CUSTOM_SCALARTYPE float/double
® algebra-plugins, e.g. DETRAY_EIGEN_PLUGIN ON/OFF (std::array plugin is built by default)

® DETRAY_BUILD_CUDA ON/OFF

Tutorials (tutorials/src/)

® How to build a test detector, read a detector from file or build your own from scratch
® How to run some validation tests on your detector
® How to define an actor or run the propagation with more debugging information
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Command Line Tools: Detector Validation

Needs the option -DDETRAY_BUILD_CLI_TOOLS enabled. Python scripts for plotting.

SVG Display

> build/bin/detray_detector_display \
--geometry_file odd-detray_geometry.json \

--grid_file odd-detray_surface_grids. json \
--material_file odd-detray_material.json \
--volumes [volume_indices] --surfaces [surface_indices]

Detector Scan

® Shoot ray or helix through detector setup

® Record every intersection, together with
additional data

® Sort by distance and check for consistent
crossing of adjacent portals etc.

e Host-only, produce truth intersection files WS volume e portal
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Command Line Tools: Navigation Validation

10000 helices = sensitives = portals passives

1000
Navigation Validation

Shoot ray/helix, but this time follow o0
with navigator

y [mm]
o

Compare intersection trace to the objects
encountered by navigator

—500 R :
Generate statistic of missed surfaces etc. i e

—1000

—1000 —500 0 500 1000
2 [mm]

> build/bin/detray_detector_validation \
--geometry_file odd-detray_geometry.json \

--grid_file odd-detray_surface_grids.json \
--write_scan_data --n_tracks 100 --pT_range 0.5 100
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Command Line Tools: Material Validation

Material Ray scan

N ODD: scan (10000 entries)
ODD: navigator (10000 entries)

® Shoot rays through detector and 5
record the material (Xo, Lo). £ 10
® Compare to material collected ;3105
during navigation
. . 0.0
® Provides 2D material plots, as well _ 1000001
£ 1.000000 . -
4 -2 0 2 1
n
> build/bin/detray_material_validation \
--geometry_file odd-detray_geometry.json \
--material_file odd-detray_material. json \

--phi_steps 100 --eta_steps 100

Hands-On Examples
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Conclusions

Status

® GPU-ready tracking geometry description and propagation available
® Transport of track parameters and covariance through (in-)homogeneous B-field

® Material [map] description for tracking (needs data deduplication)

QOutlook

® |O optimizations: Deduplication, sorting
® Update detray plugin to Gen3 ACTS geometry
® Continue validation of detray geometries within ACTS

® Continue performance study and optimize propagation throughput, e.g. thread synchronization
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Navigation Workflow

® Volumes are nodes, linked by their portal boundary surfaces (edges).Sensitive and passive
surfaces are loops.

® |n each volume, multiple acceleration structures can be queried to customize navigation

= Treat Portals and sensitive/passive surfaces the same: Always follow link to next volume
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Navigation Implementation

Trust-based candidate evaluation

® . .cache line-surface intersections. trust levels determine update method:
® Full trust: Do nothing.
® High trust: Only update the current next target surface.

® Fair trust. Update all entries and sort again.

® No trust: (Re-)initialize the entire (current) volume, i.e. fill cache and sort by distance.

= Stepper/actors can lower trust level to influence navigation update policy.

Local Navigation in a Volume

® Surface grids for local neighbourhood lookup (sensitives) "

® Portals (and passives) are registered in a brute-force
acceleration structure

y [mm]

® Different grid types, including dynamic bin capacity for
"neighbourhood packing" and material maps

x[mm]
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