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•• Ideal vs. real detectorIdeal vs. real detector
•• Misalignment in Misalignment in TGeoTGeo
•• How (not) to use itHow (not) to use it
•• Deformations - scaled shapesDeformations - scaled shapes
•• Assemblies of volumesAssemblies of volumes
•• ConclusionsConclusions
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Ideal vs. real detectorIdeal vs. real detector
•• Detectors have generally nice symmetric structures Detectors have generally nice symmetric structures onon

paperpaper
– Geometry description and its implementation to specific

geometry models used for simulation/reconstruction follows-up
– In practice, even tracking algorithms and other parts of the code

are extensively using assumptions on symmetries

•• When building the detector and putting it in place,When building the detector and putting it in place,
nothing is as nice as on paper anymorenothing is as nice as on paper anymore
– Not taking this into account is non-affordable

• Degradation of resolution/efficiency (in the best case)
• No clear recipes to solve the problem (just workarounds)
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Ideal vs. real detector (2)Ideal vs. real detector (2)
•• What people usually do:What people usually do:

– Simplified geometry in the reconstruction framework
– Start with survey information, then try to “re-align” data in order

to minimize track fit residuals, then patch this geometry with the
resulting information

•• Eventually simulation Eventually simulation ≠≠ reconstruction geometry reconstruction geometry
– The difference between the 2 become un-maintainable
– Simulating the misalignment effects become “bricolage” in the

best case – people really learn how to deal with this problem
quite long after the first data taking

•• Tools to deal with Tools to deal with mismis-aligned geometries practically not-aligned geometries practically not
existingexisting
– Geometry problem => geometry tools
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Misalignment for Misalignment for TGeoTGeo
•• TGeoTGeo = ROOT geometrical modeller = ROOT geometrical modeller

– Provides a CSG model based on 20 primitive solid types (basic
shapes), allowing Boolean combinations

– Provides navigation functionality used during particle transport
– Provides several tools for geometry checking and visualization

•• The model has a hierarchical structureThe model has a hierarchical structure
– An object (volume) is also a container, having other volumes

inside positioned in a relative way (nodes).
• We want to be able to move some objects w.r.t their ideal position
• Moving some volume will naturally move all its content

•• Components of the model are generally replicatedComponents of the model are generally replicated
– Changing the position of a node will change the position of all

replicas …
• Not really what we want…
• An object that has to be moved needs to be decoupled

TPMW

TIRC TORC

TIRC_1
TIRC_2
TIRC_3

TORC_1
TORC_2
TORC_3

TPMW_1 TPMW_2
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Two approachesTwo approaches
•• Misalignment Misalignment –– aware approach aware approach

– Detector geometry aware of the objects that might move
• GEOM = f (misalignment) (pre-build operation taken care by detector builder code)

– Needs reading alignment data before building the geometry
– Needs re-thinking/re-writing the geometry code
– Misalignment usually discovered after an iterative process => problem…

•• Ideal + perturbation approachIdeal + perturbation approach
– Geometry always build according our best knowledge of the “design setup”
– Alignment plugged-in this “ideal” geometry as a set of perturbations

• GEOM = IDEAL * misalignment (post-build convolution)
• Alignment can be applied to geometry “a posteriori” without needing to create a

alignment-aware geometry build system
•• TGeoTGeo provides tools to deal with misalignment in the second approach provides tools to deal with misalignment in the second approach

– Always good to have possible misalignment in mind when creating code for
some geometry module.  This is unfortunately not always the case …

– The final geometry is ready-to-use after the misalignment
– The misalignment info can be updated (even recursively) in the SAME session.

Alignment data

Detector
Builder
(ideal)

geom.root
Detector
Builder

(alignment aware)

geom.root

Tracking,
fitting
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Misalignment Misalignment ““on the flyon the fly””
•• Describing a single object in the geometryDescribing a single object in the geometry

– Fully qualified by a path
• E.g. /ALIC_1/TPC_1/TPMW_1/TORC_15

– May point to a container object
• E.g. /ALIC_1/TPC_1
• In this case moving it will move the whole content

•• How to misalignHow to misalign
– Create a TGeoPhysicalNode object by specifying its path
– Call its method:

•  Align(TGeoMatrix *newmat, TGeoShape *newshape, Bool_t check)
• Can effectively change the position/shape of an element in the

existing closed geometry
• Plenty of operations performed to make the operation valid, but

transparent to users
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CaveatsCaveats
•• Moving objects in a geometry has always limitationsMoving objects in a geometry has always limitations

– In real life objects can move only as much as there is space for
that

– In a geometry model the movement can go beyond these
constrains, but producing an overlap with unpredictable effects
during navigation

• Still, an optional check can be performed during the misalignment
operation

•• An ideal geometry is rather small due to replicationAn ideal geometry is rather small due to replication
– Moving an object needs the duplication of several objects in its

geometry branch
– A detector geometry has thousands of logical object instances,

but millions of physical positions of these
• Trying to move all objects in the geometry will generally fail…
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Scaled shapesScaled shapes

•• Scaling shapes might be very useful when tryingScaling shapes might be very useful when trying
to represent small deformations in the geometryto represent small deformations in the geometry
– The scaling transformation used to perform this is not

propagated hierarchically to contained objects
• In real life support structures do deform but what is

connected to them just get displaced
– How these displacements will look like after such deformation is

a much complex task however…

•• One can replace an existing shape with a scaledOne can replace an existing shape with a scaled
one during the misalignment with one during the misalignment with TGeoTGeo
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Volume assembliesVolume assemblies
•• ““SoftwareSoftware”” misalignment not always compatible with  misalignment not always compatible with GEANTGEANT-like-like

geometrygeometry
– Containment architecture is the main problem
– Something needed to allow misalignment but to preserve all benefits of

containment (navigation speed)
•• Assemblies are defined in Assemblies are defined in TGeoTGeo as unions of several different as unions of several different

volumes positioned with respect to a common local framevolumes positioned with respect to a common local frame
– An assembly is just a volume having no shape container

• No medium/material needed: a point INSIDE the assembly is always in one
of the components

– Assemblies preserve all optimizations of containers (bounding box,
voxelization)

• They even improve speed during particle transport which is no longer
fragmented when crossing the volume container

– They a way to create an additional hierarchical level in a flat structure of
objects WITHOUT defining a physical container

TGeoVolume TGeoVolumeAssembly

B

A

A

C
Overlap !
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Usage of assembliesUsage of assemblies
•• Easy creation using Easy creation using TGeoVolumeTGeoVolume interface interface

– Same constrains as for volumes (no overlaps of
components) except extrusion

•• Very useful for defining complex structuresVery useful for defining complex structures
where is hard to define a container made of awhere is hard to define a container made of a
basic shapebasic shape
– Nesting allowed
– No navigation performance penalty

•• Example of usage in:Example of usage in:
$ROOTSYS/tutorials/assembly.C$ROOTSYS/tutorials/assembly.C
– Description in release notes
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Converting existing containers toConverting existing containers to
assembliesassemblies
•• Two steps:Two steps:

– Clone the content:
• Asm = MakeAssemblyFromVolume(TGeoVolume

*container)
– Actually replace the container in the geometry

• TGeoManager::ReplaceVolume(container, Asm)
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OverviewOverview
•• ROOT geometrical modeller provides support for:ROOT geometrical modeller provides support for:

– Misaligning an existing ideal geometry and using this directly for
simulation.

– Using the same geometry during simulation and reconstruction.
– Transforming existing geometry containers into assemblies for avoiding

possible overlaps during the misalignment procedure.
– Recursively updating the misaligned objects during the same session

when using residuals minimization procedures.
•• No changes required in the geometryNo changes required in the geometry

– Still, tracking algorithms should use geometrical information stored in
TGeo

– Misalignment awareness in the way geometry is modeled helps a lot in
dealing with the problem

• Leave some free space for the “movable parts”…
•• Examples of usage of these features already exist ROOT tutorials:Examples of usage of these features already exist ROOT tutorials:

– $ROOTSYS/tutorials/assembly.C
– $ROOTSYS/tutorials/geodemo.C


