
Alignment with Acts

Joe Osborn

Brookhaven National Laboratory

ACTS4NP 2025

May 14, 2025



Alignment Problem

• Modern tracking detectors have sensitive elements with spatial resolutions down to O(10)

µm

• To take full advantage of their precision, need to know where they physically exist in space

to the same resolution (!)

• Also need to be able to flexibly add that information to the reconstruction

• This discussion session:

1. Implementing alignment constants into your Acts reconstruction

2. Using Acts to perform alignment of your misaligned detector
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Implementing alignment in reconstruction
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Alignment Experience: sPHENIX

• This discussion will be based on my

experience using Acts with data at

sPHENIX

• Nontrivial alignment problem!

MVTX (pixel detector, near copy of

ITS2 technology) inserted ∼6mm

from nominal origin (!)

• All mistakes/omissions are my own
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Alignment tools in Acts

1. Precursor: Acts::Surface::transform function

2. Custom Acts::GeometryContext object definition

3. Custom experiment detector element object

4. Custom Calibrator object

5. . . .
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Acts::Surface::transform

• The transform object is the basis

for all surface placement in Acts

• Calls associated detector element

transform, which moves the surface

to its global position

• Job of alignment infrastructure -

adjust the transform
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Step 1: Acts::GeometryContext

• Acts::GeometryContext is type

std::any so you can define it however

you like

• Only requirement is it needs to contain

surface transform information that need to

be updated

• Simplest thing - map of surface key to

transform

• sPHENIX example: vector of transforms

ordered by layer and sensor ID
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Step 2: Detector Element

• Make experiment custom defined

detector element

• Can inherit from actual detector

element object used (e.g. dd4hep,

TGeo)

• Only requirement is custom

implemented transform override

• Unpacks custom GeometryContext

and returns proper transform
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Alignment Tools

• That is it!

• Can apply alignment transforms on the fly at any point in the reconstruction chain

• For example, run by run calibrations in conditions database can be loaded and applied

• sPHENIX experience - build affine transformations from ideal geometry transform (already

loaded by Acts) + additional misalignment transform (in correct order, rotations don’t

commute!)
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Flexibility of GeometryContext

• GeometryContext is entirely

flexible -be creative!

• Example: silicon vs. TPC in

sPHENIX

• Silicon can use run-by-run

alignment

• TPC has space charge distortions

- misalignment changes on

timescales of O(100)µs !

• Adjust TPC surfaces on a

track-by-track basis
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Using Acts for alignment - development needed!
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Alignment Procedure

1. Fit track to obtain states

2. Calculate residuals and derivatives of states

3. Use a χ2 minimizing tool/algorithm to solve large system of linear equations responsible

for minimizing the track parameters and alignment parameters simultaenously

• Tools like ATLAS minimizing procedure or millepede2 exist. More on this later
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Fitting the Track

• First step is to fit the track to get

the track states

• Could use Acts::KalmanFitter,

General Broken Lines, or something

with 0 assumptions (e.g. a simple

helix fit)

• Custom Acts::Calibrator object

allows you to adjust measurement

uncertainties seen by KF (e.g. to

tolerate misalignment)
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Calculating Residuals and Derivatives

• Work ongoing to develop fitting

tool that collects state information,

see acts-core/Alignment

package

• AlignmentEngine calculates

residuals/derivatives based on

output track states from fitter

• Development opportunity - a full

example (e.g. with ODD) utilizing

existing machinery (more in a few

slides)
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Super structures

• No infrastructure in place (yet) for calculating these quantities for larger super structures

• Generally can be performed using the chain rule, but needs to be implemented

∂r

∂ac
=

∂r

∂ai

∂ai
∂ac

=
∂r

∂ai
Ci

• Can it be generalized between experiments, and/or detectors? e.g. silicon vs. “other”

detectors

• Development opportunity!
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Test bed with the ODD

• Implementing a full chain example

would get code

tested/demonstrated

• Work started to integrate into ODD

• Example - custom dd4hep detector

element with GeometryContext
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Interfacing with Minimization Tools

• Minimization tools already exist, e.g. Millepede2 link

• ODD chain could be interfaced with existing tools for a “complete” alignment workflow

• Last piece in the puzzle, but relatively straightforward

• Example use case in sPHENIX MakeMilleFiles

Mille * mille;

mille->mille(NLOC, local derivatives, NGL, global derivatives, label,

residual);

• Does it depend on experiments conditions database infrastructure? e.g. text file vs.

something more complex (e.g. ROOT tree)

• Challenge: Global labeling system highly geometry specific. What about an experiment

independent strategy based on Acts::GeometryIdentifier?
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Conclusions

• Alignment infrastructure for experiments is in place. Some customization required

• Examples exist (e.g. ATLAS, sPHENIX, ongoing ODD development)

• Alignment transforms are applied to fitters on the fly

• Development of Acts alignment determination machinery needed

• Finish any remaining work on residual/derivative calculation - already in advanced state

• Implement super structure derivative calculations - development opportunity

• Test bed development with ODD - some work started (Zequn Sun, Xiaocong Ai)

• Interface with millepede2 and/or other packages - sPHENIX example exists, not in Acts

• Challenge - how to find time for alignment development (similar to TPC/DC efforts)?

Limited person power. . .
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Work session

• Discussion topics on alignment development? Get started on tasks?

• Otherwise suggest a work session where we break into experiments and start implementing

steps 1 and 2
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Useful references

• https://cds.cern.ch/record/1047047/files/thesis-2007-049.pdf

• https://www.desy.de/∼kleinwrt/GBL/doc/cpp/html/

• https://www.desy.de/∼kleinwrt/MP2/doc/html/index.html
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