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Virtual X-Ray Interferometer for Estimation of Systematic Effects
in The Determination of The Lattice Parameter of Si-28
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Motivation: X-Ray Crystal Density (XRCD) Method
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Sphere interferometer

Combined optical
and x-ray
interferometer (COXI)

• International Avogadro Coordination contributed to SI-Revision 2019
• Today: one of two realisation methods for the kilogram
• But: only one lattice parameter measurement by INRiM
• Therefore: at least one additional independent measurement at PTB 
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Physical Background:  Working Principle of The COXI
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Evaluation of Measurement Data
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B. Andreas and U. Kuetgens, “A continuously scanning separate-crystal single-photon x-ray interferometer,” MST 31, 115005 (2020)
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Systematic Effects by Thickness Variation And Lateral Drift
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Sub-Nanoradian Angular Control and Offset Angle 𝜽𝐛𝐢𝐚𝐬
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Impact of Thickness Variation (Dynamical Diffraction Simulation)
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Solution: re-etch certain lamellas on splitter/mirror crystal!
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Iterative Etch Robot by Electroless Cu Plating And FeCl3-Etching
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X-Ray Computer Tomography Measurements (René Laquai, 5.34)

Extraction of all topographies (René Laquai, Josef Frese) 
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Main Motivation for Simulation
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Implementation: Main Simulation Concept
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1. 𝐏0 and 𝐊0 are given.

2. A path agent finds the points 𝐏1 to 𝐏8.

3. From 𝐏5 and 𝐏8 the mean position 𝐏9 is calculated.

4. From 𝐏9 and the local topography 𝐏10 and 𝐏11 are calculated.

5. The points 𝐏1 to 𝐏7 as well as 𝐏10 and 𝐏11 are used for 
calculating the phases of the plane waves used for dynamical 
diffraction theory computations.
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Phase Factors
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Plane-wave phase-factor: 𝑃𝐹PW = exp −i𝐊 ∙ 𝐏

Local susceptibility: 𝜒h 𝐁 = 𝜒h 0 𝑃𝐹h = 𝜒h 0 exp −i𝐡 ∙ 𝐁

crystal

Cause of translational phase shift! 

𝐡

𝐊
plane wave
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Object-Oriented Programming: Basic Concept
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Classes of objects with inherent properties and methods

System of (real) entities
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Object-Oriented Programming: Example
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Lamella
Properties
Methods

Material
Properties
Methods

Lamella Group
Properties
Methods

System
Properties
Methods

Translation()
Rotation()
etc.

Dynamical Diffraction()
etc.

e.g. Position, Normal,
Topographies

 Entity interrelations are mapped to class definitions!
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UML of a pre-Alpha Implementation
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Implementation in MATLAB

XRT_Camera.m XRT_DupLamellaGroup.m XRT_GetDim.m XRT_PathAgent.m

XRT_RetraceRayArray.m XRT_CrysTrans.m XRT_DupRayArray.m XRT_GetResults.m

XRT_PathExtractor.m XRT_Si220LaueCu.m      XRT_Detector.m XRT_DupSystem.m

XRT_Lamella.m XRT_PlotSystem.m XRT_Si220LaueCu2.m     XRT_DupDetector.m

XRT_EvalSystem.m XRT_LamellaGroup.m XRT_MainXRIpar.m XRT_RayArray.m

XRT_System.m XRT_DupLamella.m XRT_FindEntity.m XRT_Rayplot.m

BiPolyDer.m BiPolyFit.m BiPolyMat.m BiPolyVal.m

CTD_Load.m CTD_LoadBatch.m

Approx. 3000 lines of code in 30 m-files (8 class definitions, 20 functions and 2 scripts):

03.12.2025 VirtMet 2025

2D-polynomials up to 6th order incl. all mixed terms

CT-Data import

The evaluation is done with the same functions that are used for the real measurements (not 
shown here).
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Object-Oriented Programming in MATLAB: An Example
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Handle classes…

…allow syntax like this
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Object-Oriented Programming in MATLAB: An Example
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Its public without this!

Constructor



19

Object-Oriented Programming in MATLAB: An Example
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Object-Oriented Programming in MATLAB: An Example
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.

.

.

Here is (optional) room for helper functions in the same file.
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Object-Oriented Programming in MATLAB: An Example
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Create an instance
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Object-Oriented Programming in MATLAB: An Example
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…because its private!
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Monte-Carlo Results (1.9 h per run) 

Without offset angle (166 Runs):
O beam: -6.4E-10 ± 3.9E-10
H beam: -9.0E-10 ± 4.6E-10

With 1.2” offset angle (126 Runs):
O beam: -5.5E-10 ± 7.8E-10
H beam: -1.23E-9 ± 9.5E-10

VirtMet 202503.12.2025
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Murphy’s Law
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Summary

T

R1

L1

A
detectors

X-ray source

• Implementation in MATLAB using handle classes

• Representation of measured topographies by
bivariate 6th grade polynomials (incl. mixed terms)

• Local consideration of lamella thicknesses

• Path determination via ray-tracing

• Bookkeeping of phase factors

• Dynamic diffraction theory with plane waves
inside lamellas

• Evaluation analogous to experiment data

• Monte Carlo (ca. 1.9 h per Run)
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