
ESTIA data reduction

Speaker: Johannes Kasimir, data reduction group at DMSC
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ESTIA characteristics
• Focusing reflectometry.
• Fixed footprint on sample.
• Polarization.

Source: https://ess.eu/instruments/estia#instrument-description.
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ESTIA data reduction overview

Supermirror normalization

• The neutron beam intensity is inhomogeneous over wavelength and diver-
gence angle.

• Detector pixel efficiencies can vary.
• → Supermirror sample with known reflectivity is used to normalize the

measured intensity and correct for the inhomogeneity.

Virtual source slit correction

• The “virtual source slit” reduces the beam width with the beam incident
angle.

– This keeps the footprint on the sample fixed for the entire divergent
beam.

• → Sample sees relatively fewer events from low incident angles.
Requires correction in the data reduction.
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Implementation: scipp, scippnexus, scippneutron

• essreflectometry is built on top of the scipp data array library,
like most ESS data reduction workflows.

• Few surprises for users familiar with other data reduction tools at ESS.
• Events are kept throughout processing.

scipp.github.io/ess/reflectometry

scipp.github.io
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Interface: essreflectometry

from ess.reflectometry.estia import EstiaWorkflow
wf = EstiaWorkflow()

EstiaWorkflow is a “Sciline workflow”

A Sciline workflow contains “recipes” for computing quantities of interest:

• Reflectivity as a function of Q, theta, or wavelength.
• Raw detector event data.
• Histograms over time of flight or detector pixels.
• etc.

Example

wf[Filename[SampleRun]] = 'estia_192424_00000001.hdf'
... # set more parameters, ROI, reference measurement filename, etc.
result = wf.compute(ReflectivityOverQ)
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Demonstration
Experiment setup

• ESTIA experiment on Ni/Ti multilayer sample was simulated with McStas
– One measurement on a supermirror (for reference).
– 6 measurements on Ni/Ti sample at sample rotations from 1◦ to 7◦.
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Experiment setup (cont.)

• McStas output was sampled and events were written to ESS NeXus files.
• → Input file format identical to what is written by ESTIA during

measurement.
• Data in the NeXus files were reduced using essreflectometry.

Goals

1. Visualize the raw data in the detector.
2. Compute a reflectivity curve for each of the 6 measurements at different

angles.
3. Combine the reflectivity curves into a single curve.
4. Compare the result to the known “ground truth” reflectivity curve.
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Interactive detector view
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Interactive detector view
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Raw detector data
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Event-time detector view

13



Event-time detector view - log scale
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Note: The theoretical reflectivity curve of sample does not account for instrument
resolution.

Resolution is taken into account by convolving the reflectivity with a resolution
function.

For ESTIA these factors dominate the resolution:

• Wavelength resolution.
• Detector spatial resolution.
• Footprint size on sample.

The resolution function associated with the wavelength uncertainty is close to a
rectangular pulse.
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To get a quantity that is comparable to the computed reflectivity curve a
rectangular resolution function is applied to the theoretical reflectivity
curve.
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Reflectivity curves
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Critical edge
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Low Q
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Medium Q
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High Q
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Combined reflectivity
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Combined reflectivity, zoomed
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Conclusion

The theoretical and computed reflectivity curves match well.

Current limitations

• No background subtraction.
• Off-specular data reduction prototypical.
• Data reduction tools mostly geared toward “expert users”.

Implemented but not shown here

• Polarized data reduction.
• Data reduction for time dependent reflectivity.
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Polarization

• Wavelength-dependent correction factors
– associated with polarizing supermirrors (polarizer and analyzer),
– calibrated by measuring two calibration samples,
– with each polarization setting.
– Sample 1: Non-magnetic supermirror.

Sample 2: Magnetic supermirror.
• Calibration has been implemented and tested on McStas data.
• Polarized data reduction has been implemented and tested on McStas data.

• Implementation uses generic procedures for polarized data reduction that
will be used for most ESS instruments with polarization.
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Visualizations for troubleshooting

Reflectivity is expected to depend only on Q.

To verify that this is the case, it is useful to visualize the reflectivity as a function
of:

• θ (angle of reflection) and λ
• Q and λ
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Reflectivity over wavelength and angle of reflection
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Reflectivity over Q and wavelength
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Questions?
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