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DRAM @

Data Reduction, Analysis and Modelling Scope

The DRAM group is responsible for providing the
data reduction, analysis and modelling software
for all instruments at ESS.

(13 teams (9 persons)

Andrew Sazonov (Data Reduction (scipp)

(dData Analysis (SasView, SpinW, EasyScience,
external collaborations )

dModelling (McStas++, pan-learning.org, NMX)

Peter Willendrup Mads Bertelsen Justin Bergmann
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SCIpp @

scipp, scippneutron, scippnexus, plopp and ess

[ Close collaboration between scipp and IDS team
for defining data reduction workflows in scipp

d Joint meetings, pair-programming, and lively

ess _ _ _ External
ESS specicechniue submodules > Tectnologies discussion on a dedicated Slack channel
ESS-speciic insrument submoduies  GrGAmI [ESHANTN RN :
Plopp ScippNeutron  ScippNexus
h5py-like utiity for NeXus <>
Neutron scattering data files with seamless Scipp
Plotting library for Scipp processing based on Scipp integration Numpy
SciPy

Scipp Matplotlib

Jupyter
Multi-dimensional data arrays with labeled dimensions h5py

 scipp continues to be developed with input and
requirements from instrument data scientists.

1 Good progress

J From: hitps://scipp:github.io A Lots of features added & issues fixed



https://scipp.github.io/

SCIpp

Documentation on https://scipp.github.io

= Related projects v 030 (atesh v 131 ) X i= Contents
@} '
NeXas Quick Start Guide
Q. Search the docs ... .
Overview
GETTING STARTED The NeXus Data Format is typically used to structure HDF5 files. An HDF5 file is a container for
Installation datasets and groups. Groups are folder-like and work like Python dictionaries. Datasets work like
Quick Start Guide NumPy arrays. In addition, groups and datasets have a dictionary of attributes.
= Related projects v 0.2.2 (latest) v [ 3 O _&ﬂ = Contents

Q, Search the docs ...

USER GUIDE
Line plot
Image plot

Slicer plot

Installation

Using pip

You can install from pip using
pip install plopp[scippl

This will install both plopp and scipp which is required to use plopp. If you already have scipp installed,
you can leave the [scipp] part out:

-

O scippnexus: An h5py-like utility for
NeXus files with seamless Scipp
integration

O plopp: plotting library for scipp


https://scipp.github.io/scippnexus

scipphexus

 POWGEN data
U PG3 4844 event.nxs

from scippnexus import NXdetector, NXdata

f.entry.instrument [NXdetector]

[51]: @& “‘
[ BY |
av ‘l
az

log

sum

tof .. [19.0 1.669e+04] [us]

Thickness

Opacity... 0.03-1.00

Cut surface:

XQ Y@ ze RO X © Y© b4 o} 7

Profile

{'bank102': <NXdetector "/entry/instrument/bank1@2">,
'bank103': <NXdetector "/entry/instrument/bank1@3">,
'bank104': <NXdetector "/entry/instrument/bank104">,
'bank105': <NXdetector "/entry/instrument/bank1@5">,
'bank106': <NXdetector "/entry/instrument/bank106">,
‘bank123': <NXdetector "/entry/instrument/bank123">,
'bank124': <NXdetector "/entry/instrument/bank124">,
'bank143': <NXdetector "/entry/instrument/bank143">,
‘bank144': <NXdetector "/entry/instrument/bank144">,

'bank164': <NXdetector "/entry/instrument/bank164">,
‘bank184': <NXdetector "/entry/instrument/bank184">,
'bank22': <NXdetector "/entry/instrument/bank22">,
'bank23': <NXdetector "/entry/instrument/bank23">,
'bank24': <NXdetector "/entry/instrument/bank24">,
'bank42': <NXdetector "/entry/instrument/bank42">,
'bank43': <NXdetector "/entry/instrument/bank43">,
'bank44': <NXdetector "/entry/instrument/bank44">,
'bank62': <NXdetector "/entry/instrument/bank62">,
'bank63': <NXdetector "/entry/instrument/bank63">,
'bank64': <NXdetector "/entry/instrument/bank64">,
'bank82': <NXdetector "/entry/instrument/bank82">,
'bank83': <NXdetector "/entry/instrument/bank83">,
'bank84': <NXdetector "/entry/instrument/bank84">}

f.entry.instrument [NXdetector] ['bank102'][()]

scipp.DataArray (8.75 MB)

» Dimensions:

v Coordinates:
azimuthal_angle
distance
local_name
pixel_id
polar_angle
total_counts
x_pixel_offset
y_pixel_offset

v Data:

(x_pixel_offset: 154, y_pixel_offset: 7

(x_pixel_offset, y_pixel_offset) float32 rad
(x_pixel_offset, y_pixel_offset) float32 m
0 string
(x_pixel_offset, y_pixel_offset) int32
(x_pixel_offset, y_pixel_offset) float32 rad
V] int32
(x_pixel_offset) float32 m
(y_pixel_offset) float32 m

(x_pixel_offset, y_pixel_offset) DataArrayView

-0.3123652, -0.2958419, ..., -0.2258334¢%
3.2983806, 3.2987897, ..., 3.5141585, 3.5
B

127500, 127501, ..., 128576, 128577
1.4804635, 1.4808731, ..., 1.266226, 1.26.
456601

-0.3825, -0.3775, ..., 0.3775, 0.3825
-0.1629, -0.1086, ..., 0.1086, 0.1629

binned data [len=0, len=0, ..., len=0, len=(

f.entry.instrument [NXdetector] ['bank102'] ['event_time_offset'][()]

scipp.Variable (1.74 MB)

(event: 456601)

float32 us 6027.5, 7976.1, ..., 10003.6, 3044.1

(OO (O (O (O (O (U (O ()

=0 €m
Recent Files /Users/torbennielsen/Downloads/PG3_4844_event.nxs

v @lentry
> CADASlogs
» CASNSHistoTool
> CAbank102
> C4bank102_events
> CAbank103
> CAbank103_events
> CAbank104
» CAbank104_events
> CAbank105
> CAbank105_events
> CAbank106
» CAbank106_events
> C4bank123
> CAbank123_events
> CAbank124
> C4bank124_events
> CAbank143
> CAbank143_events
»CAbank144
> CAbank144_events
> CAbank164
> CAbank164_events
> CAbank184
> CAbank184_events
> C4bank22
> CAbank22_events
> C4bank23
> CAbank23_events
> CAbank24
» CAbank24_events
> CAbank42
> CAbank42_events
> Cqbank43
> CAbank43_events
> CAbankd4d
> CAbank44_events
» CAbank62
> CAbank62_events
> CAbank63
> CAbank63_events
> CAbank64
> CAbank64_events
> CAbank82
> CAbank82_events
> Cqbank83
> CAbank83_events
> CAbank84
> CAbank84_events

HDFView




Issues with automatic resampling

print(da.min().value, da.max().value)

p I O p p -0.9999902065507035 ©.9999886166646338

s
p

sc.plot(da, title='Scipp')
pp.plot(da, title='Plopp')
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ESS-specific instrument submodules

; Plopp ScippNeutron  ScippNexus
Q hSpy-like utilty for NeXus
c Plotting library for Scipp mn‘:ﬂ bescon & Scipp fm:mmmm e
Scipp
Muti- data arrays with labeled

yy [m]

Scipp vs Plopp

This notebook aims to illustrate the differences between the current (old) Scipp plotting, and the new Plopp package.

Background

0 5 10 15
See ADR0013 for more details.

ipw.HBox( [s._to_widget(), p.to_widget()])
Scipp

20 25 30 35
xx [m]

[counts]
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yy [m]

Plopp
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0.50

0.00

[counts]

-0.25
-0.50

-0.75

xx [m]

The current plotting functionality automatically resamples 2-D (or higher) data as well as binned data of any dimension. There were three main drivers/motivations for this:

« We frequently deal with data with “long"” dimensions, such as “pixel” or “spectrum” dimensions, which may exceed a million.

« We often deal with “ragged” data, i.e., data with 2-D coordinates that originate after coordinate transformations.

« We frequently plot binned data. Bins are often much larger than the target plot resolution, so histogramming must be done. This is combined with “long” dimensions and
potentially high resolutions along other dimensions (exceeding 1000 or even 10000).

In the past we have therefore taken it as a given that resampling is a non-optional requirement. However, we have since then experienced a multitude of problems with this,
ranging from simple bugs to complex and hard to maintain code. More importantly, the resulting plots are unpredictable and not faithful to the actual data.

One of the most compelling conclusions was:

"Scientifically any plot generated with resampling is not usable, e.g., for publications."

New requirements
From scipp#2475

Faithful representation of data

Not tied to plotting/widget library

Updatable data

Both interactive and static figures

Customizable figures

Plots should still be visible in saved notebooks

API for adding custom toois with cailback (or similar)

NN =

old

ess-notebooks

€SS [limaging | [ sans | [l
| deam  esta .

scippneutron

scipp




scipp / IDS

Data reduction workflow - - see ess package

dSome of the highlights include the ess package
being extended for powder diffraction support
such that reduction workflows are now available
directly for the users on the online documentation

pages.
= Data reduction for POWGEN

= This notebook shows a basic reduction workflow
for powder diffraction for the SNS POWGEN
instrument. It serves mainly to develop and
present routines for powder diffraction and will
eventually be removed in favor of a workflow for
DREAM at ESS.

= See ess docs on io pages

= Related projects v  0.9.0 (latest) v [ 3 o -“ i= Contents
<~
e 35S  Loaddata
-
Load the sample data. We use the dedicated load function from powgen instead of scippneutron. load
because the former passes the correct parameters to the underlying algorithm automatically.
Q. Search the docs ...
Note: We get the file name from powgen. data. This module provides access to managed example files.
In the real world, we would need to find the file name in a different way.
GETTING STARTED
Installation [3]: sample = powgen.load(powgen.data.sample_file())
INSTRUMENTS Downloading file 'PG3_4844_event.nxs' from 'https://public.esss.dk/groups/scipp/ess/
Amor h [4]: sample
Loki v [4]:
scipp.DataArray (291.86 MB)
External Instruments ~
POWGEN A~ » Dimensions: (spectrum: 24794, tof: 1)
Data reduction for POWGEN v Coordinates:
Reference v detector_info 0 Dataset <scipp.Dataset> Dimensions: Sizes[deteci &
position (spectrum) vector3 m [1.17451004 -1.01106149 -2.03796699], | &
TECHNIQUES sample_position () vector3 m [0.0.0.] s
Diffraction v source_position () vector3 m [0.0.-60.] =
Reflectometry - spectrum (spectrum) int32 1,2, ..., 24793, 24794 s
tof (tof [bin-edge]) floaté4 ps 19.0, 1.669e+04 s
SANS v
o v Data:
Wavelength frame multiplication v
(spectrum, tof) DataArrayView binned data [len=0, len=0, ..., len=0, len=C &
UTILITIES » Attributes: (56)
Modules v
= Related projects v 0.9.0 (latesty v £ 3 ) * i= Contents

{1 ess

Q. Search the docs ...

GETTING STARTED

Installation

INSTRUMENTS
Amor
Loki
External Instruments
POWGEN
Data reduction for POWGEN

Reference

TECHNIQUES
Diffraction
Reflectometry
SANS

Wavelength frame multiplication

UTILITIES

Modules

< > > < X

< < < <

We start simple by combining all spectra using data.bins.concat('spectrum’). Then, we can
normalize the same data by vanadium to get a d-spacing distribution.

[19]: all_spectra = diffraction.normalize_by_vanadium(
sample_dspacing.bins.concat('spectrum'),
vanadium=vana_dspacing.bins.concat('spectrum'),
edges=dspacing_edges,

)

'histogram' is deprecated. Use 'hist' instead.

[20]: sc.histogram(all_spectra, bins=dspacing_edges).plot()

'histogram' is deprecated. Use 'hist' instead.

[20]:

S o
n 1

[dimensionless]

[N}
N

00 05 10 15 20
dspacing [A]



https://scipp.github.io/ess/instruments/external/powgen/powgen_reduction.html

SCIpp @

A bunch of releases

scipp: #10:v0.16.4 - v0.16.3 - v0.16.4 - v0.16.2 - v0.16.1 - v0.16.0 - v0.15.1 - v0.15.0 - v0.14.1 - v0.14.0 - v0.13.1 (April 01 2022)
scippneutron: #9: v.0.9.4 - v.0.9.3 -v.0.9.2 - v.0.9.1 - v.0.9.0 - v.0.9.4 - v.0.8.0 - v.0.7.0 - v.0.6.0 - v.0.5.3 (30 March 2022)
ess: #7:v0.9.0 - v0.8.0-v0.9.0 - v0.7.1 - v0.7.0 - v0.6.0 - v0.5.0 - v0.4.0 (Feb 28 2022)

scippnexus: #21: v0.3.2 -v0.3.1-v0.3.2-v0.3.0-v0.2.1-v0.2.0-v0.1.8-v0.1.7 -v0.1.6 - v0.1.5-v0.1.4 -v0.1.3 - v0.1.2 - v0.1.1
-v0.1.0-v0.0.9 - v0.0.8 - v0.0.7 - v0.0.6 - v0.0.5 - v0.0.4 (31 March 2022)

plopp: #8:: v0.3.0-v0.2.2-v0.2.1 v0.2.0-v0.1-v0.03 -v0.0.2 -v0.0.1 (25 Aug 2022)
mpltoolbox: #7:v0.1 —v0.0.8 —v0.0.7 —v0.0.6 —v0.0.5 —v0.0.4 —v0.0.3 (11 Jul 2022)

# 62 - releases
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Modelling

McStas Python APl with tools, diagrams and widgets

o

New developments

Diagrams of instrument objects

Improved error checking

Compatibility with McStas 3.X

RELATIVE AT . Imgnnl

RELATIVE ROTATED | WHEN!

Union

GROUP

K

Interactive quiz system in jupyter notebooks

Dynamic splits of instruments using MCPL

In collaboration with PaNOSC

= |nstrument database with API

McStasScript Jupyter notebook
import mcstasscript as ms
instr = ms.McStas_instr("demo")

source = instr.add_component("source", "Source_simple")

source.E@ = instr.add_parameter('energy", comment="[meV]")

source.set_parameters(xwidth=0.12, yheight=0.03, dE="0.1lxenergy",
dist=2.0, focus_xw=0.01, focus_yh=0.01)

xtal = instr.add_component("crystal”, "Single_crystal")
xtal.set_parameters(radius=0.005, reflections='"YBaCu0.lau"',
ax=3.8186, by=3.886, cz=11.6777, mosaic=30)
xtal.set_AT([0, 0, 2.0], RELATIVE=source)
instr.add_parameter('sample_rotation", value=0, comment="I[degl")
xtal.set_ROTATED( [0, "sample_rotation", @], RELATIVE=source)

instr.set_parameters(energy=5.0, sample_rotation=37.0)
instr.show_parameters()

energy = 5.0 // [meV]
sample_rotation = 37.0 // [deg]

data = instr.backengine()

™
PanNoOSC

photon and neutron
open science cloud




Modelling: workshops and conferences @

Events attended since april

Participated in following events
= DMSC McStas workshop
= McStas training days (May-July 2022)

= |CNS Argentina
Neutron Instrumentation and Innovation award for Mads Bertelsen

= PaNOSC Summer school
= ESS-ILL User meeting
= PaNOSC WP 5 sprint (online)




McStasScript @

Modelling overview

mcstasscript: #10: 0.0.51, 0.0.50, 0.0.49, 0.0.48, 0.0.46, 0.0.44, 0.0.43, 0.0.42, 0.0.41, 0.0.40
(March 22 2022)

guide_bot: #10: 0.0.27 - 0.0.26 - 0.0.25 - 0.0.24 - 0.0.23 - 0.0.22 - 0.0.21 - 0.0.20 - 0.0.19 - 0.0.18 -
0.0.16 - 0.0.15 (Feb 16 2022)
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Data Analysis

Updates since last STAP

For easyScience core:
Wextension for multiple datasets/fit functions fitting

(10 rework of easyCore for speedup in XML
encoding, and hence a more responsive GUI.

LStarted work on asymmetric peaks fitting in
easyDiffraction

For easyDiffraction:

UeasyDiffraction v0.8.4 was released

Wpolarized support in the GUI

Uchanging how experimental data are handled
Ustarting working on file-less interface to CrysFML

WImproved CrysPy interface

For easyReflectometry:
easyReflectometry v0.0.5 was released
surfactant Layer in GUI was added

general bug fixes and minor improvements

o

15



easyDiffraction 0.8.4

Polarization support for CW using CrysPy

Home  Project Sample

Description Text View (CIF)

Fe304

Calculation: CrysPy

Experiment

Analysis  Summary
Basic controls

@ Getstarted

© Create a new project

© Continue without a project

easyDiffraction

un-polarized

polarized

Structure view Text View (CIF)

Minimization: Lmfit (least_squares)

Calculation: CrysPy  Minimization: mfit (Least_squares)

t der, constant wavelength, polarised, 6T2@LLB
Phases: Fe304 &, Open an existing project
Experiments: POINPDST
Modified: 1407.2022 1647
eoe

=
v
Project  Sample

A =

Home

Experiment  Analysis

- 9 © x

Summary
Basic controls

@ Structural phases

y z #

&, Add new phase from CIF

» Symmetry and cell parameters
> Atoms, atomic coordinates and occupations|
> Atomic displacement parameters

» Magnetic susceptibility parameters

Cw

v' CrysFML
v' CrysPy
v' GSAS-II

v CrysPy

TOF

v CrysPy

o 3
— 48\
o A ® Vv -] 3
Home Project Sample Experiment Analysis Summary
Fitting Basic controls  Advanced controls
P:
244 2= D & » Parameters
¥ Calculation
1000
Engine:  CrysPy o
¥ Minimization
Minimizer:  Lmfit v Method:  least_squares -
500 » Fitting constraints
» Fitting componenets
£
2
g
g
P
g
E
0
-500
v 100
8
w 0
g
£ 00
10 20 30 40 50 60 70

20 (deg)

Calculation: CrysPy Minimization: Imfit (least_squares)




easyReflectometry
v0.0.5

L]
. a A B = b
surtactant Layer in GUI was adde e e
Model view Basic controls  Advanced controls
- ¥ Material editor
. . . R N -
eneral bug fixes and minor improvements
10%0
1 Air 0.000 0.000 o 1
2 D20 6335 0,000 (-]
H Python notebooks - e
© Add material 1B Duplicate material r» ¥
10%2 ¥ Models editor
Color Label Del.
. Air-D20-Si
10%3
© Add model (8 Duplicate model
T @ Air-D20-Si editor
No. Label Type Del.
1  Repeating Multi-layer Surfactant Layer - @
10%5
2 Multi-layer Repeating Multi-layer - @
3 Subphase Repeating Multi-layer - @
10%-6 © Additem (I Duplicate item ¢
@ Surfactant Layer editor
1077 Formula Thickness/A Roughness/A Solvation APM/A" Solvent
005 04 015 02 025 03 ¥ Chemical Constraints
q(A™
Area-per-molecule Conformal roughness
¢ 1
Constrain roughness to item  SubPhase  ~
E( 4
)
2
9
@2
0
0 20 40 60 80 100
(B
Calculation: refx  Minimization: Imfit (least_squares)
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Documentation
https://docs.easydiffraction.org/lib/

n
ra
i

@ easydiffraction Create calculator

Q. Search the docs I calculator = job.interface # CrysPy is default

l print(f"Current calculator engine: {calculator.current_interface_name}")
Getting Started

TUTORIALS Current calculator engine: CrysPy
Basic tutorials ~

simulsten ot hecifracton I rint(f"Available caloulators for cH: (calculator. ncer7ace-conpatabi1ey( Noowder1oCH:
Advanced tutorials v

Available calculator engines: ['CrysPy']
Available calculators for CW: ['CrysPy']

Analysis

Calculate the profile using the calculator we defined previously.

x_data = np.linspace(20, 170, 500)
_ = job.create_simulation(x_data)
y_data = np.array(data['sim_NaCl'])

fig = figure(width=FIGURE_WIDTH, height=FIGURE_HEIGHT)
fig.line(x_data, y_data, legend_label='CW Simulation', color='orangered', line_width=2)

show(fig)
2000 ~— CW Simulation
[
ye)
1500
op
1000
<
O]
500
Theme by the Executable Book Project
0
t t t T t t t f
20 40 60 80 100 120 140 160

le

https://docs.easyreflectometry.org

n
-
3

WY EasyReflectometr L .
WSEasy Y Reading in experimental data

Q. Search the docs ... EasyReflectometry has support for the . ort file format, a standard file format for reduced reflectivity

data developed by the Open Reflectometry Standards Organisation. To load in a dataset, we use the

CONTENTS: load function.
Installation
[3]: data = load('_static/example.ort')
Usage
Libraries “ The function about will load the file into a scipp Dataset object. This offers some nice visualisations of

Calculators & Optimisation the data, including the HTML view.

Tutorials ~ (4): [ data
Fitting a simple slab model 141:
A multilayer fitting model scipp.Dataset (12.76 KEB)

Using the MaterialMixture » Dimensions: (Qz_0: 408)

Investigation of a surfactant v Coordinates:

monolayer Qz.0 (Qz.0) floaté4 1/A 0.008, 0.008, ..., 0.461, 0.466 =

Analysis of multiple isotopic o = 0,000, 0,000, ..., 0.008, 0.010

contrasts

v Data:
Contributing RO (Qz_0) floaté4 1  0.710, 0.862, ..., 3.856e-07, 3.834e-07 =]
Credits 0 = 0.085, 0.112, ..., 1.761e-07, 1.885e-07
API v v Attributes:

orso_header () PyObject {'data_source': {'owner" {'name': 'Andrew Nelson', ‘affiliai &

EasyReflectometry also includes a custom plotting function for the data.

[5]: plot(data)
[5]:

0]
10 . RO

7 10724

i

c

g

]

- ]

g 10

E

=2

107° A
Theme by the Executable Book Project m'
0.0 0.1 0.2 0.3 0.4

Qz_0[1/A]
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Collaborations — getting people onboard

— N =
- i .t i= Contents I

€SS

EasyReflectometry

@ easydiffra ction Home  Features  Contact Docs €

Contributing

Contributions are welcome, and they are greatly appreciated! Every little bit helps, and credit will
CONTENTS: always be given. G et in tou Ch

Installation

Q. Search the docs ...

You can contribute in many ways:

Usage
Libraries v 9
Calculators & Optimisation TypeS Of ContrlbutIOnS General questions
Tutorials v
For general questions or comments, please contact

Contributing Report Bugs us at support@easydiffraction.org, or fill out the
Credits . ) o form.

Report bugs at https://github.com/easyScience/EasyReflectometryLib/issues.
API v

If you are reporting a bug, please include: ﬁ
e Your operating system name and version. Issues and new features

e Any details about your local setup that might be helpful in troubleshooting.

o Detailed steps to reproduce the bug. For bug reports and feature requests, please use

GitHub Issue Tracker instead (free registration
required). Send Message

S asvze‘] ABOUT V¥ LINKS & DOWNLOADS DOCUMENTATION CONTENT ¥V

This site is protected by reCAPTCHA and the Google Privacy Policy and Terms of Service apply.
ABOUT SASVIEW
Why get involved
— . ra —
— v .16. v i= Contents
No matter whether you are a , an industrial researcher, or a graduate - Related projects 0.16.4 (latest) Ld O ‘t
student, numerous studies haV_are many benefits to joining collaborative °
software projects. See here fo w of why! But in a nutshell, you will not } S ‘ I
only be helping to develop a p- that you (and perhaps colleagues around Co nt ri b uti n to Sci p p
you) rely on, but you will be developing your own skills set too. g
And if you are just starting out using small-angle scattering, contributing to SasView Q. Search the docs ...
would be a great way to meet people with a wealth of experience! We offer discounted o
consultancy rates to contributors. (In case you are wondering, that is a joke!) Ove rVIeW
3 GETTING STARTED I . . . .
Ways to contribute Contributions, bug reports, and ideas are always welcome. The following section outlines the scope of
What is Scipp? : : thi - -
There are many ways that you can contribute to SasView, and not all of them require scipp. If in doubt whether a feature falls within the scope of scipp please ask on github before
coding! Installation implementing functionality, to reduce the risk of rejected pull requests. Asking and discussing first is
Quick start enerally always a good idea, since our road map is not very mature at this point.
We need contributors that can... 9 Y ysag ! P i P
Frequently Asked Questions
¢ Respond to queries posted to help@sasview.org;

¢ Teach others how to get the best from SasView;




Finish presentation



