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Support users with scientific computing at modern open science facility
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DRAM @

Data Reduction, Analysis and Modelling - Staff

VS 4

Jan-Lukas Wynen Sunyoung Yoo Johannes Kasimir Mridul Seth

»3 teams (14+ persons)

1. Data Reduction (scipp)

2. Data Analysis (SasView,
SpinW, EasyScience,
external collaborations )

Andrew Sazonov Andreas Pedersen Henrik Jacobsen Christian Vedel

3. Modelling (McStas++,
pan-learning.org,
Detector Group)

Peter Willendrup Mads Bertelsen Thomas Kittlemann
Scope

The DRAM group is responsible for providing the data reduction, analysis and modelling soft-ware for all instruments at ESS.
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(pixel position, detection time) —

Event data in NeXus file
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ta Reduction: convert detector data @

ohysical data

(4, energy, 6, d-spacing, intensity, ...)

Output with physical units
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http://scipp.github.io/

Data reduction workflows for ESS s

On-line documentation // Getting started

E Related projects ¥ 24.1.1.dev5+g8409fb3 (latest) ¥ : : O _‘ﬂ
“ . . .
. . H
‘ ~) S ESSdiffraction ESSnmx D SCI p p g |th u b A O/eSS O GltHUb
Diffraction data reduction Data reduction for the NMX instrument
Q. Search the docs ...
ESSpolarization ESSreflectometry
GETTING STARTED . . .
Polarization data reduction Reflectometry data reduction
Installation
INSTRUMENTS
Amor v ESSsans ESSspectroscopy
DREAM v SANS data reduction Spectroscopy data reduction
Loki v
External Instruments v
ESSreduce
TECHNIQUES
Diffraction o Common tools for ESS data reduction
Reflectometry v
SANS v
Wavelength frame multiplication v

SANS data reduction for the European Spallation Source

Quick links

LoKI ISIS instruments Common tools




Data reduction workflows

Example — LOKI detector test data

o

) GitHub

A > Userguide > LoKl > Direct beam...

Direct beam iterations for LoKI -l scipp.github.io/esssans

Introduction

This notebook is used to compute the direct beam function for the LoKI detectors. It uses data recorded

during the detector test at the Larmor instrument.

Compute the (background subtracted) 1(Q)

Create pipeline using Sciline

We use all providers available in esssans as well as the loki -specific providers, which include I/O and mask setup

[1]:

import
import
import
import
import

numpy as np
scipp as sc

sciline
scippneutron as scn
plopp as pp

from ess
from ess
from ess

import sans
import loki
import isissans as isis

specific to the LoKl instrument.

We then build the pipeline which can be used to compute the (background subtracted) I(Q).

from ess.sans.types import *

[4]: pipeline.visualize(BackgroundSubtractedIofQ, compact=True, graph_attr={'rankdir': 'LR'})
[4]: e 7 -
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Data Analysis

In-house projects

4 EasyScince

O EasyDiffractionApp
LEasyDiffractionLib

O EasyReflectometryApp

EasyReflectometryLib

@ easyscience Home  Projects  Features  Contact €

Making scientific data analysis and
modelling easy

EasyScience is a Python/QML framework for data analysis being developed to speed-up the
time from data collection to publication. Users will be able to both view and model their data
using a variety of popular field dependent engines o calculators within a friendly graphical

interface or through a Jupyter notebooks.

Current success stories are for the fields of powder neutron diffraction and reflectometry
where profiles based on user defined models are simulated and refinement against

experimental data.

Projects

O See https://easyscience.software

easydiffraction =
Simulation of diffraction patterns based on - L]
structural models and refinement against
experimental data.
Integrates such crystallographic data analysis
libraries as CrysPy and CrysFML.
Visit easydiffraction.org -
@ easydiffraction Home  Featres Docs  Contact € easyreflectometry Home Featwres Docs  Contact
Making diffraction data analysis and Making reflectometry data analysis
.
modelling easy and modelling easy
An intuitive and user-friendly application which integrates some crystallographic libraries such
as CrysPy and CrysFML (experimental). Allowing for the simulation of diffraction patterns An intuitive and user-friendly application which integrates multiple popular reflectometry data
based on structural models and refinement against experimental data. analysis libraries such as refnx and refl1d. Allowing for the simulation of reflectometry
profiles based on layered structures and refinement against experimental data.
Version 0.9.0-alpha10 (12 Mar 2024)
Version 0.0.9-beta (13 Mar 2024)
‘Download for Download for
Download for
22 Windows & macOS & macOS
. i - Download for ‘ Download for 7\ Get it from the
Windows macOS Snap Store
Download for Download for Get it from the
3 Ubuntu 43 Ubuntu > Snap Store
o ‘You can also build it from source.
You can also build it from source.
-
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https://easyscience.software/
https://easydiffraction.org/
https://easyreflectometry.org/
https://easyscience.software/

Fitting
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easyDiffraction
App & Lib for Jupyter notebook
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Analysis  Summary

5 hpt

name
SOV a

SOV

T Bl P occ
S @ ul P iso
LT B 71 D occ
S 8 nl b iso

S8 w2 P occ

Basic controls  Advanced controls

ALl names (94)

value

13.6390 A

14.0214 /1

0.75

0.8 A%

0.25

0.8 A2

0.75

135000 | @)

wh 147 - 146 B Success

© start fitting

© Continue

e 0 i
-
L Filter by variability -
error min max  vary
0.0003 -inf inf
0.0005 inf inf
-inf inf
-inf inf
-inf inf
-inf inf
-inf inf
13.7000

@ easydiffraction
Q. Search the docs ...

Getting Started

TUTORIALS

Basic tutorials ~

Simulation of the diffraction
pattern

Advanced tutorials v

Theme by the Executable Book Project

ra
La

Create calculator

l calculator = job.interface # CrysPy is default
[ print(f"Current calculator engine: {calculator.current_interface_name}")
Current calculator engine: CrysPy

print(f"Available calculator engines: {calculator.available_interfaces}")
print(f"Available calculators for CW: {calculator.interface_compatability('Npowder1DCWt

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
|
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easyReflectometry
App & Lib for Jupyter notebook
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(B Duplicate item ¥
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eoe =~ N
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Home Project Sample Experiment
Model view Basic controls Advanced controls
0 + oA ¥ Material editor
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10
1 Air
2 D20
101 3 s
© Add material
102 v Models editor
Color Label
. Air-D20-5i
103
© Add model
g
“ jor4 @ Air-D20-Si editor
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1 Repeating Multi-layer
105
2 Multi-layer
3 Subphase
10%6 © Additem
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Calculation: refx  Minimization: mifit (least_squares)

W EasyReflectometry

Q. Search the docs ...

CONTENTS:
Installation

Usage

Libraries v

Calculators & Optimisation

Tutorials ~

Fitting a simple slab model
A multilayer fitting model
Using the MaterialMixture

Investigation of a surfactant
monolayer

Analysis of multiple isotopic
contrasts

Contributing

Credits

API v

Theme by the Executable Book Project

Reading in experimental data

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
load function.

[3]: data = load('_static/example.ort')

The function about will load the file into a scipp Dataset object. This offers some nice visualisations of
the data, including the HTML view.

[4]: data

tal: scipp.Dataset (12.76 KB)

» Dimensions: (Qz_0: 408)
v Coordinates:
Qz 0 (Qz_0) floaté4 1/A 0.008, 0.008, ..., 0.461, 0.466 =
o =0.000, 0.000, ..., 0.009, 0.010

v Data:
RO (Qz_0) floaté4 1  0.710, 0.862, ..., 3.856e-07, 3.834e-07 SR
o =0.085, 0.112, ..., 1.761e-07, 1.885e-07
v Attributes:

orso_header () PyObject {'data_source': {'owner'" {'name': ‘Andrew Nelson', 'affilial £

EasyReflectometry also includes a custom plotting function for the data.

[5]: plot(data)

[51:
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) GitHub
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Modelling McStas

-

McStas




2025 1
2024 - ESS Lund/Copenhagen McStas training ® SOLEIL McXtrace HERCULES session
M S -t o @ ESS Lund/Copenhagen DMSC Summer School
C a S SOLEIL McXtrace training 2023 ®
2023 A1 University of Copenhagen McStas Advanced Design School @ .
g 1st Greek Summer School on Synchrotron Radiation
2 | ESS DMSCIDS Mcatas training March 202 § SSLAOMFLaS IRy Iune/uly 2022
Instrument simulations for ESS 021 FOIESS 55 onlne?! 1ang (Cametoun) @15 STEC enine: aning Gatreronr)
2020 + SOLEIL McXtrace training 2019 @
N ® McStas + Neutron optics @ BNS2019, Bilbao
2019 - CSNS Mcstas training 2019 @ ESS DMSC McStas training Feb. 2019
ESS DMSC McStas tralm?gg gg%g 'ORNL McStas training 2018
ESS DMSC McStas training Jun. 2018 Erice SONS
! ! 2018 A1
O Maintain and develop McStas (for ESS and others) N
— ® McStas training at ISIS STFC
McStas training at NOBUGS 2016, Copenhagen @
ESS McStas Training 2016 $McStas talk + demo at FRM-I
. 2016 1 @ Bariloche McStas school
O Help and train users
2015 A1
0141 Joint VITESS Mcstas. él'lrasmiar::_;e;:gevr\;gsrkasth%gsiri\nB'él:II'l!g § FRM.II McStas +Vitess workshop
2013 A
. . w ® McStas/Vitess Training at INSIS 2012
= Competence in community %o
2011 Vik - Neutron Instrument Design School @
2011 A
— Qver 40 schools McStas/VITESS user training workshop 2010, Ven @ McStas/VITESS session @ PNCMI Delft
2010 A1
. . . McStas training at ICNS2009, Knoxville 8 Nuclear Malaysia McStas training (ICNX2009)
— more than 20 outside Nordic countries 2009 # E55 workshop 2008, Ven
. . 2008 -
— University courses o |
PSI MC workshop + training @ ESS-I workshop on instruments for ESS
— 1 . 1 N 2006 -
e-learning https://e-learning.pan-training.eu
2005 A
- S U pe r U Se rS at fa C I | Itl eS 2004 Joint VITESS McStas Training and Workshop at ISIS @
® McStas-1.7 tutorial at the ILL
2003 A1
2002 1
2001 A1
2000 - McStas workshop at RIS@ @
1999 -



https://e-learning.pan-training.eu/

McStas

Instrument simulations for ESS

localhost
Instrument
MecStas File Edit View Run Kemel Tabs Settings Help
Pyieb || gy EEER + ¢ ESS_BEER_MCPL_generat X | +
[Users/peterwillendrup/ESS_BEER_MCPL/ESS_BEER_MCPL.instr Docs [ = 12 o> 8 Python 3 (pykernel) O
=
Messages
SR Name -
Detector: xymon_I=305244 xymon_ERR=552.743 xymon_N=477850 "xymon.dat" 8 E55_BEER_MCPL_20240510_
Detector: Imon_=305244 Imon_ER! 743 Imon_N=477850 "Imon.dat" s
M Detector: hdiv_mon_I=305244 hdiv_mon_ERR=552.743 hdiv_mon_N=477850 "hdiv.dat" . [
Detector: toflam_|=23793.3 toflam_ERR=120.629 toflam_N=48950 "toflam.dat" BEER_MOPL ganersis:
Detector: MonNDXZ_I=308.395 MonNDXZ_ERR=4.28166 MonNDXZ_N=13249 "SGV_xz.dat" M ESS_BEER_MCPL_generated_0
. Detector: MonNDX_i=308.395 MonNDX_ERR=4.28166 MonNDX_N=13249 "SGV_x.dat" B ESS_BEER_MCPL_generated.
Detector: MonNDY_1=308.395 MonNDY_ERR=4.28166 MonNDY_N=13249 "SGV_y.dat" I ESS_BEERMCPL generated, z
. . . Detector: MonNDZ_I=308.395 MonNDZ_ERR=4.28166 MonNDZ_N=13249 "SGV__z.dat i e 5 —(Empie)— target index
Detector: hdmon_|=255659 chkimon. ERR=3.70021 dhkimon. N=12275 vl ca 8 ESS_BEER MCPL,_genarated_ = j
Detector: psdtof_|=288.023 psditof_El 537 psdtof_N=12352 "tof_theta.dat" ™ ESS_BEER_MCPL_generated_. - -[ﬂ’ge[rmdex
Detoctor: padtofDetal. I-64.304 pedtafDetall LRRL2 40547 pedtofDatdl. No1907 “of_thets_detaildel  m ESS_BEER_MCPL_generated.o i—(rmaz)

Finally [ESS_BEER_MCPL: /usevS/De‘Erwvl\endqu/ESS BEER_MCPL/ESS_BEER_! MCPL 20240510_1021 e PrERMCPL oYM

[MonNDXZ
Message(sre): You have used 477850 of 500000 neutrons avallabi i the MCP 0 seer_vca mepl
PowderN: sample: Info: you may highly improve the computation efficiency by usmg D BEER_MR.mcp! MonNDX

SPLIT 8 COMPONENT sample=PowderN
in the instrument description ESS_BEER_MCPLinstr.

INFO: Placing instr file copy ESS_BEER_MCPL.nstr in dataset [Users/peterwillendrup/ESS_BEER_MCPL| | 0 ESS-BEER.MCPLDUAVE.com MonNDZ

ESS_BEER_MCPL_20240510_102111 [ £55_BEER_MCPL_generated.c

3 INFO: Running plotter h on dataset / S_BEER_MCPL/ [ ESS_BEER_MCPL_generated:.
ESS_BEER_MCPL_20240510_102111 = css_oeeR MCPL_generatodi. |
[ ESS_BEER_MCPL_generated.o,

D duplexaz —

E

% ESS_BEER_MCPL_generated.oy

Spawning Jupyter. D ESS_BEER_MCPLe

. T
I l ( ) I l [ ESS_BEER_MCPLinstr
I [Usersfpeterwillendrup/ESS_BEER_MCPLIESS_BEER_MCPL_20240510_102111 Yt

/ith default parameters

instr. show_instrument ()

o T Ry index 431001 Kecpraysm  Scater Markers
et view: QTN EETED TN Show BB g

Instrument simulations

McStas

= Monte Carlo ray-tracing simulation
= Specialized for neutron scattering
= Started 1998 at RIS@

= 2 Full time developers at DMSC

1091 [ overview plot: @rvew
= ms.make_sub_plot (data)
Figure 2
PSD monitor Wavelength monitor Horizontal divergence monitor
|
Peter Willendrup  Mads Bertelsen ! 10000 12000
S— 10000
e - B s 8000
press ' for app shortcuts. Mode: lin. Showing 11 plots. 5 s > 8000
: & 2 < g & G
Instrument simulations f = g g8
3 g E £ 4000
McStas = e 2000
2000 o
* Large component library s, Nomber of Camponents i Mctas rlessos 1990:2033 e —— T R T —
= Beamline components / Samples / X position [cm] Wavelength [AA] horizontal divergence [deg]
200
210 TOF-wavelength monitor Intensity X, mm Z, mm Monitor (Square) per bin X, mm monitor
. 4 1.48-10°
132:10° 1
&= 3205 < 116:10° ¢ £
= 2 990.107% G
150 z o a 2
2200 2 8251018 =10
100 s 3 660-101F 2
s 2 4951018 g s
3 3 2
so. %195 330-10 E
w0 s 7 165-10°
®200 2005 200 25 20 190 0.0
Retease dats 70000 75000 80000 85000 90000 ! 0 4 o 2 4
Time-offlight [\gms] X, mm
© _Python 3 (pykornel) [ e Vode: Edit_ @ Ln1, Col 1_E55_BEER_MCPL_genarateapyno 0 L1

cStas McGui & McStasScript — same instr file 15




Looking
ahead




Going forwards @

Next steps, contacts, and ways of collaboration

Suggestions Where to find more information?
O Try out the reduction software scipp 1 Ask the DRAM teams

O Advantage to be familiar with scipp and python O On-line Documentation

 Python training (IKON)
d DMSC summer school

3 scipp
Where can | get help?

. . [ ]
We strive to keep our documentation complete and up-to-date. However, we cannot cover all use-cases and
questions users may have. Get in touch I u

We use GitHub's discussions forum for questions that are not answered by these documentation pages. This
space can be used to both search through problems already met/solved in the community and open new
discussions if none of the existing ones provide a satisfactory answer.

easyreflectometry

Genera L questions

For general questions or comments, please contact

us at support@easyreflectometry.org, or fill out the

form.




Questions?



