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Introduction

Aim of WP5 - VINYL

* Virtual Neutron and X-ray Laboratory
 Harmonize simulation codes for neutron and x-ray experiments
* Agree on dataformats

o For transfer of signal between codes

o For detector results

* Led by Carsten Fortmann-Grote

* Chose Python packages with OpenPMD and Nexus data



Introduction

Aim of WPS5 - ViNYL

Solutions at the
end of PaNOSC

Simulation software
at start of PaNOSC X-ray

Neutrons

SimEx
\WINER (Python Framework)
(C meta language)

OASYS
(Python GUI application)
(Framework)

OASYS
(GUI from docker)

(Remote framework)
McStasScript SimEx-lite

(Python API) (Python Framework) SRR

libpyvinyl
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libpyvinyl
Juncheng E, Shervin Nourbakhsh, Mads Bertelsen, Carsten Fortmann-Grote
Libpyvinyl class overview

BaseData

Instrument BaseCalculator DataCollection +Key: str
+ name: str + name: str + data_object_diict: dict +expected_data: dict
+ . i i s
parameters: InstrumentParameters parameters: CalculatorParameters + get_data_object(key): dict +data_dict: dict
+ calculators: dict +input: DataCollection, list or BaseData . +add_data(*args) Aggregated +filename: str
+ master: MasterParameters + output_keys: list or str + get_data(): dict +file_format_class: BaseFormat
" i .
+ set_instrument_base_dir(base: str) output_data_types list or BaseData +write(filename: str or dict, format_class: +file_format_kwargs: dict
: +output_filenames: list, str or None str or FormatClass, key: str o dict): :
+ list_calculators() Aggregated putt DataClass or list + mapping_type: type
+list " k> + instrument_base_dir: str +1o list(): list
ist_parameters() 0_list(): lisf +set_dict(data_dict: dict)
+add " " ! str, links: dict + calculator_base_dir: str
add_master_parameter(name: str, links: dict) + set_file(filename: str, format_class: BaseFormat)
+ add_calculator(calculator: BaseCalculator) + init_parameters() +get_data(): dict
+ remove_calculator(calculator_name: str) + backengine(): DataCollection +write(filename: str or dict, format_class: BaseFormat,
+run() + set_parameters(args_as_dict: bool) key: str): BaseData
+ dump(fname: str): str + supported_formats(): dict
Parameter i
+ from_dump(dumpfile: str): BaseCalculator +list_formats()
+name: str
- __check_consistency()
+ unit: str
- _add_ioformat(format_dict: dict, format_class:
InstrumentParameters CalculatorParameters + comment: str or None BaseFormat)
+ parameters_dic: dict + parameters: dict +value: pint.Quantity or else
Masier: MasierParameis s + check_type(parameter: Parameter) + pint_value: pint.Quantity calls
+ from_json(fname: str): InstrumentParameters + check_list_type(parameter_list: list) +value_no_conversion: Any
+ from_dict(i L_dict: list): +add(parameter: Parameter) Aggregated | + adq_interval(min_value, max_value, intervals_are legal: bool) <<lInterface>>
— .. to>— ) - BaseFormat
+to_dict(): dict +new_parameter(*args, *'kwargs) +add_option(option: Any, options_are_legal)
+1to_json(fname: str) 2 + print_i i int) + print_parameter_constraints() hone
ko>———| B o
+ add(key: str, parameters: CalculatorParameters) + from_json(fname: str) +format_register():
+ read(filename: str): dict
+add_master_parameter(name: str, links: dict) + to_json(fname: str) + write(object: BaseData, filename: str, key: str)
. X + direct_convert_formats()
+1to_json(fname: str) +from_dict(params_dict: dict) + convert(obj: BaseData, output: str, output_format_class: str, key: str)
+ from_dict(params_dict: dict) +to_dict()
Inherited
+ to_dict()
Inherited MasterParameter
Aggregated p—
MasterP

+add_links(links: dict)

https://github.com/PaNOSC-ViNYL/libpyvinyl

A simple usage example:
https://github.com/PaNOSC-ViNYL/libpyvinyl/tree/master/tests/integration/plusminus

Harmonize the user interfaces for neutron
and X-ray simulation
Base classes:

- BaseCalculator

- BaseData

- BaseFormat

Auxiliary classes:
- Parameter
- CalculatorParameters
- DataCollection
- Instrument

It provides the developers of start-to-end
simulation platforms in neutron and X-ray
community with a framework to integrate
various backengine software.

It reduces the effort needed to integrate their
software to a start-to-end simulation platform
for simulation software developers.

™
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libpyvinyl
Juncheng E, Shervin Nourbakhsh, Mads Bertelsen, Carsten Fortmann-Grote

libpyvinyl is a dependency

e libpyvinyl is a starting point for packages
* Provides base classes for

o Parameters

o Calculator

o Data

McStasScript SimEx-lite Shadow L

libpyvinyl

N
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SimEx-lite
Juncheng E, Carsten Fortmann-Grote
Package overview - Workflow

B FT

Wavefront Data Wavefront Data

Detector Data lefractlon data

Calculators
Data interfaces

https://github.com/PaNOSC-ViNYL/SimEx-Lite

PMI Data —

It is the core package of the SIMEX
platform providing the calculator
interfaces and data APIs.

It is built based on libpyvinyl

A calculator can be easily constructed
within SimEx-Lite with the definition of
the corresponding data class and the
format class.

Users can choose which backengine
software to implement to make the
installation minimal per needs.

N
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SimEx-lite

Serial Crystallography Simulation and Analysis Demonstrate the effects of noise, panel gaps and
masks on the results of crystallography analysis

with SimEx simulation diffraction pattern results

600
P I xstal.stream - Unit Cell Explorer (on max-exfl-display001.desy.de) X
ane a S Eile Tools Help
g p 400 Show results from: | mosflm-nolatt-cell xgandalf-nolatt-cell m B C I F H R
a b c
200
p | y
0
|
-200 s .
narios:
Masks cenarios .
New researchers want to get hands-on experience of data
400 processing for serial crystallography.
Starting from a working example of a simulation coupled to an
analysis pipeline.
e1n Noise Explore how different experimental conditions and different
- = analysis options affect the results. W
eoomo PanoOSsC

photon and neutron
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SimEx-lite

Optimize sample to detector distance in different energy densities

ﬂExperiment parameters:

Detector (pixel number,
pixel size)

Sample to detector
distance

Photon energy

Noises

input

T modify

Index rate

SimEx

output

output
SFX diffraction patterns

input

A4

EXtra-xwiz

\\/\\
PanNoOSscC
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SimEx-lite

Optimize sample to detector distance in different energy densities
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SimEx-lite

Scientific publications
scientific reports

W) Check for updates

Expected resolution limits of x-ray free-electron N ..
laser single-particle imaging for realistic source OPen Effects of radiation damage

and detector properties @ «—— Editor’s pick and inelastic scattering

on single-particle imaging
Submitted: 7 September 2022 - Accepted: 31 October 2022 - ﬂ] @ Of h d d . - h X
Published Online: 16 November 2022 Yy rate prOtelnS with an -ray
Juncheng E, Y. Kim, J. Bielecki, M. Sikorski, R. de Wijn,' C. Fortmann-Grote,"” J. Sztuk—Dambietz, Free'EIECtrOn Laser

J. C. P. Koliyadu, R. Letrun, H. J. Kirkwood, T. Sato, R.Bean, A.P.Mancuso, " and C. Kim""”

Cite as: Struct. Dyn. 9, 064101 (2022); doi: 10.1063/4.0000169 @

Juncheng E*Y, Michal Stransky'?*, Zoltan Jurek®*, Carsten Fortmann-Grote®®,
Libor Juha®’, Robin Santra**®, Beata Ziaja%*"' & Adrian P. Mancuso’*""

AFFILIATIONS

'European XFEL, Holzkoppel 4, 22869 Schenefeld, Germany

“Max Planck Institute for Evolutionary Biology, August-Thienemann-StraB3e 2, 24306 PI6n, Germany
“Department of Chemistry and Physics, La Trobe Institute for Molecular Science, La Trobe University, Melbourne,
Victoria 3086, Australia

“Electronic mail: adrian.mancuso@xf |
® Author to whom correspondence should be addressed: ch

The papers are based on the simulation of photon-matter interaction,
scattering process and detector response within the framework of N\
gp P "/

photon and neutron

E,J. etal. SciRep 11, 17976 (2021) doi:10.1038/s41598-021-97142-5 open science cloud
E, J. et al. Structural Dynamics 9, 064101 (2022) doi:10.1063/4.0000169



OASYS

Manuel Sanchez del Rio, Aljosa Hafner
Project overview

v OASYS = OrAnge SYnchrotron Suite

v" A common platform to build synchrotron-oriented User
Interfaces that communicate

v' The upper layer of the application presented to the user

v" Open Source & Python technology

S, U.S. DEPARTMENT OF

<y Argonne &

NATIONAL LABORATORY

Luca Rebuffi, Manuel Sanchez del Rio (2017)

OASYS (OrAnge SYnchrotron Suite) : an open-source graphical environment for x-ray virtual
experiments

Proc.SPIE 10388: 10388-10388. http://dx.doi.org/10.1117/12.2274263

Elettra Sincrotrone Trieste

https://oasys-kit.github.io/ BERKELEY LAB

o oo Bringing Science Solutions to the World

> Y/ /a
ESRF ﬁa NOSC

The European Synchrotron

photon and neutron
open science cloud


http://dx.doi.org/10.1117/12.2274263

OASYS

Wiser and COMSYL

Main code developments - Require high-performance computing resources and benefit from remote
deployments:

« Wiser code for numerical integration of wave propagation:
Allows for precise metrology simulations, correctly taking into account shape and roughness contributions at various length scales.

« COMSYL (COherent Modes for SYnchrotron Light):

o il the ' wohwo " ! conid " indulator radiation in a storage ring.
O === ®=~®~=@ / e Jerng
> >
== = el = C: § 0 § 0 © M. Manfredda et al. Advances in Computational Methods for X-Ray Optics
o e e :zzz :zzz V. Vol. 11493. International Society for Optics and Photonics. SPIE, 2020,
P B HEW 0 114930B. DOI: 10.1117/12.2568574
el Dl >0 Alnm), best focus ~1000 ~1000
o= T Am A mam T T e . M. Glass et al. EPL (Europhysics Letters) 119.3 (Aug. 2017), p. 34004. DOI:
= - - 10.1209/0295-5075/119/34004

M. Sanchez del Rio et al. Journal of Synchrotron Radiation 29.6 (Nov.
2022), pp. 1354-1367. DOI: 10.1107/S1600577522008736.
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OASYS

Remote usage

Main challenge: OASYS is a GUI program built in PyQT. How to run it in the browser? As a Jupyter hub

plug-in!

. Deployed easily as a Docker container and can be used within an existing Jupyter hub instance

. Remote repository workspace downloader has been developed as a widget

: JU pyter Visit repo

Files Running Clusters

Select items to perform actions on them.

°
‘«
[ ]

Name ¥
[0 Desktop

3 Documents

[ Downloads

0 Music

[0 Oasys

[ Pictures

[ Public

O Templates

0 Videos

O0OO0OO0OOODOODOODO

0 work

Figure: Select and run a desktop environment

from within Jupyter hub.

mybinder.org
Connected to TurboVNC: jupyter-panosc-2djupyter-2ddesktop-2doasys-2d5quug655:1 ()
Copy Binder link Quit
e

Python 3

her
Text File
Folder
Terminal

<& SRW Optical Elements

desktop ‘ & saw Tools

2 minutes ago
2 minutes ago
2 minutes ago
2 minutes ago

2 years ago

Figure: OASYS GUI envrionment inside a web browser.

Aljosa Hafner, CERIC-ERIC, 29th and 30th November 2022

Select a server

Repository URL: https://github.com/oasys-kit.

List of workspaces

ex11_referenceframe.ows =
ex12_bendingmagnet.ows
ex13_insertiondevices.ows
ex14_beampropagation.ows
ex15_aberrations.ows
ex16_kb.ows
ex17_crystalmono.ows
ex18_sagittalfocusing.ows —
ex19_beamline.ows

ex20_slopeerrors.ows

ex21_thermalbump.ows

e Y S B

Selected file URL: |buserconten(.com/oasys-kia

ShadowOui-tutorial more

ShadowOui-tutorial ESRF wigglers

Oasys school: xoppy
Oasys school: shadowOui
Oasys school: SRW

Oasys HERCULES school
ESRF Oasys repo

PaNOSC Oasys repo

Paper multioptics

Paper heat load compensation

- Paper diaboloid

Paper hierarchical

ssful ———— "m0l

Download...

selection of curated workspaces available.

Figure: Remote repository downloader widget showing a

AN\

PanNoOSscC

photon and neutron
open science cloud



OASYS

Other developments — openPMD and link to SimEx

. Deliverable D5.1: contributions to openPMD standard for ray-tracing

« Synergy of WP5 simulation codes: link between diffraction simulations and beamline optics

« OASYS-SimEx Widget developed and available

« OASYS PaNOSC toolbox contains all the tools developed in the project and is available for

installation through the built-in add-on manager as OASY

V' Automatic Execution

Hity

B phosc %

Shadow Shadow .Run Remote
openP... openP.. SIMEX ... Reposi...
GitHub

Remote Shadow

Github... pylibvi...

GAPD is installed
Shadow Beam Input

Select Input

File Name

Select Calculator

SimEx Calculator Para

meters

Sample File [xyz] single-cu.xyz
Output File diffr_poly_1.txt
Calculate

Run SimEx Calculation

From Workspace

Write openPMD/hdf File

Plot Output File

1!

- Vo

00 Shadow Basic Loops 3
= Shadow Scanning Loops E’S ‘%‘
3% | Shadow Thermal Load 2
2% | Shadow Utility

0
Foar put Bea/h Beay ﬁa | Seam - put Iy g, geal
Shadow d () —| 8ol Vg —| w
pppppppppppppppppppppppp % @
- -
ﬁ eeeeeeeeeeeee ce  Sits Mono Secondary Siits 3 y Plot XY
|
L t
ssssss 2
-
pylibvi. ||V Automatic Execution ge
EN
- Shadow ESRF Extension i 3 @ ookat - n ool g
3
))) SRW Light Sources electInput | From Workspace 2
F
~& SRW Optical Elements File N _spri hs . g Oasy
& saw Tools /il
im| alculat e
Calculate GAPD ?
mple File [xyz]  /hor /developmen single-cu.xyz SimEx Caleu
uuuuuuuu I Jhor developm /diffr_poly_1.txt
Calcul Plot Output Fi
D o # T 2 11 le&

Figure: OASYS PaNOSC toolbox.

Figure: SimEx interaction widget showing the GAPD calculator.

Figure: Seamless workflow from beamline optics to diffraction

simulations within the OASYS GUL.
PanoOsc

photon and neutron

open science cloud



OASYS

Remote access of workspaces

® untitled”

URL:

© Open Remote Orange Workflow File

%: /fraw.githubusercontent.com/PaNOSC-VINYL /Oasys-PaNOSC-Workspaces/master /EBS_ID32. owsI]

[ OK ] | Cancel

File Edit View Widget Options Help Shadow SRW Shadow Advanced Tools

HDF5 File
Python Reader Surface Surface
Script File Rea...  File Mer...
GitHub
Remote
GithubR...
Remote Github
- Repository
Oasys Basic Loops Downloader

0Oasys Scanning Loops

Oasys ESRF Extension

Syned Light Sources

Syned Optical Elements
Syned Tools

Syned Scanning Loops

Syned ESRF Extension

Wofry Wavefront Propagation
Wofry Optical Elements

Wofry Tools

GO Flolxeo *BHE

2. Remote Github Repository Downloader / -

Select a server | PaNOSC Oasys repo / ~

Repository URL: https: //github.com/PaNOSC-ViNYL /Oasys-PaNOSC-Wopépaces
List of workspaces i

EBS_ID18.ows
EBS_ID32.ows

Selected file URL: ps:/fraw.githubusercontent.com/PaNOSC-VINYL /Oasys-PaNOSC-Workspaces/master /EBS_ID32.ows

Download...

N
PanNoOSscC
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OASYS

PaNOSC tools for SHADOW simulations

[-]

.
File Edit View Widget Options Help Shadow SRW Shadow Advanced Tools O e n P M D erte r
I

Shadow Compound Optical ... =

Shadow Special Elements @

PaNOSC add-on = swewresteroceser S : % \ 'S

@, shadow PreProcessor File Out: tmp.h5

Yoy
Q Shadow Advanced Optical E...
&

Spherical Mirror (1)

Shadow Experiments Gaussian Source Spherical Mirror Plane Crystal Spherical Crystal
Shadow Basic Loops
Shadow Scanning Loops -
Shadow Thermal Load Shmw pylibvinyl) . . . .
on Script]
shadow vty —Script using libpyvinyl
- X

@ Shadow pylibvinyl Python Script

s General Options P Sai System Output
= V| Automatic Execution : = . - |
= Parameter('oe4.SIMAG','') ; p.value = 500.0 ; parameters.add(p)
99999

Shadow Run Siméx P P :
openPM Calauiaton _Remote p = Parameter('oe4.SSOUR','') ; p.value = 9999999830000.0 ; parameters.add (p)
Reposito p = Parameter ('oe4.THETA', i p 9.879 ; parameters.add(p)
Refresh Script p = Parameter('oe4.T_IMAGE','') . ; parameters.add(p)
p = Parameter('oe4.T_INCIDENCE','') ; p.value 9997 ; parameters.add(p)
GitHub St Generation p = Parameter('oed4.T_REFLECTION','') ; p.value = 89.879997 ; parameters.add(p)
Remote  Shadow 2 p = Parameter('oe4.T_SOURCE','') ; p.value = 500.0 ; parameters.add(p)
GithubR.... - pylbviny write file with script No =
- Shadow ESRF Extension
return parameters
))) SRW Light Sources
=~ SRW Optical Elements K
# main
SRW Tools
SRW Basic Loops parameters = CalculatorParameters ()
. parameters = add_source (parameters)
Scannin =
SR Scarngloons parameters = add_beamline (parameters)
SRW Native .
calculator = Shadow3Calculator("", Nons, parameters=parameters)

SRW ESRF Extension calculator.backengine ()

XOPPY Sources

XOPPY Optics -
) [MSC v.1916 64 bit (AMDE4)]

Shadow pylbvinyl Python Script

™
Panosc

photon and neutron
open science cloud
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OASYS

E-learning course on pan-training.eu

5= nume A R Launun vieeuny - zoom A g Uasys_NEICUIES NEILUIESCUCE A LUUISE INUUUULILN W Udsys | A T

< C @ O B

-3) Import bookmarks... @ Getting Started

B %% Q Search 9 ¥ m =

//e-learning.pan-training.eu/moodle/course,

Events About ~

7= Introduction to Oasys

(Hercules 2022) Introduction to Oasys (Hercules 2022

e e-Learning | My courses | Introduction to Oasys (Hercules 2022)
B8 Grades

O Outline

O Introduction Outline

3 Power Transport

3 How to open remote
OASYS-workflows

(3 Photon Transport
(3 Coherence Transport Welcome to the Hercules 2022 Oasys tutorial written by Manuel Sanchez del Rio and Juan Reyes Herrera.

O Additional Material The aim of this course is to learn the following

« Calculate main characteristics of synchrotron source (Bending magnets and Insertion devices)
« Calculate the heat-load on different beamline components

3 Acknowledgements

« Simulating beamline optics by ray-tracing to obtain main parameters of the beam, e. g., size and divergence, energy resolution, intensity/flux.
« Understand basic principles of X-ray optics: Mirrors and Crystals

« Basic concepts about coherence.

And it is split into four sections:

# e-Learning

Dashboard
@ Dashboar 1. Introduction

2. Power Transport
3. Photon Transport
4. Coherence Transport

& Content bank \
Before going to the content, it is important to explain that you can use OASYS in two ways: \
= Quiz Taster
) 1. Install Oasys on your own laptop. Follow the instructions in the following links: a n 0 S '
b T D g MacOS WindowsOS LinuxOS Docker

Spectroscopy

8 Calendar

photon and neutron
This course needs the installation of the ESRF add-on in OASYS. Open OASYS and follow the "install as user” instructions here. open science cloud

7= Advanced Topics in




McStasScript McStas

Mads Bertelsen
Overview

@ python

e API for popular instrument simulation tool McStas
o Describe instrument to be simulated

o Get help and overviews

guide = instr.add_component("guide", "Guide_gravity")
guide.set_parameters(wl=0.05, h1=0.05, m=2, G=-9.82, 1=10)

o Run Simulations guide.set_AT(2.0, RELATIVE=src)
. slit = instr.add_component("slit", "Slit")
o View data slit.radius = 0.03
slit.set_AT(guide.l + 0.2, RELATIVE=guide)
O GEt data as numpy arrayS sample = instr.add_component("sample", "PowderN")

sample.set_AT(0.1, RELATIVE=slit)
sample.set_parameters(radius=0.015, yheight=0.05,

O Use WldgetS reflections="'"Na2Ca3A12F14.1az"")

data = instr.backengine()

/e
Panosc

photon and neutron
open science cloud



McStasScript

Documentation

* Documentation
o Install guide - pip
o Configuration — set a few paths
o Quick guide
o Tutorials
o Reference

e All as jupyter notebooks

eoe M~ <

McStasScript
documentation

Search the docs ...

GETTING STARTED
Overview
Installation

Version history

Quick start

USER GUIDE

Instrument object
Component object
Parameters and variables
Data

Plotting

Functions

Widgets

Instrument reader

MCSTASSCRIPT TUTORIAL

McStasScript introduction

Advanced McStas features: SPLIT

Advanced McStas features:
EXTEND and WHEN

Advanced McStas features: JUMP

Dynamic instrument cuts with
MCPL bridges

MCSTAS UNION TUTORIAL
The Union components

Advanced geometry using the
Union components

Visualizing what happens in Union

master

Using conditional component to
modify loagers

U mads-bertelsen.github.io

< O )

before="master")
outer_wall_vac.set_AT([0,0,0], RELATIVE=sample_geometry)
outer_wall_vac.yheight = 0.15 - 0.01
outer_wall_vac.radius = 0.1 - 0.003
outer_wall_vac.material_string='"Vacuum"'
outer_wall_vac.priority = 61

Adjusting the logger view to see the larger cryostat area

The loggers were only viewing a small area around the sample can, but this can be expanded as we still have
access to the component objects.

.12, D1_max=0.12, D2_mil
.12, D1_max=0.12, D2_mi 0.12, D2_max=0.12)
.12, D1_max=0.12, D2_min=-0.12, D2_max=0.12)

logger_zx.set_parameters(D1_mii
logger_zy.set_parameters(D1_mii
logger_xy.set_parameters(D1_min=

Viewing the instrument

The instrument can be viewed with the show_instrument method. The mock cryostat and detector can be
seen in a 3D view.

instrument.show_instrument()

sers/madsbertelsen/PaNOSC/McStasScript/github/McStasScript/docs/source/tutorial/run_folder/python_tutorial instr --
Ino-output-files --trace --ncount=300 --dir=python_tutorial_mcdisplay_16 wavelength=3.0
Ray index 74/299 Keep rays@
Reset view: Show BB @

Scatter Markers @

Diwn tha tmdatad inatrimant fila. —

Contents

Setting up some standard
materials
Set up source
Describing the geometry of a
simple cryostat
First geometry, a sample in a
container
Set up loggers to check what is
going on
Add master component
Add banana monitor
Run simulation
Plotting the data
Interpretation of results
Adding a cryostat around
the sample can
Adjusting the logger view to see

the larger cryostat area

Viewing the instrument
Run the updated instrument file

Plot the data from the
simulation

Interpreting the data
Comparing situation with and
without cryostat

™
Panosc

photon and neutron

open science cloud



McStasScript

Diagrams and widgets

RELATIVE AT I EXTENDI
—_—
RELATIVE ROTATED  [WHEN

Union
——

GROUP

[Shaoiete) (work directory)

Legend

RELATIVE AT I EXTENDI
RELATIVE ROTATED
—_—

~(zurce)
—(siit1) slits ]
—{slit2) slits

l_ sample_position

Wavelength [Angs] monitor

2 3 4

Wavelength [Angs]

Running the simulation

The simulation can now be performed from the Jupyter Notebook using the widget interface.

In [24]: %=matplotlib widget
Instr.interface()

energy 10.0 // [meV] Energy of source
delta_energy 77840 // [meV] Energy spread of source
rotation_y // [deg] Rotation around vertical
rotation_x 0.0 // [deg] Rotation around horizontal

material Pb v | // Material choice for extra material sample

f#@ Run ncount ’ 1E8

o]

Figure 1

2D position Union logger in plane zx

Live results

0.04 4

0.02 4

0.00

x [m]

—0.02 A

—0.04 ~

—0.04 ~0.02 0.00 0.02
z[m]

€ '3+ a1 R

Sim progress _
Choose monitor
’ logger_space_zx_all v ‘
Plot options
10° Log plot
Orders of magnitude D
Colormap category
Miscellaneous v ‘
104 —_——
Colormap | gnuplot2 v
103

& e
Panosc
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Instrument repository
Shervin Nourbakhsh
Overview

GIT stores instrument descriptions in the form a Python scripts following the libpyvinyl API.
Advantages of GIT:

e History of changes

* Integrated issue tracking system

e Automatic workflows for validation

* Openly accessible

* Free hosting

e Easy to clone, fork for special needs of the Rls

Sustainability
* |Instrument description maintained by instrument experts at Ris
e Users contributing with validations and debugging

A dedicated python API is developed to allow end users (especially those not knowing git) to
access the instrument description.
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Instrument repository

Instrument repository API

» Setup the API

ifrom instrumentdatabaseapi import instrumentdatabaseapi as API
' repo = API.Repository() |
lrepo.init() J
» Load the instrument and units
» Institute name
» Instrument name
» Version: HEAD for the current or date of last day of validity
YYYY-MM-DD
» Flavour: if different alternative descriptions are possible (e.g. detailed
vs simplified)
myinstrument = repo.load("ILL","ThALES" , "HEAD", "mcstas", "full", dep=
False)

import pint
ureg = pint.get_application_registry()

» Set simulation settings

N\
myinstrument.set_instrument_base_dir("/tmp/ThALES_scan/") \\/\
myinstrument.sim_neutrons (500000) pa nosc

|
myinstrument.set_seed(654321) | photon and neutron
|

open science cloud




Instrument repository

Instrument repository API

>

>

Set instrument parameters:

myinstrument.master["a2"]
myinstrument.master["ad"]

60 * ureg.degree

myinstrument.energy_to_angle(4.98 * ureg.meV)

Set sample parameters:

[
'myinstrument.set_sample_by_name("vanadium")

'myinstrument.sample_cylinder_shape(0.005, 0.01)
L

Run simulations

np = (21 - 1) / 2

dEI = 0.05

import numpy

myinstrument.force_compile(false)

outputs = []

for energy in numpy.arange(4.98 - np * dEI, 4.98 + np * dEI, dEI):
myinstrument.master["a6"] = myinstrument.energy_to_angle(energy * ureg.

meV)

myinstrument.run ()
outputs.append (myinstrument.output)

™
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Instrument repository

Instrument repository structure

institutes
ILL

[

instruments

EuXFEL

L [ThALES

[

HEAD

L]

instruments

L mcstas

[

SPB-SFX

L THEAD

ThALES.py

requirements.txt

validation /

L

simex-lite

SPB-SFX.py

requirements.txt

validation/
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Digital Twin
Shervin Nourbakhsh
Overview

General idea of a Digital Twin

It is a digital replica of the physical elements of an instrument that can be controlled and provide feedback
as the real instrument.

It can be implemented at different levels of fidelity to replicate the features that one is interested in.

Ingredients of Digital Twin at ILL

* Aninstrument fully described in the instrument database

* The physics of the sample provided by the user via Sqw files or other formats
* Aset of sample environments fully described

* The data acquisition system (Nomad) used for both real and simulated data

* An application manager (Cameo) providing also basic communication patterns

A simulation server:

* processing simulation requests

* scheduling and parallelizing the simulation

* reading and sending the results to Nomad \\/\\

PanoOSscC
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Digital Twin

ILL system overview

connect

Client

ClientCameoApp l—

send SimRequest

Cameo Server

SimServer

m——e o _Stat _____ {ServerCameoApp)

start and check execution

-~

~]
~
\--* e
—_ = e = - ——

receive SimRequestAnswer | _—
—fecelve SimRequestAnswer
Subscriber } subscribe to Publisher
— publish SimResult | _—
— publish SimResult
Scheduler
Legend

Via the Cameo Server

\J

e §

McStas Executable

‘
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Digital Twin

Results in Nomad

File

v

fiew

Nomad - You own control over Nomad. Click on the padlock to give it back.

Command

Editor

Spy

Y

U

ser Zoom Help

Hardware SQtﬂngs - m

s i S 20k Gharted ab AR AT - —— —
@ revournes Scan Step A6 Time M1 "2 CNTS #ePQHWL ALK B
Scan 1 76.00 0.60 ) 0 0
Scan 2 76.50 0.80 ) 0 0 Somm: 244
Scan 3 71.00 0.00 0 P 0
Scan 4 71.58 0.60 ] ] 0 g I~
Scan 5 72.00 0.00 ) 0 0 o I
Scan 6 72.50 0.60 P P 0
Scan 7 73.00 0.60 ) 0 2 - !
Scan 8 73.50 0.00 ) ) 18
Scan 9 74.00 0.60 0 0 168 .
Scan 10 74.50 0.00 ) 0 341 %0 !
Scan 1 75.00 0.00 0 P 619
@ egoc's PAL fles Scan 12 75.50 0.60 ) 0 721 w00
Scan 13 76.00 0.00 ) 0 515 ;
Scan 14 76.50 0.00 0 0 195 0
Scan 15 77.00 0.90 0 0 36
Scan 16 77.50 0.00 0 P 3 2 !
Scan 17 78.00 0.00 ) 0 0
Scan 18 78.50 0.00 ) 0 0 - i
Scan 19 79.00 0.00 P P 0
Scan 20 79.50 0.00 0 0 0 d ‘
Scan 21 86.00 0.00 ) ) ) Iis==—=————rn, ] Ve
Scan Numor 26244 finished at 16:53:35 » n n » » 80
Scan SCALE 16 COUNTS/UNIT 0
Scan 0 8¢
Scan 1 70.60000 @ dLsuhIEL t peR e f e F R pozmialig v
Scan 2 70.50000 6 *
Scan 3 71.60000 6 *
Scan 4 71.50000 'E
Cran s 77 Aannon 0 %=

Setting view_state to 1
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Summary

Result of WP5 - ViNYL

Digital Twin A Digital Twin B Digital Twin C
e Common instrument database //
* Interoperability

e Can be hosted in cloud Instrument Database
(git hosted)

OASYS
(GUI from docker)

McStasScript SimEx-lite S | (Remote framework)
(Python API) (Python Framework) g

libpyvinyl

N
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Sustainability

Future for the developed software

* All packages have developers interested in continuing support
 Reduced level compared to PaNOSC

libpyvinyl Juncheng, Shervin, Mads, Carsten Juncheng, Mads, Carsten
Instrument DB Shervin Mads

McStasScript Mads Mads

SimEx Juncheng, Carsten Juncheng, Carsten

Oasys Aljosa, Manuel Manuel
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* PaNOSC Closing Ev

pan()SC Paving the way towards the Pd::’ 'FAIR Data Commons

ph olon and ncuuon

29-30 November 2022 R

Grenoble - France

B

Thank you

Mads Bertelsen
Mads.Bertelsen@ess.eu

PaNOSC has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement no. 823852




