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Motivation

WP5 Objectives:
E uro S E | ence Develop customizable pilot workflows
G ateway Onboard new communities

Targeting Materials Science community

Enable researchers in the physical sciences to handle data

more easily
PSDI WP4, Pathfinder 1:

PHYSICAL SCIENCES
DATA INFRASTRUCTURE
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...creating an integrated environment to support capture,
analyse and reuse data. Prototype developed for XAS data




Catalysis use case
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Catalysis use case
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Current approach
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oruceravel.github.io/demeter/
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XAS in Galaxy
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« Larch Athena:
* Processing and Normalization
« Cropping energy range
» Outputs project file and plots
 Larch FEFF:
* Load from cif and converts to FEFF
input file (or loads FEFF input)
» Outputs zipped directory of paths
« Larch Select Paths:
» Selects which paths from Larch
FEFF to use
» Defines parameters for these paths
* Larch Artemis:
» Performs fitting on FEFF paths
»  Outputs report on fitting and plots

Also implementing utility tools and tools
for other XAS techniques (not shown
on diagram).



Process and Normalise XAS with Larch Athena in Galaxy
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Tools 4

search tools

X Upload Data
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PyMuonSuite AIRSS UEP Optimise
run UEP optimisation

PyMuonSuite AIRSS Cluster run
clustering for optimised structures

MuSpinSim Combine combine
datafiles generated from MuSpinSim

MuSpinSim Generator Generate
MuSpinSim config from a structure
file

Larch FEFF generate FEFF paths
from XAFS data

Larch Select Paths select FEFF
paths for XAFS data

Larch Athena generate Athena
projects from XAFS data

Larch Artemis generate Artemis
projects from XAFS data

MuSpinSim Configure define
simulation parameters

Collection Operations

/ Larch Athena generate Athena projects from XAFS data (Galaxy Version 0.9.66+galaxy0) w

XAFS data file

D 0O D 5: test.xmu.txt -
Normalised X-ray Absorption Fine Structure (XAFS) data, generated by DAWN.
Plot graph
@) No

Whether to plot the pre/post edge fitting and the normalised xu data.

Using Larch, create an Athena project file from the input X-ray Absorption Fine Structure (XAFS) data file. This renames the xmu column of the data to mu.

Optionally, plot the xu data along with pre and post edge fitting lines for visual inspection.

Citations: [B
- Newville, M. (2013). Larch: An Analysis Package for XAFS and Related Spectroscopies. Journal of Physics: Conference Series, 430, 012007. https://doi.org
/10.1088/1742-6596/430/1/012007 [

- Ravel, B., & Newville, M. (2005). \lessi\greaterATHENA\less/i\greater,\lessi\greaterARTEMIS\less/i\greater,\lessi\greaterHEPHAESTUS\less/i\greater: data
analysis for X-ray absorption spectroscopy using\lessi\greaterlFEFFIT\less/i\greater. Journal of Synchrotron Radiation, 12(4), 537-541. https://doi.org/10.1107
/s0909049505012719 [£

Requirements: ?

- xraylarch (Version 0.9.66)

- xraydb (Version 4.4.7)

- sglalchemy (Version 1.4.46)
- matplotlib (Version 3.5.2)
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Path Generation in FeS, using in Galaxy
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Path Selection
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Other Methods * S 0.000000 ©.199900 .378e40 i e
*as ©.000000 0.300100 0.621960 o
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END
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Extended Analysis in FeS, using Larch Artemis in Galaxy
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/ Larch Artemis generate Artemis projects from XAFS data (Galaxy Version 0.9.66+galaxy0) w -
search tools x . search datasets ¥ x
Execution mode
2. Upload Data @ Parallel h Unnamed history ’
e ST PR O Series
N
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Other Methods Athena project file ax ¢
a. (o]
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File Conversion FEFF paths file 9: Edge fitting of testxmu @ / &
Tools Under Development D © O 4FEFF paths of 1564889.cif ml - ®
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GDS parameters file mu
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dustering for optimised structures D 0O O 7: Selected paths of CSV summary of 1564889.cif v [ 7: Selected paths of CSVsu © / W
MuSpinSim Combine combine File defining the fitting parameters as a "guess’ (to be varied in the fit), "def (defined by an expression evaluated throughout fitting) or “set” (evaluated at the start of fitting, then left unchanged). SRk KL
datafiles generated from MuSpinSim )
S g . SP parameters file 6:GDS valuesof CSVsum @ / W
uSpinSim Generator Generate 1 .
MuSpinSim config from a structure D @ [ 7:Selected paths of CSV summary of 1564889.cif - B mesy ehiselseet
file . 5 : FEFF input of 1564889.ci @ / W
File defining the scattering paths.
Larch FEFF generate FEFF paths from f
XAFS data Fitting Variables °
: 64889.ci @
Larch Select Paths select FEFF paths e B = /79
Plot graph f
for XAFS data -
®) o
Larch Athena generate Athena 3:CSVsummary of 156488 © /' W
Whether to plot the data. s
projects from XAFS data 9.cif
Larch Artemis generate Artemis .y
projects from XAFS data 2: test.xmu @/ 0w
MuSpinSim Configure define Using Larch, perform fitting on an Athena project file, originally from the input X-ray Absorption Fine Structure (XAFS) data file. 1:1564889.cif L |
simulation parameters
Collection Operations Optionally, plot the xp data along with RMR and ChiKR plots for visual inspection of the fit.
WORKFLOWS
Citations: (B
All workflows v v
- Newville, M. 3). Larch: An Analysis Package for an elate pectroscopies. Journal o lysics: Confer
N lle, M. (2013) h: An Anal Pack: for XAFS and Related Spect J [ of Ph; Conf
$ . 3 ) . : = : v >)
}
]
[Artemis Data]
import Athena m
[Artemis Data] L
- Add Path ]
Crysta At FEFF | Parameters
aaa s NapeIt Sy S s caleutas Pl -
. 2 . data shlgehn e Select Paths u n
Science and £ (.cif) for FEFF Paths = -
@
Technology S"fEEEEEEEEEESR EEESEEEEEEEEEEEEEEEEEEERT [
T .
Facilities Council - u
- [Artemis] L
- run fit - . |
t
- T Larch Artemis -
- (.irg) ]

.




Tools

search tools

Inputs

Get Data

SPIN DYNAMICS
MuSpinSim

FIND MUON STOPPING SITES
UEP Method

Other Methods

OTHER TOOLS
PyMuonSuite

File Conversion

Tools Under Development
Collection Operations

Workflows

Saving Full EXAFS Workflow for FeS, in Galaxy

XAS Workflow Adjustable
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*  The tasks that we included in Galaxy are:
Processing and Normalization of Raw Data
Extended XAFS Analysis of Data
*  Larch Athena: Galaxy tool for Processing and Normalization of raw data.
Galaxy tool for the generation of paths in a material using FEFF.
*  Larch Select Paths: Galaxy tool for the selection of paths generated using
*  Larch Artemis: Galaxy tool for extended analysis of EXAFS data.



Reproducing results

/# 8larcchAthena © X
D 1: Fe Metal D x

Dataset Collection

The highly surprising behaviour of diphosphine ot > 0@ st ot |
ligands iniron-catalysed Negishi cross-coupling

o

XAFS data file

A Y larchAthena O X

Antonis M. Messinis, Stephen L. J. Luckham, Peter P. Wells, Diego Gianolio, Emma K. Gibson, Harry M. [ 2 Dataset D x .
Collection A B XAFS data file
O'Brien, Hazel A. Sparkes, Sean A. Davis, June Callison, David Elorriaga, Oscar Hernandez-Fajardo & Robin cutput (inpus) L O ® athena_project_file |
B. Bedford i Y
Nature Catalysis 2, 123-133 (2019) | Cite this article F 18- LachAthena © X
[ 3: Dataset D x ¥ Larch P =
i . . . XAFS data file : Larch Plot x
3395 Accesses | 26 Citations | 12 Altmetric | Metrics LTS ! el | \
output (input) > (m] @ athena_project_file | > Atrxgné projects B
\pp) Y ‘ l‘ O @ plot_collection (input) @
A 1:larchAthena 0O X
D4 FeBrDataset O X - )
Data supporting Nature Catalysis paper Collection ) XAFS data file N
Complete download (zip, 1.5 GiB) output (input) P @ anena proeLfie % Al
- s \p) Y (f O @ plot_collection (input) €
Creator(s) Robin Bedford, Antonios Messinis
e A 12 larcchAthena 0 X
Publication date 08 Jan 2019 e — D x
Language eng Collection D ) XAFS data file / 17: Larch Plot D x
i i i i (i ) [J @ athena_project_file B Athena projects
Publisher University of Bristol output (input) Y o \ |
Licence Non-Commercial Government Licence for
public sector information
A 13 LarchAthena 0 X
DOl 10.5523/bris. 1kp2f62x3kib02mfz2qymcmxmx [ 6: Dataset D x .
Collection C © XAFS data file
Citation Robin Bedford, Antonios Messinis (2019): Iron - 0 @ athena. proect file
Negishi mechanistic NatCat 2018. output (inpu) D - |
https://doi.org/10.5523
/bris. 1kp2f62x3kIb02mfz2qymcmxmx
Total size 1.5GiB # 14 larcchAthena © X
[ 7: Dataset D x
Collaction 7a P XAFS data file
output (input) > [0 @ athena_project_file
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Benefits of Galaxy

 Embed parameters used in the calculation in workflow invocations

* Potential to integrate with existing or new resources:
» Data storage at the synchrotron

« Compute resources already managed by STFC/UKRI/PSDI

* Apply workflow to thousands of measurements of the same sample
* ...without requiring scientists to write their own Perl scripts

Workflow Type Average Processing Times Estimated
Normalise Fit Per Group (3790 groups)
Manual Novice 3 minutes 21 minutes 24 minutes ~ 63 Days
Manual Expert 2 minutes 8 minutes 10 minutes ~ 26 Days
Scripted Demeter 7.68 Seconds 13.56 Seconds 21.24 Seconds ~ 23 Hours
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Conclusions

Galaxy can reproduce the tasks associated to the:
1) Processing and Normalization of Raw Data
2) Extended XAFS Analysis of Data.

* We have created 5 Galaxy tools for this:
e Larch Athena: Galaxy tool for Processing and Normalization of raw data.
* Larch FEFF: Galaxy tool for the generation of paths in a material using FEFF.
* Larch Select Paths: Galaxy tool for the selection of paths generated using Larch FEFF.
* Larch Artemis: Galaxy tool for extended analysis of EXAFS data.

* The full workflow can be extracted from a history of individual tool executions and then be saved,
reused and shared or exported as an RO-Crate object

* Galaxy provides a single interface for all tools, and can submit jobs to HPC resources without users
needing to worry about the details (for example writing Slurm submission scripts)

* We need to refine these tools by interacting with Catalysis scientists.
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