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Goal: Proposal:

* Accelerate Processing

* Create/adopt tools which
automate part or the whole

Problem:
workflow

* Interactive tools do not

facilitate processing large = Galaxy
datasets. PROJECT



[1971] In one trip to the synchrotron we collected more

XAS danda |yseS and better data in three days than in the previous ten

years. I shut down all three X-ray spectrometers in the
Boeing laboratory. A new era had arrived! (Lytle 1999)

e XAS analyses are important tools for catalysis research

* New developments will produce larger quantities of data
increasing the time and resources for processing ar -~ ~=-~"--
diamond Diamed - [ ﬁa{mwﬁ Seience

Higher More data to

Brighter More Faster throughput process and
coherent analyse
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DAWN, Artemis, Athena, Larch

e XAS processing and analysis tools ¢ Hides or reduces much of the
complexity of processing and

 \Very good interface _
analysing data

e Cater to all the needs of the

researcher  Perl based scripting required for

_ automation
 Well documented: Tutorials and

training materials available

SCIENCE!

* Need to create the methods to
collect and save metadata
Athena XAS Ar“l‘emisrz EXAFS
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Initial example: EXAFS Workflow

< normalize export to

= XAS raw crop data data text processed

< data (.nxs) X data (.dat)
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v tler:tpc:T;:a normalization save A.thina Athena XAS

4'5 (plot signal) projec data (.prj)
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S Import crystal create FEFF
9 Crystal data P datay input file(s) FEFF data Import

| < file(s) (.cif) (.inp) file(s) (.inp) Athena data
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+ run fit
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™ Icul set path
L calculate FEFF path select paths P Artemis project (.fpj)
o paths file(s) (.dat) parameters Fit graph(s) (.jpg)

Fit report (.txt)




» FEFF fit of Crystal Paths
to EXAFS Data

Read Raw Data Process,.Normallse,
Re-bin, Data

SCIENCE ’

3,790 XAS readings
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FEFF fit of Crystal Paths
seadiawbata »[ } » to EXAFS Data
@ SCIENCE ’

- Novice: ~63 Days Athena XAS A"femis EXAFU-‘»

3,790 XAS readings
x,% Expert: ~26 Days
Demeter Script: ~23 Hours @ Perl
Larch Script: ~103 Hours @ python @&

Nextflow Workflow: ~7 Hours




PSDI GALAXY Workflows
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* Web Based

* No setup required
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* Medium-Large scale spectra analyses (e.g. data
generated from in-situ or operando experiments)

= Galaxy

PROJECT



Faster EXAFS: ~7 Hours |[nexciflow

EXAFS Galaxy Workflow

A Workflow Visualize SharedData~ Help~ User> & ‘ HH Using 818.2 MB
Tools fw P s History + 2 -
arc ena generate Athena projects from ata - un Tool
f‘ Larch Ath te Ath: ts fi XAFS dat, g Run Tool
search tools ¥ x (Galaxy Version 8.9.66+galaxy) search datasets ¥ x

Tool Parameters

4. Upload Data Nexus ’
XAS A Merge inputs
. . S101MB 9s &
Larch Artemis generate Artemis O No
projects from XAFS data O Yes ar -] .
Whether to merge input data into one Athena project, by default each dataset or file in a zip will result in A 3 790 XAS d
Larch Athena generate Athena 5: Derivative plot of data1 @ # & ’ re a l n s
projects from XAFS data a separate output.
Larch Criteria Report generate XAFS data file * 4 : Flattened plot of data 1 @esn
reports on Artemis fitting from XAFS D 0 D 1 262875_PtSn_OCO_Abu_1.nxs - B e ~
data 3 : Edge fitting of data 1 [o3 [ ] 7 H 0 u rs
Larch FEFF generate FEFF paths from X-ray Absorption Fit Q, zip. _
XAFS data 2: Athena projectof datal @ / &
Edge energy (eV) -0 n_OCO_Abu_1.nxs
Larch LCF perform linear combination - 1:262875_PtSn_OCO_Abu_l. © # B
fit on XAS data i

nxs

Larch Select Paths select FEFF paths If set, data will be calibrated so that the edge occurs at this energy (after merging, if relevant). Add Tags O

for XAFS data Minimum energy (eV) - optional
Get Data < format h5, database ?

If set, data will be cropped below this value in electron volts.

Send Data . (
Maximum energy (eV) -ooters uploaded h5 file p R O J E
Collection Operations

= B & 0L &
Lift-Over

If set, data will be cropped above this value in electron volts. Binary HDFS file

Text Manipulation Re-bin data

<



Started adding tools to allow more processing
options

* XANES analysis

* Linear Combination Fitting

e EXAFS analysis

* Stop conditions long running workflow

* Find the best path combination for fitting



' Jupyter Paper 01 Reproduce XAS Last Checkpoint: 09/06/2023 (autosaved) A Logout

File
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View

Insert Cell Kemel

Widgets Help

B C P Markdown v|| e

Linear combination fitting (LCF)

Trusted ‘ Python 3 (ipykemel) O
22

Normal plot of alighed samples

Lineal combination fitting with defaults for the H2, Ar and Air readings (Shown on Fig. 4 B)

# import custom plot functions (replicate plots in paper)

import paper@l_plots as c_plots

Compare fit components

lcf_components = [merged_results["Sn Foil"],merged_results["Sn02"]] # List of groups to use as components

r_H2

= athenamgr.lcf group(merged_results["H2"], lcf_components)
r_Ar = athenamgr.lcf_group(merged_results["Ar"], lcf_components)

3D plot of different samples

r_Air = athenamgr.lcf group(merged_results["Air"], lcf_components)

c_plots.compare_lcf plot([merged_results["H2"],r_H2], [merged_results["Ar"],r_Ar], [merged_res—"

plt.show()

print{r_H2.arrayname)

Sn Foil: 13.67% Sn02: 86.33%

Sn Foil: 7.60% Sn02: 92 40%

Plot with inset zoom

Sn Foil: 7.70% Sn02: 92 30%
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Galaxy workflows for XAS analysis

* Provide XAS analysis and processing tool in
an online platform

* No need to install specialised software

e Support common processing and analysis
tasks

CCCCCC

» Accessible to novice and expert users
e Support processing of large data sets

/ PSDI = Galaxy CatalysisHub
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Share and customise workflows -

Export workflows for other — 1@
platforms (CWL) LR

Research Object Crate

A
PUBLICATIONS SLIDES

[
DATA METADATA
— l_w
RESULTS - = LOGS

Package the entire
workflow execution as a
FAIR DO




Lin

King of tools into workflows

= Galaxy pSR

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

XAS Workflow Adjustable

: structure.cif

output (input)

# 2 Absorbing @

atom

# 4 Radius

Radius (float)

.PSDI

PHYSICAL SCIENCES
DATA INFRASTRUCTURE

# 9 larch Athena B X

D 3:inputxmu
XAFS data file

output (input)

athena_project_file
(binary)

edge_plot (png)

F0:Lach FEFF @ X

Crystal structure file [ B fat.plot (png)
Absorbing atom
Radius

out_csv (csv) Athena project fle
B out_dir (i) i FEFF paths file
gds_csv (csv)

B feff_inp (oxt) GDS parameters file

B sp_csv (esv)
pcaid SP parameters file

kmin
kmax

kmin (float) rein
rmax
fit_report (txt]

B rmr (png)

kmax (float)

& chikr (png)

rmin (float)

# 8 rmax

rmax (float)

= Galaxy

PROJECT
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# Larch Select Paths - R
select FEFF paths for XAFS data
(Galaxy Version 0.9.66 +galaxy0)

Label

Add a step label.

Step Annotation

#
Add an annotation or notes to this
step. Annotations are available when a
workflow is viewed
Paths file
Data input ‘paths_file' (csv)
C5V file getailing the possible scattering
paths. Note that rows with 1" in the
‘select’ column will be selected with
default values for their parameters
automatically.
Select paths
Identify paths to use in the fitting by
their id, and define their fitting
parameter names. Defaults can be used
but if custom values are needed define
a new name and create an entry in
Custom GDS variables.

L1}

1: Select paths

[+ PathID

1

Nismarieal id of o nath tn calart thic

CatalysisHub



Deployment and Support

CatalvysisHub Block Allocation Group .

*

MANCHESTER
1824

The University of Manchester

it
Southampton

Six examples from Manchester

\_




Beyond XAS analysis | INS/QENS
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Opportunities for collaboration
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rnational
gress on Catalysis

Extended call for abstracts to the 7th of November

T16 Data as a Key Resource in Digital Catalysis

Organising committee

Annette Trunschke Pedro Mendes Stephan Schunk
Fritz Haber Institute University of Lisbon BASF



The Galaxy Platform: Applications to Catalysis Workflows and
Interactions with Computer Clusters

Theoretical and Computational Data & Software Engineering Group UK Catalysis Hub
Physics Group - SCD
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