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Measuring liquid interfaces at P08, PETRA lil

/’m \ RUPRECHT
Liquid Interface Scattering Apparatus (LISA)
D E
4N
FAIR data workflows and
tools

. * Use Case 6 X-ray
Bundesministerium

% fiir Forschung, Technologie reflectivi ty
und Raumfahrt

Murphy et al. J. Synchrotron Rad. 21 (2014).
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Liquid Interface Surface Apparatus (LISA) at P08

Double crystal beam
tilter in Bragg geometry:

Studies of liquid-
liquid and liquid-
vapour interfaces
X-ray reflectivity
without sample
movement

Grazing incident
diffraction

High precision beam
positioning
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Fast feedback mechanism and autonomous experiments in synchrotron and neutron science
Dr. Sinul

» develop autonomous and closed-loop experiments

“measure”’
sample

AN » develop fast real-time data analysis methods

image * Implementing intelligent decision-making algorithms
\“anawze” * Advancing automation and experimental control systems

' & automated
c select~, data analysis
sample
trigger  position J « Synchrotron
measurement
\ scattering Neu’[ronS
features
(peak height, Accelerators
width, etc.)

decision- .
making Industry
algorithm

Noack, 2019 “decide”

% ?uanesmrinistefliunr: s a U N IVE RS ITAT —
AN | fiir Forschung, Technologie g !(IT M l Z EBERLLARD KARLS
undRaumfaht S N\GQ B B B B YUV LIWGEIPE U080, kembotte-zentru m NIVERSITAT
Karlsruher Institut flr Technologie SI EG E N @ hereon U S

Heinz Maier-Leibnitz Zentrum TUBINGE N
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Fast feedback mechanism and autonomous experiments in synchrotron and neutron science
Dr. Sinul

“measure”
Sample SAXS \ PHAROS-pump laser |
image \ —— ‘ ‘
\“anal " = A
X-ray yze tHIRO SH/TH/FH-generator  Pig
beam g 4 .

o & automated
select™. data analysis
sample
trigger position
measurement \ J

scattering L s .
Q‘=' features

(peak height,

width, etc.)

d%%‘i?ﬁg' * Focus on Pump-probe methods
Noack, 2019 algorithm
« Femtosecond laser and Nanosecond laser at P08

(11 - b} )
decide YRR

°
% Bundesministerium
2 N fir Forschung, Technologie
und Raumfahrt

« Reciprocal space mapping



EKSPLA ns laser commissioning at LISA

Dr. Svenja HOonelmann

General specs:

Q-switch nanosecond laser NL201 from EKSPLA

Wavelength fundamental: 1064 nm
Wavelength 2nd harmonics: 532 nm
Frequency: 1 Hz — 2.2 kHz

Pulse length: 4 — 8 ns

Optimised for 2.5 kHz rep. rate.
Max. pulse intensity 1064 nm: 2.3 mJ
Max. pulse intensity 532 nm: 0.9 mJ

External trigger: optimal time difference between
gate in and sync in trigger pulse: 95 us

Successfully commissioned during beamtime: 11.2025

motorised
SH module
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PHOTONIC ‘

Photon Science - Harmonized Online Tools for Open, Navigable, Interactive Computing =2
Dr. Ajit Seth

Data Sources / Facilities / Infrastructures Universities

PETRA Tiered

API Server API Client

EU-XFEL :
Bessy Il
y REST AP | “ H5 web
T

Beamline e.g. Analysis Pipeline

ASAP:O nexus I Transcoding |
Plugins

XPCS domain core
ort
ot | L |
ort | _[ ’ XRR Visualization
v

Access Permissions |r Helmholtz ID ‘

d

Beamline

Beamline

Beamline

UNIVERSITAT Helmholtz ERUM DA E  |European
SIEGEN HZB Zentrum Berlin A 4N XFEL| s

% Bundesministerium
fur Forschung, Technologie
und Raumfahrt
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Selective Data Access (Slice) with Tiled —
Tiled for XRR o 1955553"
Enables structure-aware data access,
- allowing clients to request only the slice or region of interest needed for analysis.

By transferring selected subsets instead of complete datasets,
- Tiled reduces data movement and accelerates remote visualization workflows.

Specular Reflection

ROI 1
0 -
20 -I . 1
0 150
el RO o ' Background Scattering

* Initial beam localization & adaptive ROI definitions.

 Automated pre-scan absorber optimization (LISA absorber wheel).

«  Dynamic centroid tracking along the scan coordinate.

- « Dynamic binding and coordinate-based slicing of motor positions
Bundesmiristerum from metadata to tag the 2d detector frames via Tiled.

% fir Forschung, Technologie

und Raumfahirt . FAIR Data compliance through collaboration with DAPHNE4NFDI. 9



« Laser pump — X-ray probe
dynamics
 lons at the interface « Structural changes in lipid membranes

10
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Unleashing the power of automation in reflectometry at liquid surfaces

Dr. Prashant Hitaishi

Prepare Langmuir trough

— T~

Prepare for next sample ‘ Subphase change

/ .

" Satisfied with analysed ...
data & results Sample deposition

Data extraction and ~ Compress to required

processing y _ surface pressure
R . | | . | ( XRR and GID
epeat measuremen — | Change physical «— measurement

parameters

Achieving reproducibility and precision remains a major challenge in studying liquid surfaces

Bundesministerium
fiir Bildung
und Forschung

4 /- .._\"%
2 Lu N D | EEELOLZFI'?ONN
5/ UNTVERSITY % SOURCE 11

- ==




Autonomous experiments enabled by machine-learning-
based online data analysis -

o4 LABOR
(b) Asynchronous loops

(a) Synchronous loop

S B «
3 ‘e e
(\6\

measured data

& Insitudata
& acquisition o‘ 8
. g = [ Insitudata
£ 2 54 acquisition
%‘ o + feedback
% ¢ ‘
Feedback (2 o
control 99 analysis results

i
| close

\i’\ | tiva :shutter
i

q(t) _\‘\-

> — t=

DAPHNE ¥ ¥
,< 5 FeedbaCkI

¢) In situ data acquisition

R(q)

4N i
ML analysis Priors from s
t;_y ML fit | °°° |action

P
PAEREL,

sAd==lr
i
A

Thickness l | target thickness | A

@ “extrapolation "
- | ¢
oo 0 ti"l tl tStOp
Feedback control
Petersdorf, L., Valter, C., Munteanu, V., Jankowski, M., Konovalov, O., Gerlach, A., Hinderhofer, A., Murphy, B.,
12

Pithan, L., Starostin, V., Mareaek, D.,
Kowarik, S. & Schreiber, F. (2023). J. Synchrotron Rad. 30, 6, 1064-1075



Investment for automation

Kibron trough Commissioned

Specifications (Kibron trough):

« Trough dimension: 500 mm (L) x 155 mm (W)

« Easy trough exchange

« Single and double barrier operation modes

» Tensiometer 3-point calibration process

« Completely software-controlled

« Python-based API/supporting libraries available
« TANGO servers developed at P08, DESY

» 1D Diamond lenses from JJ X-ray
 Beamstop and guard slit optomisation
* Automated subphase exchange

C

A

]

4
¢

LAAAS

U

RUPRECHT

44444 HAENSEL

444

LABOR

13
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Light-induced dynamics at liquid interfaces of biological membranes —
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Photosynthesis Smart Nanocarrier

Psaltis et al., APL Photonics, 1 (2016). Zhao etal,, ACS Nano, 8 (2014). 14
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Synthetic azobenzene mimetics %; ~ % ‘f%

i
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Reise et al., Chem. Eur. J. 24 (2018) Warias et al., Scientific Reports 13, 11480 (2023) Hoévelmann et al. J. Appl. Cryst. 58 (2025) 15
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X-Ray reflectivity from a monolayer at air-water interface
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Surface pressure: 15 mN/m DPPC:Chol (85:15 mol%) DPPC:Chol (70:30 mol%)

12
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Light-induced dynamics at liquid interfaces

Structure at liquid interfaces

lons at the interface
 Enrichment?
» Depleation?

lons in solution
* Hydration effects

Laser pump — X-ray probe dynamics Reaction to illumination

17



Investigating dynamics: Pump — Probe Principle

* Varying the time delays to get the temporal evolution
« Resolution influenced by length of pump and probe event, jitter, resolution
of mechanical components

18 18



Laser pump — X-ray probe setup @ LISA, P08

Sample
U " X-rays, | e )
I P %/
2D
Synchrotron detector
fslaser |
source

Timing mode PETRA III:
Bunch number: 40

Bunch length: ~ 100 ps
Bunch separation: 192 ns
Bunch repetition rate (one turn): 130.12 kHz

Warias et al. J. Synchrotron Rad. 31 (2024).

19 19



Laser and X-ray synchronisation s
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|
|

PLL | = > Laser {r : - -

]
\/
— 1

4 Pockels cell| _~ :
RF @500 MHz |  130.12 kHz A A i
Chif | : . .
Bunch Delay |==" T - - —
> —_—  — - - —
clock generator | ———--- o
Ch2 E factor 1: H At
factor n: 1130.12kHz : :
130.12/nkHz | | P . P
bemmmmemm L SRR S SR N S
Detector |
> -
ﬁ gate :

L L

J.E. Warias et al., J. Synchrotron Rad., 31, 779-790 (2024). 20



Overview of new developments on laser pump — X-ray probe setup

laser hutch .

_ cage
experimental el system
hutch

X-ray

i

RF I |l
> el >ample €& Closed gap
delay generator
A

Vel N
i Laser shift

Experimental Laser Accumulated

resolution shift laser

at ~ 40 ps effect
| | ' '
| I ! '
pS ns US msS S

Hovelmann et al., J. Phys.: Conf. Ser. 3010 (2025). 21
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Hydrological cycle and liquid interfaces i
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Maritime
aerosols

-~

based on:
Yang et al., Geogr. Sustain., 2 (2021).

22
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Light-induced dynamics at interfaces of aqueous salt solutions —

¢
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Photocatalysis Charge-transfer-to-solvent states

Products

Bhattacharyya et al., J. Phys. Chem. Lett., 11 (2020).

Wang et al., Chem. Eur. J., 29 (2023).
23



Are ions depleted or enriched at the interface?

Depletion
« Classic thermodynamic
* lon-depleted outermost surface

Harkins et al., J. Am. Chem. Soc., 47 (1925).
Adamson, Gast, Physical Chemistry of surfaces, Wiley (1997).
Litmann et al., Nat. Chem., 16 (2024).

Enrichment

« Chemical reactions

« Surface layering

* Large polarisable anions

Nguyen et al., J. Mol. Liq., 298 (2020).
Tobias et al., Ann. Rev. Phys. Chem., 64 (2013).
Sloutskin et al., J. Chem. Phys., 126 (2007).

24 24



lon Repulsion

» Classical model of ion depletion cannot
explain the atmospheric ion repulsion

* Need molecular dynamic simulations with
highly polarizable anions which are
absorbed at interface (dipole)

z (A)

Jungwirth, Tobias, Chem. Rev. 106, 1259 (2006).

40004 ’
.00000 HAENSEL
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g}"@uﬁ fw:i;r
V&o“o*’ o
TH L@
ﬁdf o’ G}’
2o B & 3, o0

Anions in the outermost layer, cations are
repelled and present in the sublayer

Mukhopadhyay, Xantheas, Saykally, CPL, 700 (2018) 163.
Petersen, Saykally, Annu. Rev. Phys. Chem, 57 (2006) 333.
Jungwirth, Tobias., J. Phys. Chem. B 106 (2002 ) 636 25
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Laser excitation at the liquid-air interface of aqueous Nal solutions T e

e
$4044
Wl | Uen

Dr. Svenja Hovelmann

Fluorescence Laser
detector 258 nm

)

angle dependent
X-ray footprint

Detector

« lon surface distribution and solvation dynamics

Probing Nal aqueous solutions to determine electron density profile and surface roughness.

26
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\ RUPRECHT

4N to make all Photon and Neutron (PaN) data FAIR to enable better science i s
Measures: meens - Ok
* Specification and collection of (meta)data —
e Curated (meta)data repositories - ﬂﬁ
e Curated repository of managed software XFEL S | I
" m » - &Y, -,
* Education and training in research data s L ..; v .-' . :
HELMHOLTZ ZENTRUM ol a2 L}
ma nagement DRESDEN ROSSENDORF “ ‘ . N . .' -
. -~ %. . . - Universitat
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Research Data Workflow '
Establishing digital solutions for FAIR data e | e

Collect

TA1: Managing Data Production Store

TA2: (Meta)data repositories & catalogues

Parameters
Sample

Inst t
Capture nstrumen

Environment Curate
Metadata

Validate
Control software Store &

Standard data formats Document archive
Workflow (Meta)data
Electronic
logbook
[ )
D p— Measurement

[ )

Publish

-
Proposal

Pier
reviewed

Papers
Patents Access
Presentations JINIPY VAL Process Share data

Online Storage Open or

integration Online
Central access Live Evaluate

Create output L Reduction TAS3: Infrastructure for data &
software reuse 28



Photoinduced bidirectional switching in lipid membra@m
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DPPC containing 5% azobenzene glycolipid mimetics

30F ' ' 2(C16)/DPPC24°C
) E """"""" E f & & 8 e 8 o ped &y <y etk § Ok | BRI | LRI o
22 3 . 30 v
) LA :
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L ~JL ., e e, & | .
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Warias et al. Sci Rep 13, 11480 (2023).
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X-ray reflectivity data pipeline
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Collecting and using all the information

Collect Store Evaluate
Documentation Metadata Open Data
electronic logbook catalogue
1 it Publication
Raw Fitting &

Extraction Modelling X-ray studies of

as .nNxs ‘
3 3

Open data

data Saved

bidirectional
reviewed

structural

changes induced

photoswitching

Example FAIR

Persistent sample Machine learning based '.ﬂ_:l’ El data publication

Open data DB

identifier service

n @ CAU
IGSN

www.igsn.uni-kiel.de

Service provided by
CAU central computing

EBERHARD KARLS

UNIVERSITAT
TUBINGEN

online analysis
for closed loop experiment
in cooperation with Uni
Tlbingen at ID10, ESRF
and P08, PETRA Il

L. Pithan, J.
Synchr. Rad. 30,
1064 (2023)

Christian-Albrechts Universitdt zu Kiel

Scicat databank for
XRR/NR data/fits

ObeD

S. Hovelmann,
IUCrJ11, 4
(2024)

DeOsSC

30



Sample identifier: IGSN —

\ RUPRECHT

40044
H LUAAS
Contributors 4 ‘?255‘5“
Hévelmann, Svenja @
igsn.uni-kiel.de
Lindhorst, Thisbe K. @
Murphy, Bridget M. @ Project Leader

Mixed 10% Azobenzene Amphiphile
AZOL-C16 and 90% 1,2-Dipalmitoyl-
sn-glycero-3-phosphocholine

Hévelmann, Svenja @

Related ldentifiers

4 10.60578/h7ys-hjbt & ® Has part

General information [%10.60578/ceuz-rq0x & @ Has part

IGSN ID

4 10.60578/reqzrkdv 2 ® [410.1107/52052252524004032 2 ®

Descriptions

Type

Physical Object

Publisher Technical Info

Kiel University roR Mixture of 10% AZOL-C16 and 90% DPPC forming lyotropic liquid crystals in water.

Publication year The AZOL-C16 can be present in its trans and cis conformation.

2024

31
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X-ray reflectivity data pipeline
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Collect Store Evaluate
Documentation Metadata Open Data
efectronic logbook ScilLog catalogue
t Fitting & Publication
Proposal Saved Extraction Modelling X-ray studies of
Peer bidirectional
reviewed ‘ ‘ structural
as .nxs
changes induced
‘ ‘ Example FAIR
Persistent sample Open data Machine learning based Open data DB data publication

identifier service

n @ CAU
IGSN

online analysis Scicat databank for
XRR/NR data/fits

www.igsn.uni-kiel.de

Service provided by
CAU central computing

32
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Documentation — SciLog Electronic logbook

T
Recording experiment and initial results via application programming interfé'&i’(:‘gﬁgﬂ
(API)

BETA @ @

b winin
beamtime_11023101_3
. = - Edit dashbaard
L. Loghook view RO - |
-
&
;:I'J ;—”'L";I’{*':a';;:;ﬁ;:;;—f;:;';; Finished Scan 2656 - dscanexp dmy01 0.00.00 1.0
532nm) | 1
TOT 4 Mo 11, 2023, LEREE PM 7 sciloqisciog
I Finighed Scan 2655 - decan exp_drmyd1 0.0 0.0 0 1.0

21 7 Mors 10, 20T, 51024 AM F solkegiEscilog R P . -t
Repaating this table sinee the ald snippat can no TG Hore 11, 2025, I M 1 scllcg@sciiog

Finished Sean 2654 - dscan exp_drmy01 0.0 0.0 0 1.0

longer be edited
I : I
TR Mire 11, 20075, 2547 PM ¢ meilg@satiing
IG5M Sample Finished Scan 2663 - dscan exp_dmy01 0.0 0,00 1.0
| 1
ml? ™ FEAF Noe 17, 2025, 27028 PM 5 salogifeciog
VBN T8 qwdl-79 Srl_-ﬁ Finished Scan 2651 dscanexp dmydl 0.0 0.0 0 1.0
] |
T30 Mow 11, 20625, 22212 FM 5 sclicgiscliog
Finizhed Reflectivity Series 2641 - 2650
10605768 2wa fijw sTElZ Dpim ' '
ari-4 Mo 11, 2005, 20238 PM / selieg @selog
H¥RRA Scan 2641 1o 2650
Xig=34.33
. sl 1m 2
1060578/ kezz 210 P 10-1 4
1077 1
o
1060578/ gwiat srelZ 1p9m 2 E 10-% 1
gsqx &6 & . . . .
5 0.015 020 0,025 0030
# 1077
1072
Fit fresnel:
10,0578/ TeSg e Bmgr-‘"fm — SLD=9,5080
1011 4 Roughness=3.2582
4 Expenmental
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q: [A71] 33

10 A057 R guyl-Rhaf gr1-12
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X-ray reflectivity data pipeline
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All experimental and planning data is valuable for use and reuse

Collect Store Evaluate
Documentation Metadata Open Data
electronic logbook catalogue
Fitting & Publication

Proposa
Peer
reviewed

MOde”Ing , X-ray studies of

‘ bidirectional
structural

changes induced

Example FAIR

Machine learning based Open data DB data publication
online analysis Scicat databank for
XRR/NR data/fits

Persistent sample
identifier service

n @ CAU
IGSN

Open data

34



Documentation — metadata Catalogue

LABOR
advance your data to advance your science

Cataloguing the data and metadata in a user friendly format

= ’Schat Scicat - metadata catalog at DESY [ > EECE | LEEt 9
B ) Nicalss Hayer
Datasets / 11023101/ X R R dppe 80moal mr10 20mel 02675-02683 /
= Details O0atafiles I Related Datasets Q) Lifecycle
B s
Dataset name ¥RR 02675-02683 / 10.60578/Buhs-x011
PID 11023101/%RR_dppe_80mal_mr10_20mel_02675-02683 ()
Creation time 2035-11-11 1656
Type derived
Keywords. XRR  lisa-output
Principal investigator  Hitaishi Mumber of files 4 Proposal IDs 11023101 20230678
Contact email pkn31%4@gmail com Size BBLE Ds v /p08
Sample IDs
11023101/dppe_80mal_mri0_20mel_02675 11023101/dppe_B0mal_mr10_20mol_02676 11023101/dppe_B0mel_mrid_20mol_02677
Input datasets 11023101/dppc_80mal_mr10_20mel_02678 11023 101/dppc_80mal_mri0_20meol_02679 1102310 1/dppc_BOmal_mri10_20mol_0Z630
11023101/dppc_80mal_mr10_20mol_D2681 11023101/dppc_E0mal_mri0_20mol_02682 1102310 1/dppe_BDmal_mr10_20mol_02683
Creation location JDESY/PETRA H/PO8
Q, Search x v
scanmode measurement
sample_name DPPC B0 mol% + MA10 20 moft
‘sample_composition BOIC40HBONDBR}+20(C28HA5N)
‘sample_id 10/60578/Buhs-x011
sample_dascription 1 Molar DPPE 80 malt + MR10 20 mol*% in chioroform

SPALLATION

https://www.scicatproject.org SOURCE



U

X-ray reflectivity data pipeline

44404 ' RUPRECHT
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Collect Store Evaluate

Documentation Metadata
electronic logbook catalogue

Open Data

Publication

Fitting &
Modelling

X-ray studies of

bidirectional

structural

changes induced

photoswitching Exa mple FAIR

in phospholipid . .
Machine learning based data publication

online analysis

for closed loop experiment
in cooperation with Uni
Tlbingen at ID10, ESRF

and P08, PETRA Il

membraness

identifier service

n @ CAU
IGSN

L. Pithan, J.
Synchr. Rad. 30,
1064 (2023)
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Automated Workflow =y
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Machine learning triggered when new data set is saved

m . m LISA Workflow

£ U Dol
Ll )

Register || Document
ded431bab5s

structural 5

changes
induced by I N y
photoswitchin S C | I_ O G

Proposal

X-ray studies

Metadata Catalog

@©SciCat

lvance your data to advance yo

Metadata 5
SCILOG

Christian-Albrachts Universitdt zu Kiel 37
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LISA Pipeline for Reflectivity Extraction and Analysis
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ROI: (1419, 165, 30, 17)
Scan Number
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Text Search

Location
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Type

Keywords

Start Date — End Date

+ Add Condition

Open Databank for data

Items per page: 25 - 1-19cf 19

GIX0S-derived pseudo reflectivity of DPPG monolayer on tris-EDTA buffer surface (pH7.3) at pi =

45mM/m, 295K

GIX0S-derived pseudo reflectivity of DPPG monolayer on tris-EDTA buffer surface (pH7.3) at pi=
35mMN/m, 295K

GIX0S-derived pseuda reflectivity of DPPC monolayer on water at pi = 35mh/m, 295K

GIXOS-derived pseudo reflectivity of the surface of water and 10vol®% ethanol at 293K, circular
Quxy resolution

GIX05-derived pseudo reflectivity of water surface at 295K, circular Qxy resolution

GIX05-derived pseudo reflectivity of water surface at 293K, rectangular slit resolution

GIX0S-derived pseudo reflectivity of DSPC monolayer on water at 45mN/m at 293K

reflectivity of DSPC monolayer on water at 45mN/m at 293K measured by specular reflectometry ...

water reflectivity at 293K measured by specular reflectometry
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= Details
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B General Information
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GIX0S5-derived pseudo reflectivity of the surface of water and 10vol% ethanol at 293K, circular Qxy

resolution

pseudo reflectivity derived from grazing incidence off-specular scattering data from the surface of
water and 10vol% ethanal at 293K
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AZOL-C16 and 90% 1,2-Dipalmitoyl-

I UC ] Photoinduced bidirectional mesophase transition in Sn-glycero-a-phosphocholine
r vesicles containing azobenzene amphiphiles Hovelmann, Svenja @

research letters

ISSM 2052-2525

PHYSICS | FELS

Svenja C. Hévelmann,** Ella Dieball,® Jule Kuhn,* Michelle Dargasz,® Rajendra P.
Giri, Franziska Reise,® Michael Paulus,’ Thisbe K. Lindhorst® and Bridget M.
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I-I. Kiel University Research Data Repository
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This article is part of a collection of articles Type Research Data / SAXS and DSC data and r publication: Photoinduced bidirectional...
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Australia, and commemorates the 75th The functionality and efficiency of proteins within a biological membrane are Physical Object
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