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The cover displays a high-resolution micrograph of an 
interface between polar LaVO3 (top) and nonpolar SrTiO3 
���E�R�W�W�R�P���� �U�H�F�R�U�G�H�G�� �D�O�R�Q�J�� �W�K�H�� �½�������¾�� �]�R�Q�H�� �D�[�L�V�� �R�I�� �6�U�7�L�23 
under NCSI conditions by Lei Jin. Upward shifts of every 
second oxygen column with respect to the adjacent 
vanadium columns (fourth row from the bottom) give 
evidence for an interface reconstruction. Local variations 
in the 90° elastic domain structures in LaVO3 become 
evident when analysing the angular variation of -O-V-O-V-
O- chains ranging from 164° on the left (verso) to about 
180° on the right (front cover).  

 

Programme printed by Servicebetrieb Graphische Medien 
(G-SG) of Forschungszentrum Jülich GmbH.  
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SUNDAY MAY 8TH, 2022 

 

12:00 �± 16:00  CONFERENCE REGISTRATION  
�³�:�R�R�Q�N�D�P�H�U�´��castle ground floor  

 

15:00 �± 23:00  HOTEL CHECK-IN 
hotel reception desk 

 

15:15 �± 16:00  WELCOME RECEPTION  
�³�%�L�Q�Q�H�Q�S�O�D�D�W�V�´���L�Q���I�U�R�Q�W���R�I���W�K�H��castle  

 

 

SESSION A 
�³Morettipaviljoen �´��castle ground floor    

   

16:00 �± 16:15 A0 OPENING REMARKS 

  Rafal Dunin-Borkowski, Forschungszentrum Jülich GmbH 
(Germany), Joachim Mayer, RWTH Aachen University 
(Germany), and Carsten Sachse, Forschungszentrum Jülich 
GmbH (Germany) 

16:15 �± 16:50 A1 2D AND 4D STEM IMAGING OF BEAM SENSITIVE  
MATERIALS 

  Peter Nellist, University of Oxford (UK) 

16:50 �± 17:25 A2 NOVEL METHODS TO QUANTIFY THE ATOMIC 
STRUCTURE IN 2D AND 3D FROM STEM DATA THROUGH 
THE COMBINATION OF STATISTICAL PARAMETER 
ESTIMATION AND DEEP LEARNING 

  Sandra Van Aert, University of Antwerp (Belgium) 

17:25 �± 18:00 A3 X-RAY SPECTROMETRY IN THE ERA OF ABERRATION 
CORRECTED ELECTRON-OPTICAL BEAM LINES 

  Nestor Zaluzec, Argonne National Laboratory (USA) 

 



SESSION EMS  OUTSTANDING PAPER AWARD  CEREMONY 
�³Morettipaviljoen �´��castle ground floor  

   

18:00 �± 18:10  EMS0 INTRODUCTION 

  Randi Holmestad, Norwegian University of Science and 
Technology (Norway) 

18:10 �± 18:25 EMS1 CATEGORY:  
INSTRUMENTATION AND TECHNIQUE DEVELOPMENT 

  Emma Silvester, University of Oxford (UK) 

18:25 �± 18:40 EMS2 CATEGORY:  
LIFE SCIENCE 

  Rhian Jones, Aix-Marseille Université (France) 

18:40 �± 18:55 EMS3 CATEGORY:  
MATERIALS SCIENCE 

  Daniel Wolf and Sebastian Schneider, Leibniz Institute for Solid 
State and Materials Research (Germany) 

 

19:00 �± 20:30  DINNER  
�³�.�U�X�L�G�H�Q�W�X�L�Q�´���U�H�V�W�D�X�U�D�Q�W�� 
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12:30 �± 14:00  LUNCH  
�³�.�U�X�L�G�H�Q�W�X�L�Q�´���U�H�V�W�D�X�U�D�Q�W 

SESSION C 
�³Morettipaviljoen �´��castle ground floor  

 

14:00 �± 14:35 C1 IN SITU STRUCTURES OF NATIVE PROTEINS AT NEAR-
ATOMIC RESOLUTION BY CRYO-ELECTRON 
TOMOGRAPHY 

  Peijun Zhang, University of Oxford (UK) 

14:35 �± 15:10 C2 THE POTENTIAL OF ELECTRON CRYOMICROSCOPY IN 
SITU: IDENTIFYING MOLECULES IN CELLS 

  Christopher Russo, MRC Laboratory of Molecular Biology (UK) 

15:10 �± 15:45 C3 VITRIFYING CELLS 

  Raimond Ravelli, University of Maastricht (NL) 

 

15:45 �± 16:00 ST1 TOWARDS MAKING EVERY ELECTRON COUNT 

  Eric Van Cappellen, Thermo Fisher Scientific (USA) 

 

16:00 �± 16:30  COFFEE BREAK  

 

16:30 �± 17:05 C4 STRUCTURAL MECHANISM FOR TYROSINE HYDROYLASE 
INHIBITION BY DOPAMINE AND REACTIVATION BY SER40 
PHOSPHORYLATION 

  José Valpuesta, Centro Nacional de Biotecnología (Spain) 

17:05 �± 17:40 C5 IS THE CRYOFIB LIFT-OUT PROCEDURE REALLY READY 
FOR LIFT-OFF? 

  Jürgen Plitzko, Max Planck Institute of Biochemistry (Germany) 

17:40 �± 18:15 C6 APPLICATION OF CHROMATIC ABERRATION CORRECTOR 
FOR CRYO-EM IN THE STRUCTURAL BIOLOGY   

  Peiyi Wang, Southern University of Science & Technology 
(China) 

 

 



 

18:15 �± 18:20 SP1 STREAM - MEMS-BASED LIQUID PHASE ELECTRON 
MICROSCOPY: A PROMISING ROUTE FOR MATERIAL 
SCIENCE, ENERGY STORAGE & LIFE SCIENCE 
APPLICATIONS 

  Eva Bladt, DENSsolutions BV (NL) 
 

18:20 �± 18:25 SP2 ENERGY-FILTERED 4D STEM FOR ALL KVs 

  Saleh Gorji, Ametek GmbH (Germany) 
 

18:25 �± 18:30 SP3 EXCEPTIONAL CONTROL OVER THE DOSE ON YOUR 
SAMPLE �± JEOL-IDES EDM IS THE KEY 

  Manuel Reinhard, JEOL (Germany) GmbH (Germany) 

 

18:30 �± 20:00  DINNER  
�³�.�U�X�L�G�H�Q�W�X�L�Q�´���U�H�V�W�D�X�U�D�Q�W 

 

 

PLEASE NOTE THAT POSTER SESSIONS A & B WILL RUN IN PARALLEL  

 

POSTER SESSION A  MATERIAL S SCIENCE 
�³Vaalsbroekerhof �´��castle ground floor  

 

20:00 �± 22:00  See Poster Program 

 

 

POSTER SESSION B  ELECTRON OPTICS 
�³Jachtkelder �´��castle ground floor  

 

20:00 �± 22:00  See Poster Program 

 

  



 

TUESDAY MAY 10TH, 2022 
please note  

�9 sessions DA & DB will run in parallel 
�9 sessions EA & EB will run in parallel 

 

07:00 �± 08:30  BREAKFAST  
�³�.�U�X�L�G�H�Q�W�X�L�Q�´���U�H�V�W�D�X�U�D�Q�W 

 

 

SESSION DA 
�³Morettipaviljoen �´��castle ground floor  

   

08:30 �± 09:05 DA1 USE OF PICO-TYPE MICROSCOPY TECHNIQUES TO OP-
TIMIZING COMPOSITION AND MICROSTRUCTURE IN 
COMPOSITIONALLY COMPLEX ALLOYS 

  Hamish Fraser, Ohio State University (USA) 

09:05 �± 09:40 DA2 CRYSTALLOGRAPHIC AND COMPOSITIONAL EVOLUTION 
DURING ISOTHERMAL ANNEALING OF REFRACTORY 
HIGH ENTROPY ALLOYS: INSIGHTS INTO HIGH 
TEMPERATURE PHASE STABILITY 

  Rajarshi Banerjee, University of North Texas (USA) 

09:40 �± 10:15 DA3 ANALYSIS OF PRECIPITATES IN ALUMINIUM ALLOYS 
FROM DIRECT DETECTION SPED DATA 

  Randi Holmestad, Norwegian University of Science and 
Technology (Norway) 
 

10:15 �± 10:45  COFFEE BREAK  
 

10:45 �± 11:20 DA4 MEASURING GRAIN/TWIN BOUNDARY PLASTICITY AT 
ATOMIC LEVEL 

  Xiaodong Han, Beijing University of Technology, (China) 

11:20 �± 11:55 DA5 MICROSCOPIC DEGREES OF FREEDOM OF GRAIN 
BOUNDARIES AND MICROSTRUCTURAL EVOLUTION 

  Wayne Kaplan, Technion �± Israel Institute of Technology (Israel) 



11:55 �± 12:30 DA6 MECHANISMS BEHIND HYDROGEN-BASED GREEN STEEL 
MAKING 

  Dierk Raabe, Max-Planck Institut für Eisenforschung 
(Germany) 
 

12:30 �± 14:00  LUNCH  
�³�.�U�X�L�G�H�Q�W�X�L�Q�´���U�H�V�W�D�X�U�D�Q�W 

 

SESSION DB 
�³Vaalsbroekerhof �´��castle ground floor  
   

08:30 �± 09:05 DB1 STRUCTURAL STUDIES OF VIRUSES BY CORRELATIVE 
CRYO-MICROSCOPY   

  Elizabeth Wright, University of Wisconsin-Madison (USA) 

09:05 �± 09:40 DB2 EASY-GRID: ADVANCING SAMPLE PREPARATION FOR 
CRYO-EM 

  Simone Mattei, European Molecular Biology Laboratory 
(Germany) 

09:40 �± 10:15 DB3 ULTRASTRUCTURAL INVESTIGATIONS OF 
SYNUCLEINOPATHIES: PD, MSA, HUMAN BRAIN, AND 
FIBRIL STRAINS 

  Henning Stahlberg, University of Basel (CH) 

 

10:15 �± 10:45  COFFEE BREAK  

 

10:45 �± 11:20 DB4 BACTERIA CYTOSKELETON VISUALIZATION BY CRYO 
ELECTRON TOMOGRAPHY AND CORRELATIVE 
APPROACHES 

  Linda Sandblad, Umeå University, (Sweden) 

11:20 �± 11:55 DB5 MEMS TECHNOLOGY FOR CRYO-EM SAMPLE 
PREPARATION 

  Arjen J. Jakobi, Delft University of Technology (NL) 

11:55 �± 12:30 DB6 RESOLVING STRUCTURAL DYNAMICS OF PROTEINS US-
ING DROPLET MICROFLUIDICS 

  Rouslan Efremov, Vlaams Instituut voor Biotechnologie 
(Belgium) 
 



 

12:30 �± 14:00  LUNCH  
�³�.�U�X�L�G�H�Q�W�X�L�Q�´���U�H�V�W�D�X�U�D�Q�W 

 

 

SESSION EA 
�³Morettipaviljoen �´��castle ground floor  

 

14:00 �± 14:35 EA1 EVENT-BASED SPECTROSCOPY IN A STEM: FROM 
NANOSECOND RESOLUTION TO TIME-CORRELATED 
HYPERSPECTRAL IMAGING 

  Odile Stéphan, Université Paris-Saclay (France) 

14:35 �± 15:10 EA2 ELECTRON ENERGY LOSS SPECTROSCOPY WITH HIGH 
SPATIAL RESOLUTION: APPLICATIONS TO CATHODE 
MATERIALS IN LI-ION BATTERIES 

  Gianluigi Botton, McMaster University (Canada) 

15:10 �± 15:45 EA3 RECENT PROGRESS OF ELECTRON SPECTROSCOPY 
WITH THE SINGLE-ATOM LIMIT 

  Kazu Suenaga, Osaka University (Japan) 

 

15:45 �± 16:00 ST2 OPTIMUM BF (OBF) STEM USING THE SAAF DETECTOR 

  Philipp Wachsmuth, JEOL (Germany) GmbH (Germany) 

 

16:00 �± 16:30  COFFEE BREAK  

 

16:30 �± 17:05 EA4 WAVEFRONT SHAPING IN THE ELECTRON MICROSCOPY 
WITH A 48 PIXEL PROGRAMMABLE PHASE PLATE 

  Johan Verbeeck, University of Antwerp (Belgium) 

17:05 �± 17:40 EA5 ADVANCED PROCESSING OF DIFFERENTIAL PHASE 
CONTRAST DATA 

  Josef Zweck, Universität Regensburg (Germany) 

17:40 �± 18:15 EA6 PROSPECTS AND OPPORTUNITIES FOR ELECTRON 
PTYCHOGRPAPHY AT LOW DOSE    

  Angus Kirkland, Oxford University (UK) 



18:15 �± 18:20 SP4 AXON:  AN IN-SITU TEM SOFTWARE PLATFORM 
STREAMLINES IMAGE ACQUISITION, METADATA 
SYNCHRONIZATION AND DATA ANALYSIS, ENABLING 
DEEPER UNDERSTANDING, AND IMPROVED 
REPRODUCIBILITY OF IN-SITU EXPERIMENTAL RESULTS 

  David Nackashi, Protochips Inc. (USA) 
 

18:20 �± 18:25 SP5 IMPROVING SAMPLE DISPERSION WITH AN ADDITIONAL 
ULTRATHIN CARBON LAYER 

  Claire Naylor, Quantifoil (Germany) 
 

18:25 �± 18:30 SP6 DYNAMICAL STUDIES OF ADVANCED MATERIALS 
COMBINING IN SITU 4D-sPED MAPPING AND PIXELATED 
DETECTORS 

  Alan Robins, NanoMEGAS SPRL (Belgium) 

 

18:30 �± 20:00  DINNER  
�³�.�U�X�L�G�H�Q�W�X�L�Q�´���U�H�V�W�D�X�U�D�Q�W 

 

 

SESSION EB 
�³Vaalsbroekerhof �´��castle ground floor  

 

14:00 �± 14:35 EB1 THE ARCHITECTURE OF ORGANELLE CONTACT SITES 

  Wanda Kukulski, University of Bern (CH) 

14:35 �± 15:10 EB2 SECRETION SYSTEMS IN ACTION 

  Thomas Marlovits, Institute for Structural and Systems Biology 
(Germany) 

15:10 �± 15:45 EB3 MACROMOLECULAR ORGANIZATION OF ATG18 
OLIGOMERS 

  Daniel Mann, Forschungszentrum Jülich (Germany) 

 

15:45 �± 16:00 ST2 PRESENTATION JEOL IN MORETTIPAVIJOEN 
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SESSION G 
�³Morettipaviljoen �´��castle ground floor  

 

14:00 �± 14:45 G1 MAGNETIC DICHROISM INVESTIGATED IN THE CS/CC 
CORRECTED ELECTRON MICROSCOPE 

  Xiaoyan Zhong, City University of Hong Kong (China) 

14:45 �± 15:30 G2 IMPORTANCE OF ABERRATION CORRECTION FOR IN SITU 
HIGH RESOLUTION TEM 

  Robert Sinclair, Stanford University (USA) 

15:30 �± 16:15 G3 IMAGING THE PROPERTIES OF ATOMS AND FIELDS AT 
THE PICOMETER SCALE INSIDE MATERIALS AND DEVICES 

  David Muller, Cornell University (USA) 

 

16:15 �± 16:45  COFFEE BREAK  

 

16:45 �± 17:30 G4 QUANTITATIVE HIGH-RESOLUTION TRANSMISSION 
ELECTRON MICROSCOPY OF ENERGY CONVERSION 
MATERIALS 

  Lei Jin, Forschungszentrum Jülich (Germany) 

17:30 �± 18:15 G5 UNDERSTANDING ELECTRON-BEAM-SPECIMEN 
INTERACTIONS AT LOW ACCELERATING VOLTAGES TO 
TAILOR PROPERTIES OF LOW-DIMENSIONAL INORGANIC 
AND ORGANIC MATERIALS    

  Ute Kaiser, Ulm University (Germany) 

 

18:15 �± 18:20 SP7 LATEST DEVELOPMENTS FROM HITACHI 

  Felix von Cube, Hitachi High-Tech Europe GmbH (Germany) 
 

18:20 �± 18:25 SP8 �/�(�7�¶�6���'�(�6�,�*�1���7�2�*�(�7�+�(�5���<�2�8�5���1�(�;�7�����'���6�7�(�0��
EXPERIMENT 

  Daniel Stroppa, DECTRIS Ltd. (CH) 

18:25 �± 18:30 SP9 PTYCHOGRAPHY WITH MERLIN EM DETECTOR 

  Matus Krajnak, Quantum Detectors Ltd. (UK) 

 



 

 

19:00 �± 20:00  WINE RECEPTION  
& DINNER SPEECH ASTRID LAMBRECHT 
�³�%�L�Q�Q�H�Q�S�O�D�D�W�V�´���L�Q���I�U�R�Q�W���R�I���W�K�H��castle  

 

 

20:00 �± 22:00  CONFERENCE DINNER  
castle �± see seating plan  

  



 

THURSDAY MAY 12TH, 2022 
 

07:00 �± 08:30  BREAKFAST  
�³�.�U�X�L�G�H�Q�W�X�L�Q�´���U�H�V�W�D�X�U�D�Q�W 

 

 

SESSION H 
�³Morettipaviljoen �´��castle ground floor  

   

08:30 �± 09:05 H1 CEPSTRAL SCANNING TRANSMISSION ELECTRON 
MICROSCOPY FOR ORDERED AND DISORDERED 
MATERIALS 

  Jian Min Zuo, University of Illinois (USA) 

09:05 �± 09:40 H2 EXPLORING MATERIALS STRUCTURE AND PROPERTIES 
ON THE NANOSCALE BY COMPUTER-AUGMENTED 
ELECTRON MICROSCOPY 

  Christoph Koch, Humboldt-Universität zu Berlin (Germany) 

09:40 �± 10:15 H3 ROLE OF IONIZATION IN IMAGING AND SPECTROSCOPY 
UTILIZING FAST ELECTRONS THAT HAVE EXCITED 
PHONONS 

  Juri Barthel, Forschungszentrum Jülich (Germany) 
 

10:15 �± 10:45  COFFEE BREAK  
 

10:45 �± 11:20 H4 2D MATERIAL HETEROSTRUCTURE LIQUID CELLS: A 
PLATFORM FOR ATOMIC RESOLUTION STEM IMAGING 
WITH LIQUIDS 

  Sarah Haigh, University of Manchester, (UK) 

11:20 �± 11:55 H5 THICKNESS DEPENDENT COATING BREAKING DURING 
BATTERY CYCLING BY IN SITU TEM 

  Shibabrata Basak, Forschungszentrum Jülich (Germany) 

11:55 �± 12:30 H6 NOVEL THEORY OF THE STRUCTURE OF THE ELECTRON 

  Harald Rose, Ulm University (Germany) 
 



 

12:30 �± 12:45  CLOSING REMARKS  

  Rafal Dunin-Borkowski, Forschungszentrum Jülich GmbH 
(Germany), Joachim Mayer, RWTH Aachen University 
(Germany), and Carsten Sachse, Forschungszentrum Jülich 
GmbH (Germany) 

 

12:45 �± 14:00  LUNCH  
�³�.�U�X�L�G�H�Q�W�X�L�Q�´���U�H�V�W�D�X�U�D�Q�W 

 

14:00   DEPARTURE  

  



 

 

 

 SEVENTH CONFERENCE ON 

 FRONTIERS OF ABERRATION  

 CORRECTED ELECTRON MICROSCOPY  

 

 celebrating  

 

 25 years of aberration correction  

  

 

 

 Kasteel Vaalsbroek 

 May 08th �± May 12th  

 2022 

 

 

 

ABSTRACTS  
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Engineering the structural or chemical architecture of functional materials at the nano 
or even atomic level enables emergent properties that rely on the interplay between 
fundamental properties of matter such as charge, spin and local atomic-scale chem-
istry. A striking illustration of the relevance of this strategy is provided by placing 
Bi2Se3, a topological insulator (TI) with topologically-protected helical two-dimensional 
surface states and one-dimensional bulk states associated with crystal defects, in 
close proximity with graphene. The strong spin-orbit interaction and proximity effects 
result in subtle and controllable electronic band structure changes at and near the 
interface, with exciting potential for spintronic applications. Here we probe at high en-
ergy resolution the interfaces in a system consisting of Bi2Se3 films grown by chemical 
vapor deposition on epitaxial graphene/SiC(0001), where the number of carbon layers 
can be carefully controlled to tune possible proximity effects between the film and the 
substrate. All experiments were carried out on a monochromated Nion UltraSTEM100 
MC operated at 60kV, with a probe convergence semi-angle of 31mrad and a beam 
current of approximately 4pA (after monochromation to ~12meV resolution). Chemical 
mapping confirms the atomic-level chemistry of the layers, while an analysis of the 
carbon K edge fine structure provides direct insights into the nature of bonding at the 
SiC/graphene and graphene/Bi2Se3 interfaces [1]. Strikingly, the use of a dark-field 
EELS geometry, either using a set of custom-developed annular apertures reveals the 
emergence of locally resolved fine structure in the ultra-low loss region of the spec-
trum. In addition to a further direct interrogation of the chemical bonds between the 
layers, and a demonstration of chemically and atomically sensitive phonon mapping 
at interfaces in a bulk sample, it is thought these observations could also be linked to 
the interplay between the various phonon modes and the Dirac plasmons in the TI 
layers. 

 
[1] M. Bugnet et al., Phys. Rev. Lett. 128, 116401 (2022) 
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�O�D�P�H�O�O�D�H���I�U�R�P�� �+�3�)�� �V�D�P�S�O�H�V���� �Z�K�H�W�K�H�U�� �Z�L�W�K���J�D�O�O�L�X�P���R�U�� �S�O�D�V�P�D���L�R�Q�V���� �Q�H�H�G�V�� �W�R�� �E�H��
�V�W�U�H�D�P�O�L�Q�H�G���D�Q�G���D�X�W�R�P�D�W�H�G���W�R���E�H�F�R�P�H���P�R�U�H���H�I�I�L�F�L�H�Q�W���D�Q�G���X�V�H�U���I�U�L�H�Q�G�O�\�� 
�,�Q���R�X�U���S�U�H�V�H�Q�W�D�W�L�R�Q�����Z�H���U�H�S�R�U�W���R�Q���W�K�H���O�D�W�H�V�W���G�H�Y�H�O�R�S�P�H�Q�W�V���R�Q���W�K�H���Z�D�\���W�R���I�X�O�O���D�X�W�R�P�D�W�L�R�Q��
�R�I�� �W�K�H�� �O�L�I�W���R�X�W�� �S�U�R�F�H�V�V�����:�H�� �D�O�V�R�� �D�U�H�� �V�K�R�Z�F�D�V�L�Q�J�� �W�K�H�� �L�Q�W�H�J�U�D�W�L�R�Q�� �R�I�� �I�O�X�R�U�H�V�F�H�Q�F�H�� �O�L�J�K�W��
�P�L�F�U�R�V�F�R�S�H�V���L�Q�W�R���W�K�H���)�,�%���F�K�D�P�E�H�U���I�R�U���I�X�O�O�\���D�X�W�R�P�D�W�H�G���F�R�U�U�H�O�D�W�L�Y�H���O�D�P�H�O�O�D���S�U�H�S�D�U�D�W�L�R�Q��
�Z�R�U�N�I�O�R�Z�V���>���@�����)�L�Q�D�O�O�\�����S�H�U�V�S�H�F�W�L�Y�H�V���D�Q�G���S�U�H�O�L�P�L�Q�D�U�\���U�H�V�X�O�W�V���D�U�H���S�U�H�V�H�Q�W�H�G���R�Q���L�P�S�U�R�Y�L�Q�J��
���D�Q�G���S�R�V�V�L�E�O�\���E�\�S�D�V�V�L�Q�J�����O�L�I�W���R�X�W���W�R���L�Q�F�U�H�D�V�H���W�U�D�Q�V�I�H�U���H�I�I�L�F�L�H�Q�F�\���D�Q�G���P�D�N�H���F�U�\�R�)�,�%���O�L�I�W��
�R�X�W���R�I���P�X�O�W�L�F�H�O�O�X�O�D�U���V�S�H�F�L�P�H�Q�V���U�H�D�G�\���I�R�U���W�D�N�H���R�I�I�� 
 
�5�H�I�H�U�H�Q�F�H�V�� 
�>���@���0�����6�F�K�D�I�I�H�U���H�W���D�O�������1�D�W�X�U�H���0�H�W�K�R�G�V������ ���������������������������������� 
�>���@���-�����.�X�E�D���H�W���D�O�������-�R�X�U�Q�D�O���R�I���0�L�F�U�R�V�F�R�S�\�������� ������������������������ ���������������� 
�>���@���6�����.�O�X�P�S�H���H�W���D�O�������H�/�L�I�H�������������������H�������������������������� 
�>���@���6�����.�O�X�P�S�H���H�W���D�O�������0�L�F�U�R�V�F�R�S�\���7�R�G�D�\������ �������������������� ���������������� 
�>���@���0�����6�P�H�H�W�V���H�W���D�O�������0�L�F�U�R�V�F�R�S�\���7�R�G�D�\������ �������������������� ���������������� 
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�6�R�X�W�K�H�U�Q���8�Q�L�Y�H�U�V�L�W�\���R�I���6�F�L�H�Q�F�H���	���7�H�F�K�Q�R�O�R�J�\�����&�U�\�R���(�0���&�H�Q�W�U�H���� 
�����������;�X�H�\�X�D�Q���$�Y�H�Q�X�H�����6�K�H�Q�]�K�H�Q�����3�����5�����&�K�L�Q�D 

 
 

��Z�D�Q�J�S�\�# �V�X�V�W�H�F�K���H�G�X���F�Q 
 
 
�&�K�U�R�P�D�W�L�F���D�E�H�U�U�D�W�L�R�Q�����&�F�����L�V���S�U�H�V�H�Q�W�H�G���D�V���L�P�D�J�H���E�O�X�U���R�Q���W�K�H���*�D�X�V�V�L�D�Q���L�P�D�J�L�Q�J���S�O�D�Q�H��
�R�I�� �7�(�0�� �F�D�X�V�H�G�� �E�\�� �H�Q�H�U�J�\�� �V�S�U�H�D�G�� �R�I�� �W�K�H�� �L�Q�F�L�G�H�Q�W�� �H�O�H�F�W�U�R�Q�� �E�H�D�P�� �Z�K�L�O�V�W�� �W�K�H�� �H�O�H�F�W�U�R�Q��
�S�D�V�V���W�K�U�R�X�J�K���D���V�S�H�F�L�P�H�Q�����,�W���L�V���W�K�H���P�D�L�Q���O�L�P�L�W�L�Q�J���I�D�F�W�R�U���I�R�U���U�H�V�R�O�X�W�L�R�Q���R�Q�F�H���W�K�H���V�S�K�H�U�L�F�D�O��
�D�E�H�U�U�D�W�L�R�Q�����&�V�����K�D�V���E�H�H�Q���F�R�U�U�H�F�W�H�G���L�Q���7�(�0�����&�F���F�R�U�U�H�F�W�H�G���7�(�0���K�D�V���E�H�H�Q���S�U�R�Y�H�Q���Y�H�U�\��
�X�V�H�I�X�O���L�Q���S�K�\�V�L�F�V���D�Q�G���P�D�W�H�U�L�D�O�V���V�F�L�H�Q�F�H���U�H�V�H�D�U�F�K���D�V���L�W���F�D�Q���H�[�W�H�Q�G���W�K�H���F�R�Q�W�U�D�V�W���W�U�D�Q�V�I�H�U��
�I�X�Q�F�W�L�R�Q�����&�7�)�����R�I���7�(�0���W�R���K�L�J�K�H�U���V�S�D�W�L�D�O���I�U�H�T�X�H�Q�F�\���D�Q�G���L�P�S�U�R�Y�H���W�K�H���D�E�L�O�L�W�\���R�I���7�(�0���W�R��
�L�P�D�J�H�� �W�K�L�F�N�� �V�S�H�F�L�P�H�Q�V���� �%�R�W�K�� �D�G�Y�D�Q�W�D�J�H�V�� �D�U�H�� �H�V�V�H�Q�W�L�D�O�� �I�R�U�� �F�U�\�R���(�0�� �L�Q�� �W�K�H�� �I�L�H�O�G�� �R�I��
�V�W�U�X�F�W�X�U�D�O�� �E�L�R�O�R�J�\���� �H�V�S�H�F�L�D�O�O�\�� �I�R�U�� �F�U�\�R���H�O�H�F�W�U�R�Q�� �W�R�P�R�J�U�D�S�K�\�� ���F�U�\�R���(�7������ �� �&�U�\�R���H�O�H�F�W�U�R�Q��
�W�R�P�R�J�U�D�S�K�\���F�D�Q���U�H�V�R�O�Y�H���W�K�H���V�W�U�X�F�W�X�U�H�V���R�I���E�L�R�O�R�J�L�F�D�O���V�S�H�F�L�P�H�Q�V���L�Q���W�K�H�L�U���Q�D�W�L�Y�H���V�W�D�W�H�V����
�D�Q�G���F�R�P�E�L�Q�H�G���Z�L�W�K���V�X�E���W�R�P�R�J�U�D�P���D�Y�H�U�D�J�L�Q�J�����L�W���D�O�O�R�Z�V���V�W�U�X�F�W�X�U�D�O���D�Q�G���F�H�O�O�X�O�D�U���E�L�R�O�R�J�L�V�W�V��
�W�R�� �R�E�W�D�L�Q���D���V�X�E���Q�D�Q�R�P�H�W�H�U�� �U�H�V�R�O�X�W�L�R�Q�� �R�I�� �V�S�H�F�L�P�H�Q�V���L�Q���³�L�Q���V�L�W�X�´�����+�R�Z�H�Y�H�U���� �W�K�H�� �&�F��
�F�R�U�U�H�F�W�R�U���K�D�V���Q�R�W���E�H�H�Q���D�S�S�O�L�H�G���L�Q���F�U�\�R���(�0���\�H�W���X�Q�W�L�O���U�H�F�H�Q�W�O�\�����7�K�H���I�L�U�V�W���&�F���&�V���F�R�U�U�H�F�W�H�G��
�F�U�\�R���(�0�� �L�V�� �F�X�U�U�H�Q�W�O�\�� �E�H�L�Q�J�� �L�Q�V�W�D�O�O�H�G�� �D�W���W�K�H���6�R�X�W�K�H�U�Q�� �8�Q�L�Y�H�U�V�L�W�\�� �R�I�� �6�F�L�H�Q�F�H�� �D�Q�G��
�7�H�F�K�Q�R�O�R�J�\�� ���6�8�6�7�H�F�K���� �L�Q�� �&�K�L�Q�D���� �7�K�L�V�� �W�D�O�N�� �Z�L�O�O�� �S�U�H�V�H�Q�W�� �I�L�U�V�W�� �W�L�P�H�� �V�R�P�H�� �E�D�F�N�J�U�R�X�Q�G����
�L�Q�V�W�D�O�O�D�W�L�R�Q���S�U�R�J�U�H�V�V���D�Q�G���X�V�H�U���H�[�S�H�U�L�H�Q�F�H�V���R�I���W�K�L�V���P�L�F�U�R�V�F�R�S�H�����D�Q�G���S�D�U�W�L�F�X�O�D�U�O�\���W�K�H���W�D�O�N��
�Z�L�O�O�� �I�R�F�X�V�� �R�Q�� �W�K�H�� �F�R�K�H�U�H�Q�W�� �L�P�D�J�L�Q�J�� �R�I�� �W�K�H�� �H�Q�H�U�J�\���O�R�V�V�� �H�O�H�F�W�U�R�Q�V�� �E�\�� �X�V�L�Q�J���&�F���&�V��
�F�R�U�U�H�F�W�H�G�� �F�U�\�R���(�0�� �D�Q�G�� �Z�K�H�W�K�H�U�� �W�K�H�V�H�� �L�Q�H�O�D�V�W�L�F�� �H�O�H�F�W�U�R�Q�V�� �F�D�Q���E�H���E�H�Q�H�I�L�F�L�D�O���I�R�U�� �F�U�\�R��
�(�0���P�H�W�K�R�G�V���V�X�F�K���D�V���V�L�Q�J�O�H���S�D�U�W�L�F�O�H���D�Q�D�O�\�V�L�V���D�Q�G���F�U�\�R���(�7�����3�U�H�O�L�P�L�Q�D�U�\���U�H�V�X�O�W�V���Z�L�O�O���E�H��
�S�U�H�V�H�Q�W�H�G���D�Q�G���G�L�V�F�X�V�V�H�G���� 

 
  
 



�6�7�5�(�$�0�������0�(�0�6���%�$�6�(�'���/�,�4�8�,�'���3�+�$�6�(���(�/�(�&�7�5�2�1��
�0�,�&�5�2�6�&�2�3�<�����$���3�5�2�0�,�6�,�1�*���5�2�8�7�(���)�2�5���0�$�7�(�5�,�$�/��

�6�&�,�(�1�&�(�����(�1�(�5�*�<���6�7�2�5�$�*�(���	���/ �,�)�(���6�&�,�(�1�&�(��
�$�3�3�/�,�&�$�7�,�2�1�6 

 
�+�R�Q�J�\�X���6�X�Q�����$�Q�Q�H���)�U�D�Q�F�H���%�H�N�H�U�����-�����7�L�M�Q���Y�D�Q���2�P�P�H�����5�R�Q�D�O�G���*�����6�S�U�X�L�W����

�+�����+�X�J�R���3�p�U�H�]���*�D�U�]�D�����(�Y�D���%�O�D�G�W�� 
 

�� �'�(�1�6�V�R�O�X�W�L�R�Q�V���%�9�����,�Q�I�R�U�P�D�W�L�F�D�O�D�D�Q���������������������=�'�����'�H�O�I�W�����7�K�H���1�H�W�K�H�U�O�D�Q�G�V 
 

��H�Y�D���E�O�D�G�W�# �G�H�Q�V�V�R�O�X�W�L�R�Q�V���F�R�P 
 
�+�D�Y�L�Q�J�� �W�K�H�� �F�D�S�D�E�L�O�L�W�\�� �W�R�� �H�Q�D�E�O�H�� �H�O�H�F�W�U�R�Q�� �P�L�F�U�R�V�F�R�S�\�� �L�P�D�J�L�Q�J�� �L�Q�� �O�L�T�X�L�G�� �H�Q�Y�L�U�R�Q�P�H�Q�W�V��
�K�D�V�� �E�H�H�Q�� �D�W�W�U�D�F�W�L�Q�J�� �P�X�F�K�� �L�Q�W�H�U�H�V�W�� �I�U�R�P�� �W�K�H�� �V�F�L�H�Q�W�L�I�L�F�� �F�R�P�P�X�Q�L�W�\���� �7�K�H�� �S�R�V�V�L�E�L�O�L�W�\�� �W�R��
�Y�L�V�X�D�O�L�]�H���� �L�Q�� �U�H�D�O�� �W�L�P�H���� �W�K�H�� �G�\�Q�D�P�L�F�� �P�H�F�K�D�Q�L�V�P�V�� �R�I�� �G�L�I�I�H�U�H�Q�W�� �V�D�P�S�O�H�V�� �L�Q�� �W�K�H�L�U�� �Q�D�W�L�Y�H��
�O�L�T�X�L�G�� �Q�D�W�X�U�H���� �D�V�� �D�� �I�X�Q�F�W�L�R�Q�� �R�I�� �V�W�L�P�X�O�L�� �V�X�F�K�� �D�V�� �K�H�D�W�L�Q�J�� �R�U�� �E�L�D�V�L�Q�J���� �R�S�H�Q�V�� �X�S�� �D�� �Z�L�G�H��
�Y�D�U�L�H�W�\�� �R�I�� �R�S�S�R�U�W�X�Q�L�W�L�H�V�� �L�Q�� �I�L�H�O�G�V�� �O�L�N�H�� �H�Q�H�U�J�\�� �V�W�R�U�D�J�H���� �H�O�H�F�W�U�R�F�D�W�D�O�\�V�L�V�����F�R�U�U�R�V�L�R�Q����
�P�D�W�H�U�L�D�O�V���V�\�Q�W�K�H�V�L�V���D�Q�G���O�L�I�H���V�F�L�H�Q�F�H���D�S�S�O�L�F�D�W�L�R�Q�V�� 
�+�H�U�H�����Z�H���L�Q�W�U�R�G�X�F�H���D���V�\�V�W�H�P���I�R�U���L�Q���V�L�W�X���O�L�T�X�L�G���S�K�D�V�H���V�W�X�G�L�H�V���L�Q�V�L�G�H���W�K�H���7�U�D�Q�V�P�L�V�V�L�R�Q��
�(�O�H�F�W�U�R�Q�� �0�L�F�U�R�V�F�R�S�H�� ���/�3�7�(�0������ �U�H�I�H�U�U�H�G�� �W�R�� �D�V�� �W�K�H�� �³�6�W�U�H�D�P�´�� �6�\�V�W�H�P�����)�L�J�X�U�H�� ���������7�K�L�V��
�V�\�V�W�H�P���X�V�H�V�� �D�� �0�L�F�U�R�� �(�O�H�F�W�U�R���0�H�F�K�D�Q�L�F�D�O�� �6�\�V�W�H�P�� ���0�(�0�6�����E�D�V�H�G�� �G�H�Y�L�F�H�� �D�V�� �D�� �V�P�D�U�W��
�V�D�P�S�O�H�� �F�D�U�U�L�H�U�����)�L�J�X�U�H�� �������� �Z�K�L�F�K�� �F�R�Q�W�D�L�Q�V�� �D�Q�� �L�Q�W�H�J�U�D�W�H�G�� �V�H�W�� �R�I�� �E�L�D�V�L�Q�J�� �H�O�H�F�W�U�R�G�H�V�� �W�R��
�H�Q�D�E�O�H�� �L�Q���V�L�W�X�� �H�O�H�F�W�U�R�F�K�H�P�L�V�W�U�\���� �R�U�� �D�Q�� �L�Q�W�H�J�U�D�W�H�G�� �P�L�F�U�R�K�H�D�W�H�U�� �W�R�� �D�O�O�R�Z�� �O�L�T�X�L�G�� �K�H�D�W�L�Q�J��
�H�[�S�H�U�L�P�H�Q�W�V���>�������@ 
�+�L�V�W�R�U�L�F�D�O�O�\���� �W�K�H���/�3�7�(�0���F�R�P�P�X�Q�L�W�\�� �K�D�V�� �E�H�H�Q�� �I�D�F�L�Q�J�� �V�H�Y�H�U�D�O�� �F�K�D�O�O�H�Q�J�H�V���� �L�Q�F�O�X�G�L�Q�J��
�X�Q�F�R�Q�W�U�R�O�O�H�G�� �O�L�T�X�L�G�� �O�D�\�H�U���W�K�L�F�N�Q�H�V�V���W�K�D�W�� �D�I�I�H�F�W�� �W�K�H�� �L�P�D�J�L�Q�J�� �U�H�V�R�O�X�W�L�R�Q�� �D�Q�G�� �K�L�Q�G�H�U��
�D�Q�D�O�\�W�L�F�D�O�� �W�H�F�K�Q�L�T�X�H�V�� �V�X�F�K�� �D�V�� �H�O�H�F�W�U�R�Q�� �G�L�I�I�U�D�F�W�L�R�Q���� �(�'�6�� �R�U�� �(�(�/�6���� �)�X�U�W�K�H�U�P�R�U�H����
�F�R�Q�W�U�R�O�O�L�Q�J���W�K�H�� �P�L�F�U�R�I�O�X�L�G�L�F�� �H�Q�Y�L�U�R�Q�P�H�Q�W�� �D�U�R�X�Q�G�� �W�K�H�� �V�D�P�S�O�H�� ���L���H���� �S�U�H�V�V�X�U�H���� �I�O�R�Z�� �U�D�W�H����
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JEOL-IDES beam blanking and deflection technologies are powerful tools which can 
upgrade existing TEMs with time resolution enabling new applications and explorations 
of dynamics of specimens across a range of very fast time scales. The optional 
Electrostatic Dose Modulator (EDM), a fast beam blanking system the beam ca be 
switched on or off in less than 50 ns. This 100,000x improvement in blanking speed 
immediately improves the clarity of data taken at fast exposure times. EDM can also 
very easily attenuate the electron beam intensity without affecting imaging conditions, 
giving TEM and STEM users exceptional control over the dose on their samples. 
Cutting-edge electronics and software add-ons unlock advanced applications such as 
temporal dose structuring and STEM synchronization. 
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A recently developed refractory MPEA, AlMo0.5NbTa0.5TiZr, exhibits an interesting 
microstructure with an ordered B2 phase being the matrix and a disordered bcc phase 
being the precipitate, unlike the conventional Ni-based superalloys where the ordered 
phase (�Û�•����is the precipitate and the disordered phase is the matrix (�J). Specific heat-
treatments have been employed which have been designed to yield mechanistic de-
tails of the phase transformation pathway leading to the final microstructure. Based on 
these experiments, it appears that the pathway includes conditional spinodal decom-
position, phase separation, and congruent ordering and disordering transformations. 
A critical parameter that influences the final microstructure is the interfacial energy 
between the ordered and disordered phases, and so the properties of the interfaces, 
for example, the misfit between the bcc and B2 phases, have been studied in detail. 
These experimental determinations are being used to develop a phase field model of 
the phase transformation pathway of this alloy, and this model is being employed to 
provide predictions of heat-treatments that will result in optimized microstructures. Of 
interest is the ordering scheme for the B2 compound, and attempts have been made 
to determine the sublattice occupancy using spatially-resolved XEDS spectroscopy in 
an aberration-corrected (S)TEM. Finally, the deformation mechanisms that are acti-
vated in this alloy have been studied and been shown to involve dislocation glide of 
closely coupled superlattice pairs. 
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Sample preparation is a major roadblock in the cryo-EM workflow; identifying conditions 
in which the sample is well-distributed across the holes in random orientations can often 
seem like a black art to the novice cryo-electron microscopist. Grid choice and grid 
surface modifications can make a big difference to sample quality; but identifying the best 
support for a new project can be challenging. One additional option which can often 
improve particle distribution is an additional ultrathin carbon (UTC) layer [1], and 
Quantifoil offers additional UTC layers in a range of thicknesses for most holey supports. 
The layer acts in several ways to improve particle distribution: 

�ƒ Increasing the number of particles due to adsorption of biomolecules onto carbon 
prior to blotting.  

�ƒ Improving particle distribution due to interaction with a continuous carbon surface 
across the hole as well as the support. 

�ƒ Reducing the number of particles adopting a preferred orientation. 

Ultrathin carbon layers have been used with a wide range of biomolecules including: 
SARS-CoV2 proteins [2, 3] and membrane-embedded complexes, such as Helicobacter 
pylori outer membrane complex (OMC) [4] as well as a wide range of other biological 
macromolecules. 
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Many bacterial pathogens rely on secretion systems to establish infection. They as-
semble into large, membrane embedded macromolecular machines that often function 
as protein transport systems to secrete virulence factors. The type III secretion sys-
tems (T3SSs) or injectisomes assemble a needle complex containing a continuous 
conduit crossing the bacterial envelope and the host cell membrane to mediate effec-
tor protein translocation [1]. However, the molecular principles underlying type III se-
cretion remain elusive. Here, I will discuss how we have established an experimental 
system to trap and visualize needle complexes from Salmonella enterica serovar 
Typhimurium in action by cryoEM, and how we used both manual and easy-to-be-
used semi-automated atomic model refinement (StarMap: Rosetta-based refinement 
controlled from ChimeraX) [2] to obtain complete atomic models of the needle complex 
engaged with the effector protein SptP in two functional states. We uncovered the 
complete 800Å-long secretion conduit and unravelled the critical role of the export 
apparatus subcomplex in type III secretion. Unfolded substrates enter the export ap-
paratus through a hydrophilic constriction formed by SpaQ proteins, which enables 
side chain-independent substrate transport. Above, a methionine gasket formed by 
SpaP proteins, which functions as a gate that dilates to accommodate substrates while 
preventing leaky pore formation. Following gate penetration, a moveable SpaR loop 
first folds up to then support substrate transport. Together, these findings establish the 
molecular basis for substrate translocation through T3SSs and explain tight control of 
gate opening by reorienting specific side-chains within the export apparatus [3]. 
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Amyloid fibrils are involved in many neurodegenerative diseases. It has become clear 
in the last few years that the aggregation of amyloidogenic proteins and peptides into 
fibrils, and therefore also the resulting fibril structure strongly depends on the environ-
ment conditions. In particular, co-solutes play an important role in driving the aggre-
gation and determining the specific structure. In cryo-EM reconstructions, additional 
co-solute densities have been observed in several cases, but their interpretation is 
�F�K�D�O�O�H�Q�J�L�Q�J�����2�Q�H���H�[�D�P�S�O�H���R�I���D���G�L�V�H�D�V�H���U�H�O�H�Y�D�Q�W���D�P�\�O�R�L�G���L�V���.-synuclein, which forms 
neuronal inclusions called Lewy bodies in Parkinson's disease. It is known that lipid 
�P�H�P�E�U�D�Q�H�V���D�U�H���L�P�S�R�U�W�D�Q�W���I�R�U���W�K�H���D�J�J�U�H�J�D�W�L�R�Q���R�I���.-synuclein. We present six different 
�V�W�U�X�F�W�X�U�H�V���R�I�� �.-synuclein fibrils grown in the presence of lipids, which show micelle-
like lipid densities as well as specific lipid-fibril interactions. We interpret the lipid den-
sities with extensive molecular dynamics simulations. 
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At the University of Glasgow, experiments with hybrid pixel array counting detectors 
started with a Medipix2 detector [1]. It was clear that direct electron detection and 
hardware-based electron counting can offer advantageous imaging capabilities. 
Subsequently, a Medipix3 detector with a Merlin readout system was commercialised 
as a MerlinEM detector by a collaboration between the University of Glasgow and 
Quantum Detectors Ltd. With more than 50 systems around the world, the detector 
has been applied in multiple experimental configurations. 
 
The detector has been mainly applied in scanning transmission electron microscopy 
(STEM), however, diffraction and EELS applications are also wide-ranging. [2] 
In STEM, the ability to collect a full distribution of electrons for each probe position 
with a millisecond and better timescales can be readily used in DPC [3] and 
ptychography [4, 5]. Moreover, this wealth of newly available information also enables 
more quantitative and low-dose approaches to standard techniques and the potential 
for the development of new ones.  
 
In this short talk, we will focus on examples of ptychography performed with the 
MerlinEM detector.  

 

 

  
 

Fig. 1. Ptychography with MerlinEM. Image of 
single gold atoms in MoSe2. Image courtesy 

Dr Shoucong Ning, NUS Singapore. 
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Liquid-phase transmission electron microscopy (TEM) offers a unique combination of 
nanometer spatial resolution and millisecond temporal resolution. Conventional liquid 
cell holders for scanning transmission electron microscopy (STEM) imaging and 
analysis are powerful tools for probing nanoscale behaviour at the solid-liquid 
interface. Nonetheless the presence of silicon nitride membranes, tens of nanometers 
in the thickness, as well as a relatively thick liquid layer (often >100 nm) compromises 
the instruments ultimate imaging resolution as well as the sensitivity of spectroscopy 
techniques. Graphene liquid cells provide excellent atomic resolution imaging and are 
fully compatible with spectroscopic analysis, but their construction often lacks 
reproducibility and the hermetic seal of the cells often fail with prolonged imaging. This 
talk I will discuss the 2D heterostructure approach to liquid cell STEM, which combines 
atomic resolution imaging, sensitive spectroscopic analysis with robust imaging 
capabilities even at high spatial resolution [1]. The platform builds on established 
�H�[�S�H�U�W�L�V�H�� �Z�L�W�K�L�Q�� �0�D�Q�F�K�H�V�W�H�U�¶�V�� �1�D�W�L�R�Q�D�O�� �*�U�D�S�K�H�Q�H�� �,�Q�V�W�L�W�X�W�H�� �R�I�� ���'�� �P�D�W�H�U�L�D�O�V��
nanochannel fluidics [2]. I will show how we have been applying this approach for 
advancing our understanding of solid-liquid interfaces and liquid phase chemical 
reactions. We demonstrate the potential of the approach for in situ atomic resolution 
imaging and elemental analysis, by investigating the time evolution of calcium 
carbonate synthesis, from the earliest stages of liquid-liquid phase separated 
nanodroplet precursors to crystalline calcite [3]. I will also demonstrate the application 
of the technique to studying the dynamic motion and preferred resting sites of single 
atom metallic species on surfaces in aqueous salt solution, revealing a closer match 
to theoretical calculations than is achievable with ex situ vacuum phase imaging. The 
approach provides exciting new opportunities for studying the dynamic behaviour of 
nanomaterials interacting with liquids. [4] 
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PA20  CONTINUOUS ILLUMINATION PICOSECOND IMAGING OF 
MAGNETISATION DYNAMICS IN A TRANSMISSION 
ELECTRON MICROSCOPE 

  T. Weßels, University of Duisburg-Essen (Germany) 

PA21  MAPPING OXYGEN COLUMNS IN MAGNETITE CRYSTALS 
USING DIFFERENTIAL PHASE CONTRAST STEM IMAGING 

  Xuyang Zhou, Max-Planck-Institut für Eisenforschung 
(Germany) 

 

 

POSTER SESSION B  ELECTRON OPTICS 
�³Jachtkelder �´��castle ground floor  

 

PB01  PERFORMANCE ESTIMATES FOR A GROUND-POTENTIAL 
MONOCHROMATOR 

  Felix Börrnert, CEOS GmbH (Germany) 

PB02  CEFID: A FLEXIBLE PLATFORM FOR SPECTROSCOPIC 
EXPERIMENTS 

  Giulio Guzzinati, CEOS GmbH (Germany) 

PB03  HIGH COHERENCE ELECTRON SOURCES FOR 
ULTRAFAST TRANSMISSION ELECTRON MICROSCOPY 
BASED ON PHOTOASSISTED FIELD EMISSION 

  Rudolf Haindl, Max Planck Institute for Multidisciplinary 
Sciences (Germany) 

PB04  COMBINATION OF ABERRATION CORRECTION WITH A 
THIN-FILM ZERNIKE PHASE PLATE 

  Simon Hettler, Universidad de Zaragoza (Spain) 

PB05  THE NEXT GENERATION OF IN-SITU OPEN CELL 
ENVIRONMENTAL DOUBLE ABERRATION CORRECTED E-
(S)TEM: ARTEMIS 

  Leonardo Lari, University of York (UK) 

PB06  THE USER ADJUSTABLE POLE-PIECE �± A TEM HEART 
TRANSPLANT 

  Patrick McBean, Trinity College Dublin (Ireland) 



PB07  ENERGY DISCRIMINATION USING CMOS-COMPATIBLE 
ARRAYS OF PHOTODIODES IN SCANNING ELECTRON 
MICROSCOPY 

  Jorge Sáenz-Noval, University of Cádiz (Spain) 

PB08  CAN A PROGRAMMABLE PHASE PLATE SERVE AS AN 
ADAPTIVE Cs CORRECTOR IN THE TEM? 

  Francisco Vega, University of Antwerp (Belgium) 

 

 

  



 

TUESDAY MAY 10TH, 2022 
 

 

POSTER SESSION C  METHOD DEVELOPMENT & DATA SCIENCE / THEORY  
�³Vaalsbroekerhof �´��castle ground floor  

 

PC01  SINGLE SCAN STEM EMCD IN 3-BEAM ORIENTATION 

  Hasan Ali, Stockholm University (Sweden) 

PC02  REDUCING ELECTRON BEAM DAMAGE THROUGH 
ALTERNATIVE STEM SCANNING STRATEGIES 

  Armand Béché, University of Antwerp (Belgium) 

PC03  THE EFFECT OF DYNAMICAL SCATTERING ON PHASE 
RETRIEVAL IN 4D-STEM 

  Laura Clark, University of Leeds (UK) 

PC04  IMPROVEMENTS IN DATA PROCESSING OF STEM-DPC 
WITH DISTORTED BRIGHT FIELD DISK 

  Sivert Dagenborg, NTNU (Norway) 

PC05  TRANSIENT HEXATIC PHASE OBSERVED BY HIGH-
COHERENCE ULTRAFAST ELECTRON DIFFRACTION 

  Till Domröse, Max Planck Institute for Multidisciplinary 
Sciences (Germany) 

PC06  OPTIMIZATION OF IMAGING CONDITIONS FOR 
COMPOSITION DETERMINATION BY ANNULAR DARK 
FIELD STEM 

  Saleh Firoozabadi, Philipps-Universität Marburg (Germany) 

PC07  DIRECT ELECTRON PTYCHOGRAPHY OF STRONG PHASE 
OBJECTS 

  Chuang Gao, University of Antwerp (Belgium) 

PC08  ATOMIC RESOLUTION STEM MAPPING OF MOMENTUM 
TRANSFER AND ELECTRON ENERGY LOSS 

  Benedikt Haas, Humboldt-Universität zu Berlin (Germany) 

 



PC09  PTYCHOGRAPHY FOR CHARGE TRANSFER SENSITIVITY 
AND 3D STRUCTURE DETERMINATION IN 2D MATERIALS 

  Christoph Hofer, University of Antwerp (Belgium) 

PC10  FAST 4D STEM ACQUISITION WITH EVENT BASED 
ELECTRON DETECTION 

  Daen Jannis, University of Antwerp (Belgium) 

PC11  MAGNETIC FIELD MAPPING OF 2-DIMENSIONAL AND 3-
DIMENSIONAL FRUSTRATED MAGNETS USING OFF-AXIS 
ELECTRON HOLOGRAPHY 

  András Kovács, Forschungszentrum J�•lich (Germany) 

PC12  APERTURED EMCD AT ATOMIC SIZED ELECTRON BEAMS 

  Klaus Leifer, Uppsala University (Sweden) 

PC13  OPTIMISING DOSE AND SAMPLING EFFICIENCY IN PHASE 
CONTRAST ELECTRON MICROSCOPY 

  Peng-Han Lu,  Forschungszentrum J�•lich (Germany) 

PC14  A NEW APPROACH FOR 3D QUANTITATIVE STEM USING 
DEFOCUS CORRECTED ELECTRON PTYCHOGRAPHY 

  Ali Mostaed, University of Oxford (UK) 

PC15  PRECESSION SEGMENTATION TO INCREASE SPED 
IMAGE RESOLUTION 

  Gregory Nordahl Norwegian University of Science and 
Technology (Norway)  

PC16  REAL TIME INTEGRATION CENTER OF MASS (RICOM) 
RECONSTRUCTION FOR 4D-STEM 

  Chu-Ping Yu, University of Antwerp (Belgium) 

PC17  FAST AUTOMATIC ANALYTICAL PARTICLE ANALYSIS 
USING AN AI GUIDED SMART SCAN STRATEGY 

  Bert Freitag, Thermo Fisher Scientific (NL) 

PC18  PHASE OBJECT RECONSTRUCTION FOR 4D-STEM WITH 
MACHINE LEARNING 

  Thomas Friedrich, University of Antwerp (Belgium) 
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MONDAY MAY 9TH, 2022  

AND  

TUESDAY MAY 10 TH, 2022 

 

POSTER SESSION S  SPONSORS 
�³Vaalsbroekerhof �´��castle ground floor  

 

PS01  HYBRID-PIXEL DETECTORS FOR TEM BY DECTRIS 

  Luca Piazza, DECTRIS Ltd. (CH) 

PS02  PULSED LASER INTEGRATION AND ELECTROSTRATIC 
SYSTEMS FOR DODE MODULATION AND TEMPORAL 
RESOLUTION TEM 

  Manuel Reinhard, JEOL GmbH (Germany) 

PS03  CLIMATE - EXPOSE YOUR SAMPLE TO A CONTROLLED 
GAS ENVIRONMENT WITH PRESSURES UP TO 2 BAR AND 
SWITCH GASSES IN SECONDS 

  Eva Bladt, DENSsolutions BV (NL) 

PS04  MERLIN EM, HYBRID PIXEL ARRAY COUNTING DETECTOR 
FOR TRANSMISSION ELECTRON MICROSCOPY 

  Matus Krajnak, Quantum Detectors Ltd. (UK) 

PS05  DYNAMICAL STUDIES OF ADVANCED MATERIALS 
COMBINING IN SITU 4D-sPED MAPPING AND PIXELATED 
DETECTORS 

  Alan Robins, NanoMEGAS SPRL (Belgium) 

PS06  AXON DOSE:  A MACHINE VISION SOLUTION FOR 
ACCURATE, QUANTIFIABLE DOSE MANAGEMENT IN THE 
TRANSMISSION ELECTRON MICROSCOPE 

  David Nackashi, Protochips Inc. (USA) 

PS07  IMPROVING SAMPLE DISPERSION WITH AN ADDITIONAL 
ULTRATHIN CARBON LAYER 

  Claire Naylor, Quantifoil (Germany) 



PS08  DEDICATED WORKFLOWS FOR ATOMIC STEM BASED 
ANALYSIS ON LITHIUM BASED BATTERY MATERIALS 

  Eric Van Cappellen, Thermo Fisher Scientific (USA) 

PS09  QUANTITATIVE MAPPING OF LITHIUM IN THE SEM USING 
COMPOSITION BY DIFFERENCE METHOD 

  Saleh Gorji, Gatan Inc. (USA) 

PS10  LIQUID HELIUM CRYO-TEM 

  Denys Sutter, condenZero GmbH (CH) 

  



 

 

 SEVENTH CONFERENCE ON 

 FRONTIERS OF ABERRATION  

 CORRECTED ELECTRON MICROSCOPY  

 

 celebrating  

 

 25 years of aberration correction  

  

 

 

 Kasteel Vaalsbroek 

 May 08th �± May 12th  

 2022 
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ABSTRACTS  
  



�$�%�(�5�5�$�7�,�2�1���&�2�5�5�(�&�7�(�'���6�7�(�0���&�+�$�5�$�&�7�(�5�,�=�$�7�,�2�1��
�2�)���,�1�7�(�5�&�$�/�$�7�(�'���/�D�&�R�2�����6�U�7�L�2�����/ �$�<�(�5�6���)�2�5�0�,�1�*��

�1�$�1�2�6�7�5�8�&�7�8�5�(�'���7�+�(�5�0�2�(�/�(�&�7�5�,�&���6�8�3�(�5�/�$�7�7�,�&�(�6 
 
�(�Q�U�L�T�X�H���&�D�U�E�R���$�U�J�L�E�D�\��������'�D�Y�L�G���%�X�J�D�O�O�R�������(�U�L�F���/�D�Q�J�H�Q�E�H�U�J�������1�R�D���9�D�U�H�O�D��
�'�R�P�L�Q�J�X�H�]�������$�G�R�O�I�R���2�W�H�U�R���)�X�P�H�J�D�����������9�L�F�W�R�U���3�D�U�G�R�������,�U�H�Q�H���/�X�F�D�V�������/�X�L�V��

�0�R�U�H�O�O�y�Q�������D�Q�G���)�U�D�Q�F�L�V�F�R���5�L�Y�D�G�X�O�O�D�� 
 

�����,�Q�W�H�U�Q�D�W�L�R�Q�D�O���,�E�H�U�L�D�Q���1�D�Q�R�W�H�F�K�Q�R�O�R�J�\���/�D�E�R�U�D�W�R�U�\�����$�Y�G�D���0�H�V�W�U�H���-�R�V�p���9�H�L�J�D���V���Q����
�������� �������� �����%�U�D�J�D�����3�R�U�W�X�J�D�O 

�����&�H�Q�W�U�R���G�H���,�Q�Y�H�V�W�L�J�D�F�L�y�Q���H�Q���4�X�t�P�L�F�D���%�L�R�O�y�[�L�F�D���H���0�D�W�H�U�L�D�L�V���0�R�O�H�F�X�O�D�U�H�V�����&�,�4�8�6����
�D�Q�G���'�H�S�D�U�W�D�P�H�Q�W�R���G�H���4�X�t�P�L�F�D���)�t�V�L�F�D�����8�Q�L�Y�H�U�V�L�G�D�G�H���G�H���6�D�Q�W�L�D�J�R���G�H���&�R�P�S�R�V�W�H�O�D����

���������� �����6�D�Q�W�L�D�J�R���G�H���&�R�P�S�R�V�W�H�O�D�����6�S�D�L�Q 
�����'�H�S�D�U�W�P�H�Q�W���R�I���&�R�Q�G�H�Q�V�H�G���0�D�W�W�H�U���3�K�\�V�L�F�V�����)�D�F�X�O�W�\���R�I���3�K�\�V�L�F�V�����8�Q�L�Y�H�U�V�L�W�D�W���G�H��

�%�D�U�F�H�O�R�Q�D�������������������%�D�U�F�H�O�R�Q�D�����6�S�D�L�Q 
�����'�H�S�D�U�W�D�P�H�Q�W�R���G�H���)�t�V�L�F�D���$�S�O�L�F�D�G�D�����8�Q�L�Y�H�U�V�L�G�D�G�H���G�H���6�D�Q�W�L�D�J�R���G�H���&�R�P�S�R�V�W�H�O�D����

���������� �����6�D�Q�W�L�D�J�R���G�H���&�R�P�S�R�V�W�H�O�D�����6�S�D�L�Q 
�����'�H�S�D�U�W�P�H�Q�W���R�I���$�S�S�O�L�H�G���3�K�\�V�L�F�V�����$�D�O�W�R���8�Q�L�Y�H�U�V�L�W�\�����)�,������������ �����$�D�O�W�R�����)�L�Q�O�D�Q�G 

�����,�Q�V�W�L�W�X�W�R���G�H���1�D�Q�R�F�L�H�Q�F�L�D���\���0�D�W�H�U�L�D�O�H�V���G�H���$�U�D�J�y�Q�����,�1�0�$�������8�Q�L�Y�H�U�V�L�G�D�G���G�H���=�D�U�D�J�R�]�D��
�D�Q�G���&�R�Q�V�H�M�R���6�X�S�H�U�L�R�U���G�H���,�Q�Y�H�V�W�L�J�D�F�L�R�Q�H�V���&�L�H�Q�W�t�I�L�F�D�V�������������������=�D�U�D�J�R�]�D�����6�S�D�L�Q�� 

 
��H�Q�U�L�T�X�H���F�D�U�E�R�#�L�Q�O���L�Q�W 

 
 
�7�K�H�� �F�R�Q�W�U�L�E�X�W�L�R�Q�� �R�I�� �F�R�K�H�U�H�Q�W�� �D�Q�G�� �L�Q�F�R�K�H�U�H�Q�W�� �S�K�R�Q�R�Q�V�� �W�R�� �W�K�H�U�P�D�O�� �F�R�Q�G�X�F�W�L�Y�L�W�\�� �>���@�� �R�I��
�Q�D�Q�R�V�W�U�X�F�W�X�U�H�G���V�X�S�H�U�O�D�W�W�L�F�H�V���K�D�V���E�H�H�Q���V�W�X�G�L�H�G���L�Q���D���V�H�W���R�I���/�D�&�R�2�����6�U�7�L�2�������/�&�2���6�7�2����
�P�X�O�W�L�O�D�\�H�U���V�D�P�S�O�H�V���E�\���W�X�Q�L�Q�J���W�K�H�L�U���S�H�U�L�R�G�L�F�L�W�L�H�V���D�Q�G���W�K�L�F�N�Q�H�V�V�H�V�����7�K�H���F�R�P�E�L�Q�D�W�L�R�Q���R�I��
�$�E�H�U�U�D�W�L�R�Q���&�R�U�U�H�F�W�H�G�� �6�F�D�Q�Q�L�Q�J�� �7�U�D�Q�V�P�L�V�V�L�R�Q�� �(�O�H�F�W�U�R�Q�� �0�L�F�U�R�V�F�R�S�\�� ���$�&���6�7�(�0����
�F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q���D�Q�G���)�R�F�X�V�H�G���,�R�Q���%�H�D�P�����)�,�%�����D�V���V�D�P�S�O�H���S�U�H�S�D�U�D�W�L�R�Q���P�H�W�K�R�G���L�V���U�H�D�O�O�\��
�S�R�Z�H�U�I�X�O���W�R���X�Q�G�H�U�V�W�D�Q�G���W�K�H���V�W�U�X�F�W�X�U�H���D�Q�G���F�K�H�P�L�F�D�O���F�R�P�S�R�V�L�W�L�R�Q���R�I���W�K�H�V�H���V�W�U�X�F�W�X�U�H�V���D�W��
�D�W�R�P�L�F���O�H�Y�H�O�����,�Q���W�K�L�V���Z�R�U�N���>���@�����Z�H���K�D�Y�H���I�R�O�O�R�Z�H�G���W�K�D�W���D�S�S�U�R�D�F�K���W�R���S�U�H�S�D�U�H���V�H�Y�H�U�D�O���7�(�0��
�O�D�P�H�O�O�D�V�� �R�I�� �Q�D�Q�R�V�W�U�X�F�W�X�U�H�G�� �V�X�S�H�U�O�D�W�W�L�F�H�V�� �P�D�G�H�� �R�I�� �L�Q�W�H�U�F�D�O�D�W�H�G���/�&�2���6�7�2���O�D�\�H�U�V���� �$��
�W�K�R�U�R�X�J�K���$�&���6�7�(�0���D�Q�D�O�\�V�L�V���R�I���W�K�R�V�H���7�(�0���O�D�P�H�O�O�D�V�����F�R�P�E�L�Q�L�Q�J���L�P�D�J�L�Q�J���D�Q�G���H�Q�H�U�J�\��
�G�L�V�S�H�U�V�L�Y�H���;���5�D�\���V�S�H�F�W�U�R�V�F�R�S�\�����(�'�;�������K�D�V���E�H�H�Q���F�D�U�U�L�H�G���R�X�W���L�Q���R�U�G�H�U���W�R���H�O�X�F�L�G�D�W�H���W�K�H��
�P�X�O�W�L�O�D�\�H�U�� �V�W�U�X�F�W�X�U�H�� �R�I�� �W�K�H�V�H�� �P�D�W�H�U�L�D�O�V�� �D�Q�G�� �F�R�U�U�H�O�D�W�H�V�� �L�W�� �Z�L�W�K�� �W�K�H�L�U�� �W�K�H�U�P�R�H�O�H�F�W�U�L�F��
�S�U�R�S�H�U�W�L�H�V���� �F�R�Q�F�O�X�G�L�Q�J�� �W�K�D�W�� �V�P�D�O�O�� �Y�D�U�L�D�W�L�R�Q�V�� �L�Q�� �W�K�H�� �S�H�U�L�R�G�L�F�L�W�\�� �D�Q�G�� �W�K�L�F�N�Q�H�V�V�� �R�I�� �W�K�H��
�O�D�\�H�U�V���F�D�Q���E�H���X�V�H�G���W�R���F�R�Q�W�U�R�O���W�K�H���W�K�H�U�P�D�O���F�R�Q�G�X�F�W�L�Y�L�W�\���R�I���W�K�H�V�H���V�X�S�H�U�O�D�W�W�L�F�H�V�� 
 

 
�)�L�J���� ������ ���$���&�����+�$�$�'�)���6�7�(�0�� �L�P�D�J�H�V�� �I�U�R�P�� �W�K�U�H�H���V�D�P�S�O�H�V���R�I�� �/�&�2���6�7�2���Z�L�W�K�� �G�L�I�I�H�U�H�Q�W��
�W�K�L�F�N�Q�H�V�V���D�Q�G���S�H�U�L�R�G�L�F�L�W�\�������'�����(�'�;���P�D�S�V���V�K�R�Z�L�Q�J���W�K�H���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���6�U���D�Q�G���/�D�������� 
 
�5�H�I�H�U�H�Q�F�H�V�� 
�>���@���0���0�D�O�G�R�Y�D�Q�����1�D�W�����0�D�W�H�U�������9�R�O�������� �������������� ������������ �� 
�>���@���'���%�X�J�D�O�O�R���H�W���D�O�����-�����3�K�\�V�����&�K�H�P�����/�H�W�W�������9�R�O���������������������������������������� 



�$�7�2�0�,�&���6�&�$�/�(���2�%�6�(�5�9�$�7�,�2�1�6���2�)���$�*���6�(�*�5�(�*�$�7�,�2�1���,�1��
�$���+�,�*�+���$�1�*�/�(���*�5�$�,�1���%�2�8�1�'�$�5�<���,�1���&�8��

��
�/�H�Q�D���)�U�R�P�P�H�\�H�U��������7�R�E�L�D�V���%�U�L�Q�N�������*�H�U�K�D�U�G���'�H�K�P��������

�&�K�U�L�V�W�L�D�Q���+�����/�L�H�E�V�F�K�H�U����
��

���0�D�[���3�O�D�Q�F�N���,�Q�V�W�L�W�X�W���I�•�U���(�L�V�H�Q�I�R�U�V�F�K�X�Q�J���*�P�E�+�����6�W�U�X�F�W�X�U�H���D�Q�G���1�D�Q�R��
���0�L�F�U�R�P�H�F�K�D�Q�L�F�V���R�I���0�D�W�H�U�L�D�O�V�����0�D�[���3�O�D�Q�F�N���6�W�U���������������������'�•�V�V�H�O�G�R�U�I�����*�H�U�P�D�Q�\��

��
��O���I�U�R�P�P�H�\�H�U�#�P�S�L�H���G�H��

��
�6�H�J�U�H�J�D�W�L�R�Q�� �W�R�� �J�U�D�L�Q�� �E�R�X�Q�G�D�U�L�H�V�� ���*�%�V���� �F�D�Q�� �O�H�D�G�� �W�R�� �G�U�D�P�D�W�L�F�� �F�K�D�Q�J�H�V�� �R�I�� �P�D�W�H�U�L�D�O�V��
�S�U�R�S�H�U�W�L�H�V���>���@�����2�Q�H���S�U�R�P�L�Q�H�Q�W���H�[�D�P�S�O�H���L�V���E�L�V�P�X�W�K���*�%���V�H�J�U�H�J�D�W�L�R�Q���L�Q���F�R�S�S�H�U���F�D�X�V�L�Q�J��
�*�%�� �H�P�E�U�L�W�W�O�H�P�H�Q�W�� �>���@���� �7�K�H�U�P�R�G�\�Q�D�P�L�F�� �P�R�G�H�O�V�� �F�D�Q�� �S�U�H�G�L�F�W�� �D�Q�G�� �H�[�S�O�D�L�Q�� �V�H�J�U�H�J�D�W�L�R�Q��
�H�I�I�H�F�W�V�� �L�Q�� �J�H�Q�H�U�D�O���� �+�R�Z�H�Y�H�U���� �D�W�R�P�L�V�W�L�F�� �R�U�L�J�L�Q�V�� �D�Q�G�� �D�W�R�P�L�F�� �V�F�D�O�H�� �R�E�V�H�U�Y�D�W�L�R�Q�V�� �R�I��
�V�H�J�U�H�J�D�W�L�R�Q�� �Z�L�W�K�L�Q�� �W�K�H�� �*�%�� �V�W�U�X�F�W�X�U�H�� �D�U�H�� �U�D�U�H�O�\�� �H�[�S�O�R�U�H�G�� �V�L�Q�F�H�� �W�K�H�\�� �F�D�Q�� �R�Q�O�\�� �E�H��
�L�Q�Y�H�V�W�L�J�D�W�H�G���E�\���D�W�R�P�L�F���U�H�V�R�O�X�W�L�R�Q���L�P�D�J�L�Q�J���D�Q�G���V�S�H�F�W�U�R�V�F�R�S�\�����,�Q���W�K�L�V���Z�R�U�N�����Z�H���V�W�X�G�L�H�G��
�$�J���V�H�J�U�H�J�D�W�L�R�Q���L�Q���&�X���D�V���D���P�R�G�H�O���V�\�V�W�H�P���G�X�H���W�R���L�W�V���O�D�U�J�H���G�L�I�I�H�U�H�Q�F�H���L�Q���D�W�R�P�L�F���Q�X�P�E�H�U��
�D�Q�G�� �L�P�P�L�V�F�L�E�L�O�L�W�\���� �Z�K�L�F�K�� �D�F�W�V�� �D�V�� �D�� �G�U�L�Y�L�Q�J�� �I�R�U�F�H�� �I�R�U���$�J�� �W�R�� �V�H�J�U�H�J�D�W�H�� �W�R�� �W�K�H�� �*�%�����$�Q��
�H�S�L�W�D�[�L�D�O�O�\���J�U�R�Z�Q�����������!���&�X���W�K�L�Q���I�L�O�P���Z�D�V���X�V�H�G���W�R���D�Q�D�O�\�]�H���W�K�H���D�W�R�P�L�F���V�W�U�X�F�W�X�U�H���R�I���S�X�U�H��
�D�Q�G���V�H�J�U�H�J�D�W�H�G���������F�����������!���^�������`���W�L�O�W���J�U�D�L�Q���E�R�X�Q�G�D�U�L�H�V�����6�L�W�H���V�S�H�F�L�I�L�F���O�L�I�W���R�X�W�V���R�I���V�X�F�K��
�*�%�V�� �R�E�W�D�L�Q�H�G�� �E�\�� �X�V�L�Q�J�� �D�� �I�R�F�X�V�H�G�� �L�R�Q�� �E�H�D�P�� �Z�H�U�H�� �L�Q�Y�H�V�W�L�J�D�W�H�G�� �Z�L�W�K�� �D�E�H�U�U�D�W�L�R�Q��
�F�R�U�U�H�F�W�H�G���+�$�$�'�)���6�7�(�0�����$�V���V�K�R�Z�Q���L�Q���)�L�J�����������W�K�H���F�O�H�D�Q���*�%���V�W�U�X�F�W�X�U�H���L�V���F�R�P�S�R�V�H�G���R�I��
�D���G�R�X�E�O�H���V�T�X�D�U�H�����J�U�H�H�Q�����D�Q�G���D���]�L�S�S�H�U���X�Q�L�W�����E�O�X�H�������&�R�Q�W�U�R�O�O�H�G���V�H�J�U�H�J�D�W�L�R�Q���Z�D�V���D�F�K�L�H�Y�H�G��
�E�\�� �G�H�S�R�V�L�W�L�Q�J�� �D�� �������� �Q�P���W�K�L�Q���$�J�� �O�D�\�H�U�� �R�Q�� �W�K�H�� �&�X�� �I�L�O�P�� �D�Q�G�� �V�X�E�V�H�T�X�H�Q�W�� �D�Q�Q�H�D�O�L�Q�J�� �D�W��
�������ƒ�&���I�R�U�������K�����,�Q�W�H�U�H�V�W�L�Q�J�O�\�����W�K�H���$�J���H�Q�U�L�F�K�H�G���*�%���D�G�R�S�W���V�L�P�L�O�D�U���D�W�R�P�L�F���V�W�U�X�F�W�X�U�H�V�����)�L�J����
�������� �1�H�D�U�� �D�W�R�P�L�F���U�H�V�R�O�X�W�L�R�Q�� �H�Q�H�U�J�\�� �G�L�V�S�H�U�V�L�Y�H�� �;���U�D�\�� �V�S�H�F�W�U�R�V�F�R�S�\�� ���(�'�6���� �Z�D�V��
�S�H�U�I�R�U�P�H�G���W�R���U�H�V�R�O�Y�H���W�K�H���$�J���S�R�V�L�W�L�R�Q�V���Z�L�W�K�L�Q���W�K�H���*�%�����$�J���H�Q�U�L�F�K�P�H�Q�W���Z�D�V���I�R�X�Q�G���W�R���E�H��
�L�Q���D���S�H�U�L�R�G�L�F���D�U�U�D�Q�J�H�P�H�Q�W���Z�L�W�K���P�D�[�L�P�D���H�D�F�K�������������Q�P�����$�V���V�K�R�Z�Q���L�Q���)�L�J�����������W�K�H���L�Q�W�H�Q�V�L�W�\��
�S�H�D�N�V�� �F�R�L�Q�F�L�G�H�� �Z�L�W�K�� �W�K�H�� �]�L�S�S�H�U�� �X�Q�L�W���� �$�W�R�P�L�V�W�L�F�� �V�L�P�X�O�D�W�L�R�Q�V�� �D�U�H�� �X�V�H�G�� �W�R�� �H�[�S�O�R�U�H�� �W�K�H��
�X�Q�G�H�U�O�\�L�Q�J���P�H�F�K�D�Q�L�V�P�V���O�H�D�G�L�Q�J���W�R���W�K�H���R�E�V�H�U�Y�H�G���$�J���V�H�J�U�H�J�D�W�L�R�Q���S�D�W�W�H�U�Q�����,�W�V���L�P�S�D�F�W���R�Q��
�L�Q�W�H�U�I�D�F�L�D�O���S�U�R�S�H�U�W�L�H�V���Z�L�O�O���E�H���G�L�V�F�X�V�V�H�G������
�$�F�N�Q�R�Z�O�H�G�J�P�H�Q�W���� �7�K�L�V�� �S�U�R�M�H�F�W�� �K�D�V�� �U�H�F�H�L�Y�H�G�� �I�X�Q�G�L�Q�J�� �I�U�R�P�� �W�K�H�� �(�X�U�R�S�H�D�Q�� �5�H�V�H�D�U�F�K��
�&�R�X�Q�F�L�O�����*�U�D�Q�W���D�J�U�H�H�P�H�Q�W���1�R���������������������*�%���&�2�5�5�(�/�$�7�(������
��

��
��

��

��

�)�L�J���������+�$�$�'�)���6�7�(�0���L�P�D�J�H���R�I���D��
�������F�����������!���^�������`���*�%���L�Q���S�X�U�H���&�X����

�� �)�L�J�����������+�$�$�'�)���6�7�(�0���L�P�D�J�H���R�I���D���������F�����������!���^�������`��
�&�X���*�%�����R�Y�H�U�O�D�\�H�G���Z�L�W�K���W�K�H���(�'�6���L�Q�W�H�Q�V�L�W�\���R�I���$�J����

��
�5�H�I�H�U�H�Q�F�H�V����
�>���@���3�����/�H�M�F�H�N�����6�S�U�L�Q�J�H�U���6�H�U�L�H�V���L�Q���0�D�W�H�U�L�D�O�V���6�F�L�H�Q�F�H��������������������������
�>���@���(���'�����+�R�Q�G�H�R�V�����'���0�F�/�H�D�Q�����3�K�L�O�R�V�R�S�K�L�F�D�O���0�D�J�D�]�L�Q�H������ ��������������������������������������



�7�+�(�5�0�$�/�/�<���$�&�7�,�9�$�7�(�'���0�,�&�5�2�6�7�5�8�&�7�8�5�$�/��
�5�(�)�,�1�(�0�(�1�7���,�1���J���7�,�$�/���$�/�/�2�<�(�'���:�,�7�+���1�%��

��
�+�H�L�N�H���*�D�E�U�L�V�F�K��������0�L�F�K�D�H�O�D���-�D�Q�R�Y�V�N�D�������)�O�R�U�L�D�Q���3�\�F�]�D�N��������

�0�D�U�F�X�V���:�����5�D�F�N�H�O�������$�Q�G�U�H�D�V���6�W�D�U�N����
��

�����+�H�O�P�K�R�O�W�]���=�H�Q�W�U�X�P���+�H�U�H�R�Q�����0�H�W�D�O���3�K�\�V�L�F�V�����0�D�[���3�O�D�Q�F�N���6�W�U�������������������������*�H�H�V�W�K�D�F�K�W����
�*�H�U�P�D�Q�\��

�����,�Q�V�W�L�W�X�W�H���R�I���7�K�H�U�P�R�P�H�F�K�D�Q�L�F�V���R�I���W�K�H���&�]�H�F�K���$�F�D�G�H�P�\���R�I���6�F�L�H�Q�F�H�V�����3�U�D�J�X�H������
�&�]�H�F�K���5�H�S�X�E�O�L�F��

��
��K�H�L�N�H���J�D�E�U�L�V�F�K�#�K�H�U�H�R�Q���G�H��

��
��
�J���7�L�W�D�Q�L�X�P�� �D�O�X�P�L�Q�L�G�H�V�� �D�U�H�� �V�W�U�X�F�W�X�U�D�O�� �P�D�W�H�U�L�D�O�V�� �I�R�U�� �D�S�S�O�L�F�D�W�L�R�Q�V�� �L�Q�� �W�X�U�E�L�Q�H�V�� �R�I�� �D�H�U�R��
�H�Q�J�L�Q�H�V�����$�W���$�O���F�R�Q�W�H�Q�W�V���E�H�W�Z�H�H�Q�������������������D�W���������W�K�H�L�U���P�L�F�U�R�V�W�U�X�F�W�X�U�H���F�R�Q�V�L�V�W�V���R�I���W�K�H���W�Z�R��
�R�U�G�H�U�H�G���S�K�D�V�H�V�����D�������K�H�[�D�J�R�Q�D�O�����D�Q�G���J�����W�H�W�U�D�J�R�Q�D�O�����W�K�D�W���I�R�U�P���O�D�P�H�O�O�D�U���F�R�O�R�Q�L�H�V�����8�S�R�Q��
�D�O�O�R�\�L�Q�J�� �Z�L�W�K�� �1�E���� �W�K�H���D�����S�K�D�V�H�� �E�H�F�R�P�H�V�� �P�H�W�D�V�W�D�E�O�H���� �,�Q�� �W�K�H�� �W�H�P�S�H�U�D�W�X�U�H�� �U�D�Q�J�H��
�E�H�W�Z�H�H�Q�� �������� ���� �������ƒ�&�� �F�R�Q�W�L�Q�X�R�X�V�� �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�V�� �L�Q�Y�R�O�Y�L�Q�J�� �O�D�W�W�L�F�H�� �G�L�V�W�R�U�W�L�R�Q�V�� �D�Q�G��
�G�L�I�I�X�V�L�R�Q���D�U�H���R�E�V�H�U�Y�H�G���L�Q���D�����O�D�P�H�O�O�D�H�����7�K�H���S�U�R�G�X�F�W���L�V���D���P�L�[�W�X�U�H���R�I���K�H�[�D�J�R�Q�D�O���D�����S�K�D�V�H��
�D�Q�G���R�U�W�K�R�U�K�R�P�E�L�F���2���S�K�D�V�H�����0�H�D�V�X�U�H�P�H�Q�W�V���L�Q���W�K�H���D�O�O�R�\���7�L�������$�O���������1�E���V�K�R�Z�����W�K�D�W���W�K�H��
�V�L�]�H���R�I���2���S�K�D�V�H���G�R�P�D�L�Q�V���G�H�F�U�H�D�V�H�V���G�X�U�L�Q�J���D�Q�Q�H�D�O�L�Q�J���D�W�����������ƒ�&���Z�K�L�O�H���V�L�P�X�O�W�D�Q�H�R�X�V�O�\��
�1�E���S�D�U�W�L�W�L�R�Q�V���W�R���2���S�K�D�V�H���G�R�P�D�L�Q�V����
�7�K�H�� �H�I�I�H�F�W�� �R�I�� �W�K�H�V�H�� �P�L�F�U�R�V�W�U�X�F�W�X�U�D�O�� �F�K�D�Q�J�H�V�� �R�Q�� �P�H�F�K�D�Q�L�F�D�O�� �S�U�R�S�H�U�W�L�H�V�� �K�D�V�� �E�H�H�Q��
�P�R�Q�L�W�R�U�H�G�� �E�\�� �L�Q���V�L�W�X���K�H�D�W�L�Q�J�� �5�H�V�R�Q�D�Q�W�� �8�O�W�U�D�V�R�X�Q�G�� �6�S�H�F�W�U�R�V�F�R�S�\�� �>���@���� �$�� �V�P�D�O�O�� �E�X�W��
�G�L�V�W�L�Q�F�W�� �L�Q�F�U�H�D�V�H�� �L�Q�� �W�K�H�� �H�O�D�V�W�L�F�� �F�R�Q�V�W�D�Q�W�V�� �L�V�� �G�H�W�H�F�W�H�G���� �7�K�H�� �F�R�U�U�H�O�D�W�L�R�Q�� �E�H�W�Z�H�H�Q��
�P�L�F�U�R�V�W�U�X�F�W�X�U�H���D�Q�G���H�O�D�V�W�L�F���F�R�Q�V�W�D�Q�W�V���V�K�R�Z�V���W�K�D�W���W�K�H���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���I�U�R�P���K�H�[�D�J�R�Q�D�O���W�R��
�R�U�W�K�R�U�K�R�P�E�L�F���V�\�P�P�H�W�U�\���L�Q���W�K�H���E�H�J�L�Q�Q�L�Q�J���R�I���W�K�H���D�Q�Q�H�D�O�L�Q�J���H�[�S�H�U�L�P�H�Q�W���K�D�V���W�K�H���O�D�U�J�H�V�W��
�L�P�S�D�F�W���R�Q���W�K�H���R�E�V�H�U�Y�H�G���L�Q�F�U�H�D�V�H����
��

��

��

��
�)�L�J���������+�H�[�D�J�R�Q�D�O���D�����S�K�D�V�H���L�Q���>���������@��
�S�U�R�M�H�F�W�L�R�Q������

�� �)�L�J�����������>���������@���S�U�R�M�H�F�W�L�R�Q���R�I���D�����D�Q�G���2��
�S�K�D�V�H�V���D�I�W�H�U���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���D�W���������ƒ�&����

��
�5�H�I�H�U�H�Q�F�H�V����
�>���@�� �0�D�U�F�X�V���:�L�O�O�L���5�D�F�N�H�O���H�W���D�O�������$�F�W�D���0�D�W�H�U�L�D�O�L�D�������� ������������������������������������
�>���@�� �3�����6�H�G�O�i�N���H�W���D�O�������%�H�Q�F�K�P�D�U�N���(�[�D�P�S�O�H�V���(�[�S�H�U�L�P�H�Q�W�D�O���0�H�F�K�D�Q�L�F�V����������������������������

��������������������������


















































































































































