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Welcome

Low Energy Electrons (LEE), how to create them, how to get rid of them, how to
control them? Surprisingly, a subject in physics which is over a hundred years old, nowa-
days still poses challenges that are discussed in the community in a highly controversial
fashion. In this connection, consider for example the simplest conceivable question one
could ask in connection with electrons near solid surfaces: if one were to put a single elec-
tron with a certain kinetic energy inside a solid, how many will be ejected from the surface
as a result? This essentially simple question of the Secondary Electron Yield (SEY)
still awaits resolution.

On the other hand low energy electrons play an increasingly important role in many
modern applications. For example low-energy SE may dramatically affect high-energy
physics accelerators and storage rings through the multipacting phenomenon and the
plasma-wall interaction in a fusion reactor. SE emission also plays a crucial role in the
energy and charge balance of gaseous electronics such as plasma display panels or particle
detection. In life sciences LEE are often the final product of ionising radiation interacting
with biological tissue which actually induces DNA-damage. Hence the interaction of low
energy electrons with matter is important for understanding tumour formation, but also
therapy. Similarly, in semiconductor technology, in particular with the advent of VUV-
lithography, the diffusion of LEE in matter represents a limiting factor. For the analysis
of surfaces low energies are of increasing importance as well, as exemplified in a most
impressive way in the Low Energy Electron Microscope (LEEM).

Since a number of fundamental questions regarding LEE need to be addressed to
advance the applications mentioned above, the present meeting constitutes an ideal event
since it brings together a number of renowned specialists in various fields related to these
subjects using different approaches and focusing on different aspects such as Secondary
Electron Emission and Electron-Solid Interaction, Correlation Spectroscopy on Surfaces
using electron pairs, Photo- & Field-Emission, Electron Microscopy and Spectroscopy
Scanning Probe Microscopy, Nanotechnology and Biomaterials their Interaction with
LEE as well as Spin and Magnetism. The above considerations have given birth to the
SIMDALEE2-consortium which is funded by the Research and Executive Agency of the
European Commission through a Marie-Curie initial training network in the framework
of which the present conference is organized.

The workshop venue provides an ideal ambient for intensive discussion among the
participants on the above topics and on the basis of the abstracts compiled in this book
it is to be expected that the workshop will provide a scientifically as well as socially
exciting week.

The SIMDALEE2017 organising committee wishes all participants of the SIMDALEE2017
workshop a fruitful conference and an enjoyable stay in Sardinia.

Wolfgang Werner
Olga Ridzel

Vytautas Astasauskas
Ernst-Dieter Janotka
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Plenary Lecture
Ernst Bauer

Invited Speakers
Roberto Cimino

Anika Schlenhoff

Roland Feder

Frank Oliver Schumann
Isabel Montero-Herrero
Gerd Schonhense

Peter Schattschneider
Leonhard Grill

Andrew Bass

Christopher Chantler

Organising Committee
Wolfgang Werner
Vytautas Astasauskas

Sabrina Masur
Alessandra Bellissimo
Marzia Fantauzzi

Ashish Suri

Scientific Committee
Prof. Wolfgang Werner
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Prof. Rafal Dunin-Borkowski

Prof. Giovanni Stefani
Dr. Kevin Jensen

Contact
SIMDALEE2017

Verkehrs Biiro Bussiness Travel
Helene.Perlini@verkehrsbuero.at  tel:+43-664-6258214 (during SIMDALEE2017 )
http://www.iap.tuwien.ac.at /www/simdalee2017 /index

Low Energy Electron Microscopy

Low-Energy Secondary Electron Yield (LE-SEY) of con-
ductive surfaces

Spin-polarized Scanning Field Emission Microscopy
and Spectroscopy of Non-collinear Spin Textures and
Atomic- Scale Magnets

Creation of entangled electrons by scattering at surfaces
Frontiers in low energy electron pairs emission
Secondary electron emission

Rapid 3D Mapping of Fermi Surface, Fermi Velocity and
Spin Texture

Magnetic Circular Dichroism in EELS

Imaging and manipulation of single molecules by scan-
ning probe microscopy: Wires, switches and motors
Low energy electron induced synthesis and degradation
in simple molecular solids and biomolecular targets
Novel Plasmon-Coupling Theory of the Electron Inelas-
tic Mean Free Path

Ernst-Dieter Janotka

Olga Ridzel

(Vienna University of Technology, A)
(University of Cambridge, UK)
(Universita Roma Tre, I)

(University of Cagliari, I)

(University of York, UK)

Prof. Mehmet Erbudak
Dr. Ilona Miillerova
Prof. Antonella Rossi
Prof. Jiirgen Kirschner

Conference Office:
Mrs. Helene Perlini
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SIMDALEE2017 Venue

The venue of the conference is set in Santa Margherita di Pula, on the south tip of
Sardinia. The Hotel Flamingo Resort has a congress centre consisting of two of the few
beach hotels in South Sardinia directly by the sea, where you can find a beach with pure
white sand which is only a few steps away from the rooms of the hotel.

Address

Hotel Flamingo Resort

SS 195, Km 33,800

09010 Santa Margherita di Pula (Cagliari) Sardegna, Italia
http://www.hotelflamingosardinia.com

Travel information

We advise all participants to plan their flight to Cagliari Airport, for it is by far the
closest airport to the venue. The other two airports ( Alghero-Fertilia/Riviera del Corallo
Airport Olbia-Costa Smeralda Airport) may be advantageous only if a vacation before
or after the conference is scheduled.

Transport from Cagliari airport to the conference venue is most conveniently (and
at a low price) done by means of the shuttle service which has been organised for
the participants. Please visit http://www.iap.tuwien.ac.at/www/simdalee2017 /travel
for further information. Download complete and return the form for the shuttle service
to Mrs Perlini and you will be picked up/brought back to Cagliari Airport.

The airport is located 7km northwest of Cagliari, transit from the airport to the city
center takes only 10 to 15 minutes. Buses offer the cheapest option of transport with a
one-way ticket costing approx. €1. There are two bus stations within Cagliari Airport.
The first is located outside the arrivals area and buses operate from 8.40 in the morning
to 11.30 at night. The second stage is outside the departures area. Here the first bus
is at 5.20 am and a bus departs every half hour until 10.30 pm. Take bus line 160
for the city center. From the main bus station on Piazza Matteotti in Cagliari, ARST
buses serve nearby Pula (€ 3, duration 50 minutes, departures hourly, bus line 129). We
expect the reliability of the shuttle service organised by us to significantly exceed the
quality of the bus service. While it is the cheapest option, it may be more tedious.

Taxis are available at the taxi ranks outside the terminal and are considerably more
expensive than the shuttle service. The price for a one-way trip from the airport to the
Hotel Flamingo range from: €60 - €90 (£55 - £70).
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Weather

The weather in Sardinia in September is usually still quite warm (15°C lows, 20-30°C
highs) and relatively dry. Occasional precipitation is possible.

Language

The workshop language is english.

Insurance/Disclaimer

The organisers cannot accept any liability or responsibility for death, illness, or injury
to the person or for loss of or damage to property of participants and accompanying
persons which may occur either during or arising from the workshop. Participants are
advised to make their own arrangements with respect of health and travel insurance.
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Social Programme

Welcome reception
A welcome reception will take place before the plenary lecture on monday afternoon
outside (if the weather permits it) on the lawn next to the pool area

Get together & Whisky degustation

After dinner on monday an informal get-together will take place (at a location to be
announced) during which the participants will have the opportunity to try out different
types of (Scottish) whisky, from mild and clear aroma to heavily smoked medicinally
peated ones.

Excursion

A conference outing will be organised to visit one of the more than 3000 year old
Phoenician settlements in Sardinia at the site of Nora. From there a short bus ride will
take us to one of the most beautiful beaches of the island, Chia, where we will have a
drink and a swim. Don’t forget to bring your beach wear!!!

Conference Dinner

On the evening after the conference excursion, gala-dinner with subsequent party
will take place in the wild-duck restaurant in the eucalyptus forest between the Ho-
tel Flamingo and the neighbouring hotel Pineta Mare.
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Scientific Programme

Oral Presentations

Oral presentations have a duration of 15 min including discussion (30 min for invited
talks). The lecture room has a PC (running windows) prepared for projection using a
beamer. You can also bring your own laptop (e.g. an Apple Macintosh) and connect
it to our system before the beginning of the session featuring your presentation. If you
bring a file of your presentation instead (e.g. a powerpoint- or PDF-file) you should
upload and test it well in advance of your presentation.

Poster Presentations

A poster session will be held in the lecture room on Wednesday afternoon. Poster panels
are AQ in size. Posters can be mounted on Tuesday and can be left hanging during the
entire workshop. The presenting authors are encouraged to give a 1 min-/1 slide- “flash”-
presentation about their posters before the Poster session starts.
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12:00-13:00
13:00-14:00

14:00
14:30-16:00
16:30-17:00

17:00-17:10

17:10-17:20

17:20-18:30

18:30-19:30
19:30-20:30
20:30-22:00

8:30-9:00

9:00-9:15

9:15-09:30

10:00-10:30

Scientific Programme

Monday, September 18"

Lunch
Free time

Start Registration
SIMDALEE2-meeting
Welcome Reception

Session 0: Scientific Perspective
Session Chair: Wolfgang S. M. Werner

Opening address

Wolfgang S. M. Werner Institute of Applied Physics, Vienna University of Tech-
nology

Presentation of the EC-Marie Sktodowska Curie Programme

Vojko Bratina, Research Executive Agency of the FEuropean Commission

Plenary Lecture: Low Energy Electron Microscopy

Ernst Bauer Department of Physics, Arizona State University, Tempe, Arizona,

USA
Free time

Dinner
Get-Together and (voluntary) Whisky degustation

Tuesday, September 19"

Session 1: Inelastic mean free path/secondary electron yield
Session Chair:  Urs Ramsperger

Novel Plasmon-Coupling Theory of the Electron Inelastic Mean Free
Path

C. T. Chantler School of Physics, The University of Melbourne, Melbourne, Vic,
Australia

Model sensitivity of Monte Carlo simulation of SEM images

K. T. Arat Dept. of Imaging Physics, Delft University of Technology, Delft,
the Netherlands

What’s next in Scanning Low Energy Electron Microscopy?

1. Miillerovd Institute of Scientific Instruments of the CAS, v. v. i., Brno, Czech
Republic

Coffee-break
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10:30-11:00

11:00-11:15

11:15-11:30

11:30-11:45

12:00-13:00

13:00-13:30

13:30-13:45

13:45-14:00

14:00-14:15

14:30-15:00

Session 2: Secondary electron yield
Session Chair: llona Miillerova

Low-Energy Secondary Electron Yield (LE-SEY) of conductive surfaces
R. Cimino LNF-INFN, Frascati, Roma, Italy

Investigation of the secondary electron yield of copper surfaces in par-
ticle accelerators

V. Petit, H. Neupert, E. Garcia Tabares, M. Taborelli, M. Belhaj, T. Paulmier
CERN, European Organization for Nuclear Research, Geneva, Switzerland
Secondary Electron emission from graphene based materials

P. Riccardi Dipartimento di Fisica, Universita della Calabria and INFN- Gruppo
collegato di Cosenza, Arcavacata di Rende, Cosenza, Italy

Transmission electron yield simulations of tynodes

A. M. M. G. Theulings, J. Hidding, C. W. Hagen, H. van der Graaf

Delft University of Technology, Delft, The Netherlands

Lunch

Session 3: Scanning probe microscopy
Session Chair: Stefano Prato

Imaging and Manipulation of Single Molecules by Scanning Probe Mi-
croscopy: Wires, Switches and Motors

L. Grill Department of Physical Chemistry, University of Graz, Austria

STM and NC-AFM investigations of Graphene on Ir(111)

V. Simic-Milosevic, Y. Dedkov, A. Thissen SPECS Surface Nano Analysis GmbH,
Berlin, Germany

Observation of Metal Nucleation on Freestanding Graphene by Means
of LEEPS Microscopy

M. Lorenzo, C. Escher, T. Latychevskaia and H.-W. Fink Department of Physics,
University of Ziirich, Ziirich, Switzerland

Charge-transfer plasmonics in self-organising metal-semiconductor-
metal structures

B.J. Murdoch, A.J. Barlow, J.F. Portoles, S. Tardio, I.W. Fletcher, P.J. Cumpson
National EPSRC XPS Users Service (NEXUS), School of Mechanical and Systems
Engineering, New-castle University, Newcastle upon Tyne, Tyne and Wear, UK

Coffee-break

10
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15:00-15:30

15:30-15:45

15:45-16:00

16:00-16:30

16:30-19:30
19:30-20:30

20:30-22:30

Session 4: Coincidence spectroscopy
Session Chair: Ottmar Jagutzki

Frontiers in low energy electron pair emission

F. O. Schumann Max-Planck Institute of Microstructure Physics, Halle, Germany
Low Energy Electron Emission Resulting from Auger Transitions Initi-
ated by Deep Holes in the Valence Band of Graphene

A.H. Weiss, V.A. Chirayath, V. Callewaert, A.J. Fairchild, M.D. Chrysler,
R.W. Gladen, S.K Imam, R. Saniz, B. Barbiellini, K. Rajeshwar, B. Partoens
The University of Texas at Arlington

Spectra of correlated many-electrons systems: from a one- to a two-
particle description

O. Gunnarsson, J. Merino, T. Schéifer, G. Sangiovanni, G. Rohringer, A. Toschi
Russian Quantum Center, Skolkovo, Moscow, Russia

Flash Poster Presentation

Free time
Dinner

Session 5: Poster Session

Overlayer thickness determination based on XPS no-loss peaks ratio
V. Afanas‘ev, P. Kaplya, D. Efremenko National Research University “Moscow
Power Engineering Institute”, Moscow, Russia

Principles of low energy electron interactions with simple molecular
solids and condensed biomolecules

A. D. Bass and L. Sanche Départment de Médecine Nucléaire et Radiobiologie,
Faculté de Médecine et des Sciences de la Santé, Université de Sherbrooke, Sher-
brooke, Québec, Canada

Experimental investigation of electron emission yield of layered surfaces
M. Belhaj, S. Dadouch, D. Payan ONERA-The French Aerospace Lab, Toulouse,
France

Unraveling relevance of the different electron generation mechanisms
to the Total Electron Yield
A. Bellissimo, G. Stefani, H. Neupert, M. Taborelli Dipartimento di Scienze, Uni-
versitd Roma Tre, Rome, Italy

Spin Polarized Imaging with Scanning Field Emission Microscopy
G. Bertolini, L.G. De Pietro, O. Girli, D. Pescia, U. Ramsperger Laboratory for
Solid State Physics, EHT Ziirich, Ziirich, Switzerland

Elimination of spherical and axial chromatic aberrations of the electron
microscope lens

S.B. Bimurzaev, E.M. Yakushev Almaty University of Power Engineering and
Telecommunications, Almaty, Kazakhstan

11
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Comparative study of apparent barrier height and local surface poten-
tial by ambient scanning probe microscopy

M. Demgydenko, A. Varlec, D. Cassese, D. Kostiuk, J. Ivanco, E. Majkova,
S. De Monte, S. Prato A.P.E. Research, Area Science Park, Basovizza Campus,
Trieste, Italy

Comparison of Low Energy Electron Emission Resulting from Deep
Valence Hole Auger Transitions in Graphene on Cu, Highly Oriented
Pyrolytic Graphite (HOPG), and Graphene on Si

A.J. Fairchild, V.A. Chirayath, S.K. Imam, M.D. Chrysler, R.W. Gladen,
A.R. Koymen, A.H. Weiss The University of Texas at Arlington, Arlington, USA

Energy Spectrum of Low Energy Electrons Emitted from a Ag(100)
Surface as a Result of NVV Auger Transitions

M. R.W. Gladen, P.V. Joglekar, K. Shastry, Q. Dong, S.L. Hulbert, R. A. Bartyn-
ski, W.S.M. Werner, A.H. Weiss The University of Texas at Arlington, Arlington,
USA

Modelling entire XPS spectra of core-shell nanoparticles for the calcu-
lation of shell thicknesses and core radii

M. Hronek, H. Kalbe, J. Pseiner, C.J. Powell, W.S5.M. Werner Vienna University
of Technology, Vienna, Austria

A secondary electron emission empirical model
C. Inguimbert, J. Pierron, M. Belhaj, J. Puech Onera, 2 av. Edouard Belin
Toulouse, France

The effect of structural disorder on the secondary electron emission of
graphitic materials
R. Larciprete, L.A. Gonzalez, A. Di Trolio, D. R. Grosso, R. Cimino LNF-INFN,
Frascati, Roma, Italy

Spin-Polarized Metastable Helium Atoms as a Probe of Surface Elec-
tronic and Magnetic Structure

A. Pratt, M. Kurahashi, Y. Yamauchi Department of Physics, University of York,
York, UK

Cathodoluminescence of A1GaN/GaN Using Monte Carlo Simulation.
Effect of Temperature and Compositional

A. Redha, L. Lazhar, N. Abdelkader Thin Films and Interfaces Laboratory, Uni-
versity of Fréres Mentouri Constantine, Constantine, Algeria

Low energy (1-50 eV) inelastic mean free path (IMFP) values estimated
from experimental results using Monte Carlo calculations

O. Ridzel, W.S.M. Werner, V. Astasauskas

Vienna University of Technology, Vienna, Austria

Effect of axial aberrations on the degree of coherence in SEM

T. Rihacek, I. Miillerovd Institute of Scientific Instruments of the CAS, v. v. i.,
Brno, Czech Republic

12
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Investigation of the long-term behavior of the work function and the
quantum efficiency of surfaces by photoelectron spectroscopy

K. Schénung, M. Wecker Max Planck Institute for Nuclear Physics, Heidelberg,
Germany

The Bessel box Electron Energy Analyser in the Scanning Electron
Microscope

A. Suri, S.P. Tear, C.G.H. Walker, A. Pratt, M.M. El Gomati Dept. Electronics,
University of York, Heslington, York, UK

The variation in the Transport Mean Free Path for electrons at low
energy for different atomic potential models

C.G.H. Walker, S.P. Tear, A. Pratt, M.M. El Gomati Dept. Physics, University
of York, Heslington, York, UK

13
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08:30-09:00

09:00-09:15

09:15-09:30

09:30-09:45

10:00-10:30

10:30-11:00

11:00-11:15

11:15-11:30

12:00-13:00

13:00-18:00

18:00-19:30
19:30-22:30

Wednesday, September 20"

Session 6: Scanning field microscopy
Session Chair: Seyno Sluyterman

Spin-polarized Scanning Field Emission Microscopy and Spectroscopy
of Non-collinear Spin Textures and Atomic-Scale Magnets

A. Schlenhoff Institute for Nanostructure- and Solid State Physics, University of
Hamburg, Germany

Exact Eigenstates of a Nanoscopic Paraboloidal Emiter: A Calculation
of Field Emission Quantities

A. Chatziafratis, G. Fikioris, J.P. Xanthakis National Technical University of
Athens, Electrical and Computer Engineering Department, Athens, Greece
Scanning Field-Emission Microscopy with Polarization Analysis

U. Ramsperger, L.G. De Pietro, G. Bertolini, D.A. Zanin, H. Cabrera, J. Zhou,
0. Girli, S. Nayir, A. Vindigni, T. Béhler, D. Pescia Laboratory for Solid State
Physics, ETH Ziirich, Ziirich, Switzerland

Improving the accuracy of modelling field emission into vacuum

S. M. Masur, C. J. Edgcombe, G. Constantinescu, G. Csanyi, C. H. W. Barnes
Department of Physics, University of Cambridge

Coffee-break

Session 7: Nanotechnologies
Session Chair: Maja Remskar

Principles of low energy electron interactions with simple molecular
solids and condensed biomolecules

A. D. Bass, L. Sanche Départment de Médecine Nucléaire et Radiobiologie, Fac-
ulté de Médecine et des Sciences de la Santé, Université de Sherbrooke, Sherbrooke,
Québec, Canada

Characterization of Cu nanoparticles via X-ray photoelectron spec-
troscopy in combination with theoretical calculations using SESSA

M. Sauer, A. Cognigni, L. Anteina, R. Zirbs, K. Schroder, A. Foelske-Schmitz
Analytical Instrumentation Center, Vienna University of Technology, Vienna, Aus-
tria

Extracting information on the structure of core-shell nanoparticles from
the inelastic background in XPS spectra

H. Kalbe, M. Hronek, C.J. Powell, W.S.M. Werner

Vienna University of Technology, Vienna, Austria

Lunch
Excursion

Free time
Conference dinner

14
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08:30-09:00

09:00-09:15

09:15-09:30

10:00-10:30

10:30-11:00

11:00-11:15

11:15-11:30

11:30-11:45

12:00-13:00

Thursday, September 215

Session 8: Photoemission
Session Chair:  Christopher Walker

Rapid 3D Mapping of Fermi Surface, Fermi Velocity and Spin Texture
G. Schonhense Institut fiir Physik, Johannes Gutenberg-Universitat, Mainz, Ger-
many

Graphene-based field emission sources for electron microscopy and
lithography

X. Shao, A. Srinivasan, W. K. Ang, A. Khursheed Department of Electrical and
Computer Engineering, National University of Singapore, Singapore

X-Ray photoelectron spectroscopy of ionic liquids - from half cell mea-
surements to in situ electrochemical XPS studies

A. Foelske-Schmitz, M. Sauer Vienna University of Technology, Vienna, Austria

Coffee-break

Session 9: Transmission electron microscopy
Session Chair: Rafal Dunin-Borkowski

Magnetic Circular Dichroism in Energy Loss Spectrometry

P. Schattschneider, S. Loffler Institute of Solid State Physics, Vienna University
of Technology, Vienna, Austria

Model-based Iterative Reconstruction of Charge Density in the Trans-
mission Electron Microscope

F. Zheng, V. Migunov, J. Caron, G. Pozzi, R. E. Dunin-Borkowski

Ernst Ruska-Centre for Microscopy and Spectroscopy with Electrons and Peter
Griinberg Institute, Forschungszentrum Jilich, Jiilich, Germany

Radiative transfer methods for electron spectroscopy

P. Kaplya, V. Afanas‘ev, D. Efremenko National Research University “Moscow
Power Engineering Institute”, Moscow, Russia

Reflection Electron Energy Loss spectra of Highly Oriented Pyrolytic
Graphite: role of anisotropic structure in plasmon excitations

M. Azzolini, T. Morresi, G. Garberoglio, L. Calliari, Y. Zhou, H. Zhang, K.
Abram, N. Stehling, R. C. Masters, C. Rodenburg, N. M. Pugno, S. Taioli, M. Da-
por European Centre for Theoretical Studies in Nuclear Physics and Related Ar-
eas (ECT*-FBK) and Trento Institute for Fundamental Physics and Applications
(TIFPA-INFN), Trento, Italy

Lunch

15
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13:00-13:15

13:15-13:30

13:30-13:45

14:30-15:00

15:00-15:30

15:30-15:45

15:45-16:00

16:30-19:30
19:30-20:30

08:30-09:00

09:00-09:15

09:15-09:30

10:00-10:30

10:30-12:00

12:00-13:00

Session 10: Reflection energy loss electron spectroscopy/Time of flight spectroscopy
Session Chair:  Chris Edgcombe

Very low energy STEM / TOF system

B. Daniel, T. Radlicka, J. Pinos, L. Frank, I. Millerovd Institute of Scientific
Instruments of the CAS, v.v.i., Brno, Czech Republic

Electron Motion in the Electrostatic Field in the Near-Field Emission
Electron Microscope

M. Oral, W. Werner, T. Radlicka, J. Zelinka, D. Pescia, U. Ramsperger,
G. Bertolini Institute of Scientific Instruments of the CAS, Brno, Czech Republic
Application of the Bandpass Filter for Secondary Electrons in SEM

F. Mika and I. Konvalina Institute of Scientific Instruments of the CAS, Brno,
Czech Republic

Coffee-break

Session 11: Coincidence spectroscopy
Session Chair:  Giovanni Stefani

Creation of entangled electrons by scattering at surfaces

R. Feder, H. Gollisch Theoretische Festkorperphysik, Universitat Duisburg-Essen,
Duisburg, Germany

On the relevance of plasmon assisted generation of secondary electrons
A. Bellissimo, A. Ruocco, M. Sbroscia, S. Iacobucci, G.M. Pierantozzi, G. Stefani
Dipartimento di Scienze, Universitd Roma Tre, Roma, Italy

Measurements of electronic structure of insulators

V. AstaSauskas, W. S. M. Werner, P. Kuksa, J. Pseiner, H. Kalbe, A. Bellissimo
Vienna University of Technology, Vienna, Austria

Free time
Dinner

Friday, September 2ond

Session 12: Secondary electron yield
Session Chair:  R. Cimino

Low-secondary electron emission yield of polarized surfaces

1. Montero, L. Olano, M.E. Ddvila, I. Bretos, L. Calzada, R. Jiménez

Instituto de Ciencia de Materiales de Madrid (ICMM), CSIC, Madrid, Spain
Measurement of electron backscattering yield at low incident energies
M. Belhaj, S. Dadouch, Th. Gineste, J. Puech ONERA-the French Aerospace-
Lab, Toulouse, France

GEANT4 Study of the effect of the surface roughness on the Secondary
Emission Yield

C. Inguimbert, J. Pierron, M. Raine, M. Belhaj, J. Puech Onera, 2 av. Edouard
Belin Toulouse, France
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Sources, Interaction with Matter, Detection and Analysis of Low Energy Electrons

Low Energy Electron Microscopy without and with spin polarization
(LEEM and SPLEEM)

Ernst Bauer
Department of Physics, Arizona State University, Tempe, Arizona, USA

This talk addresses the two most important aspects of image formation in cathode lens electron microscopy such as
LEEM and PEEM: resolution and contrast. Detection limit and information depth, will be discussed briefly too.

Resolution is mainly determined by the chromatic and spherical aberrations of the objective lens, with the chromatic
aberration dominating at the lowest energies, and by the angular aperture used for imaging. Both aberrations can be
compensated with an aberration corrector using an electron mirror with opposite aberrations. The best line resolutions
reported in this manner for selected samples are 2.0 nm in LEEM [1] and 2.6 nm in CW laser UV-PEEM [2]. With
pulsed illumination space charge effects reduce the resolution strongly; for XPEEM a best line resolution of 18 nm has
been reported [3]. While LEEM has reached its resolution limits with about 2.0 nm, CW laser UV-PEEM combined
with energy width control via Cs activation promises further improvements. Although there are worldwide already
many aberration-corrected instruments, aberration correction is seldom used because it is too time-consuming and the
high resolution is frequently not needed. Practical resolutions are, therefore, in the 5 nm to 10 nm range.

Contrast is mainly determined by the interaction of the electrons used for imaging with the sample and by the angular
aperture used for imaging. In LEEM, diffraction by the periodic arrangement of atoms is the main source of contrast but
phase contrast due to optical path differences or quantum well effects also play an important role. In SPLEEM ferro-
magnetism determines the contrast. UV-PEEM contrast is dominated by work function differences but densities of state
and transition probabilities often play a role too. Photo-
ionization cross sections determine chemical XPEEM
contrast.

The detection limits in LEEM and UV-PEEM depend
strongly upon the lateral distribution of the material (2D
gas or 2D/3D crystals) and can be small fractions of a
monolayer, similar to XPEEM and to difference images
in magnetic imaging (SPLEEM, XMCD/LPEEM).

The information depth is in all methods generally deter-
mined by the inelastic mean free path, which at low en-

ergies can deviate strongly from the universal curve due e " S

to high densities of occupied and unoccupied states near Figure 1. Small Fe crystallites. Left: SPLEEM sum
the Fermi level. Alternately, when energy loss probabili- and difference images; color: magnetization direc-
ties are low, elastic back scattering can determine the tion, E = 0.5 eV. Right: LEEM image, 9.0 eV [4]

information depth.

All these statements will be illustrated with emphasis on
LEEM and SPLEEM by examples such as Figs. 1 and 2
to the extent time allows.
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pring layer via MCD contrast; asymmetry values in % [5]
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Sources, Interaction with Matter, Detection and Analysis of Low Energy Electrons

Novel Plasmon-Coupling Theory of the Electron Inelastic Mean Free Path

CT Chantler,l’* JD Bourke,1
School of Physics, The University of Melbourne, Melbourne, Vic 3010, Australia

Synopsis We present a new self-consistent model of inelastic electron scattering in condensed matter systems for accu-
rate calculations of low-energy electron inelastic mean free paths (IMFPs) for XAFS, electron and particle transport and
detector modelling. We develop a comparison to other techniques, and discuss new results for additional elements in-

cluding zinc metal.

Our model implements plasmon coupling mecha-
nisms for the first time, in addition to causally-
constrained lifetime broadening and high-precision den-
sity functional theory, and enables dramatic improve-
ments in the agreement with recent high profile IMFP
measurements.

The accuracy of theoretical determinations of the
electron inelastic mean free path (IMFP) at low energies
is one of they key limiting factors in current XAFS mod-
eling and Monte Carlo transport [1]. Recent break-
throughs in XAFS analysis show that there exist signifi-
cant discrepancies between theoretical and experimental
IMFP values [2], and that this can significantly impact
upon extraction of other key structural parameters from
both XANES and XAFS. Resolution of these discrepan-
cies is required to validate experimental studies of materi-
al structures, and is particularly relevant to the characteri-
zation of small molecules and organometallic systems for
which tabulated electron scattering data is often sparse or
highly uncertain [3].

We have devised a new theoretical approach for
IMFP determination linking the optical dielectric function
and energy loss spectrum of a material with its electron
scattering properties and characteristic plasmon excita-
tions. For the first time we present a model inclusive of
plasmon coupling, allowing us to move beyond the
longstanding statistical approximation and explicitly
demonstrate the effects of band structure on the detailed
behavior of bulk electron excitations in a solid or small
molecule [4]. This is a novel generalization of the optical
response of the material, which we obtain using density
functional theory [5].

We find that our developments dramatically im-
prove agreement with experimental electron scattering
results in the low-energy region (<~100 eV) where plas-
mon excitations are dominant. Corresponding improve-
ments are therefore made in theoretical XAFS spectra and
detector modelling.
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Figure 1: The electron energy loss function (ELF) of
Mo. (A) is calculated using a lossless Lindhard type
model, while (B) utilises a self-consistent coupled-
plasmon model.
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Model sensitivity of Monte Carlo simulation of SEM images

K.T. Arat,"”" C.W. Hagen'
'Dept. of Imaging Physics, Delft University of Technology, Lorentzweg 1,2628CJ Delft, the Netherlands

Synopsis: we studied the sensitivity of simulated scanning electron microscopy (SEM) images to the various model
ingredients using an accurate, but slow simulator, based on state-of-the-art electron-matter interaction models, to identi-
fy the main ingredients to include in a reliable and fast SEM image simulator.

In SEM based inspection, it becomes more and more
crucial to operate with optimized system parameters to
handle the narrowed-down error margins in cases where
resolution enhancement is required, 3D information
needs to be extracted or buried structures are present.
Monte Carlo simulations can be used to predict these
parameters. However, to achieve the predictive power
needed, such simulators preferably contain the most ac-
curate interaction models, which unfortunately augment
the computation time significantly. Alternatively, simula-
tors with well-chosen approximate models, which are
fast and still produce key effects of the fully rigorous
models with a reasonable accuracy, can be very useful
for certain applications.

Recently a full Monte Carlo simulator was developed
at Delft University of Technology [1], based on first
principle models. The inelastic scattering is based on
dielectric function theory (DFT). The elastic scattering is
based on the relativistic Mott cross-sections (> 200eV)
and acoustic phonon cross-sections (< 100eV). Also,
boundary-crossing of electrons is treated quantum me-
chanically and surface plasmons are taken into account.
Moreover, the simulator runs on a GPU which decreases
simulation times significantly. On the other hand, the
semi-empirical Monte Carlo simulator based on Bethe’s
continuous slowing down approximation (CSDA), as
described by Arat [2] et al. and developed by GenlISys
GmbH [3], is still faster, by almost an order of magni-
tude (see Figure 1-a). In Figure 1-b, the cross-section
view of a silicon line sample is depicted. In Figure 1-c
and 1-d, the SEM images of that Si line were simulated
with the two simulators. The results look similar, yet
quantitatively they are not the same. It is the goal of this
work to use the Ist-principle code to investigate how
sensitive the simulated results are to the various ingredi-
ents of the accurate model. The final goal is to identify
the most important ingredients of the model such that a
simplified, approximate model is obtained that can be
used in a fast semi-empirical simulator. To that end, we
‘switch off” parts of the model, e.g. phonon scattering, or
surface plasmons, etc., and study the effect on the inten-
sity profile of the simulated Si line. We discovered that
the profiles are influenced most, among others, by the
inclusion of quantum mechanical transmission of elec-
tron through interfaces, compared to classical interface
transmission (see Figure 1-e). More details will be dis-
cussed at the conference.

E-mail: k.t.arat@tudelft.nl
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Figure 1 - a) the computation time comparison
shows that the semi-empirical approach on Intel
Xeon CPU E5-1620v3 is roughly 10 times faster
than 1% principle approach running on NVIDIA
GTX480; b) the cross-section of sample geometry,
a 32 nm x 32 nm infinitely long silicon line on top
of a silicon wafer; simulation of the line by two
different simulators ¢) the semi-empirical simula-
tor and d) the 1* principle simulator; e) effect of
quantum