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Foreword

Foreword

The 15t NanolBCT Conference, entitled 'Radiation Damage of Biomolecular Systems:
Nano-scale Insights into lon Beam Cancer Therapy', is organized in Caen from October
2nd to October 6. This conference is part of the COST Action MP1002 (Nano-IBCT)
which has been launched in December 2010. We believe that this Action will be relevant
for many communities (scientific, medical, technological, industrial) being interested in a
detailed understanding of radiation interaction mechanisms at a molecular and nanoscopic
scale. At present, twenty countries have joined the Action which is still open for other
interested countries to join.

lon beam therapy offers the possibility of excellent dose localization for treatment of
malignant tumours, minimizing radiation damage in normal tissue, while maximizing cell-
killing within the tumour. The first ion beam cancer therapy clinical centres are now
opening in Europe. However, the full potential of such therapy can only be realised by
better understanding the physical, chemical and biological mechanisms, that lead to cell
death under ion irradiation. Considering a range of spatio-temporal scales, the proposed
Action therefore aims to combine the unique experimental and theoretical expertise avail-
able within Europe to acquire greater insight at the nanoscopic and molecular level into
radiation damage induced by ion impact. Success in this endeavour will be both an impor-
tant scientific breakthrough and give great impetus to the practical improvement of this
innovative therapeutic technique. lon therapy provides potentially a significant advance in
cancer therapy and the COST action MP1002 will be very significant in ensuring European
leadership in this field, providing the science background, required data and mechanistic
insight which is indispensable for the optimization of this new therapy.

We hope that this conference will create plenty of opportunities to exchange ideas on
scientific and practical issues, to initiate new collaborations and to integrate in particular
young researchers from the scientific as well as from the applied field in this wide community.
In total, 118 participants from 28 countries will come together representing disciplines like
physics, chemistry, biology, medicine as well as industrial partners and operators of hadron
therapy projects and installations. Therefore, this meeting would provide an ideal forum
for fruitful exchange and will help to progress in this biomedical endeavor. Please use these
possibilities!

The Conference Chairs

Yann-Antoine Gauduel Bernd A. Huber Andrey V. Solov'yov
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ABSOLUTE CROSS SECTIONS FOR ELECTRON INTERACTION WITH
MOLECULES REPRESENTING SUB-UNITS OF BIOPOLYMERS

A. R. Milosavljevic(V)* | F. Blanco(®), J. B. Maljkovi¢(V), G. Garcia®®, and B. P.
Marinkovi¢(1)

M Institute of Physics, University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia
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Universidad Complutense, Avda. Complutense s/n, E-28040 Madrid, Spain
® Instituto de Matematicas y Fisica Fundamental, Consejo Superior de Investigaciones Cientificas,
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In recent years, we have reported both experimental and theoretical absolute differential
cross sections (DCSs) for electron interaction with several different molecules representing
building blocks of DNA [1]. Most recently this investigation has been also extended to the
smallest molecular systems containing the peptide bond. Beside a fundamental interest
to investigate electron/molecule interactions, the present work is also motivated by the
research on radiation damage in biomolecular systems [2].

The present experimental procedure
includes three independent measure-
ments, namely: 1) relative DCSs mea-
sured as a function of scattering angle,
2) relative DCSs measured as a func-
tion of the incident electron energy and
3) absolute DCSs obtained at specific
scattering angle and incident energy by
applying relative flow technique. All
these independent data sets are merged
to form a consistent set of absolute
DCSs for a specific target, which is fi-
nally compared to the theoretical re-
sults. The calculations of molecular
cross sections are based on a corrected
form of the independent-atom method,
known as the SCAR (Screen Corrected
Additivity Rule) procedure and using an
improved quasifree absorption model.
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Fig. 1. Angular dependence of relative DCSs for
elastic electron scattering from formamide (exp: cir-
cles; theory: full line) and N-methyl formamide (exp:
squares; theory: dashed line) molecules.

For all treated molecular targets, a very good agreement between the experimental and
theoretical results has been obtained (see Figure 1).
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Preface

The 1st Nano-IBCT Conference entitled ‘Radiation Damage in Biomolecular Systems: Nanoscale Insights
into Ion Beam Cancer Therapy’ was held in Caen, France, in October 2011. The Meeting was organised
in the framework of the COST Action MP1002 (Nano-IBCT) which was launched in December 2010
(http://fias.uni-frankfurt.de/nano-ibct). This action aims to promote the understanding of mechanisms and
processes underlying the radiation damage of biomolecular systems at the molecular and nanoscopic level
and to use the findings to improve the strategy of lon Beam Cancer Therapy. In the hope of achieving this,
participants from different disciplines were invited to represent the fields of physics, biology, medicine
and chemistry, and also included those from industry and the operators of hadron therapy centres.

Ion beam therapy offers the possibility of excellent dose localization for treatment of malignant
tumours, minimizing radiation damage in normal healthy tissue, while maximizing cell killing within
the tumour. Several ion beam cancer therapy clinical centres are now operating in Europe and elsewhere.
However, the full potential of such therapy can only be exploited by better understanding the physical,
chemical and biological mechanisms that lead to cell death under ion irradiation. Considering a range
of spatio-temporal scales, the proposed action therefore aims to combine the unique experimental and
theoretical expertise available within Europe to acquire greater insight at the nanoscopic and molecular
level into radiation damage induced by ion impact. Success in this endeavour will be both an important
scientific breakthrough and give great impetus to the practical improvement of this innovative therapeutic
technique. Ion therapy potentially provides an important advance in cancer therapy and the COST action
MP1002 will be very significant in ensuring Europe’s leadership in this field, providing the scientific
background, required data and mechanistic insight which are indispensable for the optimization of this
new therapy.

The conference gathered 115 participants originating from 28 countries and addressed a large number
of highly relevant aspects concerning ion propagation in biological matter, the production of secondary
particles along the ion tracks as electrons, holes and radicals, and their propagation in the biomolecular
medium. In particular, the attack of DNA molecules and proteins by electrons and free radicals, the relative
importance of direct and indirect damage processes as well as the role of the environment were discussed.
Not only were fundamental mechanisms and processes elucidated, but radiobiological scale effects, multi-
scale approaches and recent advances in the theoretical description of the underlying complex phenomena
were also presented. Aspects linked to the energy deposition (LET), the characteristics of the Bragg peak
and new techniques of dosimetry and radiolysis were highlighted. Furthermore, methods for increasing the
therapy efficiency by using radio sensitizers and the state-of-the-art of defining precise patient treatment
plans, identifying the clinical benefits of this type of therapy, were also addressed.

We would like to thank all participants for the lively exchange of ideas and results, thus making this
conference a very fruitful event. Furthermore, we appreciate the financial support of the sponsors of this
conference, in particular of the COST Action MP1002 financed by ESF. We would also like to express
our thanks to all authors of these proceedings, as well as to the reviewers for their time, efforts and
recommendations made during the preparation of this volume. Finally, many thanks to U G Huber for a

Published under licence by IOP Publishing Ltd |
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careful proof-read of this manuscript.
We look forward to the 2nd Nano-IBCT Conference, which will be held in spring 2013.

Caen, 15 March 2012

Bernd A Huber, Christiane Malot, Alicja Domaracka and Andrey V Solov’yov
The Editors
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ABSOLUTE CROSS SECTIONS FOR ELECTRON INTERACTION WITH
MOLECULES REPRESENTING SUB-UNITS OF BIOPOLYMERS

A. R. Milosavljevi¢!", F. Blanco(z), J.B. Maljkovié(l), G. Garcia® and B. P. Marinkovi¢"

M Institute of Physics, University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia
@ Departamento de Fisica Atémica Molecular y Nuclear, Facultad de Ciencias Fisicas, Universidad Complutense,
Avda. Complutense s/n, E-28040 Madrid, Spain
@) Instituto de Matematicas y Fisica Fundamental, Consejo Superior de Investigaciones Cientificas, Serrano 121,
28006 Madrid, Spain

In recent years, we have reported both experimental and theoretical absolute differential cross
sections (DCSs) for electron interaction with several different molecules representing building
blocks of DNA [1]. Most recently this investigation has been also extended to the smallest
molecular systems containing the peptide bond. Beside a fundamental interest to investigate
electron/molecule interactions, the present work is also motivated by the research on radiation
damage in biomolecular systems [2].

The present experimental procedure includes three independent measurements, namely: 1) relative
DCSs measured as a function of scattering angle, 2) relative DCSs measured as a function of the
incident electron energy and 3) absolute DCSs obtained at specific scattering angle and incident
energy by applying relative flow technique. All these independent data sets are merged to form a
consistent set of absolute DCSs for a specific target, which is finally compared to the theoretical
results. The calculations of molecular cross sections are based on a corrected form of the
independent-atom method, known as the SCAR (Screen Corrected Additivity Rule) procedure and
using an improved quasifree absorption model. For all treated molecular targets, a very good
agreement between the experimental and theoretical results has been obtained (see Figure 1).
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Figure 1: Angular dependence of relative DCSs for elastic electron scattering from formamide (exp:
circles; theory: full line) and N-methyl formamide (exp: squares; theory: dashed line) molecules.
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Abstract: In_recent years, we have reported both experimen_tal and thegretical Experimental Se-r_up

absolute differential cross sections (DCSs) for electron interaction with several different
molecules representing building blocks of DNA [1]. Most recently this investigation has
been also extended to the smallest molecular systems containing the peptide bond.
Beside a fundamental interest to investigate electron/molecule interactions, the present
work is also motivated by the research on radiation damage in biomolecular systems [2].

The present experimental procedure includes three independent
measurements, namely: 1) relative DCSs measured as a function of scattering angle, 2)
relative DCSs measured as a function of the incident electron energy and 3) absolute
DCSs obtained at specific scattering angle and incident energy by applying relative flow electron
technique. All these independent data sets are merged to form a consistent set of gLl
absolute DCSs for a specific target, which is finally compared to the theoretical results.
The calculations of molecular cross sections are based on a corrected form of the
iIndependent-atom method, known as the SCAR (Screen Corrected Additivity Rule)
procedure and using an improved quasifree absorption model.
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» The cross-beam experimental set-up has been performed using electron gun, a double cylindrical
mirror energy analyzer and channel electron multiplier as a detector.

* The molecular beam has been obtained using stainless still needle connected to a heated container.

» Overall energy resolution: 0.6 eV. Angular range: -40° to 110°. Angular resolution: £2°.

TR Formamide e The base pressure of about 5x1077 mbar (turbo-molecular pump). The working pressure was usually
Thymme Cytosine Uracil Pyrlmldlne less than 5x107% mbar and was recorded for each experimental point.
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7§ %E-'I;HF (Rel.Flow) - In the relative flow method, the DCSs for scattering of unknown gas is
SCAR ! determined by comparing scattering signals from the standard target (here
Ar) with its known differential cross sections, at a given incident electron
energy and scattering angle under identical collision geometry conditions
- To obtain the same profiles for both gas beams, the gases must be operated
at pressures behind the needle so that their mean free paths are the same.
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