






2.SIGNAL PROCESSING

In this work we analyze the described signal registered within the
time interval 5:00 UT - 7:00 UT. Fig. 1 shows three distinct time sections of
30 min shaded and labeled by n, sr and d, respectively. They cover periods
before (the entire signal path is at the nightime), during, and after (whole
signal path is at the daytime) the sunrise, respectively. Details of the ap-
plied procedure of signal analysis are explained [1]. The procedure consists
of two steps. First, the Fourier transform is applied to the recorded ampli-
tudes A(t) during each of the considered time domains. The corresponding
oscillation spectrum AF(ω) follows from the Fourier transform:

Figure 1. The time evolution of the VLF signal amplitude emitted by the
DHO transmitter in Germany and recorded by the AWESOME VLF receiver
in Serbia. The shaded domains designate the 30 min time intervals before,
during and after the sunrise.

AF(ω) =
1√
2π

∫ +∞

−∞
e−iωtA(t)dt, (1)

where ω ≡ 2π/τ and τ are the oscillation frequency and oscillation period,
respectively. The obtained values are shown in the Fig. 2 (left panels) for
τ > 1 min. Second, Fourier amplitudes AF for relevant domains (as labeled
in Fig. 1) are compared by scaling as follows:

αsr
n (τ) ≡ AF(τ ; sr)

AF(τ ;n)
, αsr

d (τ) ≡ AF(τ ; sr)

AF(τ ; d)
, αdn(τ) ≡

AF(τ ; d)

AF(τ ;n)
. (2)
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Resulting values are shown in Fig. 2 (right panels).

3.DISCUSSION AND CONCLUSIONS

The upper and middle right panels in Fig. 2 show that amplitude
oscillations of VLF signals are more pronounced for the time interval that
includes sunrise than for time intervals before and after the sunrise, respec-
tively. The most intensive excitations appear for oscillation periods τ ≈ 10
min.
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Figure 2. Fourier amplitudes of the VLF signal for domains n, sr and d
(upper, middle and bottom left panels, respectively). The right panels show
ratios of Fourier amplitudes related to domains sr and n, sr and d, and d
and n, respectively.

For investigations of physical conditions in the low ionosphere, the
most important information is the relation between signal properties in the d
and n domains with quasi-stationary conditions which allows for detections
of AGWs. Details of this analysis are explained in [1] where the extraction
of waves excited by the ST was carried out by considering the following
three typical characteristics of the phenomenon:

1. Perturbation AGW waves are excited during the ST and become at-
tenuated to a certain degree afterwards.

2. These two processes occur both at the sunrise and sunset in spite of
different daytime/nighttime conditions of the medium.
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3. This repeats itself daily.

The peaks in the bottom right panel show the excitation of the
Fourier amplitude of VLF signal after the sunrise. The obtained peaks
values 60 s and 400 s for τ are in good agreement with results in [1] for
the low ionosphere showing an enhanced induction of AGWs by the ST for
oscillation periods τ within intervals 60 s - 100 s, 300 s - 400 s, and over
1000 s. Our results for the low ionosphere are very similar to those obtained
for higher altitudes [4-7].

To conclude, the VLF signal propagation is definitely affected by the
sunrise not only during its occurrence but the signal also remains perturbed
for some time during the post sunrise relaxation period.
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Abstract. In order to fully understand the chemical evolution of the interstellar 
medium, it is necessary to study the interaction of molecules and grains. Our 
present concern is primarily reactions involving negative ions, since the first 
anions have been observed in interstellar space relatively recently. In the present 
contribution we concentrate on the interaction of the oxygen anion O– with 
neutral H2. Various reaction channels have been studied at different temperatures 
(from 10 K to 300 K). The temperature variable radiofrequency 22-pole ion trap 
has been used in present experiment. 

1. INTRODUCTION 

Besides neutral reactions and grain surface chemistry, ion-molecule 
reactions are crucial for understanding the formation of molecules in the 
interstellar medium. One type of such reactions are anion-molecule reactions, 
which have not been sufficiently explored yet. Herbst speculated already in 1981 
that a substantial fraction of molecular species in the interstellar space might be in 
the form of anions. His estimates were based on large rate coefficients for 
radiative electron attachment [1].  

The proof of the existence anions in interstellar space came in 2006, 
when the C6H

– anion was identified in the molecular envelope of IRC+10216 and 
in the dense molecular cloud TMC-1 Ref. [2]. Moreover, 130 neutral molecules 
and 14 positive ions have been detected in interstellar space up to this time [2]. 
Afterwards other anions have been observed, e.g. C2H

–, C4H
–, C6H

–, C8H
–, CN–, 

C3N
– and C5N

– [3-5]. Anions have been discovered in many interstellar 
environments. As a result of prior observations, the need for studying the 
formation and destruction of anions and their involvement in astrochemistry has 
increased. Most experiments with anions were carried out at temperatures about 
300 K [6-9] and exceptionally at temperatures down to 140 K [10,11]. These 
temperatures are higher than typical temperatures in interstellar space. To fully 
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understand processes in the interstellar space, it is necessary to examine anion-
molecule reactions at low temperatures. Temperature variable ion traps can be 
used for such studies.  

2. EXPERIMENTAL METHODS  

The 22-pole ion trapping apparatus was developed by group of Dieter 
Gerlich [12]. The apparatus has been operated at Charles University in Prague 
since 2009. The trap may be operated at temperatures down to 10 K, which are 
typical in interstellar medium. The number density of neutral reactants in the trap 
may be as low as 108 cm–3. 

Primary ions are produced in a storage ion source via electron 
bombardment of neutral molecules. They are selected by the first mass filter and 
injected in pulses into the 22-pole trap subsequently. The trap consists of 2 sets of 
11 rods, which are used to create an inhomogeneous radiofrequency field 
confining the ions in radial direction. Negative voltages, applied on the entrance 
and exit of the trap, confine the anions in axial direction. Details are depicted in 
Fig. 1. The trap is mounted onto a closed cycle helium refrigerator that may cool 
the trap down to 10 K. The ions are cooled in the collisions with helium buffer 
gas. Collisions of trapped ions with neutral reactant molecules lead to a change of 
the ion composition in the trap. We can choose the trapping time and after the 
extraction of the ions we count them using quadrupole mass filter and 
microchannel plate detector. Recorded time evolution of number of ions and the 
known density of reactants allow us to determine reaction rate coefficients. 

+RF

–RF

O– Detector

H2 inlet

Cold head

EXEN

22 pole trap

 

Figure 1. Schematic view of the 22-pole ion trap. Some thousand ions are 
injected into the ion trap. The ions are consequently stored and cooled in the ion 
trap and they react with neutral molecules. The entrance and the exit electrodes 
are marked as EN and EX. After leaving the trap the ions are analysed by the 
detector. 
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3. RESULTS  

We decided to study the reactions of O– with H2 due to the occurrence of 
O2, H2 and H2O molecules in the interstellar space [13] and due to the 
electronegativity of oxygen. The reaction  

O– + H2 → H2O + e–,   (1) 

where the anion reacts with neutral molecule via detachment of electron leading 
to the formation of a more complex molecule, is called associative detachment. 
Besides this process, the H atom transfer reaction  

O– + H2 → OH– + H   (2) 

takes place in the ion trap.  
We measured aforementioned reactions at two temperatures 38 K and 

213 K. The measured data are plotted in Fig. 2. 
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Figure 2. Reaction of stored O– with normal H2 at trap temperatures 38 K and 
213 K and H2 number densities 2·1010 cm–3 and 1·1010 cm–3. Plotted are the 
relative number of primary ions O– and product ions OH– as a function of the 
storage time multiplied by corresponding number density of H2. In this plot the 
slopes of solid lines (fits of the decrease of O–) represent the rate coefficients. 
Dashed lines represent fits of the increase of OH–. Dash-dotted line shows the 
value measured at 300 K [11]. 

As one can see, less than 10 % of reactive collisions lead to OH– via 
reaction (2). The total reaction rate coefficient is proportional to the slope of the 
O– decay in Fig. 2 and the coefficients are shown alongside the plots. Comparing 
the measured slopes we can see that with decreasing temperature, the rate of 
reaction is increasing. The observed increase was neither observed in previous 
experiments [11,14], nor predicted by simple theoretical considerations [14].  
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So far the initially prepared states of the collision system O– + H2 have 
not been mentioned. O– is produced with a statistical population of the two fine 
structure states, the 2P3/2 ground state and the 22 meV higher 2P1/2 state. If one 
assumes adiabatic behaviour, four of the six asymptotic states lead to repulsive 
surfaces. The increase of the rate coefficients towards lower temperatures is most 
probably due to the increasing lifetime of the collision complex in the entrance 
channel, leading to non-adiabatic transitions to the attractive potential energy 
surface. In addition normal hydrogen has been used, i.e., the para and ortho 
configurations of nuclear spins of H2 are populated with a weight of 1:3. 

Future experiments aim at determining state specific rate coefficients for 
the collisions O– (2P) + H2 (j). An ambitious goal is to test whether the metastable 
H2O

– anion can be formed via ternary and radiative association at the low 
temperatures of the ion trap. 
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Abstract. We give a report of the on-going spectral long-term monitoring 
campaign of a number of active galactic nuclei (AGN) with the prominent broad 
emission lines. The aim of this campaign is to study the properties of the broad 
emission line regions of AGNs using the properties of the broad emission lines 
(e.g., fluxes, widths, line profiles, etc.) as well as their variability. These can be 
used to constrain the mass of the super-massive black hole believed to be in the 
center of every AGN. 

1. INTRODUCTION 

An important task of active galactic nuclei (AGN) investigations is the 
determination of the mass of the super-massive black hole (SMBH) that resides in 
the center of an AGN. The SMBH mass can be derived from the dynamics of the 
gas gravitationally bounded to an SMBH, and for this, the gas of the broad line 
region (BLR) can be used [see e.g. 1]. The broad emission lines (BELs), visible in 
the spectrum of Seyfert 1 galaxies and quasars (so-called type 1 AGN), are 
coming from the BLR and their properties (flux, profiles, widths, etc.) have been 
used for the investigations of the BLR structure (size, geometry, physics, etc.).  

The BLR is a complex region, that very often shows multi-component 
emission [2-5], e.g. in AGNs with highly variable line profiles there may be an 
additional component (e.g. outflowing material) present in the BLR that greatly 
affects the BEL profiles [see e.g. 6]. Therefore, the estimates of the SMBH mass 
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are strongly influenced by the complex geometry and physics of the BLR, i.e. it is 
necessary to constrain as much as possible the BLR properties. 

Here we give a report of our on-going spectral long-term monitoring of a 
number of AGNs as continuation of our two previous reports, see [7, 8]. We 
monitored a sample of type 1 variable AGNs with different spectral properties: (i) 
two Seyfert 1 (Sy1) AGNs - NGC 5548 and NGC 4151; (ii) two double-peaked 
broad line (DPL) AGNs - 3C 390.3 and Arp 102B, where 3C 390.3 is a radio-loud 
AGN while Arp 102B is a LINER like object; and (iii) one narrow line Seyfert 1 
(NLSy1) AGN - Arp 564. We studied the dimension, geometry and kinematics in 
the BLR of these objects and Here we outline some of our main results, but give a 
detail list of references where all the analysis and results can be found. 

2. DATA SAMPLES  

 The spectra were obtained with: (i) the 6-m and 1-m telescopes of 
Special Astrophysical Observatory, Russia; (ii) the 2.1-m telescope of Guillermo 
Haro Astrophysical Observatory at Cananea, Sonora, Mexico; (iii) the 2.1-m 
telescope of the Observatorio Astronomico Nacional at San Pedro Martir, Baja 
California, Mexico, and (iv) the 3.5-m and 2.2-m telescopes of Calar Alto, Spain. 
Details on the data acquisition, reduction and calibration, as well as on flux 
measurements can be found in [6, 9-12]. A summary of the data sample (object 
name, monitored period, object redshift and type, and references with our 
analysis and results) is given in Table 1.  

Table 1. Summary of the data sample: object name, monitored period, object 
redshift and type, and references. 

Object Period z AGN type Ref. 

NGC 5548 1996-2002 0.0172 Sy 1.0-1.8 [9, 13, 14] 

NGC 4151 1996-2006 0.0033 Sy 1.5-1.8 [6, 15, 19] 

3C 390.3 1995-2007 0.0561 DPL  
Radio-loud 

[10,16,17,18] 

Ark 564 1999-2010 0.0247 NLSy1 [11] 

Arp 102B 1987-2013 0.0242 DPL LINER [12, 20] 

 
 
3. MAIN RESULTS AND DISCUSSION 
 

Figure 1 gives the light-curves of the Hβ flux for all five objects denoted 
in the upper left corner. Some main results are summarized below. 

Sy1 AGNs NGC 5548 and NGC 4151 are exhibiting very strong 
variability in the broad spectral lines and continuum flux [6, 9], and their broad 
line profiles exhibit noticeable change in the line shape and intensity, resulting in 
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periods when these AGNs show the characteristics of Sy 2 spectra with very weak 
broad lines [6, 9, 15]. The line formation mechanism in these objects is probably 
not only governed by the photoionization [6, 13, 14].  

The DPL AGNs 3C 390.3 and Arp 102B are having broad Hβ and Hα 
lines with very large widths and with two distinguished peaks [10, 12], where in 
3C 390.3 these lines are emitted from an accretion disc and an additional 
component (disk wind or outflowing component), while in case of Arp 102B the 
two peaks in BELs could not be explained with the disk-like geometry [20]. 3C 
390.3 seems to have higher variability in the spectra [10], than Arp 102B [12] that 
can be clearly seen in Figure 1.  

The NLSy1 AGN Ark 564 has strong Fe II emission lines and somewhat 
narrower broad lines (FWHM ∼ 2000 km/s) with a prominent narrow component 
[11]. The variability of this AGN is weak, with flare-like outbursts (Figure 1), but 
the important conclusion is that the Fe II emission is originating further out from 
the BLR, in the so-called intermediate line region. 

More results and detailed discussions can be found in the references 
listed in Table 1 for each object. 

 

 
Figure 1. Light-curves of the Hβ flux for all five objects denoted in the upper 
left corner. In case of NGC 4151, the line flux was scaled by 1/10 and shifted for 
better comparison. 
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Among the various methods and techniques to study electron attachment 
processes one of the most frequently used is electron-molecular crossed beam 
technique. From electron beam experiments in combination with mass 
spectrometry information on the negative ions formed following electron 
attachment can be obtained (parent anion/fragment anions) [1,2]. 
In the present contribution I will review recent results obtained by means of 
crossed beam experiments from interaction of low energy electrons with 
biomolecules in the gas phase with respect to DNA damage. Particular attention 
will be paid to dissociative electron attachment to nucleosides (e.g., derivatives 
of 2’-deoxycytidine [3]) and nucleotides (2’-deoxycytidine-5’-monophosphate 
[4]). It has been recently proposed, on the basis of these results that both direct 
electron attachment to the DNA backbone and electron transfer from the base to 
the backbone contribute to single strand breaks [4]. 
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Novel experiments to investigate electron attachment to molecular radicals and 

unstable molecules will be described [1, 2]. In the process of electron attachment 

a free electron, e
−
, attaches to a molecule, e.g. AB, to form a superexcited 

negatively charged molecular ion, AB*
−
: 

AB + e
−
� AB*

−
                                             (1) 

The lifetimes of the superexcited anions is frequently very short, of the order of a 

few vibrational periods. The anions can decay by autodetachment of the extra 

electron 

AB*
−
� AB + e

−
                                             (2) 

and by dissociation to give a neutral and negatively charged fragment 

AB*
−
� A +B

−
                                             (3) 

This second process is dissociative electron attachment. 

Experiments to measure the lifetims of long lived molecular anions will also be 

discussed [3] and compared to lifetimes of doubly charged molecular ions such 

as CO2
2+

[4].
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DISSOCIATIVE ELECTRON ATTACHMENT 
STUDIES WITH POTENTIAL 

RADIOSENSITIZERS 

Katrin Tanzer1, Linda Feketeova2, Benjamin Puschnigg1, Paul Scheier1, Eugen 
Illenberger3 and Stephan Denifl1 

1Institut für Ionenphysik und Angewandte Physik, Leopold Franzens Universität 
Innsbruck, Technikerstrasse 25, A-6020 Austria 

2ARC Centre of Excellence for Free Radical Chemistry and Biotechnology, 
School of Chemistry and Bio21 Institute of Molecular Science and 

Biotechnology, University of Melbourne, 30 Flemington Road, Victoria 3010, 
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3Institut für Chemie und Biochemie-Physikalische und Theoretische Chemie, 
Freie Universität Berlin, Takustrasse 3, D-14195 Berlin  

Nitroimidazolic molecules are presently under investigation as potential 
radiosensitizers for so-called hypoxic tumors which are characterized by the 
deprival of oxygen [1]. The effect of radiosensitizers, i.e. enhanced damage of 
tumor cells, is also ascribed partially to the action of low-energy secondary 
electrons which are formed in abundant amounts during the irradiation of 
biological tissue. The kinetic energy distribution of secondary electrons formed 
finds its maximum below 10 eV, where the (dissociative) electron attachment 
may significantly contribute to the damage cross section. In the present study we 
investigated low energy electron attachment to nitroimidazole and a methylated 
derivative in the electron energy range between about zero eV and 8 eV. The 
setup used was a high resolution electron monochromator combined with a 
quadrupole mass spectrometer. The resulting negative ion mass spectra as well as 
anion efficiency curves showed distinct differences between the two compounds. 
For example, while for nitroimidazole no parent anion was observable on mass 
spectrometric timescales, the parent anion was observed at about zero eV for the 
methylated compound. In addition, the ion yield of fragment anions formed upon 
DEA to nitroimidazole show a sharp peak structure below 2eV which is not 
present for the molecule in its methylated form.     

Acknowledgements: The present research was supported by FWF (P22665) and 
ARC CoE program.  
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(TIME-DEPENDENT) DENSITY FUNCTIONAL 
THEORY FOR UNDERSTANDING 
DISSOCIATIVE CHEMISTRY OF 

ORGANOMETALLIC COMPOUNDS 

Matija Zlatar 

Institute of Chemistry, Technology and Metallurgy, University of Belgrade 

Organometallic compounds, e.g. Pt(PF3)4, W(CO)6, [Co(CO)3NO], well-known 
precursors in Focused Electron Beam Induced Processing used to create 
metal nanostructures, are widely explored [1]. Further insight into their 
dissociative chemistry is given by Density Functional Theory (DFT), i.e. by 
calculations of electronic structure, bond-dissociation energies, and mechanistic 
pathways. Role of relevant excited states is elucidated by TD-DFT. Taking into 
account relativistic effects, in the case of Pt(PF3)4, is found to be crucial for a 
good agreement with the experimental findings, Fig. 1. 
 

 

Figure 1. Electronic excitations of Pt(PF3)4 by Electron Energy Loss 
spectroscopy (red curve) [1a] and TD-DFT calculations (blue bars)  

Acknowledgements: This work is partially supported by the Serbian 
Ministry of Science under project 172035 and COST action CM1301 (CELINA). 
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ROLE OF SYMMETRY IN ELECTRON-IMPACT 
RESONANT VIBRATIOANAL EXCITATION OF 

POLYATOMIC MOLECULES 

Roman Čurík1, Petr Čársky1 and Michael Allan2 

1J. Heyrovsky Institute of Physical Chemistry, ASCR, Dolejskova 3, Prague, 
Czech Republic 

2Department of Chemistry, University of Fribourg, Chemin du Musee 9, CH-
1700 Fribourg, Switzerland  

Recent developments in Discrete momentum representation (DMR) method opens 
a possibility of fairly accurate computations for vibrational excitation of 
polyatomic molecules by electron impact. Our studies of smaller hydrocarbon 
molecules (cyclopropane, diacetylene) indicate that well-established symmetry 
selection rules [1] for resonant vibrational excitation are too restrictive as they do 
not cover all the possible mechanisms during the inelastic collision. One of these 
mechanisms is shown in Fig. 1 for resonant vibrational excitation (left panel) of 
non-symmetric HCH twist mode ν4 of cyclopropane molecule. 

Figure 1. Left panel shows the energy dependence of inelastic integral cross 
section for excitation of ν4 mode. Middle panel displays square of inelastic T-
matrix elements separated to symmetry contributions in incoming and outgoing 
channels. On right panel we show the angular shape of the outgoing partial wave 
of A2’’ symmetry. 

Acknowledgements: We acknowledge the funding by the Grant Agency of 
the Czech Republic (grant P208/11/0452).  
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ROLE OF SYMMETRY LOWERING IN DEA 

Juraj Fedor1, Radmila Janečková1 and Jaroslav Kočišek1 

1Department of Chemistry, University of Fribourg, Chemin du Musée 9, CH-
1700 Fribourg 

In this contribution we discuss several qualitatively different mechanisms of 
dissociative electron attachment at low energies and imprints of these 
mechanisms in absolute cross sections. All data were acquired using a 
quantitative spectrometer that combines trochoidal electron monochromator and 
an ion time-of-flight analyzer [1]. We have recently upgraded the setup by 
implementing a time-and-position sensitive delay-line detector that allows for 
effective separation of background signals and thus significantly improves the 
signal-to-noise ratio.  
Perhaps the simplest DEA mechanism – electron attachment mediated by a σ* 
resonance followed by dissociation has usually very low cross sections due to 
absence of the reverse barrier for autodetachment. The prototype case for this type 
of behavior is the 3.9 eV resonance in hydrogen and deuterium molecules H2 and 
D2. We have examined the isotope effect in this benchmark system and found that 
it is considerably stronger than previously reported.  
The DEA cross section at σ* resonance is usually much larger if the molecule has 
a dipole moment, due to nonlocal effects and nonadiabatic processes. The 
prototypes in this class are hydrogen halides [2]. The second class of molecules 
with large DEA cross sections are those in which a π* resonance acts as a 
doorway and a substantial distortion of a molecular framework (symmetry 
lowering) is required, the prototype case being acetylene [1]. We have probed the 
competition of these two processes in molecules where both of them can in 
principle occur. Both in methylacetylene HCCCH3 [3] and in formic acid 
HCOOH [4] it is the first process which is operative. 
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VELOCITY SLICE IMAGING STUDY ON 
DISSOCIATIVE ELECTRON ATTACHMENT  

Ewelina Szymanska-Skolimowska1, E Krishnakumar2 and Nigel J Mason1 

1Department of Physical Sciences, The Open University, Walton Hall, Milton 
Keynes, MK7 6AA, United Kingdom 

2Tata Institute of Fundamental Research, Homi Bhabha Road, Colaba, Mumbai, 
400005, India  

 

Dissociative electron attachment (DEA) leads to the formation of anionic and 
neutral fragments due to the interaction of low energy electrons with a neutral 
molecule. DEA is a resonance driven process such that the production of such 
anions occurs primarily within limited (low) energy regions as the result of the 
decay of a transient negative ion formed by the capture of the electron by the 
neutral target. The DEA process may be summarised as: e- + ABC → ABC*- → 
AB + C-. The decay of these transient negative ion states (ABC*-) leads to the 
formation of vibrationally and electronically excited molecules, radicals and 
anions. All of these products may be highly reactive and may strongly influence 
the local chemistry inducing both secondary chemical and physical processes. 
Anions formed by DEA play an important role in many applications and 
techniques such as: high-voltage discharges, plasma chemistry, atmospheric 
reactions (both in terrestrial and planetary atmospheres), radiation chemistry and 
biology, and recently have been identified as playing a key role in 
astrochemistry.  

To investigate this process we use a time of flight spectrometer coupled with the 
velocity slice imaging (VSI) technique. Briefly, this apparatus consists of a 
magnetically collimated low energy pulsed electron gun, a molecular beam, a 
pulsed ion extraction field, a time of flight analyser and a position sensitive 
detector consisting of microchannel plates and a phosphor screen. The VSI 
technique provides direct information about (i) the internal energies of the 
fragments and the dissociation limits of a transient negative ion involved, and (ii) 
the symmetry of a transient negative ion responsible for the DEA process. 
Kinetic and angular distribution measurements also provide an understanding of 
the overall dissociation dynamics of the anion resonance.  

At the conference I will present DEA measurements for some illustrative small 
organic molecules. 
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DISSOCIATIVE ELECTRON ATTACHMENT TO 
ORGANOMETALLIC COMPOUNDS 

Peter Papp, Michal Lacko and Štefan Matejčík 

Department of Experimental Physics, Faculty of Mathematics, Physics and 
Informatics, Comenius University, Mlynska dolina, 84248 Bratislava, Slovakia 

  

Combined experimental and theoretical studies of dissociative electron 
attachment (DEA) to gas phase molecules will be presented in this work. The 
experiment of crossed electron/molecular beams technique [1] equipped with the 
quadrupole mass analyzer has been used for the recent studies of DEA to 
organometallic compounds, Cobalt tricarbonyl nitrosyl [2] and Iron 
pentacarbonyl. Theoretical calculations on the level of Density Functional Theory 
have been used to interpret the DEA processes and products, evaluate the bond 
dissociation energies of sequential ligand losses and the electron affinities of the 
fragments. The electron attachment processes are typical with formation of a so 
called transient negative ion which is stabilized with detachment of the incident 
electron or dissociation to a more stable negative ion. In many cases the transient 
negative ions cannot be described by the standard quantum chemical calculations 
like the DFT methods used above. More sophisticated treatments are needed to 
find the resonant energy [3] of electron attachment to molecule.  

Acknowledgements: This work was supported by the Slovak Research and 
Development Agency under Contract No. APVV-0733-11, the Slovak grant 
agency VEGA V/0514/12. This work was conducted within the framework of the 
COST Action CM1301 (CELINA).  
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STUDY OF SINGLE PHOTON MULTIPLE 
IONISATION PROCESSES WITH A MAGNETIC 

BOTTLE SPECTROMETER  

P. Lablanquie1, F. Penent1, L. Andric1, J. Palaudoux1, P. Selles1, S. Carniato1,     
J. M. Bizau, D. Cubaynes, M. Nakano, T. P. Grozdanov, M. Žitnik,                         

S.-M. Huttula, M. Huttula, K. Jänkälä, S. Sheinerman, E. Shigemasa, M. 
Tashiro, H. Iwayama, Y. Hikosaka, K. Soejima, I. H. Suzuki, and K. Ito 

1CNRS &UPMC, LCPMR, 11 rue Pierre et Marie Curie, 75231 Paris 05, France 

Our studies deal with single photon multiple ionization of atoms and molecules. 
Experiments are performed at Photon Factory (Japan) and at SOLEIL (France) 
using a magnetic bottle time-of-flight spectrometer. The peculiar properties of this 
apparatus, including its very high detection efficiency (up to 70%) and good 
energy resolution (∆E/E= 1.5%) allows the detection in coincidence of all the 
ejected electrons (up to 5) and provides an efficient method to observe in details 
the weak multiple photoionization pathways. Energy levels of multiply ionized 
atomic or molecular ions are obtained accurately with the branching ratio of all 
the possible processes that provide a deep understanding of the different 
mechanisms in play. We will present some recent results including:  
- Observation of double K shell ionization in simple molecules [1] and of 
the associated simultaneous K-shell ionization and K-shell excitation [2] 
- Double photoionization of the cyclic molecules benzene and pyrrole and 
its connection to Cooper-pairs formation [3] 
- In atoms, core-valence double ionization in Argon offers a powerful 
method to obtain the Auger spectra following inner-shell ionization of Ar+  
ions [4]. In Mercury we obtained the spectroscopy of Hg3+ and Hg4+ states 
and the mechanisms of the 5p and 4f Auger decays. [5] 
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SYNCHROTRONN RADIATION STUDIES OF 
BIOMOLECULES: PHOTOABSORPTION, AND 

CORE AND VALENCE PHOTOIONIZATION 
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ELECTRON-ION COINCIDENCE 
SPECTROSCOPY AS A TOOL TO STUDY 

RADIATION-INDUCED MOLECULAR DYNAMICS 

Edwin Kukk 

Department of Physics and Astronomy, University of Turku,  
20014 Turun yliopisto, Finland 

Electron-ion coincidence experiments of free molecules are a very efficient 
experimental means of extracting information about quantum mechanical events 
following ionization by radiation or particle impact. Multicoincidence 
experiments in particular, together with kinetic energy resolved electron 
detection, provide deep insight into dissociation processes and dynamics. This 
presentation demonstrates, how physically significant quantum information is 
contained in coincidence datasets and what are the aspects of molecular dynamics 
that can be revealed by the analysis of coincidence experiments. The case is 
illustrated by several examples of recent synchrotron-radiation-based electron-
ion-ion coincidence measurements of molecules such as thiophene, uracil and 
methionine. 

27th SPIG XiBiGP 
             

531



BIOMOLECULAR IONIZATION AND 
FRAGMENATION DYNAMICS STUDIED WITH 

ENERGETIC PHOTONS FROM SYNCHROTRONS 
AND FREE ELECTRON LASERS 

 Thomas Schlathölter 

Zernike Institute for Advanced Materials, University of Groningen, Nijenborgh 4 
9747AG Groningen, The Netherlands 

Gas phase studies of biomolecular systems allow to study fundamental problems, 
inaccessible in the condensed phase. Intrinsic biomolecular properties can be 
distinguished from effects of the chemical environment, fundamental interactions 
and microsolvation can be studied on the level of isolated molecules and a direct 
comparison to quantum chemical calculations is possible. Very recently, two 
teams have begun to employ tandem mass spectrometers equipped with 
electrospray ionization sources and radiofrequency ion traps for spectroscopic 
studies using energetic photons [1,2]. We found, that in contrast to conventional 
mass spectroscopic techniques, where mainly backbone scission is observed,  
VUV photon induced fragmentation of the peptide leucine enkephalin induce 
mainly sidechain losses [1,3]. For protonated YGnF peptides, VUV spectroscopy 
as a function of peptide length revealed that sidechain loss is due to fast hole 
migration from the backbone to the Y and F termini [3]. K-edge soft X-ray 
photoionization even allows to assign fragmentation channels to electronic 
transitions some of which are site specific. For instance, C 1s → π* excitations in 
the aromatic side chains induce little fragmentation, whereas such excitations 
along the peptide backbone are more destructive [4]. Interestingly, in larger 
protonated proteins, the respective fragmentation channels are quenched. 
Femtosecond multiple absorption of 90 eV photons opens these channels also in 
large proteins, as we observed recently at the free electron laser facility FLASH. 
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ACTION SPECTROSCOPY OF STORED 
BIOMOLECULAR IONS IN THE SOFT  

X-RAY RANGE  
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1Institute of Physics, University of Belgrade, Pregrevica 118, Belgrade, Serbia 
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4 INRA, U1008, CEPIA, Rue de la Géraudière, 44316 Nantes, France 

Inner shell action spectroscopy of multiply protonated protein ions formed by 
electrospray has been systematically studied as a function of the charge state. The 
experiment has been performed by coupling a commercial linear quadrupole ion 
trap (“Thermo scientific LTQ XL”), fitted with an electrospray ion source (ESI), 
to the PLEIADES beamline at the SOLEIL facility, France [1]. The series of 
charge states that could be formed by ESI for the ubiquitin and cytochrome c 
protein have been studied around the C-, N- and O-edges. Surprisingly, we 
observe no effect in our experimental conditions of the charge state on the 
position of the single photoionization spectra, related to resonant K-shell 
excitation. In contrast, the ionization yields derived from the double ionization of 
the target, exhibit a trend very similar to that observed under VUV experiments 
[2]. The present experiment offers an exciting possibility to probe the correlation 
between the physicochemical properties of an isolated gas-phase protein and its 
secondary structure.   

Acknowlendgements: Data collection was performed at the PLEIADES 
beamline at the SOLEIL Synchrotron (Proposal 20130382). Work supported by 
ANR France (#BLAN08-1_348053). A.R.M. acknowledges the support by the 
MESTD RS OI 171020.  
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ULTRAFAST PROTON AND ELECTRON 
DYNAMICS IN CORE-IONIZED AQUEOUS 

SOLUTION 

Bernd Winter 

Joint Laboratory for Ultrafast Dynamics in Solution and at Interfaces (JULiq), 
Helmholtz-Zentrum Berlin, Albert-Einstein-Strasse 15, D-12489 Berlin, 

Germany 

Photo- and Auger electron spectroscopy from liquid water reveals a novel 
electronic de-excitation process of core-level ionized water in which a pair of two 
cations, either H2O

+•H2O
+ or OH+•H3O

+. These reactive species are the 
delocalized analogue to the localized Auger decay, leading to H2O2

+, and are 
expected to play a considerable role in water radiation chemistry. Both cationic 
pairs form upon autoionization of the initial ionized water molecule, and we are 
particularly interested in the situation where autoionization occurs from a 
structure that evolves from proton transfer, from the ionized water molecule to a 
neighbor molecule, within few femtoseconds. The actual autoionization is either 
through intermolecular Coulombic decay or Auger decay. Experimental 
identification of the proton dynamics is through isotope effect. A question that 
arises is whether such so-called proton-transfer mediated charge separation 
(PTM-CS) processes [1] occur in other hydrogen-bonded systems as well. This is 
indeed the case, and is illustrated here for ammonia as well as glycine in water, 
and for hydrogen peroxide in water, where characteristic differences are detected 
in the Auger-electron spectra from the light versus heavy species, i.e., NH3 in 
H2O versus ND3 in D2O, and H2O2 in H2O versus D2O2 in D2O. 

Acknowledgements: This work is supported by the Deutsche Forschungs-
gemeinschaft (DFG), Research Unit FOR 1789. 
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NON-EQUILIBRIUM TRANSPORT OF CHARGED 
PARTICLES IN GASEOUS AND DISORDERED 

MATERIALS 

G. Boyle1, W. Tattersall1,2, B. Philippa1, R.E. Robson1,2, M.J. Brunger3, G. 
Garcia4, S. Dujko5, Z.Lj. Petrovic5, R. McEachran2, S. J. Buckman2,                    

J. de Urquijo6 and R.D. White1  

1School of Engineering and Physical Sciences, James Cook University, 
Townsville, Australia 

2Research School of Physics and Engineering, ANU, Canberra, Australia 
3Flinders University, Adelaide, South Australia 

4CSIC, Madrid, Spain 
5Institute of Physics, Belgrade, Serbia 
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An understanding of charged particle transport under highly non-equilibrium 
conditions finds application in many areas, from low-temperature plasmas, to 
positron emission tomography, radiation damage and organic semiconductors.    
This presentation explores analytic framework and numerical techniques for a 
multi-term solution of Boltzmann¹s equation for both electrons/positrons/holes 
and ions, and associated fluid equation models.  We will highlight:  

(i) recent advancements in the testing/validation of complete cross-section 
sets for electrons in water vapour, including mixtures with noble 
gases; 

(ii)  recent studies of electron/positron transport in dense gases and liquids 
disordered materials, accounting for  coherent scattering effects and 
modifications to the scattering environment. 

(iii)  recent development of a generalized Boltzmann equation for charge 
carrier transport in in disordered systems accounting for trapping 
events, including a fractional Boltzmann equation and associated 
fractional diffusion equation. 
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FIRST PRINCIPLES CALCULATION OF THE 
EFFECT OF COULOMB COLLISIONS ON 

ELECTRON  

Z. Dónko 

Wigner Research Centre for Physics, H-1121 Budapest,                            
Konkoly-Thege Miklós str. 29-33, Hungary 

At appreciable electron densities, Coulomb collisions may significantly influence 
the velocity distribution function (VDF) in electron swarms. Boltzmann equation 
solutions conventionally adopt a binary approach for handling such collisions. To 
overcome this approximation, a new, first principles computational method is 
proposed here, for the calculation of the VDF and the swarm parameters in a 
spatially homogeneous system, at arbitrary electron density to gas density ratio 
[1]. The method is based on a combination of the classical Monte Carlo (MC) 
technique and a Molecular Dynamics (MD) method. The MD simulation (based 
on the PPPM method of [2]) describes the many-body interactions within the 
electron gas. The motion of the (classical) electrons is followed inside a cubic 
box, with periodic boundary conditions. Their phase space trajectories are derived 
via the integration of their Newtonian equations of motion, which take into 
account the Coulomb forces and the effect of a homogeneous external electric 
field.  The electron gas and the background gas interact via electron – atom 
collisions; these events are accounted for via adopting the standard procedures of 
Monte Carlo transport calculations. The capabilities of the method are illustrated 
via computation of electron swarm characteristics in Ar, at low reduced electric 
fields (with ionization taken as a conservative process). The simulations make it 
possible to follow the modifications of the VDF across the different regimes of 
the electron to neutral density ratio. Besides calculating the “usual” swarm 
characteristics, the method also allows to study the onset of pair correlations and 
the emergence of a collective mode (electrostatic oscillations) in the electron gas, 
with increasing density.  
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RECENT PROGRESS IN THE NEWTONIAN 
THREE-BODY PROBLEM 

V. Dmitrašinović and Milovan Šuvakov 

Institute of Physics, Belgrade University, Pregrevica 118, 
Zemun, P.O.Box 57, 11080 Beograd, Serbia 

The three-body problem dates back to the 1680s, when Isaac Newton tried to 
solve it following the lines of his solution to the two body-problem [the 
periodic two-body orbit, such as a star and a planet held together by gravity, is 
always an ellipse (sometimes turning into a circle)]. Newton couldn't come up 
with a similar solution for the case of three bodies orbiting one another. About 
one century later (1772) Lagrange and Euler came up with their analytic 
solutions. For another century, scientists tried different tacks until the German 
mathematician Heinrich Bruns (1887) showed that the search for a general 
solution for the three-body problem was futile, and that the only specific  
solutions that work only under particular conditions, were possible. Only three 
families of such collisionless periodic orbits were known until recently: 1) the 
(analytic) Lagrange-Euler (1772); 2) the (numerical) Broucke-Henon (1975); 
and 3) the (numerical) Cris Moore's (1993) "figure-8" periodic orbit of three 
bodies moving on a single trajectory. Here we review the recent progress in 
this field: the discovery of 13+11 new periodic orbits, bringing the total up to 
27. We discuss the methods used to find and distinguish them, as well as their 
application to gravitational wave research. 
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EMISSION SPECTROSCOPY OF DENSE 
PLASMAS IN LIQUIDS: A WINDING ROAD FROM 

LIGHT TO CHEMISTRY 

T. Belmonte1,2, C. Noël1,2 and G. Henrion1,2  

 1Université de Lorraine, Institut Jean Lamour, UMR CNRS 7198, NANCY, F-
54011 France 

2CNRS, Institut Jean Lamour, UMR CNRS 7198, NANCY, F-54011, France 
  

Optical emission spectroscopy of streamers and spark discharges in liquids is the 
most straightforward diagnostics to investigate chemical pathways in these 
complex media. However, correlating the collected light with plasma chemistry is 
submitted to many pitfalls that can lead to misinterpretation. For instance, 
pressure broadening and Stark broadening can be easily swapped by assuming 
either a low electron density and a high pressure or conversely, a high electron 
density and a low pressure. This situation arises from the difficulty to estimate 
accurately these parameters independently. A similar issue is commonly 
encountered to determine the origin of the background emission. It is either due to 
bremsstrahlung, electron-ion recombination or black-body emission. The line 
broadening makes it hard to find an accurate baseline over the whole wavelength 
range of the spectrometer, which brings large uncertainties in the respective 
weights of broadening sources. 
An important aspect of spectra interpretation lies in the consideration of strong 
concentration gradients which affect the transport of light within the plasma that 
behaves as an optically thick medium. Several models are available to describe 
self-absorbed lines but they rely on strong hypotheses that are not always fully 
satisfied. Furthermore, more complex phenomena are to be taken into account. 
For instance, the quasi-static approximation can be under a stay of default. The 
lowering of the ionization energies is a precious help to estimate the pressure 
range in discharges. 
We shall see that a reliable analysis of optical emission spectra must be based on 
time-resolved measurements together with coherent multiple sets of data deduced 
from different lines. Time-resolved measurements are mandatory to follow the 
drift of line shifts and widths along the pressure drop. However, time evolutions 
of lines intensities commonly suffer from a low signal-to-noise ratio, not only 
because of the difficulty to subtract a correct baseline, but also because of the 
stochastic behaviour of discharges in liquids. Using high voltage nanosecond-
pulsed power generators is the most appropriate response to this issue. Chemical 
reactions can thus be investigated at the expense of all these conditions. 
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PICOSECOND-TALIF TO PROBE ATOMIC 
OXYGEN IN THE PLUME OF AN RF DRIVEN 
ATMOSPHERIC PRESSURE PLASMA JET IN 

AMBIENT AIR  

J. Bredin, J. Dedrick, K. Niemi, A. West, E. Wagenaars, T. Gans and                 
D. O’Connell. 

York Plasma Institute, Department of Physics, University of York, YO10 5DD, 
York, U.K. 

Picosecond resolution is required for direct measurements, without assumptions, 
of radicals under the highly collisional environment of atmospheric pressure. 
Quenching of two-photon absorption laser induced fluorescence (TALIF) excited 
states is very efficient and the lifetime of approximately a few ns is in the order 
of a typical ns laser pulse width. To determine radical densities, challenges 
include knowing the quenching partners and calculating associated quenching 
rates to obtain the effective lifetime. Using ps-TALIF (32 ps pulse width) it is 
possible to resolve the lifetime and therefore avoid quenching rate calculations. 
Spatially resolved measurements in the plume of an RF atmospheric pressure 
plasma with O2 and dry air admixtures of the lifetime is shown in Figure 1. The 
excited state lifetime and ground state densities decrease at the extremities of the 
plume due to ambient air diffusion. Figure 1 shows that the lifetime with dry air 
admixtures is longer than with O2 admixtures, as oxygen is a more efficient 
quencher than nitrogen. The lifetime in dry air admixture decreases closer to the 
centre compare with the O2 admixture, which could be due to atomic oxygen 
densities that are smaller in the dry air admixture case and therefore more 
sensitive to quenching with ambient air. Measurements in O2 admixtures show 
that the lifetimes obtained with ps-TALIF are shorter than those calculated as for 
the ns-TALIF measurements. Consequently, either quenching through plasma 
produced species and/or three body collisions may play a role. 

 

Figure 1. Excited state lifetime of oxygen as a function of the position in the 
plasma plume for a) dry air admixture and b) pure O2 admixture. 
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VUV EMISSIONS FROM LOW TEMPERATURE 
ARGON AND ARGON-MOLECULAR GAS 
MIXTURES IN INDUCTIVELY COUPLED 

PLASMAS 

Svetlana Radovanov1, Harold Persing1, Amy Wendt2, John Boffard3, Chun Lin3 
Cody Culver4  and Shicong Wang2 

1Addresses: Applied Materials/Varian, 35 Dory Road, Gloucester, MA 01930, 
USA 

2Department of Electrical and Computer Engineering, University of Wisconsin, 
Madison, WI 53706 

3Department of Physics, University of Wisconsin, Madison, WI 53706 
4Materials Science Program, University of Wisconsin, Madison, WI 53706 

In argon ICP plasmas, VUV emission is due to the decay of the 1s4 and 1s2 
principal resonance levels, with emission wavelengths of 104.8 and 106.7 nm, 
respectively [1]. In this experiment, we have measured the number densities of 
atoms in the two resonance levels from radiation-trapping induced changes in the 
3p54p→3p54s branching fractions measured via visible/near-ir optical emission 
spectroscopy as functions of pressure and power. From optical emission 
spectroscopy (OES) we derive the electron temperature and density in Ar, Ar/N2 
and Ar/H2 plasmas.  Real time measurements of the excited species and plasma 
parameters were performed using high and low resolution spectrometers.  
The resonance level concentrations determined by means of OES were then used 
as inputs for the VUV surface flux analytical model. These calculations are 
compared with the real time VUV flux measurements made with the windowless 
UV vacuum photodiode and sodium salicylate fluorescence detection 
arrangement. The results include VUV flux measurements and model 
calculations obtained from argon plasmas plus VUV emissions from Ar/H2 and 
Ar/N2, at pressures from 2.5 to 15 mTorr and powers from 20 to 1000 W.  
A VUV transport model from principal resonance level densities based upon the 
measured 1s2, 1s4 resonance level densities agree well with VUV measurements 
made with the vacuum photodiode in pure argon.  

Acknowledgements: This work is partially supported by Applied Materials, 
CTO’s Office.  
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SPECTRAL ANALYSIS FOR OPTIMIZATION OF 
MAGNETIC RESONANCE SPECTROSCOPY IN 

EARLY TUMOR DIAGNOSTICS  

Karen Belkić and Dževad Belkić  

Karolinska Institute, Oncology-Pathology, Stockholm, Sweden 

Molecular imaging through magnetic resonance spectroscopy (MRS) can provide 
information about key metabolites. Conventional applications of MRS are 
hampered by data analysis via the fast Fourier transform (FFT). Most MRS 
studies for cancer detection have relied upon estimations of a mere handful or 
even a single composite metabolite, e.g. total choline. These have yielded 
incremental improvements in diagnostic accuracy.  In vitro studies reveal much 
richer metabolic information for identifying cancer, particularly in the closely-
overlapping components. Among these are phosphocholine, a marker of 
malignant transformation. The FFT cannot assess these congested spectral 
components. This can be done by the fast Padé transform (FPT), an advanced, 
high-resolution, quantification-equipped method, applied to MRS time signals 
encoded from patients with various cancers. The FPT unequivocally and robustly 
extracts the concentrations of all the metabolites, including phosphocholine, 
which completely underlies phosphoethanolamine. In sharp contrast, the FFT 
produces a rough envelope spectrum with only a few shortened, broadened peaks, 
and key metabolites altogether absent.  The FPT clearly distinguishes noise from 
true metabolites whose concentrations are accurately computed. The efficiency 
and high resolution of the FPT translates directly into shortened examination time 
of the patient. These capabilities strongly suggest that by applying the fast Padé 
transform to time signals encoded in vivo from various cancers, MRS will fulfill 
its potential to, at last, become a clinically-reliable, cost-effective method for 
early cancer detection. 
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MEASURING ELEMENTARY PLASMA 
PROCESSES: ELASTIC SCATTERING, 

VIBRATIONAL AND ELECTRONIC EXCITATION, 
DISSOCIATIVE ATTACHMENT 

Michael Allan 

Department of Chemistry, University of Fribourg, Fribourg, Switzerland 

The talk will discuss the methods of, and the problems encountered in, measuring 
absolute cross sections useful for plasma simulations – as they are applied in the 
Fribourg laboratory. The discussion will be illustrated by several older and more 
recent examples (furan, acrylonitrile, Pt(PF3)4). 
The threat of losing the know-how in the future will be brought up. It is related to 
the fact that the ‘modern’ bibliometric criteria applied to candidates for academic 
positions strongly disfavor this research – because it leads neither to publications 
in highly prestigious journals like Nature, nor to numerous citations and thus an 
excellent ‘h-factor’. A feedback of the plasma community in this question will be 
sought. The loss of the know-how of measuring the neutral dissociation cross 
sections by the method relying upon the efficient reaction of radicals with 
tellurium to yield volatile and stable organotellurides, developed by John H. 
Moore [1], is a warning precedent.  

Acknowledgements: This work was supported by the Swiss National 
Science Foundation under the grant No. 200020-144367, and by the Cost Action 
CM1301 CELINA. 
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Abstract. The anion photoelectron and electron energy-loss spectroscopies probe 
different regions of the anionic potential energy surface. The former probes the 
potential energy surface close to the minimum energy structure of the anion. The 
latter probes the anionic potential energy surface close to the minimum energy 
structure of the neutral. Both experimental techniques and theory have been 
engaged to study anionic states of acetoacetic acid (AA). The keto tautomer of 
AA, equipped with neighboring carboxylic and keto groups, is a promising system 
for studies of intramolecular proton transfer (keto-ol) driven by an excess 
electron. The anion photoelectron spectra are consistent with our theoretical 
prediction that the valence anion has the ol structure, i.e., the COOH proton is 
transferred to the keto group. However, the electron energy-loss spectra do not 
provide evidence for the ultrarapid proton transfer capable of competing with the 
spontaneous electron detachment. The computational results allow rationalizing 
these experimental findings in terms of the co-existence of various tautomers and 
conformers of the neutral AA. Only one, and not the most stable, keto conformer 
is prearranged for intramolecular proton transfer, and apparently it is not present 
in the gas of neutral AA with significant concentration. This conclusion is 
confirmed by vibrational spectrum of AA obtained in the electron energy-loss 
experiments: the carboxylic OH is not involved in intramolecular hydrogen bond, 
and thus the molecule is not prearranged for intramolecular proton transfer. 

27th SPIG Atomic Collision Processes 



INTERACTION OF CHARGED PARTICLES WITH 

CAPILLARIES 

Károly Tőkési 

Institute for Nuclear Research, Hungarian Academy of Sciences, Debrecen, 

Hungary 

27th SPIG Particle and Laser Beam Interaction with Solids 
                                                   Progress Report 






