NYBNUKAUUJE ACTPOHOMCKE ONCEPBATOPWUJE Y BEOIPALlY

PUBLICATIONS OF THE ASTRONOMICAL OBSERVATORY OF BELGRADE
Cs.102 No. 102

: 31* Summer School and
International Symposium on
SPIG 2022 the Physics of lonized Gases

Belgrade, Serbia,
September 5 - 9, 2022

CONTRIBUTED PAPERS

ABSTRACTS of INVITED LECTURES,
TOPICAL INVITED LECTURES and PROGRESS REPORTS

Editors:
Dragana lli¢, Vladimir Sre¢kovi¢,
Bratislav Obradovi¢ and Jovan Cveti¢

PUBL. ASTRON. OBS. BELGRADE No. 102, 1 - 302 BELGRADE, AUGUST 2022




31* Summer School and
International Symposium on
the Physics of Ionized Gases

SPIG 2022

September 5 — 9, 2022, Belgrade, Serbia

SPI1G 2022

CONTRIBUTED PAPERS

&

ABSTRACTS OF INVITED LECTURES,
TOPICAL INVITED LECTURES AND
PROGRESS REPORTS

Editors

Dragana Ili¢, Vladimir Sre¢kovic,
Bratislav Obradovi¢ and Jovan Cveti¢

University of Belgrade — University of Belgrade —
School of Electrical Faculty of Physics
Engineering Serbian Academy of

Sciences and Arts

Belgrade, 2022



PUBLICATIONS OF THE ASTRONOMICAL OBSERVATORY OF BELGRADE
FOUNDED IN 1947

EDITORIAL BOARD:
Dr. Srdjan SAMUROVIC, Editor-in-Chief (Astronomical Observatory, Belgrade)

Dr. Rade PAVLQV}C (Astronomical Observatory, Belgrade)
Dr. Miroslav MICIC (Astronomical Observatory, Belgrade)
Dr. Branislav VUKOTIC (Astronomical Observatory, Belgrade)

All papers in this Publication are peer reviewed.

Published and copyright © by Astronomical Observatory, Volgina 7, 11060 Belgrade
38, Serbia

Director of the Astronomical Observatory: Dr. Gojko Djurasevi¢
Typesetting: Tatjana Milovanov

Internet address http://www.aob.rs

ISSN 0373-3742
ISBN 978-86-82296-02-7

Number of copies / tiraz : 200
Production: Skripta Internacional, Mike Alasa 54, Beograd

CIP - Karanoruzamuja y myonukanuju - Haponaa oudmmorexa Cp6uje, beorpan

537.56(082)
539.186.2(082)
539.121.7(082)
533.9(082)

SUMMER School and International Symposium on the Physics of Ionized Gases
(31 ;2022 ; Belgrade)

Contributed papers & abstracts of invited lectures, topical invited lectures and
progress reports / 31st Summer School and International Symposium on the Physics of
Ionized Gases - SPIG 2022, September 5-9, 2022, Belgrade, Serbia ; editors Dragana
Ili¢ ... [et al.]. - Belgrade : Astronomical Observatory, 2022 (Beograd : Skripta
Internacional). - 302 str. : ilustr. ; 24 cm. - (Publications of the Astronomical
Observatory of Belgrade, ISSN 0373-3742)

Na nasl. str.: University of Belgrade, School of Electrical Engineering; University of
Belgrade, Faculty of Physics; Serbian Academy of Sciences and Arts. - Tiraz 200. - Str.
17-18: Preface / editors Dragana Ili¢ ... [et al.]. - Bibliografija uz svaki rad. - Registar.

ISBN 978-86-82296-02-7
1. Ili¢, Dragana, 1978- [ypenuuk] [ayTop 10IaTHOT TEKCTA]

a) Jormzosanu racoBu — 30opHunN 6) AtTomu — MHTepakuja — 36opuauiu B) [Tmazma —
300pHUIH

COBISS.SR-ID 72751881




SCIENTIFIC COMMITTEE

D. Ili¢ (Co-chair), Serbia
V. Sre¢kovié¢ (Co-chair), Serbia

A. Antoniou, Greece
D. Borka, Serbia

J. Burgdorfer, Austria
J. Cveti¢, Serbia

V. Guerra, Portugal
M. Ivkovié, Serbia
K. Kutasi, Hungary

I. Mancev, Serbia

D. Marié, Serbia

N. J. Mason, UK

A. Milosavljevi¢, France
V. Milosavljevi¢, Serbia
K. Mima, Japan

Z. Miskovi¢, Canada
L. Nahon, France

B. Obradovié, Serbia
G. Popari¢, Serbia

P. Roncin, France

I. Savié, Serbia

Y. Serruys, France
N. Simonovié, Serbia
M. Skorié, Japan

M. Trtica, Serbia

S. Tosi¢, Serbia

R. White, Australia

SPIG 2022

ADVISORY COMMITTEE

D. Beli¢

N. Bibi¢

M. S. Dimitrijevié¢
S. Purovié

N. Konjevié

M. M. Kuraica

J. Labat

G. Malovi¢

B. P. Marinkovié¢
Z. Mijatovi¢

M. Milosavljevié
Z.1j. Petrovi¢
L. C. Popovié¢

J. Puri¢

B. Stani¢

ORGANIZING COMMITTEE

J. Cveti¢ (Co-chair)
B. Obradovi¢ (Co-chair)

M. Ignjatovi¢ (Co-secretary)
L. Gavanski (Co-secretary)

N. Konjevi¢
N. Cvetanovié
T. Gajo

I. Krsti¢

N. Sakan



CONTENTS

Dragana Ili¢, Vladimir Sre¢kovi¢, Bratislav Obradovi¢ and
Jovan Cvetié
Preface..........ooooo oo e e e e e e e s s s s e

Section 1. ATOMIC COLLISION PROCESSES
Invited Lectures

Sergio Diaz-Tendero
Ultrafast Dynamics of lonized Molecules and Molecular Clusters in
FHE GAS PRASE.........oeeeeeeieeee e

Darryl B. Jones
Electron Spectroscopies for Probing Electronic Structure and
COLlISION DYRAMICS. ......c.ooeeeieciiieeiieeieeiee ettt

James Sullivan
Experiments with Positrons - From Fundamental to Applied Science

Topical Invited Lectures

G. J. Boyle, M. J. E. Casey, D. G. Cocks, R. D. White and

R.J. Carman

Thermalisation Time of Electron Swarms in Noble Gases for Uniform
Electric Fields..............ccccoooiiiiiiiiniiniiiiiiiiiiiiiiciiicet e

Sasa Dujko, Danko Bosnjakovi¢, Ilija Simonovi¢ and

Christoph K6hn

Electron Transport, Transient Plasmas and High-Energy Phenomena
in Planetary AtMOSPAEEES. ............c.cccueieeiciiiieiieieeeeeeee e

Teodora Kirova and Jelena Tamuliené
Numerical Investigations of the Impact of the Magnetic Field of
Radiation on AMInO ACIdS..........c..ccoevevvevieiiiiieeiieeiee e

Minna Patanen
Electron-lon Coincidence Experiments with Electron and Photon
JORTZALION. ...

17

21

22

23

24

25

26



L. Schwob, J. Leroux, A. Kotobi, S. Dorner, K. Schubert, I. Unger,
K. Atak, V. Zamudio-Bayer, J. T. Lau and S. Bari
X-Ray Action Spectroscopy of Gas-Phase Biomolecular lons.............. 28

Progress Reports

Danilo Delibasi¢

Relative Importance of the Electron Continuum Intermediate State in
Single-Electron Capture into Any State of Fast Protons from Helium-

Like AtOMIC SYSTEMIS. ........cccueeveieiiiieiiieeeiee e 29

S. Ganguly and S. Maclot
Fragmentation of Core-lonized Adamantane Molecule....................... 30

M. Roy Chowdhury, G. A. Garcia, E. Rouquet, H. Hrodmarsson,
J. C. Loison and L. Nahon
VUV Photoionization and Fragmentation of Cyano-Pabhs................... 31

Contributed Papers

J. Ati¢, D. Bosnjakovi¢, 1. Simonovié, Z. Lj. Petrovi¢ and S. Dujko
Formation and Propagation of Streamers in CF;I-SFs Gas Mixtures 33

S. Dujko, D. Bosnjakovi¢, M. Vass, 1. Korolov, P. Hartmann,

N. Pinhao, D. Loffhagen and Z. Donko

Electron Transport Coefficients in CO: Scanning Drift Tube
Measurements and Kinetic COMPULALIONS..............cccccvveeeeeeeerenenannnnn 37

Nenad Milojevi¢, Danilo Deliba$i¢ and Ivan Mancev
Single-Electron Capture From He by Fast Alpha Particles.................. 41

7. Nikitovi¢ and Z. Raspopovié
Reduced Mobility of H' Ions in n-Butanol Gas...................cccccoeeveve... 45

I. Simonovi¢, D. Bosnjakovi¢, Z. Lj. Petrovi¢ and S. Dujko
Third-Order Transport Coefficients for Electrons in C3Fy................... 49

N. S. Simonovi¢, D. B. Popovi¢ and A. Bunjac
Photoelectron Energy Spectra in Sequential Two-Photon lonization

of Hydrogen by Gaussian and Half-Gaussian Laser Pulses................ 53
V. Stankovi¢, M. Risti¢, R. Rankovi¢, M. Aoneas, M. Vojnovi¢ and

G. B. Popari¢

Dissociation of N, by Electron Impact in RF Electric Field................. 57



Violeta V. Stankovi¢, Mirjana M. Vojnovi¢, Miroslav M. Risti¢,

Sava M. D. Galijas and Goran B. Popari¢

Excitation of 5" and 'I1, States and Ionization of CO, in DC

Electric Field................oooooiiiiiiiiieeii e 61

Natalia Tanska, Kuba Wojcik, Sylwia Dylnicka,

Elzbieta Ptasinska-Denga, Czestaw Szmytkowski and

Pawel Mozejko

Total Cross Section Measurements for Electron Scattering on Methyl
Formate (HCOOCH;) Molecule: Methylation Effect............................ 65

M. M. Vojnovi¢, M. M. Risti¢ and D. S. Beli¢
Rate Coefficients for O;" Dissociation to O" and O;" by Electron

Section 2. PARTICLE AND LASER BEAM INTERACTIONS WITH
SOLIDS

Invited Lecture

J. Bonse, K. Wasmuth, H. Voss, J. Kriiger and S. Graf
Laser-Induced Periodic Surface Stuctures, Mechanisms,
Applications, and Unsolved Problems................cc.ccccoevveeievenienaninnanne. 75

Topical Invited Lectures

J. Limpouch
High-Power Laser Interactions with Low Density Porous Materials
and Their APPLICATIONS. ............cccooecueeiieiaeieeieeieeie e 76

Progress Reports

Jovan Ciganovi¢, Milo§ Momc¢ilovi¢, Sanja Zivkovi¢, Jelena Stasié¢
and Milan Trtica
Action of Pulsed Lasers on Titanium Target: Surface Effects............... 77

M. Hadzijoji¢ and M. Cosié
Study of Two Dimensional Crystals by Rainbow Scattering Effect....... 78
Violeta N. Nikoli¢

Spectroscopic Investigation of the Influence of NO;3 Anions on the
Crystallization of SiOp MAFIX...........ccccoeeeviiioiioiiiiiieeee e, 80



D. M. Popovic, A. Kushima, A. A. Zekic, B. Kasalica, J. Stasic,
J. Ciganovic, M. Bogdanovic and M. Trtica
Picosecond Pulsed Laser Ablation of Silicon Single Crystal..............

N. Starcevi¢
lon-Crystal Rainbow Interaction Potential in Channeling...................

Contributed Papers

N. A. Bosak, A. N. Chumakov, L. V. Baran,

V. V. Malyutina-Bronskaya, T. F. Raichonok, A. A. Ivanov,

V. V. Kiris, E. M. Dyatlova, A. A. Shevchenok, A. V. Buka and

A. S. Kuzmitskaya

Investigation of Properties of Yttrium Vanadate YVO, Films.............

A. N. Chumakov, V. V. Lychkovsky and I. S. Nikonchuk
Features of Silicon Ablation in Air Under the Influence of Nd:YAG
LaASer HAVTORICS. .......ccc.cooviiiniiiniiiiniieriie ittt

A. N. Chumakov, V. V. Luchkouski and I. S. Nikonchuk
Silicon Spalling Destruction and Ablation in Air Under Bichromatic
LaAser RAAIALION.................cc..cooueeeceeieeeeeeeee e

M. Cosi¢, M. Hadzijoji¢ and N. Negkovié
Bohmian Dynamics of Positrons Channeled Through a Chiral
Carbon NAROIUDES..............cccceivciiriiiiiiiiiiiieet e

H. Delibasi¢ Markovi¢, V. Petrovi¢ and I. Petrovié¢

Analytical Prediction and Numerical Analysis of Plasma Mediated
Ablation of Skin Tissue Samples with Nanosecond-to-Femtosecond
LASET PUISES.......cooiieieeeeeet e

S. M. D. Galijjas, V. M. Milosavljevi¢ and G. B. Poparié¢
The Time-Symmetric Description of Electron Exchange in lon-Ion
COUISION. ...

V. K. Goncharov, G. A. Gusakov and M. V. Puzyrev

Influence of Carbon Ilons of Different Multiplicity on Regimes of
Promising Laser Technologies for the Deposition of Diamond-Like
Carbon NAnOCOALINGS................cccoeecueeeiiaiiieeiiee et

M. Hadzijoji¢ and M. Cosié
Study of Graphene by Rainbow Scattering Effect............cccccoocenvnncn...



A. Kalini¢, I. Radovi¢, L. Karbunar, V. Despoja and Z. L. Miskovi¢
Analytical Expression for Stopping Force Acting on a Slow Charged
Particle Moving Parallel to a Thick Graphene-Sapphire-Graphene
SEPUCHUF@......c.veeeie ettt e e e e e 117

M. D. Majkié, N. N. Nedeljkovi¢ and M. A. Mirkovié¢
Effect of the lonic Type on the Shape of the Nanostructures Created
by an Impact of Slow Highly Charged lons on Gold Surface............... 121

N. N. Nedeljkovi¢, M. D. Majki¢, M. A. Mirkovi¢, 1. Stabrawa and

D. Banas

The Influence of the lon-Target Parameters on the Size of the Surface
Nanohillocks Created by an Impact of Highly Charged Ions............... 125

Natalie Tarasenka, Vladislav Kornev, Alena Nevar,

Mikhail Nedel’ko, Anton Radomtsev and Nikolai Tarasenko

Combining Plasma-Assisted Synthesis of Metal Oxide Nanoparticles

With Thin Films DepoSition............c...ccuvoeiviiiieieiiieieee e 129

Natalie Tarasenka, Vladislav Kornev, Svetlana Pashayan and

Nikolai Tarasenko

Pulsed Laser Assisted Fabrication of Co-doped ZnO Nanocrystalline
Layers on a Glass SUbSIrate.................cccocueoeeciiiiiceioeiiiieeseeeeee. 133

L. Trapari¢, M. Jovanovi¢, M. Kuzmanovi¢ and M. Ivkovi¢
Elemental Analysis of Austenitic Steel by Calibration-Free Laser-
Induced Breakdown Spectroscopy (CF-LIBS)...........ccccccccovvveveienn.n. 137

Nora Trklja Boca, Zarko Z. Migkovié, Radivoje M. Mitrovi¢,

Bratislav M. Obradovi¢ and Milorad M. Kuraica

Treatment of Steel 16MnCr5 and Steel 42CrMo4 by Plasma Flow
Generated in Magnetoplasma COMPresSOr.............cc.ccvveeeveeeecreennnanns. 141

M. Trtica, J. Stasic, X. Chen and J. Limpouch
ODS+Hf and AISI 316L Steel Surface Variations at High Laser
Intensity, 10" W/em®, in Air and Vacuum: Comparative Study........... 145

S. Zivkovié, J. Petrovi¢, M. Mom¢ilovié, M. Radenkovié,

N. Krstulovi¢, J. Car, D. Palasti, F. Casian Plaza and G. Galbacs
Perspective on the Use of Nanoparticles to Improve the TEA CO,

Based LIBS Analytical Performances: Copper Nanoparticles for

NELIBS Analysis of Polypropylene................cc.cococcveveeiencienieniennnann. 149



Section 3. LOW TEMPERATURE PLASMAS
Invited Lectures

Ryo Ono
Measurement and Simulation of Atmospheric-Pressure Streamer
DIESCRATGO. ...t 155

L. J. Overzet, A. Press, K. Hernandez, J. Poulose and M. J. Goeckner
Measurements of RF Plasma Re-Ignition: RF-1V and Proes................ 156

Topical Invited Lectures

S. Béchu, J. L. Lemaire, M. Mitrou, N. De Oliveira and P. Svarnas
Investigation of the Ro-Vibrational Levels of H»/D,; Molecules by
VUV-Absorption Spectroscopy for the Production of H/D™ Negative

lons for Fusion AppliCQtion..................ccoccveveioviionieeiaiieiiesiieeis e 157

M. T. Belmonte, P. R. Sen Sarma, C. P. Clear, F. Concepcion,

M. Ding, J. C. Pickering and S. Mar

What Can Plasma Spectroscopy Do for Astronomers? Measuring

Atomic Parameters of Astrophysical Importance.....................cc..cc....... 158

A. Derzsi
Surface Processes in Low-Pressure Capacitively Coupled Plasmas.... 159

P. Dvoidk, R. Zemlicka, R. Ptibyl, M. Tkacik, J. Palenik, P. VaSina,

P. Skopal, Z. Navratil and V. Bursikova

Higher Harmonic Frequencies of Discharge Voltage and Current in
Capacitively Coupled DiSCRATZES.............ccoccvvceecieeiaiieiieiieeiieeirene 160

C. Fromentin, T. C. Dias, T. Silva, V. Guerra, E. Baratte and
O. Guaitella
Coupled Kinetics in CO»N; Plasmas.............c..ccccoeveveviienieencnnennnannn, 161

Mohammed Koubiti

Application of Machine-Learning to Spectroscopic Line Emission by
Hydrogen Isotopes in Fusion Devices for Isotopic Determination and
PrediCtion. ... 162

Mikhail Pinchuk, Olga Stepanova, Mikhail Gromov and

Anton Nikiforov

Control of Guided Streamer Propagation and Interaction with

Substrate in Helium Atmospheric Pressure Plasma Jet........................ 163

10



Djordje Spasojevi¢, Nikola V. Ivanovi¢, Nikodin V. Nedi¢,

Luka Raja¢i¢, Nikola M. Sisovi¢ and Nikola Konjevié

On the Application of Iterative Kinetic Model for Diagnostics of
Abnormal Glow Discharges in Noble Gases................cccccoeeevennnnn.. 164

Progress Reports

Dejan Doji¢, Milos Skoci¢ and Srdjan Bukvi¢
Measurements of Continuous Optical Spectrum During Nanosecond
Laser Pulse Interaction with Metallic Target..............cccoccoevvevvennnnn.. 165

Milan Ignjatovic
The Influence of Corona Discharge on the Lightning Surge
Propagation Along the Transmission Lines............c..ccccoeevveveveeennnnne. 166

Amit Kumar, Nikola Skoro, Wolfgang Gernjak, Suzana Zivkovié¢ and
Nevena Puac

Design, Development, and Characterization of Atmospheric Plasma
System for Wastewater TreQtment.................cccoevveeiieeieeecrienireeennans 167

Marija Pua¢ and Zoran L;j. Petrovié¢
Modeling of Radio-Frequency Breakdown by Monte Carlo
TECHRIGUE. ... 168

Leo Sala and Jaroslav Kocisek
Interaction of lonizing Radiation with DNA Nanostructures................ 169

N. Selakovi¢, D. Maleti¢, N. Puac, G. Malovi¢ and Z. Lj. Petrovi¢
Mass Spectrometry of Plasma Jet and Application of Electrical
Discharges Operating at Atmospheric Pressure in Biomedicine.......... 170

M. M. Vasiljevi¢ and Dj. Spasojevic¢

Determination of the Electric Field Strength in Glow Discharges

Using Argon Spectral Lines...............ccccooeveviiioieoeeneniiieeneseeeee 171
Contributed Papers

O. Asvany, S. Thorwirth, P. C. Schmid, T. Salomon and

S. Schlemmer
High-Resolution Spectroscopy of Astrophysically Relevant Molecular

11



L. I. Filatova, V. A. Lyushkevich, S. V. Goncharik, U. I. Torchyk,

Y. V. Kandratau and M. O. Slesarenka

The Effect of Plasma Seed Treatment on Germination and

Early Growth of Thuja Koraiensis Nakai Plants...............cc.ccccocceu... 175

Nikola Goles, Neda Babuci¢, Nenad M. Sakan and Milivoje Ivkovi¢
Self-Mixing Interferometry for Plasma Diagnostics............................ 179

Miroslav Gulan and Vladimir Milosavljevi¢
Characterization of the Dielectric Barrier-Free Atmospheric Plasma

Naveen Gupta
Laser Driven Electron Acceleration by q-Gaussian Laser Pulse in
Plasma: Effect of Self FOCUSING............ccoceeveiieniiianiiieeiiieeeiieeenenn 187

Milan Ignjatovic, Jovan Cvetic, Vera Protic and Nemanja Grbic
Corona Model for Surge Wave Propagation Along the Transmission

N. V. Ivanovi¢, N. V. Nedi¢, 1. R. Videnovi¢ and D. Spasojevi¢
Polarization Spectroscopy of Neon Lines for Electric Field

Distribution Measurement in the Cathode Sheath of a Grimm-Type

GLOW DISCRAFGE. ... 195

Jovica Jovovi¢ and Gordana Lj. Majstorovic¢

The Gas Temperature Diagnostics by Means of AlO (B°X'-X*2")
Molecular Band System from the Upgraded Atmospheric Pressure

Pulsed Discharge Source in Argon...............ccccooevveeeveeeieeeieeeecrieseeennn. 199

V. V. Luchkouski and A. N. Chumakou
Formation and Heating of Silicon Plasma in Air Under Pulsed
Bichromatic Laser IrradiQtion......................cccoevueeeeeeeceeeceeeeeaneean, 203

Jelena Marjanovi¢, Dragana Mari¢, Gordana Malovi¢ and
Zoran Lj. Petrovi¢
Breakdown in Saturated Water VApor...........cc..cccovcveecieeciieaciiaenannen. 207

N. V. Nedi¢, N. V. Ivanovi¢, I. R. Videnovi¢, D. Spasojevi¢ and

N. Konjevié¢

Looking Behind the Negative Glow Plasma: Estimating Cathode

Sheath Parameters by End-On Optical Emission Spectroscopy in a
Grimm-Type Glow Discharge SOUrce...............cccccceecevcenciioeneniennannen. 211

12



B. M. Obradovi¢, N. Cvetanovi¢, I. B. Krsti¢ and M. M. Kuraica
Detection of Fast Nitrogen and Oxygen Atoms via Emission
SPECIFOSCOPDY ...ttt ettt n

M. S. Rabasovic, B. P. Marinkovic and D. Sevic
Analysis of Printed Circuit Board LIBS Data Using Deep
LOAFNING.......ooiiiiiee et

Nenad M. Sakan, Milica L. Vini¢, Vladimir A. Srec¢kovic,

Ivan Trapari¢ and Milivoje R. Ivkovi¢

Application of Artificial Neural Network in the Analysis of the
Spectra from Laser Ablation Combined with Fast Pulse Discharge.....

L. V. Simonchik and A. V. Kazak
Features of the Hel 492.2 nm Line Profile Registered at Diagnostics
of DC and Streamer DiSCRATZES.............c.ccoveveeiieiiaiiiieiieee e

Milos Skoci¢, Nikodin Nedi¢, Dejan Doji¢, Luka Rajaci¢ and

Srdjan Bukvi¢

Temperature Estimation in the Early Stage of Laser Induced Plasma
Formation Relaying on Black Body Radiation......................cc.ccocu......

G. B. Sretenovi¢, P. S. Iskrenovi¢, V. V. Kovacevic,
B. M. Obradovi¢ and M. M. Kuraica
Study of Plasma-Flow Interaction in Low Temperature Plasma

Biljana Stankov, Marijana R. Gavrilovi¢ Bozovi¢, Jelena Savovié¢
and Milivoje Ivkovié¢

Spectroscopic Characterization of Laser-Induced Plasma on Doped
TURGSTEN oottt et e e e e et e e st e e ssateesenssaeeennsaeens

Irinel Tapalaga, Ivan Trapari¢, Nora Trklja Boca, Jagos Puri¢ and
Ivan P. Doj¢inovic¢

Modeling of Stark Spectral Line Broadening by Machine Learning
ALGOFIIAMIS. ...ttt

M. M. Vasiljevi¢, G. Lj. Majstorovié, I. R. Videnovi¢ and

D. Spasojevic¢

Spectroscopic Determination of the Degree of Dissociation of
Hydrogen in the Glow DiSCRAFGe..............c.cocvevieciaiiiiiiniieieeieeenn

13



Tatiana Vasilieva, Elena Nikolskaya, Michael Vasiliev,

Nikita Yabbarov, Maria Sokol, Mariia Mollaeva and

Margarita Chirkina

Comparison of Biocompatibility of Organic Polymers Modified in
Various Types of Non-Temperature Plasmas....................ccc.cceeu....

Section 4. GENERAL PLASMAS
Invited Lecture

Sven Thorwirth, Oskar Asvany and Stephan Schlemmer
Action-Spectroscopic Studies of Transient Carbon-Rich Molecular

Topical Invited Lectures

J. Rosato, Y. Marandet, I. Hannachi and R. Stamm
Line Shape Modeling for Magnetic Fusion and Astrophysical
Plasmas: An Overview of Recent ReSults.............cccccceveecvevceeecnenann..

Progress Reports

Antonios Antoniou, Emmanuel Danezis, Dimitrios Stathopoulos,
Evagelia Lyratzi and Dimitrios Tzimeas

Describing the Matematical Methods for Calculating Basic Physical
Parameters of the Gaussian-Rotational (GR) Model............................

A. Cinins, M. S. Dimitrijevi¢, V. A. Sre¢kovi¢, K. Miculis,

N. N. Bezuglov and A. N. Klyucharev

Analysis of Adiabatic Processes in Multilevel N-pod Quantum
Systems from the Perspective of Riemannian Geometry.......................

Milena Jovanovié
Matter Distribution in Nearby Galaxies...............cccccccveveevevceencnnannnnn.

V. Radovi¢, A. Kovacevié, D. 1li¢, R. Street, L. C. Popovie,

M. Nikoli¢, N. Andri¢ Mitrovié and I. Cvorovi¢-Hajdinjak
Development of a Time-Domain Pipeline for Detecting Binary
Supermassive Black Holes in the Upcoming Legacy Survey of Space
AR Tie (LSST) ..ottt

14

251

257

258



T. Salomon, S. Brackertz, O. Asvany, 1. Savi¢, D. Gerlich and

S. Schlemmer

Recent Progress on Action Spectroscopy of Loosely Bound
Hydrogen-Helium COMPIEXES..............cccceeviiciioiiniiiiiiieiiieeee s 263

Contributed Papers

A. Arseni¢, D. Borka, P. Jovanovi¢ and V. Borka Jovanovié¢
Winged Dragn Source From Leahy's Atlas: 3C 315..........ccccovuveen.n. 265

S. Das and D. C. Das
Higher Order Non-Linear Dust lon Acoustic (DIA) Solitary Waves in
Plasmas with Weak Relativistic Effects in Electrons and Ions............. 269

J. Kovacevi¢-DojCinovi¢, 1. Doj¢inovi¢, M. Laki¢evi¢ and

L. C. Popovi¢

Decomposition of the Blended Ho~+[N Il] Lines in Spectra of the

Active Galactic Nuclei Type 1.8-2........c..ccccoovveeeiieieiiiieiiieecieeenen, 271

Amit Kumar and Jyotsna Sharma
The Effect of Negative lons on Weibel Instability in the Presence of
Large Amplitude Electrostatic Waves..............cccooeveecenciioiencennncnnn. 275

V. A. Sre¢kovié, L. M. Ignjatovi¢, V. Vujci¢ and M. S. Dimitrijevié¢
The Chemi-Recombination Processes in Alkali-Metal Astrophysical
and Low-Temperature Laboratory Plasmas. Rate Coefficients............ 277

The Workshop on X-ray and VUV Interaction with Biomolecules in
Gas Phase (XiBiGP)

M. Berholts, P. H. W. Svensson, L. Pihlava, A. Vladyka, J. Niskanen,

I. Unger, K. Kooser, C. Stréhlman, P. Eng-Johnsson, L. Schwob,

A.-L. Vieli, O. Bjorneholm, C. Caleman, R. Lindblad and E. Kukk
Photofragmentation of the Radiation Therapy Enhancers: Can We

Make Better ONeS?.........cccc.ccceeeeeeeeeeeeeeeeeeeeee e, 283

L. Carlini, P. Bolognesi, J. Chiarinelli, G. Mattioli, A. Casavola,
M. C. Castrovilli, V. Valentini, A. De Stefanis, E. M. Bauer,
E. Molteni, D. Sangalli and L. Avaldi

The "Lego Bricks" of Life: A Gas-Phase Study of Dipeptides............... 284
M. Di Fraia

Ultrafast Dynamics of Photo-Excited Molecules at Fermi Free

ELeCtron LASEr............cccoioiiiiiiiiieieeee ettt 286

15



Bratislav P. Marinkovi¢
European Synchrotron and FEL User Organisation: Current
Challenges and Prospects (COST ACHIORS).........cccccvevueeceeceaieninnnians 287

Alexandra Mocellin, R. R. T. Marinho, O. Bjorneholm and
A. Naves De Brito
Surface Propensity of Small Organic Biomolecules in Vapour-Water

INLETfACE DY XPS......occevoeoeeeeiiee et 288
AUhOTS” TNAEX....eiiieiieiiiireee e 289
Programme of the SPIG 2022.........cccoveviieeiieeieeeeeeeeeiee e 293

16



Publ. Astron. Obs. Belgrade No. 102 (2022), 265 - 268 Contributed Paper

WINGED DRAGN SOURCE FROM LEAHY’S ATLAS: 3C 315

A. ARSENIC!, D. BORKA!, P. JOVANOVIC? and V. BORKA JOVANOVIC!

! Department of Theoretical Physics and Condensed Matter Physics (020),
Vinca Institute of Nuclear Sciences - National Institute of the Republic of Serbia,
University of Belgrade, P.O. Box 522, 11001 Belgrade, Serbia
E-mail byebyenoob@gmail.com
E-mail dusborka@uinca.rs
E-mail vborka@uinca.rs

2 Astronomical Observatory, Volgina 7, P.O. Box 74, 11060 Belgrade, Serbia
E-mail pjovanovic@aob.rs

Abstract. The goal of this paper is to inspect the flux density as well as the spectral index
distribution of 3C 315, an X-shaped radio source with a steep spectrum core. To this end
we used publicly available data and images of the source at different frequencies (specifically
1646 MHz and 2695 MHz, as well as Leahy’s atlas of double radio-sources). We found that
synchrotron radiation is the dominant radiation mechanism over most of the area of 3C 315
with an average spectral index a of 0.956.

1. AN ATLAS OF DRAGNS AND WINGED SOURCE 3C 315

Double Radio Sources Associated with Galactic Nuclei (DRAGNS) are large radio
structures which result from processes in Active Galactic Nuclei (AGN) and manifest
as double radio sources.

The closest 85 of these DRAGNS from the 3CRR sample were compiled into an
atlas (Leahy et al. 2013), along with highly detailed radio images of the sources and
basic information concerning each one. The sources in this atlas have been subjects
of many studies and plenty of observations at a multitude of frequencies have been
made available, making them perfect candidates for the type of research conducted
in this paper.

1. 1. 3C 315

The radio source 3C 315 was first listed in the Third Cambridge Catalogue of Ra-
dio Sources, where the number after 3C indicates its position in the dataset (cross-
identifications: 3C 315; 4C 426.47; PKS 15114+26; B2 15114-26; LQAC 2284026 002).
What distinguishes this source and makes it interesting are a few of its characteristics.

Firstly, it is an X-shaped (winged) radio source, meaning it has two sets of double
lobes angled with respect to each other. This is a result of a rotation in the axis of
the jets, which again might result from reorientations of the supermassive black hole
in the center of the host galaxy in the aftermath of black hole merger.
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DRAGN 3C 315 does not contain any true hotspots, apart from a weak hotspot in
the far-side of the north-western lobe. However as an X-shaped radio galaxy it would
still be classified as an FR-II radio galaxy.

The host galaxy of 3C 315 is highly elongated in the north west - south east
direction (de Koff el al. 2000) and accompanied by an elliptical galaxy, both of which
are located inside a cluster, which allows for the environment to play a role in the
evolution of this object.

Lastly, 3C 315 is a steep spectrum core source, which means the core actually
consists of a pair of lobes much like the outer kiloparsec sized lobes. These inner
lobes have a flux density - frequency relation described by a power law (much like the
outer lobes), from where the name is derived.

We used observations of 3C 315 at two different frequencies, 1646 MHz (21 cm)
and 2695 MHz (11 cm) (see Alexander & Leahy 1987). In Figure 1 we present the
flux density distribution at the two frequencies over the area of the source, where the
lower boundaries of the source were determined to be contours S, i, = 0.002 Jy at
1646 MHz and Sy min = 0.0022 Jy at 2695 MHz. These lower limits are in agreement
with contours drawn at 3.5 times the standard deviation of the background noise.

In Figure 2 the same data is shown, but on a 3D graph for additional clarity.
The most distinguishing feature is the bright steep spectrum core in the center of the
source and it is surrounded by the relaxed structure of the four lobes surrounding it.
In the 2695 MHz image much of the north-east section of the structure is lost in the
noise.
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Figure 1: Flux density distribution of 3C 315 at 1646 MHz (left) and 2695 MHz
(right). The areas with flux density levels below the lowest contour have been coloured
in white.

2. DISTRIBUTION OF SPECTRAL
INDICES BETWEEN 1646 AND 2695 MHz

In radio sources, the flux density S, dependence on frequency is characterized with
the power-law relation S, oc ¥v~%, where « is called the ’spectral index’ and is eas-
ily obtainable by measuring the flux density at different frequencies and taking the
negative slope of the above relation, resulting in:
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Figure 2: 3D plot of 3C 315 flux density distribution at 1646 MHz (left) and 2695
MHz (right).

a=——l (1)

The spectral index can be used to classify radio sources and understand the origin
of radio emission. More specifically, if &« > 0.1 the emission is non-thermal (syn-
chrotron) in origin, meaning it does not depend on the temperature of the source,
and for @ < 0 it is thermal (depends only on the temperature of the source) in origin.

In Figure 3 we present the spectral index map of 3C 315, derived from the flux
density distributions at 1646 and 2695 MHz. The calculation methods we used and
developed were first published in Borka (2007), and further elaborated in Borka Jo-
vanovi¢ (2012) and Borka Jovanovié et al. (2012).

It should be noted this is the first time such a spectral index map (i.e. its distribu-
tion over entire source) for this source has been shown. As can be seen, the spectral
index is positive (with an average value of 0.956, which aligns with earlier studies such
as Northover (1976)) over almost the entirety of the area of 3C 315, indicating that
non-thermal emission is the dominant emission mechanism. The only region with a
significantly negative spectral index is the far end of the north-east lobe with a mean
spectral index of —0.35, which would imply thermal emission as the origin. It should
also be mentioned that the spectral index is on average higher along the south west -
north east axis, which would confirm these are more aged lobes from previous AGN
activity.

3. CONCLUSION

We obtained the flux density of 3C 315 at 1646 MHz (21 cm) and at 2695 MHz (11 cm),
and provided the spectral index distribution derived from these two frequencies for the
first time. At both frequencies the core dominates the flux density distribution, while
the rest of the structure is relaxed with no obvious hotspots. In the spectral index
map the difference between the core and lobes is much less pronounced. Synchrotron
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Figure 3: Spectral index map of 3C 315, obtained by combining 1646 MHz and 2695
MHz image data.

radiation is the dominant emission mechanism over the majority of the area of the
source with an average spectral index of 0.956, with the exception of the north-eastern
section where the spectral index is primarily negative with a mean value of —0.35.

The results of this study will be helpful for understanding the evolutionary process
of the 3C 315 radio source.
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