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PREFACE
The NSP conference series is a technical event which focuses on advances in nuclear structure,

astrophysics, nuclear reactions, nuclear energy, high energy & physics, and other related topics.

The purpose of this conference series is to provide a platform for researchers, academicians,
and practitioners to make them familiar with recent advances in nuclear sciences. The
organization committee accepts a wide range of papers to encourage young and experienced
researchers to present their work and the possibility of initiating mutual collaboration with
internationally renowned researchers and experts of the relevant industries. The conference
format comprises of multiple sessions and the selected works in these sessions are based on

substantial and novel research.

The series of events was initiated in 2004 at Anadolu University, Eskisehir / Tlrkiye. The

following is a list of subsequent meetings in the series:

I. Workshop on Nuclear Structure Properties (NSP2004),
Anadolu University, Eskisehir, Tiirkiye

I1. Workshop on Nuclear Structure Properties (NSP2005),
Anadolu University, Eskisehir, Tiirkiye

I11. Workshop on Nuclear Structure Properties (NSP2006),
Dumlupinar University, Kiitahya, Tiirkiye

IV. Workshop on Nuclear Structure Properties (NSP2007),
Gazi University, Ankara, Tirkiye

V. Workshop on Nuclear Structure Properties (NSP2011),
Mus Alparslan University, Mus, Tiirkiye

VI. International Workshop on Nuclear Structure Properties (NSP2013),
Karabiik University, Karabik, Tarkiye

VII. International Workshop on Nuclear Structure Properties (NSP2014),
Sinop University, Sinop, Tirkiye

VIII. International Workshop on Nuclear Structure Properties (NSP2015),
Sakarya University, Sakarya, Turkiye
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IX. International Conference on Nuclear Structure Properties (NSP2016),
Sivas Cumhuriyet University, Sivas, Turkiye

X. International Conference on Nuclear Structure Properties (NSP2017),
Karablk University University, Karabuk, Turkiye

XI. International Conference on Nuclear Structure Properties (NSP2018),
Karadeniz Technical University, Trabzon, Turkiye

XI1. International Conference on Nuclear Structure Properties (NSP2019),
Bitlis Eren University, Bitlis, Tirkiye

XI11. International Conference on Nuclear Structure Properties (NSP2020)
It has been attributed to Covid-19.

XIV. International Conference on Nuclear Structure Properties (NSP2021)
as an online event due to Covid-19 — Selcuk University, Konya, Tirkiye

XV. International Conference on Nuclear Structure Properties (NSP2022),
Kirikkale University, Kirikkale, Tiirkiye

We were wishing that 16™ NSP conference would be a face-to-face event in which we could
enjoy international collaborations between young and renowned researchers in a direct and
more accessible way. However, on February 6 - 2023, Turkiye hit and affected by a massive
earthquake. As shattered by the devastating images of the quake and trying to manage the
aftermath, it was now impossible to organize this event in a way that we can manage
accommodations, travel problems, and other issues related to having some or all participants
required to be in the same physical location. Therefore, we decided to conduct 16" of the series
as an online event starting on May 8, 2023 and ending on May 10, 2023. Collected fees were

directed to AFAD as aid for the survivals of the earthquake.

Hosted and organized by the Physics Department of University of Karabtik, the conference was
comprised of a series of online presentations contributed by researchers from different
countries. 11 renowned researchers across different countries were invited to give talks on
various subjects that can give directions to future scientific studies. 40 speakers from 18
different countries presented their works (48 speeches in total). The countries represented by
their respective fellow researchers were Turkiye, USA, United Kingdom, France, Japan, Italy,

Greece, Russia, Croatia, Romania, Malaysia, Pakistan, Irag, Iran, Azerbaijan, Uzbekistan,
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Algeria, Nigeria. There were also non-speaker participants from these countries along with
other non-speaker participants from Germany, Australia, China, Brazil, the Czech Republic,
Slovakia, Bulgaria, and Kazakhstan. These participants had a chance of watching and listening
to presentations, asking some important questions on the possible future directions of presented
works, and igniting useful discussions. In total, the number of participants were 99 attending

from across 26 different countries.

The event was conducted with the aim of honouring 100" anniversary of foundation of
Turkish Republic, and we believe, we achieved that. The topics of the meeting were more
diverse compared to the previously held ones, but we managed to keep the integrity of the
series intact. The quality of the works presented was evident. Respected researchers around the
world appreciated our sincere efforts and praised useful discussions among peers that made the
event even more delightful. Our hope is that this meeting will have a positive impact on future
collaborations among participants and guide our young Turkish researchers to the right path on

their respective scientific studies.
Thanks to Mustafa Kemal ATATURK and his reforms, we achieved significant advances in
science in the first century of our republic’s history. We wish a brighter future for our beloved

country and its young researchers.

Prof. Dr. Necla CAKMAK
Chief of NSP 2023 Conference
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First of all, we would like to thank all participants for their important contributions. Sounded
and well-researched works presented in these meetings will encourage future participants to
have even more quality in their respective works. The organizers of this conference make every
effort to keep conference fees as low as possible to facilitate the attendance of young
researchers. These efforts were relatively successful, and a lot of new young faces could be
seen at the conference.

We also thank the chairs of each session who successfully managed to let each presentation
start and finish on time. Thanks to their patience and persisten in keeping track of the time we
could have enough time for question-answer sessions that was necessary to ignite useful
discussions along the lines of relevant topics. They also helped young presenters when they
needed some encouragement during their presentations, and they kindly handled some
difficulties that are inherit in any online meeting. The organizing committee also wishes to
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and the many other individuals, who helped prepare this event. In some stages of preparations,
there were only a handful of people who could sacrifice their time and they did it without asking
favours. We are also very grateful to the reviewers, whose very consistent reviewing of

abstracts was of great help in improving the quality of many papers.

Finally, we would like to note that this year is the 100" anniversary of foundation of the Turkish
Republic. 100 years ago, Mustafa Kemal ATATURK and his fellow fighters fought for the
independence of this country with great resolve. Therefore, we like to see this event as a
commemoration of their efforts on saving our beloved nation and leading us to create a modern
Turkish state. The following quotation united us in the past and will always guide us to the

future:

“My moral heritage is science and reason. Anyone willing to appropriate my ideas for
themselves after me will be my moral inheritors, provided they would approve the
guidance of science and reason on this axis”.

Mustafa Kemal ATATURK
Prof. Dr. Necla CAKMAK
Chief of NSP 2023 Conference
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Anti-Missile Reactive Net
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Half-life of heavy and exotic nuclei to investigate the r-process

Khusniddin K. OLIMOV
(Physical-Technical Institute of Uzbekistan Academy of Sciences, Tashkent, Uzbekistan)
Correlations between parameters of the Tsallis distribution and Hagedorn function with

transverse flow in proton-protons collisions at the LHC
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(Sivas Cumbhuriyet University, Department of Physics, Sivas, Turkiye)
Creating an Online Calculation Tool for Fission Barrier Energy based on Machine

Learning Methods
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(Joint Institute for Nuclear Research, Dubna, Moscow Region, Russia)

Anomalous behavior of nuclear moment of inertia
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TOPICS
v" Nuclear Structure
v" Nuclear Reactions
v Nuclear Astrophysics
v" Nuclear Models
v Nuclear Scattering
v Nuclear Energy
v" Nuclear Reactors
v Nuclear Analytical Methods
v" Accelerator Physics
v" Medical and Health Physics
v High Energy and Particle Physics
v Nuclear Application in Life Science
v Radiation Measurements and Dosimeters
v Nuclear Engineering

v" Other Related Topics
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CONTACT

Address: Karablk University, Science Faculty, Head of Physics Department, TR-78050
Karablk / Tlrkiye
Phone: +90 370 418 91 89

E-mail: nsp2023@karabuk.edu.tr

Website: https://nsp2023.karabuk.edu.tr/en
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SCIENTIFIC PROGRAMME

May 8, 2023 Monday

Morning Session 09.15 — 10.50 Time Zone Istanbul (GMT+3)
Chair: Necla Cakmak (Karabtik Un., Karabuk, Turkiye)

09.15-09.30 Opening Remarks
09.30 — 09.55 Takehiko R. Saito  (RIKEN, Japan)
Experimental studies of light hypernuclei

09.55-10.20 Serkan Akkoyun (Sivas Cumhuriyet Un., Sivas, Turkiye)
Creating an Online Calculation Tool for Fission Barrier Energy based on Machine Learning
Methods

10.20 — 10.35 Mouna Bouhelal (Echahid Cheikh Larbi Tebessi Un., Algeria)
Theoretical investigation of the T=1/2, A=27 Mirror Nuclei

10.35-10.50 Mouna Bouhelal (Echahid Cheikh Larbi Tebessi Un., Algeria)
Study of the Energy Spectrum of Mg

10.50 - 11.20 COFFEE BREAK
Morning Session 11.20 — 12.30 Time Zone Istanbul (GMT+3)
Chair: Serkan Akkoyun (Sivas Cumhuriyet Un., Sivas, Turkiye)

11.20 — 11.35 Abir Selim (Echahid Cheikh Larbi Tebessi Un., Tebessa, Algeria)
Shell-Model Study of the Nuclear Structure of 2°Al Nucleus

11.35-11.50 Abir Selim (Echahid Cheikh Larbi Tebessi Un., Tebessa, Algeria)
Investigation of The Energy Spectrum of 2*Al Using the PSDPF Interaction

11.50 -12.05 Ayse Comii (Selcuk University, Konya, Tirkiye)
Analysis of Irradiation Effects on Laroxyl Drug Using EPR Spectroscopy

12.05-12.20 Gamze EKkici (KTO Karatay University, Konya, Turkiye)
ESR Dating of Old Beysehir Lake Basin Using Fossil Mollusc Shells

12.30-13.30 LUNCH BREAK
Afternoon Session 13.30 — 15.00 Time Zone Istanbul (GMT+3)
Chair: Nihal Buyukgizmeci (Selcuk Un., Konya, Turkiye)

13.30 — 13.55 Fabrice Pelestor (France)
Anti-Missile Reactive Net

Xi
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13.55-14.20 Khusniddin K. Olimov (Uzbekistan Academy of Sciences, Tashkent
Uzbekistan)

Correlations between parameters of the Tsallis distribution and Hagedorn function with
transverse flow in proton-protons collisions at the LHC

14.20 — 14.35 Khusniddin K. Olimov (Uzbekistan Academy of Sciences, Tashkent
Uzbekistan)

Dependencies of the average transverse momenta of charged particles on particle species,
centrality and collision energy in Au+Au collisions from the BES program at the RHIC

14.35 - 14.50 Fatima Benrachi (Freres Mentouri Constantine-1 Un., Algeria)
Nuclear Properties of Even-Even Nuclei in Calcium-40 Region

14.50 — 15.05 Nadjet Laouet (Freres Mentouri Constantine-1 Un., Algeria)
Proton Rich A=95 Systems Nuclear Structure: Nushellx@MSU Application

15.10 - 15.30 COFFEE BREAK
Afternoon Session 15.30 — 17.00 Time Zone Istanbul (GMT+3)
Chair: Savas Agduk (Karabiik Un., Karabiik, Tiirkiye)

15.30 — 15.45 Robert Poenaru (Horia Hulubei National Institute of Nuclear Physics and
Engineering, Romania)
Parity Partner Bands and the Wobbling Motion in 163-Lu

15.45 - 16.00 Christopher Oluwatobi Adeogun (Miva University, Nigeria)
Investigation of the Air-Gap Signal in Kalman Filter Under Relative Acceleration

16.00 — 16.15 Gamze Hosgor (Sakarya University, Sakarya, Turkiye)
Polarization Effects on gr-factors in Odd-Mass Deformed Nuclei

16.15 - 16.30 Gamze Hosgor (Sakarya University, Sakarya, Tirkiye)
Understanding the Low-Energy Electromagnetic Dipole Response in '*Sm Nucleus: A
Theoretical Perspective

16.30 — 16.45 Esra Evcin Baydilli (Hakkari University, Hakkari, Tlrkiye)
The Detection of the Gamma-Irradiation Effects on Electrical Characteristics of Au/3% Gr-
doped PVA/p-Si Type Schottky Structure

May 9, 2023 Tuesday

Morning Session 09.30 — 10.50 Time Zone Istanbul (GMT+3)
Chair: Mahmut Boyiikata (Kirikkale Un., Kirikkale, Tiirkiye)

Xii
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09.30 — 09.55 Jameel-Un Nabi (University of Wah, Wah Cantt, Pakistan)
Half-life of heavy and exotic nuclei to investigate the r-process

09.55-10.20 Manuela Cavallaro (Laboratori Nazionali del Sud — INFN, Catania, Italy)
Double charge-exchange reactions for the nuclear matrix elements of neutrinoless double beta
decay

10.20 - 10.35 Francesco Cappuzzello (Catania University, Catania, Italy)
Heavy-ion induced direct reactions with the MAGNEX spectrometer at INFN-LNS: A multi-
channel approach

10.35 - 10.50 Frederic Lasiaille (FL Researcher, France)
Relativity in motion

10.50 - 11.20 COFFEE BREAK
Morning Session 11.20 — 12.30 Time Zone Istanbul (GMT+3)
Chair: Tuncay Bayram (Karadeniz Technical Un., Trabzon, Turkiye)

11.20 - 11.35 Dennis Bonatsos (Inst. of Nuclear and Particle Phy., NCSR, Greece)
Shape coexistence and shape/phase transitions in even-even nuclei

11.35-11.50 Ergash M. Tursunov (INP-Academy of Sciences, Uzbekistan)
Detailed Study of the Astrophysical Capture Reaction a(d, y)°Li in a Three-Body Model

11.50 - 12.05 Majid Gojayev (Baku State University, Baku, Azerbaijan)
Production of the vector boson and two Higgs bosons in the electron-positron collisions

12.05-12.20 Elif Kemah (Sakarya Un., Sakarya, Turkiye)
Investigation of the Ground-State M1 moments in 22%Th Isotopes

12.30-13.30 LUNCH BREAK
Afternoon Session 13.30 — 15.00 Time Zone Istanbul (GMT+3)
Chair: Nihal Buyukgizmeci (Selcuk Un., Konya, Turkiye)

13.30 - 13.55 Mannap Yu.Tashmetov (INP-Academy of Sciences of the Republic of
Uzbekistan)
The development and implementation of perspective technologies

13.55 -14.20 Esra Yuksel (University of Surrey, Surrey, United Kingdom)
Constraining the nuclear symmetry energy using parity-violating electron scattering

experiments

14.20 — 14.35 Sema Kuguksucu (University of Zagreb, Zagreb, Croatia)
Isotopic dependence of (n, o) reaction cross sections for Fe and Sn nuclei

Xiii
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14.35 - 14.50 Buruce Oztiirk (Sakarya Un., Sakarya, Turkiye)
Magnetic Moment Inference and Modeling of >3-1Cu Nuclei with Anfis

14.50 — 15.05 Nihal Buyukgcizmeci (Selguk Un., Konya, Turkiye)
Rapidity distributions of nuclei and hypernuclei

15.10 - 15.30 COFFEE BREAK
Afternoon Session 15.30 — 17.00 Time Zone Istanbul (GMT+3)
Chair: Aybaba Hancerliogullar1 (Kastamonu Un., Kastamonu, Tiirkiye)

15.30 - 15.45 Mohammad Reza Hadizadeh (Central State University, Ohio, USA)
Investigating Few-Body Systems in 2D Materials: Adapting Faddeev Method from Nuclear
Physics

15.45-16.00 Aybaba Hangerliogullar1 (Kastamonu Un., Kastamonu, Turkiye)
Utilization Of Some Boron Containing Minerals as Fast Neutron Shielding in Nuclear Power
Plants

16.00 — 16.15 Rezvan Rezaeizadeh (University of Guilan, Rasht, Iran)
Solutions of Klein-Gordon equation with Woods-Saxon potential through PQR method

May 10, 2023 Wednesday

Morning Session 09.30 — 10.50 Time Zone Istanbul (GMT+3)
Chair: Nihal Buytkgcizmeci (Selguk Un., Konya, Turkiye)

09.30 - 09.55 Valentine O. Nesterenko (JINR, Dubna, Russia)
Anomalous behavior of nuclear moment of inertia

09.55-10.20 Izyan Hashim (Universiti Teknologi Malaysia, Malaysia)
Ordinary Muon Capture Delayed Gamma Ray Analysis for double beta decays (DBDs) and
anti-neutrino nuclear responses

10.20 — 10.35 Mehmet Dag (Karabiik Un., Karabik, Tirkiye)
Gamow-Teller Transition Logft Value for Pd-114 Isotope

10.35 - 10.50 Huseynqulu Quliyev (National Aviation Academy of Azerbaijan, Azerbaijan)
Distribution of dipole excitation up to 10 MeV: The case of *?*Xe nucleus

10.50 - 11.20 COFFEE BREAK

Morning Session 11.20 — 12.30 Time Zone Istanbul (GMT+3)
Chair: Savas Agduk (Karabik Un., Karabuk, Turkiye)

Xiv
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11.20 — 11.45 llkay Tiirk Calkr (Institute of Technology Accelerator, Ankara Un., Tiirkiye)
Future Circular Collider (FCC) Project

11.45-12.00 Sultan Sahin Bal (Bitlis Eren Un., Bitlis, Trkiye)
The Determination of 238U, 232Th and “°K Radioactivity Concentrations of Some Healing and
Spa Water in Bitlis

12.00 — 12.15 Sultan Sahin Bal (Bitlis Eren Un., Bitlis, Tirkiye)

The Determination of 222Rn Gas Radioactivity Concentrations of Some Healing and Spa Water
in Bitlis

12.15-12.30 Khalid H. Mahdi Aal-Shabeeb (Karabiik Un., Karabuk, Turkiye)

Comparing the concentration of radon in the old and new residential houses in Karablk

city/Turkiye using the passive method

12.30 - 13.30 LUNCH BREAK
Afternoon Session 13.00 — 14.15 Time Zone Istanbul (GMT+3)
Chair: Mahmut Boyiikata (Kirikkale Un., Kirikkale, Tiirkiye)

13.30 — 13.45 Abdurahman Buber (Kirikkale Un., Kirikkale, Tiirkiye)
Nuclear Structure of even-even 1°-128Cd isotopes under the framework of IBM-1

13.45-14.00 Najm Abdullah Saleh Saleh (University of Duhok, Duhok, Iraq)
U1F Transition Logft Value for As-74 Isotope by pn-QRPA

14.00 — 14.15 Esranur Yalcinkaya (Sakarya Un., Sakarya, Tirkiye)
Investigation of 1"=1" excited states properties in neutron-deficient *2Yb nucleus

14.30 — 15.00 Closing Remarks

XV
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MNSP 2023

8 — 10 May, 2023, Karabiik University, Karabiik, Tirkiye

TIME ZOME ISTANBUL [SMT+3)

B May 2023 Monday

S May 2023 Tuesday

10 May 2023 Wednesday

09.15- 0930 Opening Remarks

09.30 - 09.55 Take R. Saito 09.30 - 09.35 Jameel-Un Nabi 05.30-09.55 Valentine 0. Nesterenko
09.55-10.20 Serkan Akkoyun 09.55 -10.20 Manuels Cavallarc 05.55-10.20 kzyan Hashim
10.20-10.35 Mouna Bouhelal 10.20-10.35 Francesco Cappuzzello 10.20-10.35 Mehmes: Dag
10.35-10.50 Mouna Bouhelal 10.35-10.50 Frederic Lasiaille 10.35-10.50 Huseynguiu Quliyey

1050-1120 COFFEE BREAK

11.20-11135 Ehir Selim 11.20-1135 Dennis Bonatsos 11.20-11.45 ilkary Tirk Cakoor
1135-1150 Ahir Selim 1135-1150 Ergash M. Tursunow 11.45-12.00 Sultan Sahin Bal
11.50-12.05 Ayse Comid 1150-12.05 Emnilya Omarova 12.00-12.15 Sultan Sahin Bal
12.05-12.20 Gamze Ekici 12.05-12.30 Elif Kemah 12.15-1230 Khalid H. Mahdi Aak-Shabeeb

1230-13.30 LUNCH BREAK

13.30-13.55 Fabrice Pelestor 13.30-13.55 Mannap Yu.Tashmetow 13.30-13.45 Abdurahman Bober
13.55-14.20 Khusniddin K. Olimow 1355 -14.20 Esra Yiksel 13.45-14.00 Kajm Abdullah Saleh 3aleh
12.30-14.35 Ehusniddin K. Olimos 14.30-1435 Semia Kiglksuou 1400 - 14.15 Esranur Yalgnkaya
1435-1450 Fatima Benrachi 1435-1450 Biruce Oztirk 14.15-14.30 Closimg Remarks
1450 -15.05 Nadjet Laouet 1450 -15.05 Mihzl Bipikgizmec

1510-15.30  COFFEE BREAK

15.30-15.45 Robert Poenaru 15.30-1545 Mohammzd Reza Hadizadeh
1545 -16.00 Christopher Oluwatobi 1545 -16.00 Aybzba Hangeriogullan
16.00-16.15 Gamze Hogger 16.00-16.15 Rezvan Rezaeizadeh
16.15-16.30 Gamze Hoggdr

16.30 — 16.45 Esra Evcin Baydill

XVi




16™ International Conference on Nuclear Structure Properties (NSP2023),
May 8 — 10, 2023, Karabik University, Karabtik, Turkiye

FULL-TEXTS



16™ International Conference on Nuclear Structure Properties (NSP2023),
May 8 — 10, 2023, Karabuk University, Karabuk, Turkiye

Shape coexistence and shape/phase transitions in even-even nuclei

Dennis Bonatsos'™, Andriana Martinou?, S. K. Peroulist, T. J. Mertzimekis?, and N. Minkov?®

YInstitute of Nuclear and Particle Physics, National Centre for Scientific Research “Demokritos”, GR-
15310 Aghia Paraskevi, Attiki, Greece
Department of Physics, National and Kapodistrian University of Athens, Zografou Campus, GR-
15784 Athens, Greece
%Institute of Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences, 72 Tzarigrad
Road, 1784 Sofia, Bulgaria

* Corresponding author e-mail address: bonat@inp.demokritos.gr

ORCID Numbers: 0000-0003-1728-0910 (Dennis.Bonatsos), 0000-0003-3140-2136
(Andriana.Martinou), 0000-0002-2321-4242 (Spyridon.Peroulis), 0000-0001-9191-7903
(Theo.Mertzimekis), 0000-0002-4416-6497 (Nikolay.Minkov)

Abstract— The subtle relation between shape coexistence (SC) and shape/phase transitions in
even-even nuclei is explored by looking at the systematics of the B(E2) transition rates between
the first excited state of angular momentum zero, which is the bandhead of the intruder band,
and the first excited state with angular momentum two, which belongs to the ground state band.
It turns out that shape coexistence should be expected in nuclei lying within the stripes of
nucleon numbers 7-8, 17-20, 34-40, 59-70, and 96-112 predicted by the dual shell mechanism
of the proxy-SU(3) model, avoiding their junctions, within which high deformation is expected.
Along major proton shell closures, one sees SC due to neutron-induced proton particle-hole
excitations, while SC due to proton-induced neutron particle-hole excitations is related to a
first-order shape/phase transition from spherical to deformed shapes and appears away from
major shell closures.

Keywords— shape coexistence, shape/phase transitions

Introduction

Shape coexistence (SC) in an even-even nucleus refers to the situation in which the ground
state band is lying close in energy with another K=0 band having a radically different structure,
for example, one of them being spherical and the other one deformed. Several review articles
exist, in which nuclei known to exhibit SC are reported, appearing to cluster into islands on the
nuclear chart (see, for example, Fig. 8 of [1]). It is then of interest to find some practical rules,
which could predict in which parts of the nuclear chart SC can be expected to appear, to guide
the experimental effort.

Formalism

In the present work, we summarize some rules found by looking at the systematics of
experimental data for energy levels and B(EZ2) transition rates among them. A detailed version
of the present report will be published elsewhere [2]. In what follows we are going to use the
energy ratios
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Rap=E(41") 1 E(2:"), Ror=E(02")/E(21"), Roo =1/Rop, (1)
as well as the B(E2)s ratio
Boz = B(E2; 02" —21") / B(E2; 21" —01"). (2)

Results and Discussion

In Fig. 1(a) we have collected all nuclei for which the ratio Boz is known [3], plotted against
Ro2. We remark that all nuclei for which SC is known to occur appear on the left of the N=90
isotones **Nd, 1%2Sm, and **Gd, which are known to be the textbook examples of the X(5)
critical point symmetry between spherical and prolate deformed shapes [4], while nuclei not
showing SC are lying on the right of the X(5) bump. Since X(5) is characterized by Ro;» = 5.7,
Fig. 1(a) implies that SC can be expected in nuclei with Ro2 < 5.7 and Bo2 > 0.1. The behavior
shown by the data in Fig. 1(a) is corroborated in Fig. 1(b) by the predictions of several
theoretical models based on the Bohr Hamiltonian [5].

74 . 1 X(5)-p2
. 1,24 L]
5 1,0 \ X(5)-p*
N\ X(5)-B
4 08 . ,
. ] " X(5)- p
@ 5 o g ] " X(5)

L 4
24 L 04
. | 1 CBS1=0.14
T L]

| |
7] X.f) 02+ w&s
0 h\I/ Tm —F—n —n 1 -

012 012

Fig. 1. Experimental (a) and theoretical (b) Boz ratios vs. Ros.
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Fig. 2. Nuclei exhibiting SC (green symbols) and nuclei not showing SC (blue symbols) across
the nuclear chart, on which the azure stripes of SC, predicted by the dual shell mechanism [6]
within the proxy-SU(3) model [7] and the orange contours of P~5 [5] are also shown.
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Fig. 3. Evolution of the Rz and R4/ ratios across the critical point of the shape/phase transition
from spherical to deformed shapes, as predicted by an IBM Hamiltonian [8.9] for 250 bosons.
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Fig. 4. Evolution of the experimental Rz ratio across the critical point of the shape/phase
transition from spherical to deformed shapes at N=90 (a), 60 (b), 40 (c).

The nuclei appearing in Fig. 1(a) are placed on the nuclear chart in Fig. 2, in which green
symbols indicate nuclei exhibiting SC, while blue symbols stand for nuclei not showing SC.
We see that the nuclei showing SC are falling within the azure stripes predicted by a dual shell
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mechanism [6] based on the proxy-SU(3) symmetry [7] as the places in which SC is possible
to appear. Furthermore, in Fig. 2 the contours of P~5 are shown in orange, where the P-factor
[5], P= NpNn / Np+Nn, with Np (Nn) being the valence protons (neutrons) measured from the
nearest closed shell, is a measure of collectivity, corresponding to deformed nuclei for P>5.
We observe that nuclei showing SC are lying outside the P~5 contours, while deformed nuclei
lie inside. This provides us with a third rule to be obeyed by nuclei showing SC, P <5, which
turns out to be equivalent to R4/» < 3.05.

The close relation between SC and shape/phase transitions in the N=90, 60, 40 regions can now
be discussed. In Fig. 3 the results of IBM calculations using the IBAR code [8] for the standard
IBM Hamiltonian in the consistent-Q formalism [9] are shown. We see that at the critical point,
located at the value 0.4721 of the control parameter {, the R4 ratio jumps from a spherical
value close to 2 to a deformed value close to 3.33, while the Rz ratio jumps from higher to
lower values after exhibiting a sharp maximum at the critical point. Exactly the same behavior
is exhibited by the experimental values of Rz in the N=90, 60, 40 regions, as seen in Fig. 4,
indicating that SC seen in these regions is closely related to the occurrence of a shape/phase
transition from spherical to deformed shapes. In contrast, SC near Z=82, 50 is known to be
interpreted in terms of particle-hole excitations across the proton major shells [1].

Acknowledgment — Support by the Bulgarian National Science Fund (BNSF) under Contract
No. KP-06-N48/1 is gratefully acknowledged.
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Abstract— The correlations among parameters of the thermodynamically consistent Tsallis distribution
and Hagedorn function with the embedded transverse flow, obtained from combined analysis of the
experimental midrapidity transverse momentum spectra of the charged pions and kaons, protons and
antiprotons as a function of the average charged-particle multiplicity density, (dN .y /d n), measured by
ALICE Collaboration at the LHC, have been analyzed in p+p collisions at (s)*?= 7 and 13 TeV. The
strong anticorrelation between non-extensivity parameter g for the charged pions and effective
temperature, T, of the Tsallis distribution has been observed in p+p collisions at (s)*?=7 and 13 TeV.
The parameter g for the protons and antiprotons has been strongly positively correlated with T in both
p+p collisions at (s)¥?=7 and 13 TeV. Relatively strong positive correlation between parameter g (n)
for the charged pions and q (n) for the charged kaons has been found in both p+p collisions at (s)¥?=7
and 13 TeV. This could be due to similarity of mechanisms of production of pions and kaons, having a
similar quark structure, in high-energy proton-proton collisions. The strong anticorrelation between
parameter q for the charged pions and g for the protons and antiprotons has been obtained in both p+p
collisions at (s)Y?=7 and 13 TeV. The obtained significant differences in the characters of parameter
correlations for protons and antiprotons, on the one hand, and pions and kaons, on the other hand, are
probably due to the significant differences in the quark structure and mechanisms of production of
baryons and mesons in proton-proton collisions at high energies. The substantially differing behavior
of the g (n) versus (dN,/dn) dependencies in regions (dN.,/dn) < 6—7 and (dN./dn) > 67 has
been obtained for all studied particle types in both p+p collisions at (s)*?2= 7 and 13 TeV. The totally
opposite correlations between parameter n (q) for pions and kaons and (dN ., /d ) observed in regions
(dN;p/dn)y <6 ((dN.p/dn) < 7) and (dN.,/dn) > 6 ((dN.,/dn) > 7) support the findings of our
recent works [Universe 8, 174 (2022), Int. J. Mod. Phys. A 36, 2150149 (2021)] about a possible onset
of deconfinement phase transition at (dN.,/dn) ~ 6.1£0.3 ((dN.,/dn) ~ 7.1+0.2) in proton-proton
collisions at (s)¥?=7 TeV ((s)?=13 TeV).
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(QGP)

Introduction

High-energy heavy-ion collisions at the Large Hadron Collider (LHC, CERN, Switzerland)
and Relativistic Heavy-ion Collider (RHIC) at Brookhaven National Laboratory (USA) were
used to produce the plasma of nearly free quarks and gluons, called Quark-gluon plasma
(QGP). This hot and dense QGP matter, with extremely short life time of the order of 102 s,
was deduced to behave almost as a perfect fluid with very low viscosity [1-4]. The produced
QGP decays very rapidly into many hadrons via the process called hadronization. Then, the
still hot and dense system of produced hadrons expands and cools down, going very swiftly
through the chemical and kinetic freeze-out stages. At the chemical freeze-out, the hadrons
stop interacting inelastically and the abundancies of different particle species get fixed. The
temperature of the system at the chemical freeze-out, Tch, and the corresponding chemical
potential, 4, are extracted from analysis of the ratios of yields of various particle species using
the thermal or statistical hadronization models [5-8]. At the final Kinetic freeze-out, the
particles of a fireball stop interacting elastically and their kinematical properties, such as their
(transverse) momenta and energies, get “frozen”, not changing any more, followed by a free-
stream of the final particles towards detectors. Therefore, the measured transverse momentum,
pt, distributions of the final particle species are analyzed to extract the thermodynamic and
hydrodynamic properties of a system at the moment of kinetic freeze-out. The present work [9]
is an extension of our recent papers [10] and [11], which were devoted to investigation of
evolution of the collective properties of p+p collisions at (s)¥?= 7 and 13 TeV with a change
in the average charged-particle multiplicity density, (dN.;/dn), through combined minimum
2 fits of the midrapidity p: distributions of the charged pions and kaons, protons and
antiprotons, measured by ALICE Collaboration [12, 13], using the thermodynamically
consistent Tsallis distribution and Hagedorn function with embedded transverse flow. In Refs.
[10] and [11], the (dN.,/dn) dependencies of the extracted parameters of the Tsallis
distribution and Hagedorn function with the embedded transverse flow have been analyzed and
interesting results on possible onset of deconfinement phase transition in p+p collisions at ()2
=7 and 13 TeV obtained. The (dN_,/dn) values for possible onset of deconfinement phase
transition and corresponding energy densities have been estimated and the dependence of the
effective temperature, T, on (dN_,/dn) established in these collisions [10, 11]. However, the
correlations among extracted parameters of the Tsallis distribution as well as Hagedorn
function with embedded transverse flow have not been studied in these works [10, 11]. Such
correlation analysis is extremely important to establish relationships between different
parameters, including those, which characterize the collective properties of a system produced
in high-energy proton-proton collisions. In the present work [9], we investigate the correlations
among parameters of the Tsallis distribution as well as Hagedorn function with embedded
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transverse flow, extracted recently in p+p collisions at (s)*>= 7 and 13 TeV in Refs. [10] and
[11].

Analysis and Results
To study the correlation between two sets of parameters x and y, we calculate the Pearson
correlation coefficient as follows:

Z?:l(xi_<x>)'(yi_<y>) (1)

T'xy = ~ on ; y
\/zi=1<xi—<x>) ST —<y>)

n . n .
where < x > = %x‘ and < y >= % are the mean values of the parameters x and y. The

Pearson correlation coefficient, rxy, being a statistical measure of a linear correlation between
two sets of data, varies from —1 to +1. The values rxy = £1 imply that the relationship between
x and y is perfectly described by a linear equation, and all data points (xi, yi) are lying on a line
in XY plane. The value ryy = 0 denotes an absence of a linear correlation between x and y. The
positive and negative values of ry, mean the positive and negative (linear) correlation,
respectively, between x and y. To estimate the uncertainty in the obtained ryy values, we
calculate the standard error of Pearson correlation coefficient as

(2)

The formula in Eq. (2) is obtained from an assumption that the data are normally distributed
and with the null hypothesis that there is a zero correlation between x and y.

As an example, Fig. 1 displays the dependencies of non-extensivity parameter, q, for the
charged pions and kaons, protons and antiprotons on effective temperature parameter, T, of
Tsallis function in p+p collisions at (s)*?=7 and 13 TeV. As seen from orientations and shapes
of 1-sigma confidence ellipses (correspond to 68% confidence level) and ryy values in Figs.
1(a) and 1(b), the parameter q for the charged pions is strongly anticorrelated with parameter
T with ryy being close to —0.9 in both p+p collisions at (s)*?=7 and 13 TeV. This result is
consistent with a strong negative correlation found in Ref. [14] between temperature, T, and
(g—1) for negative pions in p+p, d+Au, and Au+Au collisions at (smn)*?=200 GeV at the RHIC.
Quite strong negative correlation between Tsallis function parameters T and q for the charged
pions in Au+Au collisions at the RHIC and Pb+Pb collisions at the LHC at wide energy range
(Shn)Y?=62—5020 GeV was obtained in Ref. [15]. Figures 1(c) and 1(d) show quite weak
correlation between parameter q for kaons and temperature parameter, T, in case of p+p
collisions at (s)¥?=7 TeV and almost no correlation with rxy ~ 0 in case of p+p collisions at
(s)¥2=13 TeV. It follows from Figs. 1(e) and 1(f) that the character of a correlation between g
for protons and antiprotons and T is totally opposite to that between the parameter q for the
charged pions and T in Figs. 1(a) and 1(b). As observed from Figs. 1(e) and 1(f), the parameter
q for protons and antiprotons is strongly positively correlated with parameter T with ryy ~ +1
in both p+p collisions at (s)¥?=7 and 13 TeV.
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Fig. 1. The dependencies (®) of non-extensivity parameter, ¢, for the charged pions (a and b)
and kaons (c and d), protons and antiprotons (e and f) on the effective temperature parameter
T of the Tsallis distribution function in p+p collisions at (s)¥?=7 and 13 TeV. The
corresponding 1-sigma confidence ellipses are plotted. The corresponding Pearson correlation
coefficients, rxy, along with the standard errors are: —0.83%0.20 (a); —0.93+0.13 (b); —0.24+0.34
(c); +0.07+0.35 (d); +0.98+0.08 (e); +0.99+0.05 (f)

Summary and Conclusions

We analyzed [9] the correlations among parameters of the thermodynamically consistent
Tsallis distribution and Hagedorn function with embedded transverse flow, obtained from
combined analysis of the experimental midrapidity (]y|<0.5) transverse momentum spectra of
the charged pions and kaons, protons and antiprotons at ten groups of (dN.,/dn) in inelastic
p+p collisions at (s)¥? = 7 and 13 TeV, measured by ALICE Collaboration at the LHC. The
correlations were studied by calculating the Pearson coefficient of a linear correlation, ryy,
between given two parameters and plotting the corresponding 1-sigma confidence ellipse,
which covers a 68% confidence level. We observed strong anticorrelation between the non-
extensivity parameter, g, for the charged pions and effective temperature, T, of the Tsallis
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distribution with the corresponding Pearson correlation coefficient, rxy, being close to —0.9 in
both p+p collisions at (s)~>=7 and 13 TeV. The correlation between parameter q for the charged
kaons and T proved to be weak both in p+p collisions at (s)¥?=7 and 13 TeV. In case of p+p
collisions at (s)*?= 13 TeV the correlation was almost absent (rx, = 0), being weaker than that
in p+p collisions at (s)?=7 TeV. In contrast with the strong anticorrelation between parameters
g and T for pions, the g for protons and antiprotons proved to be strongly positively correlated
with T with ry ~ +1 in both p+p collisions at (s)*?=7 and 13 TeV. A significant positive
correlation between the q for the charged pions and g for the charged kaons was obtained in
both p+p collisions at (s)2=7 and 13 TeV. The positive correlation was significantly larger in
p+p collisions at (s)*2=7 TeV compared to that at (s)¥>=13 TeV. The q for the charged pions
was strongly anticorrelated with q for the protons and antiprotons in both collisions. The
significantly different behavior of the g (n) versus (dN.,/dn) dependencies in regions
(dN_.,/dn) < 6=7 and (dN_,/dn) > 6—7 was obtained for all studied particle species in both
p+p collisions at (s)*2=7 and 13 TeV. The strong positive correlation between q for the charged
pions and kaons and (dN.; /dn) was obtained in region (dN.,/dn) < 6. In contrast with this,
the g of these two particle species and (d N, /dn) was strongly anticorrelated with rxy ~ —1 in
region (dN,,/dn) > 6 in p+p collisions at (s)¥?=7 TeV. The observed totally opposite
correlations between g (pions and kaons) and (dN_,/dn) in regions (dN.,/dn) < 6 and
(dN.,/dn) > 6 are consistent with the finding of Ref. [34] suggesting the possible onset of
deconfinement phase transition at (dN,,/dn) ~ 6.1+£0.3. Contrary to the behavior of q versus
(dN,,/dn) dependencies of pions and kaons, the non-extensivity parameter q for protons and
antiprotons demonstrated a strong positive correlation with (dN_;, /d n) with ryxy being close to
+1 in both (dN,,/dn) <6 and (dN,,/dn) > 6 regions in p+p collisions at (s)?=7 TeV.

The correlation between exponent parameter n (for the charged pions and kaons) and
(dN,, /dn) was significantly negative in region (dN.,/dn) <6 ((dN.,/dn) < 7) and strongly
positive in region (dN,,/d7n) > 6 ((dN,,/dn) > 7) in p+p collisions at (s)Y2=7 TeV ((s)¥?=13
TeV). The observed opposite correlations between n (for pions and kaons) and (d N, /dn) in
regions (dN.,/dn) <6 ((dN.,/dn) <7)and (dN_.,/dn) > 6 ((dN.,/dn) > 7) are consistent
with and support the finding of Ref. [34] (Ref. [35]) suggesting the possible onset of
deconfinement phase transition at (dN.,/dn) ~ 6.1£0.3 ((dN.,/dn) ~ 7.1£0.2) in p+p
collisions at (s)2=7 TeV ((s)*?=13 TeV). In contrast with the behavior of n versus (dN,, /d ;)
dependencies for pions and kaons, the exponent parameter n for protons and antiprotons was
strongly anticorrelated with (dN_,/d#n) in both (dN./dn) < 6 ((dN./dn) < 7) and
(dNg,/dn) > 6 ((dN.,/dn) > 7) regions in p+p collisions at (s)¥?=7 TeV ((s)¥?=13 TeV).

Completely opposite correlations between g (n) (for pions and kaons) and (d N, /d n) observed
in two regions of (d N, /dn), preceding and following the estimated (d N, /d7) for a possible
deconfinement phase transition, could possibly indicate a significant change in mechanisms of
hadron production taking place at a probable crossover phase transition from a gas of hadrons
to QGP state in both p+p collisions at (s)¥>=7 and 13 TeV. Quite strong positive correlation
between exponent parameter n for the charged pions and n for the charged kaons was obtained
in both p+p collisions at (s)¥>=7 and 13 TeV. This result proved to be consistent with the
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significant positive correlation observed between parameter g for the charged pions and q for
the charged kaons. This could be due to similarity of mechanisms of production of pions and
kaons, which have a similar structure consisting of one quark and one antiquark, in high-energy
collisions. The substantial differences in the characters of parameter correlations observed for
protons and antiprotons, on the one hand, and pions and kaons, on the other hand, could be due
to significant differences in the quark structure and corresponding mechanisms of production
of baryons and mesons in high-energy collisions.
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Abstract— The experimental spectra of the average transverse momentum, <p¢>, versus the
average number of participant nucleons, <Npat>, dependencies of the identified charged
particles at midrapidity in Au+Au collisions from the Beam Energy Scan (BES) program at the
RHIC in (snn)Y?= 7-39 GeV energy range have been described very well with the proposed
simple power model function. The degree of flattening of <p:> of the charged pions and kaons,
protons and antiprotons in the analyzed heavy-ion collisions in (sm)Y?=7-39 GeV energy range
have been investigated analyzing the dependencies of the obtained exponent parameter alpha
of the simple power function on the particle species and collision energy (sn)~2. On the whole,
the exponent parameter alpha for the charged kaons, protons and antiprotons decreases
noticeably with increasing collision energy of Au+Au collisions from (smn)Y?= 7 to 39 GeV.
While for the charged pions the power parameter alpha decreases weakly in range (Snn)Y?=7-
20 GeV and practically does not change in region (san)Y?=20-39 GeV. The significant gap
between parameter alpha for the protons and antiprotons has been observed in region (snn)?=7-
20 GeV. The normalization fitting constant C and power parameter alpha of the simple power
function have been strongly anticorrelated for all studied particle species. The differences
observed between parameter alpha versus collision energy dependencies of the particles and
antiparticles have been related to the ratios of antiparticle and particle yields and differences in
the mechanisms of production of particles and antiparticles. The observed dependencies of the
evolution of the parameter alpha with changing Au+Au collision energy for the particles and
antiparticles could reflect the interplay between associated particle production, which is
dominant at the low energy range of BES at the RHIC, and pair production mechanism, which
becomes dominant at the high energy range of BES. It is deduced that the parameter alpha can
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be sensitive to the particle production mechanism(s) and its significant change could be related
to the change in mechanisms of particle production or/and phase transitions in a
nuclear/hadronic matter.

Keywords — Heavy-ion collisions at the RHIC; average transverse momenta of particles;
flattening of the average pt; mechanisms of particle production; onset of deconfinement phase
transition; mixed phase of QGP and hadrons

Introduction

In the present work, we study the particle species and collision energy dependencies of an
important variable — the average transverse momentum (<p¢>) of identified charged particles
in Au+Au collisions from the BES program at the RHIC in (san)*2=7-39 GeV energy range.
This variable was first proposed by Van Hove [1] to identify the deconfinement phase transition
in high-energy proton-antiproton collisions with an anomalous behavior — a plateau-like
structure of the average transverse momentum as a function of multiplicity of hadrons. Van
Hove suggested [1] that the observed flattening of dependence of the experimental average
transverse momentum at midrapidity versus the particle multiplicity per unit rapidity should
indicate the deconfinement phase transition (the growth of entropy density at constant
temperature) in a system with high energy density. Initially, Van Hove’s idea was suggested to
investigate the correlations between <ps> and hadron multiplicity in high-energy proton-
antiproton collisions [1,2]. Nowadays we can analyze such correlations in high-statistics heavy-
ion collisions at the RHIC and LHC energies [3-7]. In Ref. [6] the experimental spectra of <p:>
versus the average pseudorapidity multiplicity density, average number of binary collisions
(<Ncor>), and the average number of participant nucleons (<Npat>) dependencies of the
identified charged particles at midrapidity in Au+Au and Pb+Pb collisions at RHIC and LHC
in (snn)Y?= 62-5020 GeV energy interval were reproduced very well with the proposed simple
power model function. The degree of flattening of < p, > of the charged pions and kaons,
protons and antiprotons in heavy-ion collisions at RHIC and LHC in (sn)*?=62-5020 GeV
energy range were investigated from analysis of the dependencies of the extracted exponent
parameter ¢ of the simple power function on the particle species and collision energy (sm)*2.
The coincidence of the parameter « for pions and kaons in Pb+Pb collisions at (Snn)Y?=5.02
TeV, reflecting practically identical shapes of < p, > versus the average pseudorapidity
multiplicity density, < N.,;; >, and < N4, > spectra for pions and kaons in these collisions,
was obtained. This result was interpreted as being due to the creation of the highly thermalized
QGP, where the difference between u, d, and s flavors almost disappears, which results in the
similar mechanisms of production of pions and kaons in Pb+Pb collisions at (snn)?=5.02 TeV.
In present work we have performed the minimum x2 fits of the experimental dependencies [7]
of the average transverse momentum (< p, >) on < N4, > of the charged pions, charged
pions, and protons+antiprotons, produced at midrapidity (ly] < 0.1) in Au+Au collisions at
(snn)V?=7.7, 11.5, 19.6, 27, and 39 GeV, with the proposed simple power model function:

< Pt >=(-< Npart >a, (1)
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where « is the exponent parameter, C is the fitting constant, and <Npart> is the average number
of participant nucleons.

Analysis and Results

The minimum x2 fit curves along with the experimental <p, > versus < Npgp >
dependencies, obtained [7] by STAR Collaboration at midrapidity in Au+Au collisions from
BES program, are shown in Fig. 1. As seen from Fig. 1, the simple power function in Eq. (1)
reproduces very well all the studied experimental < p, > versus < N4, > dependencies.
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Fig. 1. Minimum x2 fits (solid curves) with the simple power model function (Eq. (1)) of the
experimental average transverse momentum, < p; >, versus < N,,,, > dependencies for the
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charged pions, charged kaons, protons+antiprotons produced at midrapidity (Jy] < 0.1) in
Au+Au collisions at (snn)Y?=7.7 (a), 11.5 (b), 19.6 (c), 27 (d), and 39 (e) GeV. The vertical
errors are combined systematic and statistical errors (added in quadrature). The combined
errors are dominated by the systematic uncertainties.
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Fig. 2. The dependence on collision energy (sin)Y? of the exponent parameter « for the charged
pions, charged kaons, protons+antiprotons, extracted in present work from minimum 2 fits by
< pr >= C- < Npgre >% (Eq. (1)) function of the experimental midrapidity < p, > versus <
N,qre > dependencies of the charged pions and kaons, protons+antiprotons in Au+Au
collisions in (sn)Y?=7-39 GeV energy range. The corresponding results, obtained in Ref. [6]
from analysis of the experimental < p, > data of STAR Collaboration for midrapidity Au+Au
collisions at (snn)¥?=62.4, 130 and 200 GeV, and those of ALICE collaboration for midrapidity
Pb+Pb collisions at (snn)*?=2.76 and 5.02 TeV, are presented for a comparison. For guiding the
eyes, the spectra are fitted (solid curves) by a linear function y = Ax + B. The straight lines
appear as the solid curves because of the logarithmic scale on the horizontal x axis.

Figure 2 shows the collision energy, (sm)Y?, dependencies of the power parameter « for the
charged pions, charged kaons, protons+antiprotons produced at midrapidity in Au+Au
collisions at BES energies, extracted in present work. The corresponding results, obtained in
Ref. [6] from analysis of the experimental < p, > data of STAR Collaboration for midrapidity
Au+Au collisions at (sm)*?=62.4, 130 and 200 GeV, and those of ALICE collaboration for
midrapidity Pb+Pb collisions at (sn)*?=2.76 and 5.02 TeV, are also presented in Fig. 2 for a
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comparison. As observed from Fig. 2, we have a(pion) < a(kaon) < «f((anti)proton) inequality
in the whole BES energy range. A similar hadron mass dependence for the parameter « of the
simple power function was obtained in Ref. [6] from analysis of the experimental < p, > data
of STAR Collaboration for midrapidity Au+Au collisions at (Smn)*?=62.4, 130 and 200 GeV,
and those of ALICE collaboration for midrapidity Pb+Pb collisions at (snn)*?=2.76 and 5.02
TeV. Since the degree of flattening of the spectrum rises as exponent « approaches zero, the
largest degree of flattening is observed for the pion spectra — hadrons with the lowest mass,
and the lowest degree of flattening is obtained for (anti)protons — hadrons with the largest mass
among the studied particles. As observed from Fig. 2, the « values (and corresponding degree
of flattening) of kaon spectra are located in between those for pions and (anti)protons at the
BES energy range. As stated in Ref. [6], the power parameter « should contain the combined
information for both the degree of thermalization and particle production mechanism(s). Then
we can understand that the pions, hadrons with the lowest production threshold energy, should
have the largest degree of thermalization and thermalize at the significantly smaller system
temperature (smaller energy density) compared to kaons and (anti)protons, which are
characterized by the significantly larger production threshold energies. This can be seen from
the observed higher degree of flattening, reflected by the smaller « values, of the charged pion
spectra in Fig. 1 compared to those for the charged kaons and (anti)protons.

Figure 2 shows the clear dependencies of the exponent « on collision energy, (sn)*?, for the
charged pions, charged kaons, and (anti)protons in Au+Au collisions at BES energy range,
(snn)*? =7-39 GeV. Generally, the power parameter « for the charged kaons, and (anti)protons
shows a noticeable decreasing behavior with increasing collision energy from (snn)?= 7 to 39
GeV. For the charged pions, as observed from Fig. 2, the exponent parameter « decreases quite
weakly in range (sm)Y?=7-19 GeV and then remains constant within uncertainties in region
(snn)¥? = 19-39 GeV, and further up to 62 GeV. It is necessary to mention that in Ref. [7] STAR
Collaboration obtained a linear increase in pion yields as a function of collision energy, (smn)*?,
in range up to around 19.6 GeV with a subsequent kink structure seen at about 19.6 GeV. It
was interpreted [7] as a substantial change in particle production mechanism in Au+Au
collisions at (smn)Y? ~ 19.6 GeV. The energy dependence of pion yields has changed a slope:
the slope below 19.6 GeV is significantly different from that above 19.6 GeV [7]. It agrees
with the significant change of the (snn)*? dependence of the power parameter « for the charged
pions obtained at (snn)Y?~ 19.6 GeV in Fig. 2 in presenthe t work.

Even though the exponent « demonstrates generally a decrease with an increase in (Snn)*?
energy for both charged kaons and (anti) protons in (Smn)Y? = 7-39 GeV energy range, the small
kinks are observed in regions 19—-27 GeV and 11-19 GeV in Fig. 2 for (anti)protons and the
charged kaons, respectively. Figure 2 demonstrates that the power parameter o for
(anti)protons does not change within uncertainties in the wide energy range (snn)? = 62—5020
GeV. In present work we observe that parameter « for the charged kaons increases substantially
in region (Smn)Y?=39—62 GeV after an overall decrease in range (Snn)*2=7-39 GeV, which can
also reflect a significant change in production mechanism(s) of the charged kaons in Au+Au
collisions at (snn)*? =~ 39—50 GeV. We observe the anticorrelated behavior of the parameter o
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for the charged pions and charged kaons in regions (sm)Y?~ 62—130 GeV and (Snn)*? ~ 62—130
GeV: in these two regions an increase of the parameter « for one particle species goes along
with a decrease of the « for the second particle species, and vice versa.

Figure 2 shows that with an increase in (snn)*2 in region (snn)*? > 200 GeV, the exponent « for
charged kaons approaches that for charged pions, with the parameter « for kaons coinciding
with that for pions at the largest collision energy (sm)¥?=5.02 TeV. The coincidence of the
power parameter « for pions and kaons, produced at midrapidity in Pb+Pb collisions at

(snn)¥/%=5.02 TeV, reflecting practically identical shapes of <p, > versus < Npg. >, <
dN,
interpreted [6] as being due to production of the highly thermalized QGP, in which the
difference among u, d, and s flavors practically disappears, which leads to the similar
mechanisms of production of pions and kaons in Pb+Pb collisions at (Snn)Y?=5.02 TeV at the
Large Hadron Collider.

>, and < N,,;; > spectra for pions and kaons, was obtained in Ref [6]. This result was
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Abstract — In this proceeding, some nuclear structural properties of even-even 44118Cd
isotopes were studied by using the Interacting Boson Model-1 (IBM-1). First, the parameters
of the model Hamiltonian were fitted to experimental data by analyzing the energy ratios along
the isotopic chain. Later, the energy levels and B(E2) values were calculated, and the results
are in good agreement with the experimental data. Moreover, the Ry, ratio of E(L*) to E(27)
were studied of low-lying collective states in comparison to the experimental data.

Keywords — Cd isotopes, energy levels, B(E2) values, IBM-1 mode

Introduction

Recently, even even Cd isotopes were actively studied as given in Refs. [2-6]. Energy levels,
B(E2) values, and two-neutron separation energies of even-even 1%-122Cd isotopes were
studied along U(5)-SO(6) transitional region within the SU(1,1)-based Hamiltonian of the IBM
model [2]. The large-scale shell-model calculations were performed to investigate the yrast
states of the even-even **"19Cd isotopes [3]. Deformations and energy spectra of the even-even
108-116C isotopes were investigated by using the self-consistent mean-field approach and IBM-
2 model [4]. The quadrupole deformations and shape transition in even-even *°~136Cd isotopes
were studied by using covariant density functional theory [5]. Some of the structural properties
of even-even 119-116Cd isotopes were investigated within the IBM-2 model along SU(5) - SU(3)
transition [6]. In this work, the calculations of the Interacting Boson Model-1 (IBM-1) [1] is
performed for the energy levels and B(E2) values along the Z=48 isotopic chain. Obtained
results for even-even 14118Cd isotopes are presented in this proceeding. First, the Hamiltonian
parameters o were fitted by analyzing the energy ratios in the ground state band. Then, the
energy levels and B(E2) values were calculated within the IBM-1 model. Later, R} =
E(L*)/E(2]) were studied as a function of angular momentum (L) for the low-lying levels in
the ground state bands of given even-even Cd isotopes in comparison to the experimental data.

Interacting Boson Model-1

The IBM-1 model [1] is used to investigate the nuclear structural properties of even-even
isotopes. This model is based on the interaction of s-boson (L=0) and d-boson (L=2) [7].
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Because of the six components of these bosons, IBM-1 is described in terms of the U(6) unitary
group and this group has three possible subgroups called the dynamical symmetries. These
possible symmetries are labeled by U(5), SU(3) and O(6) for spherical, axially deformed and
y-unstable nuclei, respectively [7]. Another concept called as critical point symmetries
introduced by labelled [8] and labelled by X(5) located in between U(5) - SU(3) symmetries
and E(5) is in between U(5) - O(6).

For present study multipole form of IBM-1 Hamiltonian was used
H:é‘ﬁd+a0§Tﬁ+a1E'E+aZQ'Q+a3T3'T3. (1)

Here, £",a,, a4, a,, as are free parameters, and 14, P, L, Q, T; are d-boson, pairing, angular
momentum, quadrupole, octupole operators.

E?2 transition operator of IBM-1 is
TED=q,[dt x § +5Txd]@P+B, [df xd]P (2)
where d and $ are boson operator, a,and B, are free parameters.

B(E2) values is calculated by;

(E2; Li— L; ) =—

~ 2
oo | (el TE2|L) | (3)
where L is angular momentum, L; and L; refer to the initial and final states, respectively [1]

Results

For the presented study, the parameters of the model Hamiltonian given in Eq. (1) were fitted
to by analyzing the energy ratios given in left panel of Fig. 1. This figure includes experimental
data [9] and calculated energy ratio (Raz2) of even-even 114118Cd isotopes. As seen this panel,
given Cd isotopes are located between U(5) and O(6) transitional region. The *4Cd is close to
the E(5) critical point while 18Cd isotope is near to y-unstable case.

Table 1. Boson numbers and Hamilton parameters (in units of MeV) of the 141'8Cd isotopes.

Isotopes N £ a, a, a; as
4cd 9 0.062 - 0.026 - 0.06
écd 8 - 0.0713 0.0318 - 0.06
18cd 7 0.0094 - 0.024 -0.018 0.057

Fitted set of Hamiltonian parameters are listed in Table 1 including boson numbers. The boson
number of each nucleus is the sum of the proton and neutron boson numbers given by
N=N_+N,. Here, N denotes the total number of bosons, N, and N, are the number of the number
of proton and neutron bosons. The PHINT and PBEM codes [10] of IBM-1 model were used
to calculate the energy levels and B(E2) values of these isotopes. The energy levels of given
Cd isotopes were calculated by using the set of parameters given in Table 1, and as seen in
right side of Fig. 1, the calculations are in well agreement with the experimental data [9].
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Fig. 1. The experimental and calculated energy ratios (left panel) and energy levels (right
side) of given Cd isotopes.

Later, B(E2) values were calculated by fitting the constants of the reduced matrix elements
given in Eq. (2). The experimental B(E2: 27 — 07) values of given isotopes were used to fit
free parameters and as seen left side of Fig. 2, these values are almost same with experimental
data. Right side of Fig. 2 includes B(E2:47 — 27) values and the calculated B(E2) values of
14-116Cd jsotopes are close to experimental data, this panel also includes prediction
B(E2: 4} — 27) values of *8Cd isotope.

B(E2)
~¢ EXP B(E2:2{ -»0) B(E2:4] =2))
50 L @ 1BM-1 +
15 |- o« — ¥ °
10 | o« —¢
5
.I"l;“cd(.(, Cdes }.,‘;“Cﬂﬂ] 131;4(:1"(,5 :éﬁcdﬁg 1,';8Cd-,-(.

Fig. 2. The experimental (blue) and calculated (red) B(E2) values in unit e2b? for 114-118Cd
isotopes. B(E2: 27 — 07) is given in left panel and B(E2: 47 — 27) is in right panel.

The Ry, = E(L*)/E(27) were investigated as a function of angular momentum (L) in the
ground state bands of given even-even Cd isotopes. These ratios include the comparisons of
the IBM-1 calculations with experimental data [9]. As seen Fig. 3, the calculations and the
experimental data are mostly well agreement expecting the higher levels because the
experimental 8% and 10" levels of the ground state bands are close to each other. The
calculated Ry, ratio increase towards higher levels.
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Fig. 3. Comparison of Ry, = E (L*)/E(2]) ratios as a function of angular momentum (L) in
the ground state band for 114116.118C( jsotopes
Conclusion
In this work, the energy levels and the electromagnetic transition probabilities of 14118Cd
isotopes were investigated within the IBM-1 model. For the calculations of energy levels, the
Hamiltonian parameters were fitted to experimental data of the energy ratio R, , in the ground

state bands for each Cd isotopes. The calculated energy levels and B(E2) values are well
agreement with their experimental data [9]. According to the values of the energy ratio, the Cd
isotopes are in between E(5) - O(6) symmetries of the U(5) - O(6) transitional region. The 1*4Cd
is close to the E(5) critical point symmetry and *'8Cd is close to O(6) case. The R, ratio were
investigated as a function of angular momentum (L) in the ground state bands of each Cd
isotopes in the comparisons of calculations and experimental data [9]. According to these
results, 1“Cd and 8Cd isotopes exhibit similar behavior. In summary, in this proceeding, some
nuclear structure properties of the selected even 4118Cd isotopes were investigated and results
are compared with experimental data. The more detail investigation of all even-even Cd
isotopes along isotopic chain are in progress and will be presented in the forthcoming study.
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Abstract— This study includes the investigation of the magnetic properties of odd-mass Cu
nuclei, which are very popular in biomedical applications. With the Adaptive Neuro-Fuzzy
Inference Systems (Anfis) inferences were made about the magnetic moments of the **8!Cu
isotopes with odd mass numbers. For this inference system, 600 nuclei were trained, and 200
nuclei were tested. Two successful processes encouraged inferences about odd-A Cu isotopes
that do not have experimental magnetic moment values in the literature. The very small,
calculated error rate supports the reliability of the inference result about 53%>7%81Cy isotopes
without experimental magnetic moment data. These inference results were also supported by a
theoretical method, the Quasiparticle-Phonon Nuclear Method (QPNM).

Keywords— Anfis, Magnetic Moment, 381Cu, Artificial Intelligence, QPNM

Introduction

Magnetic dipole moment is an interesting topic for nuclear physicists as it gives a lot of
information about the structure of the nuclei. Many nuclear models have been developed to
theoretically explain magnetic moment values. However, the application of these models to
nuclei is still unsatisfactory [1-2]. Artificial intelligence (Al) methods can be a good alternative
to support the results in some cases where theoretical and experimental data are insufficient, as
it is a fast, easy, and reliable method that can be used in mathematical calculations and
modelling thanks to its learning, generalization, and inference capabilities.

Material and Methods

Anfis is a neural network system that works with fuzzy logic rules. Lutfi A. Zadeh [3]
introduced fuzzy logic and fuzzy logic theory in 1965. In fuzzy sets, the belonging of an
element to the set is defined by its membership degrees. Membership functions express these
membership degrees. A fuzzy inference system is created with If-Then rules. Multiple input
parameters relate to AND-OR processors [4]. Our fuzzy rules were created for the system with
three input values and seven membership values for each input. The parameter set pi, qi, ri, and
the result parameters form the rule bases and are integrated into the input value. Equation (1)
gives the fuzzy rules created for the system.
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Fig.1. Adaptive Neuro-Fuzzy Inference System (ANFIS) With Three Inputs and One Output

A different process is performed on each layer. Layer 1 is where the input values are fuzzied
with the membership function. The Gaussian function is given in Equation (2). The input
parameters fuzzied by the Gaussian membership function are given by the Egs. (3-5). In layer
3, each neuron calculates the normalized effect of a given rule, and Layer 4 is the layer where
the input data fuzzied in layer 1 is defuzzied. Layer 5 contains a single node where the sum of
all incoming signals and the final result is calculated. The mathematical formulas in each layer
are adapted from Jang (1993) [4].

((xoc) o @
Q=i (A e 7 ] 3)
Qo= hoaZl-Dy e T @
QMg (1(t-2)) = e” (5)

Here, Q1, i represents the node i in Layer 1, the fuzzy sets Aj, Bi.2, and Ci.3, and the input A(t),
Z(t-1), and I(t-3). . signals at the node. Each node in layer 2 is computed by multiplying the
effect of each fuzzy rule by the AND operation.

Qi =W, =, (A(t)) AND g, ,(Z (t—1)) AND g, (1 (t—2)) (6)

The error rates of the Anfis model were tested with R? and Root Mean Square Error (RMSE)
values. These values are calculated as Ref [5].
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Results and Discussions

In this study, MATLAB (MATLAB 2023a) program was used for data analysis. Input and
output data are taken from references [6-7]. Mass number (A), proton number (Z), spin value
(I), and magnetic moment (p) data of nuclei with 1<Z<108 protons were used. 80% of the data
is reserved for the training process and 20% for the testing process. The training and test
processes were successfully completed with an R2 value of 0.98% and RMSE of 0.026489. The
RMSE and R? values for the test were found to have a very small error value of 0.036 and
0.99%, respectively. After these two processes were completed, inferences were made about
the magnetic moment values of >38Cu nuclei. Within this isotope series, there are no available
experimental magnetic moment values for >°57°81Cy nuclei. Experimental values and the
results of Anfis inference are given in Table 1. These values are supported by the Quasiparticle
Phonon Nuclear Model (QPNM), which is a theoretical method, detailed descriptions of which
are given in Ref. [8-23].

Table 1. Comparison of experimental values of 381Cu 29 isotopes with Anfis Inferences and
QPNM Calculation

Nuclei - j* Pexe,  Pangs  Morsv Nuclei 7 Bexp,  Manns  MQPNM
Pea 30 - 2133 2009 ®n, 5, 28383 283 21994
“cu 30 - 2476 2145 T\ 5, 22747 227 20560
Yoy 3p 2582 2622 2397 B 4, 17426 2001 2.0976
Yoy 3p 18910 221 22758 B g, 10062 1.688  2.0571
“cy  3p 21083 2177 2666 T, 55 161 16l 2016
“cu 3o 22236 22236 22556 e, sp - 1153 2.423
oy 3n 23817 238 22321 Sl oo - 1250 2111

67 -
Cu 32 2.5142 2.51 2.2084

As can be seen in Table 1, the microscopic QPNM results are in agreement with the predictions
of Anfis. As can be seen here, the spin values of the nuclei have a great effect on the magnetic
moment. However, it should be noted that the agreement between Anfis results and
experimental data is much better and more satisfactory than the agreement between QPNM
results and experimental data.

Conclusions

This work presents a previously unstudied argument in nuclear structure physics. For nuclei
whose experimental magnetic moments have not yet been measured, inferences about the
magnetic moments of Cu isotopes were made for the first time with an artificial intelligence-
supported system (Anfis). The reliability of this system is compared with the calculations made
with QPNM. It has been observed that the numerical values calculated by the Anfis are much
closer to the experimental data than the QPNM method. It has also been observed that artificial
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intelligence-supported systems can be a good alternative to theoretical calculations. Theoretical
studies on this subject are limited. The study showed that Al-based systems can overcome this
problem and achieve accurate results close to experimental values, which can be a good
reference point for future work in nuclear structure physics.
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Abstract— Fission barrier height is an important component for many reasons, including stellar
nucleosynthesis, estimating the survival probabilities of the produced stable super-heavy
nuclei, and calculating the competition between the fission process and neutron evaporation. It
is not possible to observe directly, but it is estimated theoretically by using various methods.
In this study, the fission barrier height estimation has been performed by artificial neural
network method. Also, the results obtained in the calculations with different machine learning
approaches were published as an online calculation module on an open access website. By
entering basically proton, neutron, and mass numbers of the nuclei, it can be obtained fission
barrier height information with the statistical error indicators of the machine learning methods.

Keywords— Fission barrier height, nuclear structure, machine learning

Introduction

Accurate knowledge of fission barrier height is an important in nuclear physics studies such as
stellar nucleosynthesis [1], estimating the survival probabilities of the produced stable super-
heavy nuclei [2], and calculating the competition between the fission process and neutron
evaporation [3]. Barrier height is not observed directly [4], although little experimental
information is available [5]. However, by using various models it can be calculated
theoretically. In this study, we used artificial neural network (ANN) method as an alternative
approach to determine the fission barrier height information. It has been seen that increasing
the number of hidden layers used in the ANN and the number of neurons in this layer improves
the results. However, the structure in which the number of hidden layers is 3 and there are 18
neurons in each layer can make good enough predictions. Also, we published the estimations
of the fission barrier heights from six different machine learning approaches (Cubist, XGBoost,
Random Forest, Support Vector Regression, Multivariate Adaptive Regression Splines and
ANN) in an open access web page. An online computation module has been developed that
includes the results of fission barrier height estimation using these different machine learning
approaches. Thus, in cases where experimental data is not available, the results of different
machine learning approaches are calculated online by entering the proton and neutron numbers
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of the atomic nuclei whose fission barrier height value is desired. The results are provided to
users along with statistical error indicators.

Materials and Methods

A. Cubist Model

Cubist is a rule-based machine learning model that is an extension of Quinlan's M5 model tree
[6]. In this model, a tree is grown which includes linear regression models of the terminal
leaves. Intermediate linear models are also present at each rung of the tree. A prediction is
made at the terminal node of the tree using the linear regression model. But it is "smoothed"
considering the prediction from the linear model at the previous node of the tree. The tree was
originally reduced to a set of rules, which are paths from the top of the tree to the bottom. Rules
are pruned out and/or combined for simplification.

B. Random Forest (RF)

The Random Forest (RF) algorithm based on many decision tree structures was first created by
Brieman [7] as a combination of bagging and random subspace approaches. The training
dataset is randomly divided into sub-data. The RF final estimate is determined by averaging all
the results from each tree to produce an estimate. However, to increase forecast success, trees
that fail the forecast result are pruned and their level of influence on the final forecast result is
reduced. By increasing the weight coefficients of the trees that make the correct prediction,
more contribution is made to the correct prediction.

C. Extreme Gradient Boosting (XGBoost)

Extreme gradient boosting (XGBoost) initially started as a research project by Tiangi Chen [8]
as part of the Distributed (Deep) Machine Learning Community group. Notable features that
make XGBoost different from other gradient boosting algorithms include intelligent
punishment of trees, proportional shrinkage of leaf nodes, Newton upgrade, extra
randomization parameter, application and non-core computing on single, distributed systems
and automatic feature selection. XGBoost works as a Newton-Raphson in function space,
unlike gradient boosting which works as a gradient descent in the function space, a quadratic
Taylor approximation is used in the loss function to con-nect with the Newton Raphson
method.

D. Support Vector Regression (SVR)

Support Vector Regression (SVR) is a supervised machine learning model with associated
learning algorithms that analyse data for regression analysis and classification [9]. SVR is one
of the popular a machine learning model that can be used in classification problems or class
assignment where data cannot be separated linearly. A kernel is a function that places a low-
dimensional plane into a higher-dimensional space where it can be broken up using a plane.
That is, data that is not linearly separable is converted into separable data by adding more
dimensions. There are three cores that SVM uses most. Linear kernel is dot product between
two given observations, polynomial kernel allows curved lines in input space, radial basis
function creates complex regions in feature space.
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E. Multivariate Adaptive Regression Splines (MARS)

In statistics, multivariate adaptive regression splines (MARS) method is a form of regression
analysis introduced by Jerome H. Friedman [10]. MARS is a non-parametric regression
technique, and it can be seen as an extension of linear models. It does this by partitioning the
data and run a linear regression model on each different partition. The methos automatically
models nonlinearities and interactions between variables. MARS builds a model in two phases:
the forward and the backward pass. This two-stage approach is the same as that used by
recursive partitioning trees.

F. Artificial Neural Network (ANN)

Artificial neural network (ANN) mimics brain functionality [11]. Neurons, which are artificial
nerve cells that perform operations, are connected to each other by synaptic weights, forming
the ANN. In feedforward ANNS, the data flow is forward. The data is processed with the weight
values of the connections a transmitted to the neurons in the next layer. All data entering a
neuron is combined with an appropriate function. Then, the net data obtained inside the neuron
is activated by an appropriate function. The main purpose of the method is to determine the
final weight values for each connection between neurons based on random values. ANN, which
has the best weights, can give outputs close to the desired values.

Results and Discussions

In the study performed with ANN structures with different hidden layers and hidden neuron
numbers, fission barrier height data of odd-odd and odd-even 988 isotopes were used [12]. 30%
of these data were used as test data in testing the model. The data range is between 91 and 120
for the number of protons and between 140 and 215 for the number of neutrons. Proton,
neutron, and mass numbers are used as inputs of the ANN. Table 1 shows mean absolute error
(MAE), mean square error (MSE) and median absolute error (MedE) values for the estimations
of the ANN in different structures. As can be seen from the table, the number of hidden layers
was increased from 1 to 4 and calculations were made separately. As for the number of neurons
in the hidden layers, either 6, 12 or 18 were used. The smallest MAE, MSE and MedE values
were obtained in the structure of (3-18-18-18-18-1) as seen. In this structure, there are four
hidden layers and there are 18 hidden neurons in each layer. MAE, MSE and MedE values
were obtained as 0.06, 0.005 and 0.06, respectively.

In cases where the number of hidden layers is considered as constant, it is seen that the increase
in the number of hidden neurons leads to a decrease in MAE, MSE and MedE values. It is seen
that the increase in the number of hidden layers causes similar results, that is, increases the
performance. However, it was concluded that there is no significant difference between 3
hidden layers and 4 hidden layers, so a significant improvement cannot be achieved after 3
hidden layers.
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Table 1. Statistical performances of the different structures of the used ANN

Hidden Layer # | NN Structure MAE MSE MedE
1 (3-6-1) 0.19 0.05 0.19
(3-12-1) 0.20 0.06 0.18
(3-18-1) 0.15 0.03 0.13
2 (3-6-6-1) 0.14 0.03 0.13
(3-12-12-1) 0.12 0.02 0.10
(3-18-18-1) 0.10 0.02 0.09
3 (3-6-6-6-1) 0.11 0.02 0.10
(3-12-12-12-1) 0.09 0.01 0.07
(3-18-18-18-1) 0.07 0.007 0.06
4 (3-6-6-6-6-1) 0.11 0.02 0.10
(3-12-12-12-12-1) 0.07 0.008 0.06
(3-18-18-18-18-1) 0.06 0.005 0.06

In the upper panel of Fig. 1, the distributions of the estimates of the calculations made with the
ANN in the structure (3-8-8-8-8-1) versus the theoretical values available in the literature are
shown. As can be seen, this distribution is concentrated around the diagonal line. In the lower
panel of the figure, the differences of the estimates from the theoretical values are shown. It is
seen that this distribution of the differences is between +2 and -1. There are several outliers
that cross these boundaries. Both these figures and statistical performance indicators indicate
that the ANN method can be a useful tool for determining fission barrier height.
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Fig.1. Comparisons of theoretical and ANN predictions for fission barrier heights (upper
panel). Differences between theoretical and predicted values on test data shown in the lower
panel.

Fission barrier height estimations made with six different machine learning can be accessed
with the online calculation module at "https://cunsg.shinyapps.io/FisBar/". Estimates of
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different models can be calculated by entering the number of protons and neutrons belonging
to the isotope whose barrier height is desired to be calculated. In addition, statistical
performance indicators of each model and the comparisons with current theoretical values in
the literature are also presented by graphics on the page.
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Abstract — This study is an update of the little information about Radon concentration available
for Karabuk region, especially the old residential houses, 10 old residential houses and 15
modern houses were selected in the summer season and 10 old and the same new houses in the
winter season. 180 CR-T9 track detectors, four detectors for each house, were suspended in the
living and sleeping rooms for a period of one month. The detectors were then collected and
chemically etchted. The results indicated that the average radon concentrations in the old
houses (with a range of 82.884 to 113.083 Bg/m?®) were higher than in the modern ones (with
arange of 55.884 to 77.581 Bg/m?) by 52.78% in the winter season, and 39.78% in the summer
season ( with a range of 34.845 to 60.487 Bg/m®) and (with a range of 32.215 to 51.282 Bg/m?®)
respectivily. This is due to the nature of the building materials used and the style of construction
(where we find glass facades that occupy larger areas in modern houses). The radioactive
indices of radon gas were also calculated, so they were higher in the old houses than in the
modern houses, but we find both of them are less than the values recommended by scientific
institutions [UNSCEAR & ICRP].

Keywords — CR-39 Detector, Radon, Old residential houses.

Introduction

Radon is a noble gas that emitted as result of the decay of radium-226 in the series of natural
decay of uranium-238, which is present in the indoor air of residential homes, in addition to
the products polonium-218, lead-214, bismuth-214 or polonium 214, as result of its decay with
a half-life of 3.8 days. [1,2]. Workers of some professions, especially miners, are exposed to
some levels of radiation as result of exposure to radon, which poses a great danger to them by
inhalation and ingestion of radon gas, so as for both students and teachers in schools, and
peoples in their residential homes [1,3]. In updating information on national exposure to this
gas in 66 countries, its found that radon is the second cause of lung cancer [4]. The deaths by
this gas as result of exposure amounted to 3% of the total cancer deaths of 226 thousand in
2012, as mentioned by the reference [5]. In addition to this study anther study conducted by
Darby (2005) [6], shown an increase in the probability of lung cancer by 16%, when the radon
concentration increased by 100 Bg/m?®. While Olsthoom et al. (2022) found a relatively weak
positive correlation between the concentration of uranium-238 in the bedrock and according to
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the type of housing with the concentration of radon in indoor air was statistically significant
[7]. International studies have shown that the indoor radon concentration is higher in the winter
than in the summer. Due to the high temperature and low pressure, which leads to the escape
of leaking radon. Radon accumulates inside the residential homes by existence of cracks in
walls, ground foundations, and gaps in pipes and cables, in addition to its emission from
building materials and water sources [2,8,9]. The ventilation of the house plays a major role in
reducing the annual accumulated dose, which is a source of health concern in the long term
[10,11]. The present work was for monitoring the concentrations of indoor radon in Karabuk
province by using the alpha-track technique (CR-39) in residential buildings that maybe exceed
correlate the indoor radon concentrations with house material, geological structure, and designs
of houses according to their ages, then estimate the annual effective dose to average adults.

Method and Material

The first step in this work is to record the coordinates of the residential sites that chosen, and
their symbols, which presented in table number one. Houses selected as follow, 10 old
residential houses and 15 new houses in the summer season 2022, 10 old and the same new
houses in the winter season 2022. One hundred eighty CR-39 track detectors was cut into an
area of 1 cm? and distributed as follow, four detectors in each house, which suspended in the
living and sleeping rooms for a period of one month. These detectors were kept inside a sponge
in suitable dimensions to preserve them as in figure-1.

&

Fig. 1. The hanging of the detector in a sponge.

Table 1. The coordinates of the residential sites and their symbols.

Modern residential (new) Old residential
North East symbol North East symbol
summer | winter summer winter
1 41°2207 | 32°66 53" | Slna,b Wilna,b 1 [41°1981" | 32°61'68 | Sloa,b Wloab
2 | 41°2223 | 32°66 67 | S2na,b W2nab |2 |41°1982 |32°61'67 | S20a,b W2o0a,b
3 41°21'95 | 32°6709" | S3na,b W3nab |3 |41°21'17 | 32°6249 | S30a,b W3oa,b
4 141°21'18 | 32°6249 | S4na,b Widnab |4 |41°2201" | 32°67 30" | S40a,b W4oa,b
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5 | 41°2206 |32°6654 | S5nab Wsnab |5 |41°2205 |32°6650 | S50a,b W50a,b
6 41°21'84" | 32° 6544 | Sébna,b Wé6na,b 6 |41°21'78 | 32°6572 | S6oa,b W6oa,b
7 |41°2214 | 32°6606 |S7nab | W7nab |7 |41°1342 |32°3940 | SToab | W70a,b
8 |41°2207 |32°6600° | S8na,b | W8nab |8 |41°1342 |32°4003 | S8oab | W8oa,b
9 [41°21'80' [ 32°66'13° | S9na,b | W9nab |9 |41°1437 |32°41'39' | S90a,b | W90a,b
10 | 41°21'86 | 32°6619° | S10na,b | WiOnab | 10 | 41°12'16 | 32°3747 | S100oab | W10oa,b

11 | 41°2307 | 32°6652 | Sllna,b | Wllna,b

12 | 41°13'55 | 32°4007 | SI12na,b | Wl2na,b

13 | 41°1410° | 32°4045 | S13na,b | W13nab

14 | 41°1504° | 32°4046 | Sl4na,b | Wl4nab

15 | 41°12'14 | 32°3732 | Sl5na,b | Wl5Sna,b

The detectors were collected after a period of exposure, then detectors transferred to a chemical
etching process using a sodium hydroxide solution with normality of 6.25 at a temperature of
60° C for 6 hours, these detectors cleaned with distilled water, then dried. After that tracks
density were calculating using an optical microscope type (Zoomex XSP-44SM) with a
magnification of 400X to get radon concentration, after comparing it with the standard source
(Fig -2) using the following equations [12]:

where p the track density (number of tracks / mm?) of the detectors.t : the exposure time (days),
Es: the radon exposure of standard source (Bg.day.m) and ps: the track density of the standard
source. If k is the calibration factor, then equation (1) can be written as the following:

Crn (BQ/M® ) = (p/kt) covveveaa (2)
where k is the slope in Fig. (2), which is equal to 0.169 Track. m® / Bq.Day.mm?. The graph
done by a group in college of education for pure sciences / Ibn Al-Haithem / University of

Baghdad. Radiation indices were calculated by using the following equations:

a- The annual effective dose given by[13]:

D (mSvly) =Cra.E.htf .o 3)
b- The lung cancer cases for each year for every million people given by [14,15]:
LCCP (WLM) =D x18x10° ...................... (4)
c-The concentration of potential Alpha energy given by [14, 15]:
PAE (WL) =E .Crn/3700 ....coviviniiiiiiiiiiene, (5)
d- The dose rate for soft tissue and lungs by inhaled radon given by[16]:
Dsofttissues (NGYh™) = 0.005 Craair (BG/M®) ........oeee. (6)
Dsoft tissues (NGYh™t) = 0.004 Crnair (Ba/m®) ................. (7)
e- The effective equivalent dose rate given by[17]:
Hert (NSVh™) = 0.18Craair (BA/M®) ..o, (8)
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Results and Discussion

Observing the results in tables 1, 2, 3, and 4, it was found in Table 1 that the highest
concentration of radon recorded in sample No. W3oa was (113.084 Bg/m® and the lowest
concentration in sample W5o0a was (82.183 Bg/m?) in the winter season and for the old
residential homes. As Table 2 indicates that the highest concentration of radon in the modern
residential homes for the winter season was 77.581 Bg/m?® in sample W1na, and the lowest
concentration was (55.834 Bg/m? ) in sample W2na. Table No. 3 for the the old residential
houses in summer season indicated that the highest concentration of radon was 61.144 Bg/m?®
in the S20a sample, and the lowest concentration was (34.848 Bg/m? )in the S1oa sample. In
table number four, we note that the highest radon concentration was (51.282 Bg/m? )in the
sample S4nb, and the lowest concentration of radon was (30.901 Bg/m?) in the sample S8nb.
The results in the four tables indicate an increase of 52.78% in the old residential floors over
the modern residential floors in the winter season. In the summer, the increase a rate of 39.78%,
and this increase for radon is due to more than one reason, including. First, the main reason, as
it is known and proven in scientific research, the internal ventilation, which is due to the design
of the residential floors. We find that the old ones have little ventilation due to the nature of
the cold weather, as most of their walls consist of small windows, while we find the modern
ones with large windows that can occupy 30 % of the building. Secondly, the use of more
building materials in the abutments and partitions of the old houses, and this, as is well known,
contributes to building materials that lead to an effective increase in radon concentration
because they contain uranium. Thirdly, since radon is one of the daughters of uranium, which
IS present in the earth's crust, so we find that the concentration of radon varies from one region
to another. Accordingly, we need more information about this role and its specifications, in
addition to the latest information about radioactivity in the surface soil, and the type of building
materials, for the purpose of identifying the real causes that contribute to the increase in radon
concentration and working to reduce its impact. The Health Physics Department of the
Cekmece Nuclear Research and Training Centre (CNAEM), was the first how start working
with internal radon measurements in Turkey. start in 1984, until 2007 published their data about
their work [18]. The work included 53 provinces in addition to the work done by Koksal in
1993, Gurel and Cobanoglu 1997[18], these studies did not include Karabuk governorate,
except the study done by Celebi and Ulug, 2002[19], which did not follow the comparison
approach between the old and modern residential homes for the summer and winter seasons.
Table 5 shows the most important results of local studies. As for Table No. 6, shows some
results of the internal radon concentration of some countries near and far from Turkey, where
the results of this work can be compared with the results mentioned in the two tables, which
show their compatibility with the local results, and their closeness to the results of nearby
countries with close geological formation. The tables 1,2,3, and 4 also showed that radiation
indices AED (mSv/y), LCR (WLM) per 10° persons, PAEC (MWL), Dsoft (NGy/h), Diung
(nGy/h), and Her (nSv/h) ranged  (1.140-2.853),(4.15x1072-8.39x102),(0.006797-
0.013753),(0.279-0.411),(2.235-3.287), and(10.059-14.793) respectivily for winter season,
and (0.783-1.543),(2.29x10-2-4.54x10-2),(0.003758-0.007436),(0.155-0.306),(1.236-2.446),
and (5.562-11.006) for summer season. All these results less than the values recomanded by
by the international agencies UNSCEAR, WHO&ICRP [8,18, 16].
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Table 1. Radon concentrations and it's indices for old residential in winter season.

s.no track Rn conc. | AED LCR PAEC Dot Diung Hefr

density | (Crn) (mSvly) (WLM) (mWL) (nGy/h) | (nGy/h) | (nSv/h)

(rho) (Bq/m3) per 10°

(track/ persons

mm?)
Wiloa 1500 98.619 2.488047 | 7.32E-02 0.011994 0.493 3.945 17.751
Wlob 1530 100.592 2.537808 | 7.46E-02 0.012234 0.503 4.024 18.107
W2oa 1270 83.498 2.106547 | 6.19E-02 0.010155 0.417 3.340 15.030
W2ob 1430 94.017 2.371938 | 6.97E-02 0.011435 0.470 3.761 16.923
W3oa 1720 113.084 2.852961 8.39E-02 0.013753 0.565 4.523 20.355
W3ob 1670 109.796 2.770026 | 8.14E-02 0.013354 0.549 4.392 19.763
W4oa 1550 101.907 2.570982 | 7.56E-02 0.012394 0.510 4.076 18.343
W4ob 1400 92.045 2.322178 | 6.83E-02 0.011195 0.460 3.682 16.568
W5o0a 1250 82.183 2.073373 | 6.1E-02 0.009995 0.411 3.287 14.793
W5o0b 1330 87.442 2.206069 | 6.49E-02 0.010635 0.437 3.498 15.740
Wéoa 1520 99.934 2.521221 | 7.41E-02 0.012154 0.500 3.997 17.988
Wo6ob 1620 106.509 2.687091 | 7.9E-02 0.012954 0.533 4.260 19.172
W7oa 1320 86.785 2.189482 | 6.44E-02 0.010555 0.434 3471 15.621
W70b 1590 104.537 2.63733 7.75E-02 0.012714 0.523 4.181 18.817
W8oa 1440 94.6746 2.388525 | 7.02E-02 0.011514 0.473 3.787 17.041
W8ob 1260 82.840 2.08996 6.14E-02 0.010075 0.414 3.314 14.911
W9oa 1390 91.387 2.305591 | 6.78E-02 0.011115 0.457 3.655 16.450
W9ob 1500 98.619 2.488047 | 7.32E-02 0.011994 0.493 3.945 17.751
W10oa | 1540 101.249 2.554395 | 7.51E-02 0.012314 0.506 4.050 18.225
W10ob | 1500 98.619 2.488047 | 7.32E-02 0.011994 0.493 3.945 17.751

Table 2. Radon concentrations and it’s indices for new residential in winter season.

S.no track Rn conc. | AED LCR PAEC Dsoft Diung Hetr

density | (Crn) (mSvly) (WLM) (mWL) (nGy/h) | (nGy/h) | (nSv/h)

(rho) (Bg/m?) per 106

(track/ persons

mm?)
Wilna 1180 77.581 1.957264 5.75E-02 0.009435 0.388 3.103 13.965
Winb 960 63.116 1.59235 4.68E-02 0.007676 0.316 2.525 11.361
W2na 850 55.884 1.409893 4.15E-02 0.006797 0.279 2.235 10.059
W2nb 920 60.487 1.526002 4.49E-02 0.007356 0.302 2.419 10.888
W3na 940 61.801 1.559176 4.58E-02 0.007516 0.309 2.472 11.124
W3nb 920 60.487 1.526002 4.49E-02 0.007356 0.302 2.419 10.888
Wina 940 61.801 1.559176 4.58E-02 0.007516 0.309 2.472 11.124
W4nb 900 59.172 1.492828 4.39E-02 0.007197 0.296 2.367 10.651
WS5na 870 57.199 1.443067 4.24E-02 0.006957 0.286 2.288 10.295
W5nb 990 65.089 1.642111 4.83E-02 0.007916 0.325 2.604 11.716
Wé6na 900 59.172 1.492828 4.39E-02 0.007197 0.296 2.367 10.651
Wé6nb 990 65.089 1.642111 4.83E-02 0.007916 0.325 2.604 11.716
W7na 930 61.144 1.542589 4.54E-02 0.007436 0.306 2.446 11.006
W7nb 980 64.431 1.625524 4.78E-02 0.007836 0.322 2.577 11.598
W8na 850 55.884 1.409893 4.15E-02 0.006797 0.279 2.235 10.059
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W8nb 1080 71.006 1.791394 5.27E-02 0.008636 0.355 2.840 12.781
WO9na 1060 69.691 1.75822 5.17E-02 0.008476 0.348 2.788 12.544
W9nb 1040 68.376 1.725046 5.07E-02 0.008316 0.342 2.735 12.308
W10na | 930 61.144 1.542589 4.54E-02 0.007436 0.306 2.446 11.006
W10nb | 960 63.116 1.59235 4.68E-02 0.007676 0.316 2.525 11.361
Table 3. Radon concentrations and it’s indices for old residential in summer season.
s.no track Rn conc. | AED LCR PAEC Dsoft Diung Hefr
density | (Crn) (mSvly) (WLM) (mWL) (nGy/h) (nGy/h) | (nSv/h)
(rho) (Bq/m) per  10°
(track/m persons
m?)
Sloa | 900 59.172 1.492828 4.39E-02 | 0.007197 | 0.296 2.367 10.651
Slob | 800 52.597 1.326959 3.9E-02 0.006397 | 0.263 2.104 9.467
S20a | 930 61.144 1.542589 4.54E-02 | 0.007436 | 0.306 2.446 11.006
S20b | 790 51.940 1.310372 3.85E-02 | 0.006317 | 0.260 2.078 9.349
S30a | 920 60.487 1.526002 4.49E-02 | 0.007356 | 0.302 2.419 10.888
S30b | 900 59.172 1.492828 4.39E-02 | 0.007197 | 0.296 2.367 10.651
S40a | 810 53.254 1.343546 3.95E-02 | 0.006477 | 0.266 2.130 9.586
S4o0b | 890 58.514 1.476241 434E-02 | 0.007117 | 0.293 2.341 10.532
S50a | 770 50.625 1.277198 3.76E-02 | 0.006157 | 0.253 2.025 9.112
S50b | 810 53.254 1.343546 3.95E-02 | 0.006477 | 0.266 2.130 9.586
S6oa | 740 48.652 1.227437 3.61E-02 | 0.005917 | 0.243 1.946 8.757
S6ob | 730 47.995 1.21085 3.56E-02 | 0.005837 | 0.240 1.920 8.639
S7oa | 770 50.625 1.277198 3.76E-02 | 0.006157 | 0.253 2.025 9.112
S7ob | 780 51.282 1.293785 3.8E-02 0.006237 | 0.256 2.051 9.231
S8oa | 770 50.625 1.277198 3.76E-02 | 0.006157 | 0.253 2.025 9.112
S8ob | 730 47.995 1.21085 3.56E-02 | 0.005837 | 0.240 1.920 8.639
S90a | 790 51.940 1.310372 3.85E-02 | 0.006317 | 0.260 2.078 9.349
S9ob | 730 47.995 1.21085 3.56E-02 | 0.005837 | 0.240 1.920 8.639
S10oa | 530 34.846 1.094741 3.22E-02 | 0.005277 | 0.217 1.736 7.811
S100b | 530 34.846 0.87911 2.58E-02 | 0.004238 | 0.174 1.394 6.272
Table 4. Radon concentrations and it’s indices for new residential in summer season.
S.no track Rn conc. | AED LCR PAEC Dsoft Diung Hesr
density (Crn) (mSvly) (WLM) (mWL) (nGy/h) | (nGy/h) | (nSv/h)
(rho) (Bq/m®) per 10°
(track/m persons
m?)
Slna 500 32.873 0.829349 2.44E-02 0.003998 | 0.164 1.315 5.917
Slnb 540 35.503 0.895697 2.63E-02 0.004318 | 0.178 1.420 6.391
S2na 530 34.846 0.87911 2.58E-02 0.004238 | 0.174 1.394 6.272
S2nb 600 39.448 0.995219 2.93E-02 0.004798 | 0.197 1.578 7.101
S3na 570 37.475 0.945458 2.78E-02 0.004558 | 0.187 1.500 6.746
S3nb 640 42.079 1.061567 3.12E-02 0.005118 | 0.210 1.683 7.574
S4na 680 44.707 1.127915 3.32E-02 0.005437 | 0.224 1.788 8.048
S4nb 780 51.282 1.293785 3.8E-02 0.006237 | 0.256 2.051 9.231
S5na 650 42.735 1.078154 3.17E-02 0.005198 | 0.214 1.709 7.692
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S5nb 760 49.967 1.260611 3.71E-02 0.006077 | 0.250 1.999 8.994
Séna 580 38.133 0.962045 2.83E-02 0.004638 | 0.191 1.525 6.864
Sénb 630 41.420 1.04498 3.07E-02 0.005038 | 0.207 1.657 7.456
S7na 600 39.448 0.995219 2.93E-02 0.004798 | 0.197 1.578 7.101
S7nb 630 41.420 1.04498 3.07E-02 0.005038 | 0.207 1.657 7.456
S8na 720 47.337 1.194263 3.51E-02 0.005757 | 0.237 1.893 8.521
S&nb 470 30.901 0.779588 2.29E-02 0.003758 | 0.155 1.236 5.562
S9na 570 37.475 0.945458 2.78E-02 0.004558 | 0.187 1.499 6.746
S9nb 550 36.160 0.912284 2.68E-02 0.004398 | 0.181 1.446 6.509
S10na 580 38.133 0.962045 2.83E-02 0.004638 | 0.191 1.525 6.864
S10nb 640 42.078 1.061567 3.12E-02 0.005118 | 0.210 1.683 7.574
Sllna 590 38.790 0.978632 2.88E-02 0.004718 | 0.194 1.552 6.982
S1inb 620 40.763 1.028393 3.02E-02 0.004958 | 0.204 1.631 7.337
S12na 550 36.160 0.912284 2.68E-02 0.004398 | 0.181 1.446 6.509
S12nb 670 44.050 1.111328 3.27E-02 0.005357 | 0.220 1.762 7.929
S13na 580 38.133 0.962045 2.83E-02 0.004638 | 0.191 1.525 6.864
S13nb 570 37.475 0.945458 2.78E-02 0.004558 | 0.187 1.500 6.746
S14na 530 34.846 0.87911 2.58E-02 0.004238 | 0.174 1.394 6.272
S14nb 550 36.160 0.912284 2.68E-02 0.004398 | 0.181 1.446 6.509
S15na 620 40.763 1.028393 3.02E-02 0.004958 | 0.204 1.631 7.337
S15nb 490 32.216 0.812762 2.39E-02 0.003918 | 0.161 1.289 5.799
Global 200 - 300 3-10 3-10
limit (Bg/m3) (mSv/y) | 170-230 [8] mSv.y!
[20] [18] [17]
Table 5. Some important local studies in Turkiye.
Area Mean concentration of | Reference Author Year
radon Bq/m?
[zmir -Dikili geothermal area 114 14 Y. Yarar 2006
Sivas 120 18 Mihci, M et al. 2010
Artvin and Ardahan provinces | 21-321 & 53-736 13 B. Kucukomerogluetal. | 2011
Samsun province 106 15 B. Kucukomerogluetal. | 2012
81 province 81 19 N. Celebi et.al. 2014
Karabuk (average) 60-92 at winter Present work 2022
37-51 at summer

Table 6. Average radon concentrations in some countries.

No. Country Average Radon Concentration | Reference
(Bq/m?®)
1 Cyprus 7 (22)
2 Greece 73 (23)
3 Italy 75 (24)
4 France 62 (25)
5 Hungary 107 (26)
6 Iran 82 27
7 Syria 10 (28)
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8 Pakistan 30 29)

9 Egypt 9 (30)

10 UNSCEAR | Median 46 (8)
Conclusion

Through the results obtained, we conclude that radon concentrations inside old dwelling in
karabuk province were more than modern ones. This is due to the nature of the building
materials used and the style of construction (where we find glass facades that occupy larger
areas in modern houses), these results were in agreement with N. Celebi et al (2014,2022). The
radioactive indices of radon gas were also calculated, so they were higher in the old houses
than in the modern houses, but we find both of them are less than the values recommended by
scientific institutions_ [UNSCEAR & ICRP]. This study is an addition and update to the data
available in Tirkiye.
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Abstract — In this study, 3 different boron-doped minerals concentrations shielding materials
of cross-sections of calculated with the help of the MCNP program for the use of neutron
shielding in nuclear reactors. In addition, some physical and chemical properties, properties
and usage areas of these minerals are given. MCNP can be called as the calculation of physical
events using probability distribution functions [5]. Deterministic methods answer the question
of what is the average response resulting from interactions in the system when the transport of
particles in the system is examined. For this purpose, boron, which has many uses the
compounds made by the minerals and the places where these compounds are used are
investigated. Neutron shielding is most effective is the nucleus of the shield material has about
the same mass as the neutron. This makes hydrogen rich materials excellent neutron shits.
There needs also to be something to absorb the neutrons, boron being the poison of choice. We
have investigated fast neutron shielding properties of Vimsite (CaB202(OH)4), Sussexite
(Mn*2BO,(OH)and Veatchite (Sr2B11016(OH)5.(H20) samples simulation process. Recently
shielding is an important issue because of neutrons which have many applications today do not
harm living tissue. Different compounds, alloys and composites are usually preferred against
neutrons as shielding material.

Keywords — Cross-sections, Boren, nuclear fission, nuclear power plane, neutron shilding,
MCNP

Introduction

Boron isotopes are neutrons during the nuclear reaction. It prevents and slows down the fission
reaction of neutrons with uranium-235 with its absorption and slowing properties. Boron
minerals and compounds contain 1°B and !B isotopes [1]. Therefore, boron enriched boron
oxide is used in the construction of the moderators of the control rods of the nuclear reactor. In
this study, the use of boron mineral, which has the largest reserve share in the world in Turkey,
in the nuclear field, especially in nuclear power plants currently operating and under
construction, as neutron capture and neutron shielding has been emphasized. In terms of boron
reserves ownership, Turkey ranks first in world refined boron production with a share of
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approximately %72. In this study, MCNP (Monte Carlo Transport Particals) nuclear code used.
Also, in simulation calculations, neutron macroscopic cross section and average path
calculations were made for 3 different boron (Vimsite (CaB202(OH)4), Sussexite
(Mn*2BO,(OH) and Veatchite (Sr2B11016(0OH)5.(H20)) doped materials. Monte Carlo codes
extensively used for probabilistic simulation of various physical systems. These code are
widely used in calculations of neutron radiation shielding and gamma ray transport in materials
Monte Carlo methods are very different from deterministic transport methods. Deterministic
methods, the most common of which is the discrete ordinates method, solve the transport
equation for the average particle behavior. On the other hand, Monte Carlo does not solve an
explicit equation, but rather obtains answers by simulating individual particles and recording
some aspects of their average behavior. Boron minerals are generally old in the earth’s crust
occurs between sedimentary layers [3-5]. However, in boron regions, volcanic rocks are also
are found. Volcanic rocks are usually andesite. Boron-containing minerals and compounds are
increasing day by day. The importance of its use in nuclear reactor technology was emphasized.
Boron minerals are generally Na+, Ca++ and they are aqueous borates combined with an alkali
cation such as Mg++. Many of the more than 2100 boron minerals found in nature although
they are very similar in composition, they differ due to the different amount of crystal water
they contain in their structures. Boron minerals contain boron oxide in different proportions in
their structures. Those with the commercial value; Borax, Colemanite, Ulexite, Probertite,
Boracite, Pandermite, Hydroboracite and Kernit. Boron in the manufacture of control rods in
nuclear reactors steels, boron carbides and titanium boron alloys are used. These are mostly in
the form of amorphous boron or crystalline boron. Stainless boron steel as neutron absorber
preferred. Each boron atom absorbs about one neutron. Calcium boron is also used for neutron
shielding in the storage of nuclear waste. Bore is used as a neutron barrier. With the control
systems of nuclear reactors. Boron used in cooling pools and emergency shutdown of the
reactor (*°B).

The Neutron Shielding of Materials

Neutron particles create different effects from other types of radiation due to their direct
interaction with the atomic nucleus and their indirect ionization structure. High-energy
radiation (Gamma, Alpha, Beta, X-rays etc.) resulting from shielding of neutrons produced in
applications is of great importance in terms of both human health and the safety of the reactor,
as well as protection from radiation in terms of long-term work of the working personnel. For
this aim, armoring of doors and walls in the radiation zone is required. Depending on the type
of radiation generated, the shielding materials to be used differ. For example, lead for gammas
etc. While materials are used, materials containing hydrogen and boron are generally used for
neutron shielding. Neutron shielding is most effective is the nucleus of the shield material has
about the same mass as the neutron. This makes hydrogen rich materials excellent neutron shits
[3-6]. There needs also to be something to absorb the neutrons, boron being the poison of
choice. Conversely gamma shielding requires neutrons with very high mass were it not for the
presence of the neutrons, depleted or native uranium would be the best choice (in fact depleted
uranium is commonly used as shielding material for X-ray machines and radiography sources),
but since neutrons and uranium shielding would be counterproductive, lead is used instead.
Nuclear studies is to determine the neutron flux distribution in the environment of (n,p), (n,d),
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(n,t), (n,3He), (n,a) nuclear reactions in itiated by neutrons, the reaction. Since the formation
of neutron products is a function of neutron energy, the neutron flux distribution depends on
the neutron energy must also be stated accordingly [7-8]. Factors affecting neutron flux
distribution, neutron and nucleus and the atomic density of the medium material and the
geometry of the medium with neutrons. The reactions between the media material can be
expressed mathematically with the help of the cross section. In simplest form shielding
involves interposing distance and materials between the source and recipient of radiation.
Design considerations and the calculation of resultant dose complicate the problem. To gain
some insight into shielding into shielding calculations we shall consider an oversimplified
situation which involves a point source of radiation [9-11]. According to the inverse-square
law, the intensity of radiation on the surface of a sphere of radius R will be where P is the
source strength (number of particle)

[=P/4TIR? (1)
If we place enough distance between ourselves and the source, the intensity of radiation will
be reduced to safe levels. However, if we place material between ourselves and the source, we
can take advantage of a collimated beam of gammas. The intensity of radiation follows an
exponential curve

I=1o e @)
where p is linear absorption coefficient and has dimensions of reciprocal centimeters.
A mass absorption coefficient may be defined by pm -wp. The various types of interactions of
neutrons with matter are combined. into a total macroscopic cross section value;

ZTOTAL zz fission +anpture +Z scatter Feennns (3)

The MCNP Simulations of Boren Materials

The Monte Carlo method is a system based on probability theory. In Monte Carlo method, it is
essential to simulate and solve an experiment or a physical event that needs to be solved with
statistical and mathematical techniques by using random numbers repeatedly. Today, this
method gives good results in nuclear transport calculations using the MCNP (Monte Carlo
Particle Transport) code for solving physics and mathematical problems. Monte Carlo
simulation more realistic geometry of the facility. Neutron sources are more important in
neutron shield measurements. The neutrons originate from spontaneous fission and from some
(a,n) reactions in the source materials. The spontaneous fission and (a,n) neutron source terms
are dependent on the kind of isotope and the decay time .For the prevent harm living tissue,
shielding is an important issue. There are different compounds, alloys or composites are
preferred against neutron particles using like shield. The purpose of this study was to shield
against neutron radiation can be used as a material in three different mineral containing boron
and hydrogen, and the evaluate of interaction these minerals with 4.5 MeV energy neutron
using Monte Carlo simulation method. Neutron shielding is most effective is the nucleus of the
shield material has about the same mass as the neutron [5-6].This makes hydrogen rich
materials excellent neutron shits. It needs also to be something to absorb the neutrons, boron
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being the poison of choice. Conversely gamma shielding requires neutrons with very high
mass. Were it not for the presence of the neutrons, depleted or native uranium would be the
best choice (in fact depleted uranium is commonly used as shielding material for X-ray
machines and radiography sources), but since neutrons and uranium shielding would be
counterproductive, lead is used instead. This nuclear code enables the use of possibility for
particles from thermal energy neutrons to all other particles having energy and extensive
radiation ranges. Shielding must be provided around a reactor to protect both personnel and
material. Shielding that is adequate for neutrons and gamma rays will also stop alfa and beta
particles. The weight of shielding to be used is almost independent of the shielding material
itself. Table 1 shows that physical properties of boron-containing minerals Veatchite, Sussexite
and Vimsite respectively.

Table 1. Some Physical Properties of Boron-Containing Minerals [9].

Properties Vimsite Sussexite Veatchite
Color Colorless White, Greenpink, Straw | Colorless,
yellow Pearl White

Density 2.54 gr/cm? 3.12gr/cm?® 2.62gr/cm?®
Hardness 4-Fluorite 3-Calcite 2-Gypsum
Streak White White White
Locality Siberia-Russia, South Africa, Kalahari USA,Tick Canyon,

Buriatia Los Angeles,Califonia
Molecular CaO % 34.67, | MnO  %61.82, B0Os3 | SrO %31.73%,
Weight B,03%43.05, %30.33, H,0 %7.85 B,03 %9.65,

H>0 %22.28 H>0 %58.62
Magnetism and | No No No
Radioactivity

Results and Conclusions

The eftects of cross section for high performance materials such as Veatchite, Sussexite and
Vimsite were calculated, and also the parameters of the neutron armor of these materials
measured. There are many advantage using materials having hydrogen and boron in terms of
neutron shielding technology because the neutron shielding capability. Figure-2 shows that
compare neutron absorption cross sections minerals and concrete. Simulation shown according
to these results, the highest performance among the minerals is Vimsite for the neutron
shielding. Interaction of three different boron-containing mineral particles and 4.5 MeV energy
neutron were simulated by Monte Carlo techniques. Figure-1 shows that neutron energy of
double differentials cross sections flow curve for Mineral Veatchite.
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Neutron Flow Curve for Mineral Veatchite
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Fig. 1. The neutron flow curve for mineral veatchite
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Fig. 2. The compared neutron absorption cross sections minerals and concrete

Conclusion

We have investigated fast neutron shielding properties of Vimsite, Sussexite and Veatchite
samples simulation process. Interactivities of neutron particles with 4.5 MeV energy with three
different mineral containing boron was simulated by Monte Carlo method. In the consequence
of simulation study, isotope production rates, neutron flux and secondary radiation curve was
obtained. As a result of interactivities, there were no radioactive isotopes found. Furthermore
no secondary radiation with high flux were found. In order to evaluate the minerals in terms of
neutron screening, total macroscopic cross sections () and stored energy values identified. For
the concrete used in neutron shielding studies, the same values were calculated. It was found
that three of the minerals were a better shielding material than concrete[10-11]. It was found
that the mineral which has the highest neutron shielding performance among these minerals is
Vimsite. The results of this investigation have provided new information about the total
macroscopic cross sections, secondary radiation, neutron flow absorbed doses and deposited
energies by low energy neutron interaction of fast neutrons through materials including
different amounts of boron and hydrogen atoms per unit volume. As a result of simulation
studies minerals isotope production rates for the neutron radiation, flows and secondary curves
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were obtained. According to these results, the highest performance among the minerals is
Vimsite for the neutron shielding. As a result of interactions has not found radioactive isotopes.
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Abstract— Rapidity distributions of light nuclei and hypernuclei are benchmarked by using
hybrid models including the Ultra-relativistic Quantum Molecular Dynamics Model
(UrQMD) and Dubna Cascade Model (DCM) together with Statistical Multifragmentation
Model (SMM). As a conclusion, UrQMD results are in agreement with STAR experimental
data and very promising for the further investigations in the facilities such as FAIR, LHC, and
NICA.

Keywords— rapidity, UrQMD model, DCM model, SMM model.

Introduction

According to the knowledge in the literature, relativistic central nucleus-nucleus collisions are
one of the scopus sources to obtain new nuclei and hypernuclei [1,2]. Solving the puzzle of
formation of nuclei and hypernuclei will contribute to understand nucleosynthesis in the
universe. Recent experiments in Refs. [3,4] show that the detection of hypernuclei in relativistic
nuclear collisions will be helpful to extend border of the nucleosynthesis investigations for
nuclear matter. In this study, on the survey of hybrid model assumptions, comparison of
preliminary theoretical results with STAR experimental data [4] for Au+Au collision is
presented.

Discussion of Theoretical Hybrid Formalisms

Usage of hybrid approaches have become the ‘Standard Model’ for heavy-ion collisions. These
approaches are successful for the description of dynamics. In the literature, there are many
hybrid models to describe stages of collision perspective starting form initial fast processes, to
the formation of nuclei and fragmentation processes [5-12]. Recently, | have examined the
Ultra-relativistic Quantum Molecular Dynamics Model (UrQMD) [9] and Dubna Cascade
Model (DCM) [5, 6] together with Statistical Multifragmentation Model (SMM) [7, 8, 13, 14].
In our previous studies [7,8], we have investigated coalescence mechanism by connecting
SMM for the formation of nuclei and hypernuclei at lower energies 20A MeV, 50A MeV, 100A
MeV and 200A MeV. In this work, the excited states of nuclei and hypernuclei are taken into
account in hybrid model, then one can use hybrid SMM calculations by using coalescence
approach and by connecting DCM and UrQMD at higher relativistic energies 1A GeV, 2A
GeV and 3A GeV for Au+Au collisions.
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Fig. 1. Comparison of the calculations of the rapidity distributions tH hypernuclei with
STAR experimental data [4]. The model parameters and the rapidity intervals are shown in
the panels.
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Results and Discussions

Recently, rapidity distribution of tH hypernuclei produced in Au+Au collision at v/syy=3A
GeV enegy has been reported in Ref. [4], that is why it is initiated to investigate rapidity
distributions. It is also examined 1A GeV, 2A GeV and 3AGeV energies to bridge from small
energies to the higher ones. In this study, UrQMD+CB and UrQMD+CB+De (UrQMD+SMM)
results are demonstrated for Au+Au collisions at 1A, 2A and 3A GeV energies in Figure 1.
STAR experimental data [4] red stars in the bottom panel of Figure 1 for {H are in agreement
with theoretical UrQMD+CB+De (UrQMD+SMM) results. For this calculation freeze-out
assumption is used for the formation of initial nucleons in the UrQMD model, after that
coalescence mechanism and de-excitation processes are applied by connected via SMM model.
The branching decay ratios (B.R.) are taken into account in the calculations for hot primary
nuclei (UrQMD+CB) and cold final nuclei (UrQMD+CB+De). Rapidity distributions have
Gaussian type distributions in all panels. While rapidity values of hot nuclei have higher
probability, after the de-excitation of hot nuclei final nuclei will be formed with lower
probability. As a conclusion, it is presented very promising results for the further investigations
in the facilities FAIR, LHC, and NICA.
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Abstract— GT transitions are one of the most common types of spin-isospin-type weak
interactions in atomic nuclei [1]. Gamow-Teller (GT) transition is one of the allowed beta
decay processes and the isospin selection rule is AT = 0, +1. Along with giving information
about the nuclear structure, GT transitions are also important for our understanding of many
processes in nuclear astrophysics [2]. In this study, the Gamow-Teller transition properties of
the Pd-114 isotope were investigated. In the literature, there are studies on beta decay modes
of Palladium A=114-120 isotopes using Quasiparticle Random Phase Approximation (QRPA)
formalism [3]. The beta decay of the 0+ ground state of Pd-114 is dominated by the beta decay
to the 1* ground state of Ag-114. Allowed Gamow-Teller (GT) transition was estimated using
the Pyatov Method (PM) and Schematic Model (SM) for even-even neutron-rich isotopes of
palladium. GT-force and loft values were also compared with experimental results and studies
in the literature.

Keywords— Beta decay, Gamow-Teller transition, pn-QRPA, Pyatov Method, Woods-Saxon
potential

Introduction

Beta decay can be defined as any nuclear decay process in which the mass number (A) of the
nucleus remains the same and the atomic number (Z) changes. There are three main types of
beta decay. Beta (8~) minus decay involves the emission of a negative beta particle or negative
electron from the nucleus. Beta (8*) plus decay, in which a positive beta particle or a positively
charged electron is released from the nucleus. Electron capture (EC) decay does not result in
any beta particle emission [4]. Due to the orbital angular momentum L carried by the f particle
and the neutrino, £ decay is classified as allowed (L = 0), first forbidden (L = 1). The selection
rules for allowable f decay are total angular momentum change AT = +0,+1 and no parity
change between initial decaying and final filled states [5]. This is AT = 0 of isospin selection
for allowed Fermi transitions and AT = 0, =1 for allowed Gamow-Teller transitions. Gamow-
Teller (GT) transitions in single and double beta decays play an important role in understanding
nuclear structure. They also serve as tests for fundamental strong and electroweak interactions
between hadrons [6]. In this paper, we used the proton-neutron quasi-particle random phase
approximation (pn-QRPA) model to calculate the GT power and associated S-decay half-lives
of Pd-114, taking into account new theoretical and experimental results.
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Theoretical Formalism

The pn-QRPA is a widely used microscopic approach for accurate and reliable calculations of
B-decay half-lives. We used the proton-neutron quasi-particle random phase approximation
model to examine the effect of coupling gaps on the calculated GT power and associated f3-
decay half-lives. This section gives the formalities used in PM, SM, and pn-QRPA models.
The schematic model Hamiltonian for GT excitations in the quasi-particle representation is
given as

Hsm = Hgqp + hpn + hyp (D

where Hsqp is the single quasi-particle (sqp) Hamiltonian, hpn and hp, are GT effective
interactions in particle-hole (ph) and particle-particle (pp) channels, respectively. The effective
interaction constants in the ph and pp channels are fixed from the experimental value of the
GTR energy and the B-decay log ft values between the low energy states of the parent and
daughter nuclei.
The supersymmetry property of the matching part in the total Hamiltonian was restored
according to the Pyatov method. Certain terms invariant with the GT operator were subtracted
from the total Hamiltonian, and the commutativity of the remainder, which was disrupted by
the shell model mean-area approximation, was restored by adding an effective interaction term
ho as follows [7-8]:

[Hom — (hpn + hpp) = (V1 + Ve + Vig + ho, GE)] = 0 )
or
[qup — Vi — Ve — Vg + hy, Gliu)] =0 (3)

where V1, V¢, and Vs are the isovector, Coulomb, and spin-orbit terms of the shell model
potential, respectively. According to the Quasiboson approximation, the GT operator in
quasiparticle space is given as:

G1_|.1 = Z[Bnpcip + (_1)1+ubnpcnp(_U)]f (4‘)
np

Gl = [GrJ* (%)
where Ggp(u) and Chp(p) are the quasiboson creation and annihilation operators. The total
Hamiltonian of the system concerning PM is given as:

HPM = Hqu + hph + ho. (6)

The f* reduced matrix elements are given by
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- 2
BYR (wp) = ) [Mp, (0" > 1), )
n

Total GT. and GT- strengths are B(GT)_ — B(GT), = 3(N — Z) related with the lkeda Sum
Rule; where N and Z are the numbers of neutrons and protons, respectively [9-10].

st = B w) ®
i
The ft values for Gamow-Teller transitions are as follows:

D

2
() amBertr; - 1y, 67)

(fO)p7 = 9)

Results and Discussion

In this study, the broken commutation condition between the Hamiltonian of the shell model
of the kernel and the Gamow-Teller operator is restored based on the Pyatov method. An
efficient interaction ho contributed to the Hamilton operator of the system as a result of the
restoration. Allowable GT B-decay half-lives were investigated for the selected Palladium
isotope. GT 1" states in the 114-Pd isotope were investigated within the framework of the pn-
QRPA method. The Chepurnov parameterized Woods-Saxon potential was used in the
numerical calculations and the pairwise correlation constants for open shell cores were chosen
as C, = Cp =12 JVA. The energies were calculated from the ground state of the daughter
nuclei in the calculations. The basis used in the calculations included all neutron-proton
transitions that change the radial quantum number n by An =0, 1, 2, 3. The reliability of our
foundation was tested by calculating the lkeda sum rule (ISR). Table 1 and Table 2 show the
comparison of the calculated ISR values with the theoretically calculated results. As can be
seen from the tables, the experimental and theoretical results of both logft and ISR values are
close to each other.

Table 1. Logft values for Palladium-114 nucleus.

Nucleus | Logft (exp.) | Logft (PM) | Logft (SM)
Pd-114 4.199 4.137 4221

Table 2. ISR values for Palladium -114 nucleus.

Nucleus | ISR (theoretical) | ISR (PM) | ISR (SM)
Pd-114 66 65.912 65.897

Figure 1 shows the decay of Pd-114. The 1" excited states in the low-energy region consist of
proton-neutron quasiparticle transitions with Ay = 0, and these transitions are weakly
collectivized. An excited state of 1* with the largest Bgt value in the spectrum is considered a
GTR state. The g~ transition logft values calculated by the Pyatov method were found to be
close to the experimental values. This result shows how important it is to restore the disturbed
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commutation condition between the shell model of the kernel and the Gamow-Teller operator
in the calculations.

ipd — WiAg + e~ +7

0+ 0.0
114 Logft (PM) = 4.137
1ePdeg gt (PM)

Q(gs) = 1440 keV Logft (SM) = 4.221

Logft (exp)=4.199 | (%) =92

B~ =100 (%)

1+ 0.0

114
178867

Fig. 1. The Pd-114 decay scheme taken from NUDAT [11].
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Abstract — The weak interaction is one of the four fundamental forces found in nature. It plays
an important role in many astrophysical processes such as strong, electromagnetic, and
gravitational forces [1]. It is well known that B decay processes are very important to
understand the weak interaction processes and the nuclear structure. Although there are many
theoretical and experimental studies on allowed B transitions in the literature, scientists have
not shown the same interest in forbidden transitions [2]. In B decays, the energy spectrum is
characterized by transitions and change in parity, where the total angular momentum in the
daughter and parent nuclei differs by AJ = 2 units. Such decays are known as unique first
forbidden (U1F) decays [3]. It was concluded that U1F transitions contributed significantly to
beta decay half-lives [4]. The 2" ground state of tungsten As-74 decays to the 0" ground state
of Ge-74 with a probability of 66% [5]. This is a transition of the first forbidden unique type.
In this study, the ft values and reduced matrix elements for the AJ = 2 transitions for the As-74
nuclei were calculated using proton-neutron Quasiparticle Random Phase Approximation (pn-
QRPA) model. The Woods-Saxon potential is used in our calculations. The calculated the pn-
QRPA formalism results were compared with the experimental results and discussed.

Keywords — Beta decay, U1F transition, pn-QRPA, Pyatov Method, Woods-Saxon potential.

Introduction

Major astrophysical events consist mainly and decisively of weak decay processes. Also, weak
interactions play another essential function in further significant phenomena including
neutralization of the stellar nucleus toward capturing electrons by free nuclei and protons.
Moreover, weak interactions cause the collapse of the massive star's core, which take over into
a supernova explosion. Heavier elements other than iron are formed by the effect of weak
interactions through the r-process, throughout the delayed phases of enormous star
development. The mass of the core is specified by weak rates and estimates for the strength of
the shock wave and the fate of the shock formed by the explosion of the supernova refs. [6-17].
The pn-QRPA form was utilized by Nabi et al.[18,20] to determine the allowed weak
interaction rates for the nuclei sd- shell in a stellar environment of densities (10<pYe (gcm—3)
<1011) and temperatures (107 <T(K) <30 x109). This research concentrate on the masses
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ranging from A =18 -100 of 709 nuclei, the calculation of the twelve weak rates was studied
for every nucleus with temperature and density function.

Muto et al. [19] found the derivation of general formalism of a proton-neutron QRPA. The
measurement proceeds for phonon correlations of the Quasi Random Phase Approximation in
the first-order perturbation for the transitions of the quasiparticle from parent nuclei with odd-
odd and odd mass. The conservation paid attention to all provisions in the RPA order, and any
particular estimations on the transitions of one-body charge-changing or on the remaining
interaction are not presented. The first forbidden beta decay transition of Y2+« Y- states were
researched by Selam [21], C. (2019) for AJ=0 in spherical nuclei of odd mass. In this model,
the probabilities of transition were investigated within the dimensionless parameter
approximation (§-approximation) which refers to the Coulomb energy magnitude approaching
to1.2ZA—1/3. In order to determine the FF transition, the Woods—Saxon potential basis in the
Chepurnov parameterization was taken into account when pn-QRPA model is utilized with a
schematic separable interaction. The investigating of logft values of FF transitions were in good
agreement with the measured data when comparison was carried out. Cakmak, N. and Abdul
utilized [22] researched some isotopes of neutron-rich Tellurium in order to study the strength
of the first forbidden (JAJ|=0, 1, and 2) transition. The estimation of transition probabilities was
carried out on the Woods-Saxon potential basis. The general formalism of a proton-neutron
QRPA was considered in the ph channel (particle hole channel). The comparison between logft
values of FF beta decay and experimental data showed better agreement.

Formalism
The Hamiltonian which produces the spin-isospin-dependent vibrational modes (rank 2) in
odd-odd nuclei within the pn-QRPA(WS) model is specified by

—~ ~

A= Hygp+hyy 1)

the single quasi-particle (sqp) Hamiltonian of the system is given as follows

—

— +
Hqu - Z]T gj‘t aj‘rm‘r aj‘rmr (2)

+
where g;_and aj ,,_

(annihilation) operators, respectively. The ﬁph Is the spin-isospin effective interaction for U1F
transition in the particle-hole (ph) channel and generally given as

@; _,,) represent the nucleon sqp energy and the quasi-particle creation

A b, . AF. (A DA kb, A (A
ph = —— {jpjn jpjn (A1) + (1) 8D; 5 A ( —#)}X
JpinJpink
P
{bji; jn AJ'p Jn () + (=1 “bfp Jn A-;'p Jn (4 - /“l)}
where Eph is the ph effective interaction constant.

A;;,jn (Aw) and A js i (A1) are the quasi-boson creation and annihilation operators and given by
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z (—=1)/n"mn (]nmn/l,uljpmp) Jpmp ]nmn

my my

{Jpjn(’lru)} = Aj,j, (A

The b] i

defined by

Ejpjn are the reduced matrix elements of the non-relativistic multipole operators and

]p]n <]p (¢ Sp)”rk{Yl(rk)O-(k)}Zu]n(l Sn) > ,
]p]n (]p (! Sp)”rk{yl(rk)a(k)}Zu]n(lnsn)) iU,

where U; » (U, Jand V; » (V),) are the standard BCS occupation amplitudes. The Hamiltonian

Eq. (1) can be I|near|zed in the pn-QRPA(WS) model. Hence the charge-exchange 2~ vibration
modes in add-odd nuclei are considered photon excitations and are defined by

¥ = QF (10 =35, ;, {wl ;. (0 4% ;. () = ¢!, () 45,5, (D} 10),
where Q; (w) is the pn-QRPA phonon creation operator, |0) is the phonon vacuum which

corresponds to the ground state of an even-even nucleus and performs Q;(u)|0) = 0 for all i.
the l/J]i-p i, (W) and <p}p j,(u) are the forward and backwards quasi-boson amplitudes,

respectively. The phonon operator satisfies the commutation relations
OI[Q;(w), @F (1) ]10) = 8; ;8,4 and (0I[Q; (W), Q; () ]10)=0

The quasi-boson amplitudes w}p i, (W) and (p]i-pjn (n) satisfy the orthonormalization condition

ijjnuu{ ]p]n(‘u) ]pjn(#) - (P;"pjn (u) <P]i'pjn(l1)} = 6;16;¢ 3
Solving equation of motion

[H,Q (W]I0) = w; Qi (W)0) 4)

where oi is the ith 2— excitation energy in odd—odd nuclei which is counted from the ground
state of the parent even—even nucleus. The pn-QRPA(WS) equations are taken the forms

Dipni it {Pjpjnjprjnﬂ/’}pjn ) = s Pipin W} = 0y, W) ()
Yt {Ujpjnj,,rjnr Wipin D = Piyjni 1 Plpin (#)} = w9}, (1) (6)

Hence p; j, ot and n;,;, i AT the matrices of pn-QRPA(WS)
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S

PipJnip'in' = EjpjnGjnj i Gjpi,y + 242 {bfpfnbfp,fnr + by, jn j,,u'nf}'

— A— T
Mjpiniyriy = —222(=D"7* {bjpjnbj,,fjnf + bjp,fn,bjpjn}

which is Ejpjn = €jn + €jp IS the single particle energy. one could find from Egs. (3), (5) and (6),
the Excitation energies mjand l/)]i-p i, (0, (p]l:p i, (W) amplitudes.

The first forbidden - Decay transitions can be defined in terms of multipole operator. For the
transitions 2~ — 0% these are

M;;J%F = MT(Ju, K=1,1=2,p) = g4 Y= ty (Y1 () o (k) )z, (7)

MY = M¥(J,,K =1,1=2,p) is the non-relativistic unique first forbidden B —Decay
multipole operator. All symbols have their usual meanings.

The transitions probability B(I; — Ifﬁi) is described by the reduced matrix element of the
multipole operator (Eq. (7)). Thus, we may write

1
21;+1

B(l; = I, B%) = —— (I ||[MT(ju k = 1,2 = 2)||1)|° ®)

The reduce matrix elements (2; ”M #|[ 0%) within the framework of the pn-QRPA(WS)

method are given as

(27 [Mg-()]0%) = (0* [[Qu(w), Mp- (D] 2)=
Jpin
(27 [Mg+(]0*) = (0% |[Q: (1), Mg+ (i1)]|2)=

Jpin

Transitions with A = n + 1 are referred to as unique first forbidden transitions ref. [21], and
the ft values are expressed as

D (2n + 1!
07 = 24w B(I, - I, B+ D2n!
(ga/gv)? 4n B(; = Ir, %) [(n + 1)!]?n!
2m3h3in2 Ja
D = S 5.4 = 6250 sec,— = —1.254.
gvmec gv
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Results and Conclusion

The unique first forbidden U1F (|AJ| = 2) transition by using the pn-QRPA model with the
Woods—Saxon (WS) potential basis was considered in this work. In numerical calculation done
by the FTN77 programme did not use the quenching factor. The pair correlation function was

chosenas C, = C, = 12/\/Z for the open-shell nuclei. The energies were calculated from the

ground state of daughter nuclei in all calculations. The main contributions to the strength are
situated at energies of the order (21-25) MeV and show the position of the giant FF resonance
(FFR) in our calculations with 1" = 2. The pn-QRPA (WS) model result is in better agreement
with the measured logft value. The matrix element of non-relativistic f-moment is the major
source of the orders of magnitude disagreement with the experimental data. This study may
contribute to accelerating the r-process nucleosynthesis calculation.

Table 1. 3As nuclear properties [23]

Nuclide Energy Jr Decay Modes BR | Qg-[keV] | Qg¢ Sn S, Binding/A
[keV] [%o]
B Ec, B~ 66 1353.1 | 2562.4 | 7979 | 6851.5 | 8680.002
134541 0.0 2 g+ 9
2- 0.0
334541 1445, — JAGesz + e~ + 7

Logft (SM) = 9.567

(%) 1= 6%
Logft (exp)=9.7

B
Q(gs) = 2562.5 keV

o

0.0

+ j2Gesz

Fig. 1. The 33As,, decay scheme from taken NUDAT [13]
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