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Summary

Related research fields

o nuclear reaction data for practical applications
0 nuclear spectroscopy and nuclear structure (decay data, excited states, etc)
0 nuclear reaction data for astrophysics

IAEA projects

EXFOR

o Evaluation of cross sections for medical isotope production and CP beam
monitoring

o Therapeutic radiopharmaceuticals labelled with new emerging radionuclides
(67Cu’ 186Rg, 47SC)



o decay data evaluation

Data required

o Upgrade NUDAT

o Extend the list of evaluations on nuclear reactions for production of medical
isotopes (PET, SPECT, therapy, CP monitor reactions)

o Upgrade of TENDL

2. Nuclear Data Activities of the ATOMKI Nuclear Reaction Data
Group

F. Ditroi, K. Brezovcsik, F. Ditroi, A. Fenyvesi, Z. Kovacs, F. Szelecsényi, Z. Sziics, S.
Takacs, F.Tarkanyi,

(Prepared by F. Tarkanyi (2021 March 1)

Introduction

The research program: compilation, evaluation and application of low and medium energy
charged particle induced nuclear reaction data in international collaborations (see bellow).

e Systematic experimental study of activation cross sections of proton, deuteron, *He
and oa-particle induced reactions for comparison with the results of modern
theoretical codes to establish a more reliable experimental database and to prepare
of a general use activation file up to 100 MeV protons and 50 MeV deuterons.

e Systematic investigation of nuclear data for production of radioisotopes candidate
for use in diagnostic (SPECT and PET) and radiotherapy, not covered by
international projects.

¢ Investigations of nuclear data of new candidate monitor reactions.
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¢ Investigation of nuclear data for thin layer activation technique
e Testing theoretical nuclear reaction model codes

Experimental works and theoretical comparisons

The experiments are done in Debrecen and at cyclotrons of foreign laboratories in the frame of
well established long term collaboration, in :

Cyclotron Laboratory of the Vrije Universiteit Brussel (VUB, Brussels, Belgium)

Division of Advanced Technology for Medical Imaging of the National Institute of
Radiological Sciences (Chiba, Japan)

Nishina Center for Accelerator-Based Science, RIKEN, Wako, Saitama 351-0198, Japan
Radionuclide Production Laboratory of the iThemba Laboratory for Accelerator Based
Sciences (Somerset West, South Africa).

Centre de Ressources du Cyclotron, UCL, (Louvain-la-Neuve, Belgium)

In the experiments are also involved co-workers from other foreign institutes:

Institute of Physics and Power Engineering (IPPE), Obninsk, Russia

Institute of Nuclear Chemistry (FZ Julich, Germany)

Physics Department (Cyclotron Facility), (Nuclear Research Centre, Atomic Energy
Authority, Cairo, Egypt)

Nuclear Data Section, IAEA, Wien A-1400, Austria

Faculty of Science, Hokkaido University, Sapporo 060-0810, Japan

Nishina Center for Accelerator-Based Science, RIKEN, Wako 351-0198, Japan
Graduate School of Biomedical Science and Engineering, Hokkaido University, Sapporo 060-
8638, Japan

Advanced Clinical Research Center, Fukushima Medical University, Fukushima 960-1295, Japan
Radionuclide Production Group, iThemba LABS, P.O. Box 722, Somerset West, 7129,
South Africa

Theoretical calculation of the measured data was done mostly in collaboration with scientist
from Institute of Theoretical Physics, IPPE, Obninsk, Russia (ALICE-IPPE, TALYS, EMPIRE
codes). We also use our own calculations using the EMPIRE code

Comparison is made in all cases with results from TENDL-2017and 2019 libraries (TALYS,
Nuclear Research and Consultancy Group (NRG) Petten, The Netherlands))



Data compilations and evaluations

EXFOR compilations

Our responsibility to compile experimental data of charged particle induced nuclear
reactions reported from Debrecen, Brussels and Julich were compiled in EXFOR format.

In the last 3 years 32 new exfor entry were compiled and 11 entry were revised

CRP and TC patticipations

» Nuclear Data for Charged-particle Monitor Reactions and Medical Isotope Production
(2012-2016)

* Therapeutic Radiopharmaceuticals Labelled with New Emerging Radionuclides (¢’Cu,
18Re, 47Sc) (2016-2019)

» Alternative Radionuclide Production with a Cyclotron", IAEA (in print)

Staff

The staff partly connected to the experimental nuclear reaction data measurement
practically did not changed (F. Tarkanyi, S. Takacs, F. Ditréi, A. Szelecsényi, Z. Kovacs, Z. Szics,
K. Brezovcsik, A. Fenyvesi). Out of them two (F. Tarkanyi, S. Takacs). Physicists are working
also on data compilation and evaluation.

Nuclear data related publications in 2021-2018

Tarkanyi F., Ditrdi F., Takacs S., Hermanne A., Ignatyuk A.V., Spahn, ., Spellerberg S.

Investigation of activation cross-sections of deuteron induced reactions on ruthenium up to 50 MeV
APPLIED RADIATION AND ISOTOPES 168 Paper: 109401 (2021)

Tarkanyi F., Hermanne A. Ditrdi F. Takdcs S. Ignatyuk A. V., Spahn I. Spellerberg S.

Activation cross section data of deuteron induced nuclear reactions on rubidium up to 50 MeV
EUROPEAN PHYSICAL JOURNAL A: HADRONS AND NUCLEI 57 : Paper: 21 (2021)

Aboudzadeh-Rovais M., Alliot C., Al Rayyes A., Bilewicz A., Chakraborty S., Gagnon K., Gizawy M., Jalilian
A., Khandaker M.U., Lapi S.E., Mikotfajczak R, Nagatsu K, Osso Jr. J., Okarvi S., Park J.H. Pupillo G., Takacs,
S.

Therapeutic Radiopharmaceuticals Labelled with Copper-67, Rhenium-186 and Scandium-47

IAEA TECDOC No. 1945 Wien, Ausztria : International Atomic Energy Agency (IAEA) (2021)
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Tsoodol Z., Aikawa M., Ichinkhorloo D., Khishigjargal T., Norov E., Komori Y., Haba H., Takacs S., Ditrdi F.,
Sz(cs Z.

Production cross sections of **Ti in the deuteron-induced reaction on **Sc up to 24 MeV

APPLIED RADIATION AND ISOTOPES 168 Paper: 109448 (2021)

Steyn G. F., Motetshwane M.A,, Szelecsényi F., Brimmer J.W.

Pairing of thorium with selected primary target materials in tandem configurations: Co-production of
225A¢/213Bi and #3°U/?%°Th generators with a 70 MeV H- cyclotron

APPLIED RADIATION AND ISOTOPES 168 Paper: 109514 (2021)

Steyn G. F., van der Walt T.N., Szelecsényi F., Perrang C., Brimmer J.W., Vermeulen C., van der Meulen
N.P., Motetshwane M.A., van Heerden M.R.

Large-scale production of 38Y and 8Zr/®Y generators: A proof of concept study for a 70 MeV H -
cyclotron

APPLIED RADIATION AND ISOTOPES 168 Paper: 109469 (2021)

Hermanne A., Tarkanyi F., Takdcs S., Ditroi F., Ignatyuk A.

Deuteron induced reactions on tellurium: An alternative for production of *%|?
NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION B-BEAM INTERACTIONS WITH
MATERIALS AND ATOMS 466 pp. 20-30. (2020)

Hermanne A., Tarkanyi F., Takacs S., Ditrdi F.

Additional excitation functions for radionuclides obtained by deuteron irradiation of Ta up to 50 MeV
NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION B-BEAM INTERACTIONS WITH
MATERIALS AND ATOMS 481 pp. 82-90., (2020)

Tarkanyi F., Takacs S., Ditrdi F., Hermanne A., Adam-Rebeles R., Ignatyuk A. V.

Investigation of the deuteron induced nuclear reaction cross sections on lutetium up to 50 MeV: review
of production routes for ¥’’Lu, 1°Hf and 172 Hf via charged particle activation
JOURNAL OF RADIOANALYTICAL AND NUCLEAR CHEMISTRY 324 : pp. 1405-1421., 17 p. (2020)

Adel Doha, Mohamed Gehan Y., Yousef Zeinab, El Wahab Magda Abd; Ditrdi, F., Takacs, S., Al-abyad M.
Experimental investigation and theoretical evaluation of proton induced nuclear reactions on nickel
APPLIED RADIATION AND ISOTOPES 159 p. 109094 (2020)

Saito M., Aikawa M., Murata T., Komori Y., Haba H., Takadcs S., Ditrdi F., Sz(ics Z.

Production cross sections of 1%°Yb by the proton-induced reaction on 1%Tm

NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION B-BEAM INTERACTIONS WITH
MATERIALS AND ATOMS 471 pp. 13-16. , (2020)

Elbinawi A., Al-Abyad M., Bashter I., Seddik U., Ditréi, F.
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Study of proton induced nuclear reactions on molybdenum: Cross section measurements and theoretical
calculations
RADIOCHIMICA ACTA 108 : pp. 1-9., (2020)

P. Brisset, F. Ditrdi, D. Eberle, M. Jech, A. Kleinrahm, C. Lenauer, T. Sauvage, J. Thereska
Radiotracer Technologies for Wear, Erosion and Corrosion Measurement

Vienna, Ausztria : International Atomic Energy Agency (IAEA) (2020)

IAEA TECDOC No. 1897

Corniani, E.; Ditrdi, F.
Secondary implantation of **Cr and *3V radioisotopes into plastic surfaces for nano-TLA study

JOURNAL OF RADIOANALYTICAL AND NUCLEAR CHEMISTRY 323 pp. 1209-1216. , (2020)

Kadenko, I. M.; Bird, B. ; Fenyvesi, A.

Statistically significant observation of and cross-sections for a new nuclear reaction channel on Au-197
with bound dineutron escape
EUROPHYSICS LETTERS 131 : 5 Paper: 52001 (2020)

Engle, J.W. ; Ignatyuk, A.V. ; Capote, R. ; Carlson, B.V. ; Hermanne, A. ; Kellett, M.A. ; Kibédi, T. ; Kim, G. ;
ondev, F.G. ; Hussain, M. Lebeda O, Luca A, Nagai Y . H.Naik H., Nichols A.L. Nortier F. M. .Suryanarayan
S. V. Takdcs S. Tarkanyi F. T., Verpelli M

Recommended Nuclear Data for the Production of Selected Therapeutic Radionuclides

NUCLEAR DATA SHEETS 155 pp. 56-74. (2019)

Capote Noy R., Hermanne A. , Ignatyuk A.V. ; Carlson B. V.; Engle J. W. ; Kellett M. A. ; Kibedi T.; Kim G.;
Kondev F.G. ; M. Hussain. L. Ondrej, Luca A,, Nagai Y, Naik H., L. A. Nickhols Nortier F. M.
Suryanarayana S.V., Takacs S., Tarkanyi F., Verpelli M.

Update of the IAEA Reference Cross Sections for Chargedparticle Monitor Reactions
In: International Conference on Nuclear Data for Science and Technology Conference Program and
abstract book (2019) p. 211

Tarkanyi, F. ; Hermanne, A. ; Ditrdi, F. ; Takacs, S. ; Ignatyuk, A.V.

Measurement of activation cross sections of deuteron induced reactions on natlr in the 17-50 MeV
energy range

NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION B-BEAM INTERACTIONS WITH
MATERIALS AND ATOMS 458 pp. 105-117., 13 p. (2019)

Tarkanyi, F. ; Ditrdi, F. ; Takdcs, S. ; Hermanne, A. ; Ignatyuk, A. V.

Experimental and theoretical cross section data of deuteron induced nuclear reactions on platinum
JOURNAL OF RADIOANALYTICAL AND NUCLEAR CHEMISTRY 321 : 2 pp. 747-764., 18 p. (2019)

Tarkanyi, F. ; Ditrdi, F. ; Takdcs, S. ; Hermanne, A. ; Ignatyuk, A. V.
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Extension of experimental activation cross-sections database of deuteron induced nuclear reactions on
manganese up to 50 MeV
JOURNAL OF RADIOANALYTICAL AND NUCLEAR CHEMISTRY 320 : 1 pp. 145-152., 8 p. (2019)

Tarkanyi, F. ; Hermanne, A. ; Ditrdi, F. ; Takacs, S. ; Ignatyuk, A.V.

Activation cross sections of deuteron induced reactions on "Hf in the 12—50 MeV energy range
NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION B-BEAM INTERACTIONS WITH
MATERIALS AND ATOMS 441 pp. 93-101., 9 p. (2019)

Tarkanyi, F. T. ; Ignatyuk, A. V. ; Hermanne, A. ; Capote, R. ; Carlson, B. V. ; Engle, J. W. ; Kellett, M. A.;
Kibedi, T.; Kim, G. N. ; Kondev, F. G., Hussain M., Lebeda O., Luca A., Nagai Y., Naik H.,. Nichols A. L, F.
M. Nortier F.M., S. V. Suryanarayana, S. Takadcs & M. Verpelli

Recommended nuclear data for medical radioisotope production: diagnostic gamma emitters
JOURNAL OF RADIOANALYTICAL AND NUCLEAR CHEMISTRY 319 : 2 pp. 487-531., 45 p. (2019)

Tarkanyi, F. T. ; Ignatyuk, A. V. ; Hermanne, A. ; Capote, R. ; Carlson, B. V. ; Engle, J. W. ; Kellett, M. A. ;
Kibédi, T.; Kim, G. N. ; Kondev, F. G. M. Hussain, O. Lebeda, A. Luca, Y. Nagai, H. Naik, A. L. Nichols,
Nortier, Suryanarayana S. V., Takdcs S., Verpelli M..

Recommended nuclear data for medical radioisotope production: diagnostic positron emitters
JOURNAL OF RADIOANALYTICAL AND NUCLEAR CHEMISTRY 319 : 2 pp. 533-666., 134 p. (2019)

Aikawa, M. ; Saito, M. ; Komori, Y. ; Haba, H. ; Takacs, S.; Ditrdi, F. ; Sz(ics, Z.

Activation cross sections of alpha-particle induced nuclear reactions on natural palladium

NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION B-BEAM INTERACTIONS WITH
MATERIALS AND ATOMS 449 pp. 99-104. , 6 p. (2019)

Azzam, A. ; Al-Abyad, M. ; Hassan, H. E. ; Mohamed, Gehan Y. ; Attallah, M. F. ; Ditrdi, F. ; Takacs, S.
a-particle and deuteron induced reactions on %°Y: Cross section measurements and theoretical

investigation
EUROPEAN PHYSICAL JOURNAL PLUS 134 : 1 Paper: 36 (2019)

Corniani E.; Ditrdi F. ; Takdcs S.; Haba H.; Komori Y. ; Aikawa M. ; Saito M.; Murata T.
Study of secondary implantation of radioisotopes during alpha-particle irradiation
JOURNAL OF RADIOANALYTICAL AND NUCLEAR CHEMISTRY 320 : 813-822.,(2019)

Murata, T. ; Aikawa, M. = ; Saito, M. ; Ukon, N. ; Komori, Y. ; Haba, H. ; Takacs, S.
Production cross sections of Mo, Nb and Zr radioisotopes from alpha-induced reaction on Zr-nat
APPLIED RADIATION AND ISOTOPES 144 pp. 47-53., (2019)

Murata, T. ; Aikawa, M. ; Saito, M. ; Haba, H. ; Komori, Y. ; Ukon, N. ; Takacs, S. ; Ditrdi, F.
Excitation function measurement for zirconium-89 and niobium-90 production using alpha-induced

reactions on yttrium-89



NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION B-BEAM INTERACTIONS WITH
MATERIALS AND ATOMS 458 pp. 21-27. , (2019)

Saito M.; Aikawa M.; Murata T.; Ukon N.; Komori Y. ; Haba H. ; Takacs S.

Activation cross sections of alpha-induced reactions on natural ytterbium up to 50 MeV

NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION B-BEAM INTERACTIONS WITH
MATERIALS AND ATOMS 453 pp. 15-21., (2019)

Takacs S. ; Aikawa M. ; Saito M. ; Murata T. ; Ukon N. ; Komori Y. ; Haba H.

Activation cross sections of alpha particle-induced reactions on natural hafnium up to 50 MeV
NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION B-BEAM INTERACTIONS WITH
MATERIALS AND ATOMS 459 pp. 50-58., (2019)

Biro B. ; David G. ; Fenyvesi A. ; Haggerty J. S. ; Kierstead J. ; Mannel E. J. ; Majoros T. ; Molnar J. ; Nagy F.
; Stoll S. et al.

A Comparison of the Effects of Neutron and Gamma Radiation in Silicon Photomultipliers

IEEE TRANSACTIONS ON NUCLEAR SCIENCE 66 : 7 pp. 1833-1839., (2019)

Enkhbileg, E. ; Fenyvesi, A. ; Bird, B. ; Fari, M. G. ; Kurucz, E.
Mutation induction in sweet basil (Ocimum basilicum L.) by fast neutron irradiation
INTERNATIONAL JOURNAL OF HORTICULTURAL SCIENCE 25 : 1-2 pp. 30-38., (2019)

Corniani, E. ; Ditrdi, F.

Radioisotope recoil implantation into Kapton®

Proceedings of the fourteenth biennial DAE-BRNS symposium on nuclear and radiochemistry: book of
abstracts (2019)

Ali, B M ; Al-Abyad, M ; Seddik, U ; EI-Kameesy, S U ; Ditrdi, F ; Takacs, S ; Tarkanyi, F
Activation cross-section data for a -particle-induced nuclear reactions on natural vanadium for practical

applications
PRAMANA-JOURNAL OF PHYSICS 90 : 3 Paper: 41,(2018)

Hermanne, A ; Ignatyuk, A.V. ; Capote, R. ; Carlson, B.V. ; Engle, J.W. ; Kellett, M.A. ; Kibédi, T. ; Kim, G.;
Kondeyv, F.G. ; Hussain, M. ; Lebeda O. ; Luca A. ; Nagai Y. ; Naik H. ; Nichols A. L. ; Nortier F. M. ;
Suryanarayana S. V. ; Takacs S. ; F. Tarkany F. ; Verpelli M.

Reference Cross Sections for Charged-particle Monitor Reactions
NUCLEAR DATA SHEETS 148 pp. 338-382. , (2018)

Tarkanyi, F ; Hermanne, A ; Ditrdi, F ; Takdcs, S ; Ignatyuk, A,.V
Activation cross-sections of proton induced reactions on "Hf in the 38—65 MeV energy range: Production
of *2Lu and of **°Yb




NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION B-BEAM INTERACTIONS WITH
MATERIALS AND ATOMS 427 pp. 20-37. ,(2018)

Tarkanyi, F ; Hermanne, A ; Ditrdi, F ; Takdcs, S
Study of activation cross sections of deuteron induced reactions on erbium in the 32-50 MeV energy

range
APPLIED RADIATION AND ISOTOPES 135 pp. 67-71., (2018)

Tarkanyi, F ; Hermanne, A ; Ditrdi, F ; Takdcs, S ; Szics, Z ; Brezovcsik, K

Study of activation cross sections of deuteron induced reactions on barium. Production of 13'Cs, 1**Ba
NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION B-BEAM INTERACTIONS WITH
MATERIALS AND ATOMS 414 pp. 18-28., (2018)

Tarkanyi, F. ; Ditrdi, F. ; Takacs, S. ; Csikai, J. ; Hermanne, A. ; Uddin, M. S. ; Baba, M.
Production routes of 1°%19Cd radioisotopes via charged particle induced nuclear reactions
JOURNAL OF RADIOANALYTICAL AND NUCLEAR CHEMISTRY 318 : 3 pp. 1949-1966.,(2018)

Alabyad, M ; Mohamed, GY ; Hassan, HE ; Takdcs, S ; Ditrdi, F
Experimental measurements and theoretical calculations for proton, deuteron and a-particle induced

nuclear reactions on calcium: special relevance to the production of ***4Sc
JOURNAL OF RADIOANALYTICAL AND NUCLEAR CHEMISTRY 316 : 1 pp. 119-128.,(2018)

Ditrdi, F; Takacs, S ; Haba, H ; Komori, Y ; Aikawa, M ; Saito, M ; Murata, T

Investigation of alpha particle induced reactions on natural silver in the 40-50 MeV energy range
NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION B-BEAM INTERACTIONS WITH
MATERIALS AND ATOMS 436 pp. 119-129. ,(2018)

Ditrdi, F. ; Takacs, S. ; Haba, H. ; Komori, Y. ; Aikawa, M. ; Saito, M. ; T. Murata, :
Investigation of alpha particle induced reactions on natural silver in the 40-50 MeV energy range

In: RIKEN Accelerator Progress Report
Riken, Japan : RIKEN BNL Research Center, (2018) p. 193

Murata, T. ; Aikawa, M ; Saito, M. ; Ukon, N. ; Komori, Y. ; Haba, H. ; Takacs, S. ; Ditrdi, F.
New cross section data for the production of zirconium-89 by alpha-induced reaction on yttrium target

In: RIKEN Accelerator Progress Report
Riken, Japan : RIKEN BNL Research Center, (2018) p. 198

Takacs, S ; Ditrodi, F; Szlics, Z ; Aikawa, M ; Haba, H ; Komori, Y ; Saito, M

Measurement of activation cross sections of alpha particle induced reactions on iridium up to an energy
of 50 MeV

APPLIED RADIATION AND ISOTOPES 136 pp. 133-142., 10 p. (2018)




Takacs, S. ; Ditrdi, F. ; Szlics, Z. ; Aikawa, M. ; Haba, H. ; Komori, Y. ; Saito, M.

Measurement of activation cross section of alpha particle induced reactions on iridium up to an energy of
50 MeV

In: RIKEN Accelerator Progress Report

Riken, Japan : RIKEN BNL Research Center, (2018) p. 190

Takacs, S. ; Ditrdi, F. ; Haba, H. ; Komori, Y. ; Aikawa, M. ; M. Saito, : ; Murata, T.
Activation cross section of alpha particle induced reactions on natural nickel up to 50 MeV

In: RIKEN Accelerator Progress Report
Riken, Japan : RIKEN BNL Research Center, (2018) p. 2

Ali, BM ; Al-Abyad, M ; Kandil, S ; Solieman, AHM ; Ditréi, F
Excitation functions of *He-particle-induced nuclear reactions on 1%Rh: Experimental and theoretical

investigations
EUROPEAN PHYSICAL JOURNAL PLUS 133 : 1 Paper: 9, (2018)

Elbinawi, A ; Al-abyad, M ; Bashter, | ; Seddik, U ; Ditrdi, F

Excitation function of proton induced nuclear reaction on strontium: Special relevance to the production
of 8y

APPLIED RADIATION AND ISOTOPES 140 pp. 272-277., (2018)

Brezovcsik, K ; Kovacs, Z ; Szelecsényi, F

Separation of radioactive terbium from massive Gd targets for medical use
JOURNAL OF RADIOANALYTICAL AND NUCLEAR CHEMISTRY 316 : 2 pp. 775-780., (2018)

Szelecsényi, F. ; Fenyvesi, A. ; Steyn, G.F. ; Brezovcsik, K. ; Kovacs, Z. ; Bird, B.

Production possibility of 1°1Tb utilizing secondary neutrons generated by protons from a low-energy
cyclotron onto an isotope production target
JOURNAL OF RADIOANALYTICAL AND NUCLEAR CHEMISTRY 318 : 1 pp. 491-496., (2018)

Brezovcsik K. ; Pribéczki E.; Fenyvesi A.; Varga M.; Molnar J.; Veres Sz. ; Sz(cs Z.

Kukoricapaldntdk mangdnfelvételének nyomon kévetése >>Mn radioizotéppal. (2018)
Oszi Radiokémiai Napok 2018, Balatonszarszé, 2018.10.10 -10.12, Megjelenés: Magyarorszag,
(in Nungarian)
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Nuclear Data Activities of the Atomki Nuclear Astrophysics Group

L. Csedreki, Z. Elekes, Zs. Fiilop, Gy. Gylrky, Z. Halasz, G.G. Kiss, N.T. Szegedi, T. Szlics

(prepared by Gy. Gytirky, 12 March 2021)

The main task of the nuclear astrophysics group of Atomki is to measure charged particle induced

reaction cross sections at low energies relevant for various astrophysical processes. Using the accelerators

of Atomki, the following reaction cross sections have been measured (in the given center of mass energy

ranges):

° 115In(a,y)1195b
1510 (o1,n) 55
121Sb(O(.,Y)125|
121Sb(oc,n)124l
1235b(a’n)125|
197AU((1,’Y)201T|
197 Au(t,n)200T]
Y7Au(o,2n) 0TI
¥r(a,n)¥*Au
93¢ (o, n) AU
o ¥r(q,n)*tmAU
e %Zr(a,n)*Mo
e *He(a,y)’Be
° 14N(p’,y)15o

8.8 MeV —15.6 MeV
8.8 MeV —15.6 MeV
9.7 MeV —15.5 MeV
9.7 MeV —15.5 MeV
9.7 MeV - 15.5 MeV
13.7 MeV - 20 MeV
14 MeV - 20 MeV
17.5 MeV - 20 MeV
13.5 MeV - 15.5 MeV
13.5 MeV - 16.5 MeV
13.5 MeV - 16.5 MeV
6.2 MeV —12.5 MeV
4.0 MeV — 4.4 MeV
resonance strengths at E, = 278keV and 1058 keV

Precise decay half-lives have been measured for the isotopes ®°Ga, ®°Ru, *Tc, **™Tc, 1%5Cs and %Xe.

Besides the above measurements carried out at Atomki, some members of the group are involved in

experiments at foreign institutions. In the framework of the LUNA international collaboration (Gran Sasso,

Italy), the low energy cross sections of the d(p,y)*He, °Li(p,y)’Be, 2Ne(p,y)**Na, ¥0(p,y)*°F, ¥0(p,o)*>N and

2Na(p,y)**Mg reactions have been measured. At GSI, Germany, the cross section of the *Xe(p,y)**Cs

reactions has been measured.
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Nuclear structure and decay data activities in the ATOMKI

A. Algora, M. Csatlds, L. Csige, Zs. Dombradi, Z. Elekes, Zs. Fulop, J. Gulyas, A. Krasznahorkay,
I. Kuti, B.M. Nyako, Z. Maté, D. Sohler, L. Stuhl, J. Timar, T. Tornyi, L. Zolnai, Zs. Vajta
(Prepared by Z. Elekes (2021 March))

Introduction

Study of nuclear structure has been a long-standing research area in Atomki. Therefore, we have been
producing new nuclear structure and decay data regularly. Since 2009 we also contribute to the mass-
chain evaluation work for ENSDF and compilation work for XUNDL.

Since 2011 Atomki is an evaluation center, which is responsible for the A=101 — 105 mass chains.

Compilation and mass-chain evaluation

Two of us (Z. Elekes and J. Timar) participate part-time in the nuclear structure and decay data
compilation and mass-chain evaluation work. At present besides the mass chains of our responsibility,
we are still working on temporarily assigned mass chains, too.

During the past three years, we have
e been working on the revision of the A=101 mass chain for publication in Nuclear Data Sheets in
collaboration with the Bucarest evaluation centre
e finished the A=105 mass chain evaluation and published it in Nuclear Data Sheets in
collaboration with the Sofia evaluation centre
One of us (A. Algora) has been involved in the horizontal evaluation of beta-delayed neutron emission
probanilities.

New experimental nuclear structure and decay data

Our research fields related to producing new nuclear structure and decay data are: study of exotic nuclei
using radioactive beams, study of exotic shapes, excitation modes and decay of nuclei, as well as study
of neutron skin and neutron halo in nuclei. We work on these topics in wide international collaborations
using large scale facilities (RIKEN, GANIL, GSI, Gammasphere, Exogam, Jurogam). Our most important
results in the past two years are published in the following papers:

Petrache, CM et al. "Evidence of chiral bands in even-even nuclei". PHYSICAL REVIEW C 97. (2018).

Boso, A et al. "Neutron Skin Effects in Mirror Energy Differences: The Case of Mg 23 - Na 23". PHYSICAL
REVIEW LETTERS 121. (2018).

Krasznahorkay, Attila et al. "New results on the 8 Be anomaly". JOURNAL OF PHYSICS-CONFERENCE
SERIES 1056. (2018): 012028.

Ertoprak, A et al. "M1 and E2 transition rates from core-excited states in semi-magic 94Ru". EUROPEAN
PHYSICAL JOURNAL A: HADRONS AND NUCLEI 54. (2018).

Lv, B.F. et al. "Evolution from y -soft to stable triaxiality in Nd 136 as a prerequisite of
chirality". PHYSICAL REVIEW C 98. (2018).
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Timar, Janos et al. "Experimental Evidence for Transverse Wobbling in Pd-105". PHYSICAL REVIEW
LETTERS 122.(2019).

Krasznahorkay, Attila et al. "On the X17 Light-particle Candidate Observed in Nuclear Transitions". ACTA
PHYSICA POLONICA B 50. (2019): 675.

Petrache, C. M. et al. "Collective rotation of an oblate nucleus at very high spin". PHYSICAL REVIEW C 99.
(2019).

Petrache, C.M. et al. "Diversity of shapes and rotations in the y-soft 130Ba nucleus: First observation of a
t-band in the A = 130 mass region". PHYSICS LETTERS B 795. (2019): 241-247.

Lv, B.F. et al. "Chirality of Nd 135 reexamined: Evidence for multiple chiral doublet bands". PHYSICAL
REVIEW C 100. (2019).

Majola, S.N.T. et al. "Spectroscopy of low-spin states in Dy 157: Search for evidence of enhanced
octupole correlations". PHYSICAL REVIEW C 100. (2019).

Majola, S.N.T. et al. "B and y bands in N=88, 90, and 92 isotones investigated with a five-dimensional
collective Hamiltonian based on covariant density functional theory: Vibrations, shape coexistence, and

superdeformation". PHYSICAL REVIEW C 100. (2019).

Petrache, C.M. et al. "Highly deformed bands in Nd nuclei: New results and consistent interpretation
within the cranked Nilsson-Strutinsky formalism". PHYSICAL REVIEW C 100. (2019).

Lalkovski, S. et al. "Nuclear Data Sheets for A=105". NUCLEAR DATA SHEETS 161-162. (2019): 1-353.

Nagy, A. et al. "Searching for the double gamma-decay of the X(17) particle". NUOVO CIMENTO DELLA
SOCIETA ITALIANA DI FISICA C-GEOPHYSICS AND SPACE PHYSICS 42. (2019).

Basu, A. et al. "Evolution of collective and noncollective structures in Xe 123". PHYSICAL REVIEW C 101.
(2020).

Cederwall, B. et al. "Isospin Properties of Nuclear Pair Correlations from the Level Structure of the Self-
Conjugate Nucleus Ru 88". PHYSICAL REVIEW LETTERS 124. (2020).

Timar, Janos et al. "Triaxiality-related nuclear phenomena in the A = 100 mass region". JOURNAL OF
PHYSICS-CONFERENCE SERIES 1555. (2020).

Firak, D. S. et al. "Confirmation of the existence of the X17 particle". EPJ WEB OF CONFERENCES 232.
(2020).

Petrache, C.M. et al. "Signatures of enhanced octupole correlations at high spin in Nd 136". PHYSICAL
REVIEW C 102. (2020).

Majola, S. N. T. et al. "First candidates for gamma vibrational bands built on the [505]11/2(-) neutron
orbital in odd-A Dy isotopes". PHYSICAL REVIEW C 101. (2020).
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Petrache, C. M. et al. "Multiple chiral bands in #137Nd". EUROPEAN PHYSICAL JOURNAL A: HADRONS
AND NUCLEI 56. (2020).

Ertoprak, A. et al. "Lifetimes of core-excited states in semi-magic ~95\mathrm Rh". EUROPEAN PHYSICAL
JOURNAL A: HADRONS AND NUCLEI 56. (2020).

Krasznahorkay, Attila et al. "A new anomaly observed in 4 He supporting the existence of the
hypothetical X17 particle". JOURNAL OF PHYSICS-CONFERENCE SERIES 1643. (2020).

Dimitriou, Paraskevi et al. "International network of nuclear structure and decay data evaluators". EPJ
WEB OF CONFERENCES 239. (2020): 15004.

Basu, A. et al. "Highly deformed band structures due to core excitations in Xe 123". PHYSICAL REVIEW
C 103. (2021).

Atar, L et al. "Quasifree (p, 2p) Reactions on Oxygen Isotopes: Observation of Isospin Independence of
the Reduced Single-Particle Strength". PHYSICAL REVIEW LETTERS 120. (2018).

Revel, A et al. "Strong Neutron Pairing in core+4n Nuclei". PHYSICAL REVIEW LETTERS 120. (2018).

Al-Abdullah, T et al. "The Feasibility of Studying 44Ti(a, p)47V Reaction at Astrophysical
Energies". JOURNAL OF PHYSICS-CONFERENCE SERIES 940. (2018).

Diaz, Fernandez P et al. "Quasifree (p, pN) scattering of light neutron-rich nuclei near N=14". PHYSICAL
REVIEW C 97. (2018).

Ribeiro, G et al. "Structure of Be-13 studied in proton knockout from B-14". PHYSICAL REVIEW C 98.
(2018).

Elekes, Zoltan et al. "Nuclear structure of Ni-76 from the (p, 2p) reaction". PHYSICAL REVIEW C 99.
(2019).

Chilug, A. I. et al. "Study of the 9C breakup through NP1412-SAMURAI29R1 experiment". AIP
CONFERENCE PROCEEDINGS 2076. (2019).

Holl, M. et al. "Quasi-free neutron and proton knockout reactions from light nuclei in a wide neutron-to-
proton asymmetry range". PHYSICS LETTERS B 795. (2019): 682-688.

Zavatarellic, S. et al. "A new measurement of the 2H(p,y)3He cross section at the BBN energies". NUOVO
CIMENTO C-COLLOQUIA AND COMMUNICATIONS IN PHYSICS 42. (2019).

Zavatarelli, Sandra et al. "Nuclear astrophysics at Gran Sasso : the study of BBN and post-main sequence
fusion reactions at LUNA". JOURNAL OF PHYSICS-CONFERENCE SERIES 1468. (2020): 012251.

Revel, A. et al. "Extending the Southern Shore of the Island of Inversion to F 28". PHYSICAL REVIEW
LETTERS 124. (2020).
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Syndikus, I. et al. "Probing the Z = 6 spin-orbit shell gap with (p,2p) quasi-free scattering
reactions". PHYSICS LETTERS B 809. (2020).

Chilug, A. I. et al. "Nuclear Breakup and Coulomb Dissociation of 9 C Nucleus Studied at RIBF RIKEN". JPS
CONFERENCE PROCEEDINGS 32. (2020).

Huang, S. W. et al. "Experimental study of 4 n with 8 He( p,2p ) reaction". JOURNAL OF PHYSICS-
CONFERENCE SERIES 1643. (2020).

Storck, S et al. "Lifetime measurement of the 260 g.s. at SAMURAI". JOURNAL OF PHYSICS-CONFERENCE
SERIES 1643. (2020).

Juhdsz, M.M. et al. "First spectroscopic study of 51Ar by the (p,2p) reaction". PHYSICS LETTERS B 814.
(2021): 136108.

Balibrea-Correa, J. et al. "Direct cross-section measurement of 13C(a,n)160 in the s-process Gamow
peak". JOURNAL OF PHYSICS-CONFERENCE SERIES 1643. (2020).

Vajta, Zsolt et al. "Proton single particle energies next to 78Ni: Spectroscopy of 77Cu via single proton
knock-out reaction". PHYSICS LETTERS B 782. (2018): 99-103.

Morales, Al et al. "Is seniority a partial dynamic symmetry in the first vg9/2 shell?". PHYSICS LETTERS
B 781.(2018): 706-712.

Corsi, A et al. "Spectroscopy of nuclei around Sn 100 populated via two-neutron knockout
reactions". PHYSICAL REVIEW C 97. (2018).

Wang, H et al. "Nuclear structure study for the neutron-rich nuclei beyond 132Sn: In-beam gamma-ray
spectroscopy of 1365n and 132Cd". EPJ WEB OF CONFERENCES 178. (2018).

Olivier, L. et al. "Persistence of the Z = 28 Shell Gap Around Ni-78: First Spectroscopy of Cu-79 (vol 119,
192501, 2017)". PHYSICAL REVIEW LETTERS 121. (2018).

Qiang, Y. H. et al. "ldentification of high-K rotation in Ba-130: Testing the consistency of electromagnetic
observables". PHYSICAL REVIEW C 99. (2019).

Liu, H. N. et al. "How Robust is the N = 34 Subshell Closure? First Spectroscopy of Ar 52". PHYSICAL
REVIEW LETTERS 122. (2019).

Dudouet, J. et al. "Excitations of the magic N=50 neutron-core revealed in Ga 81". PHYSICAL REVIEW
€ 100. (2019).

Lica, R. et al. "Normal and intruder configurations in Si 34 populated in the - Decay of Mg 34 and Al
34", PHYSICAL REVIEW C 100. (2019).

Chen, S. et al. "Quasifree Neutron Knockout from Ca 54 Corroborates Arising N=34 Neutron Magic
Number". PHYSICAL REVIEW LETTERS 123. (2019).
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Cortés, M.L. et al. "Shell evolution of N = 40 isotones towards 60Ca: First spectroscopy of 62Ti". PHYSICS
LETTERS B 800. (2020).

Sun, Y.L. et al. "Restoration of the natural E(1/2 1 +) - E(3/2 1 + ) energy splitting in odd-K isotopes
towards N =40". PHYSICS LETTERS B 802. (2020).

Guo, S. et al. "Evidence for pseudospin-chiral quartet bands in the presence of octupole
correlations". PHYSICS LETTERS B 807. (2020).

Gottardo, A. et al. "Transition strengths in the neutron-rich Ni 73,74,75 isotopes". PHYSICAL REVIEW
C102. (2020).

Koseoglou, P. et al. "Spectroscopy of neutron-rich scandium isotopes". JOURNAL OF PHYSICS-
CONFERENCE SERIES 1555. (2020): 012026.

Garrote, F. L. Bello et al. "beta decay of Ni-75 and the systematics of the low-lying level structure of
neutron-rich odd-A Cu isotopes". PHYSICAL REVIEW C 102. (2020).

Guo, S. et al. "Pseudospin partner bands in Ba 130". PHYSICAL REVIEW C 102. (2020).

Siciliano, M. et al. "Pairing-quadrupole interplay in the neutron-deficient tin nuclei: First lifetime
measurements of low-lying states in 106,108Sn". PHYSICS LETTERS B 806. (2020).

Cortés, M.L. et al. "N=32 shell closure below calcium: Low-lying structure of Ar 50". PHYSICAL REVIEW
C 102. (2020).

Tain, JL et al. "The briken project: Extensive measurements of B-delayed neutron emitters for the
astrophysical r process". ACTA PHYSICA POLONICA B 49. (2018): 417-428.

Sarriguren, P et al. "B -decay properties of neutron-rich Ca, Ti, and Cr isotopes". PHYSICAL REVIEW C 98.
(2018).

Wimmer, K et al. "Shape coexistence and isospin symmetry in A = 70 nuclei: Spectroscopy of the Tz=-1
nucleus 70Kr". PHYSICS LETTERS B 785. (2018): 441-446.

Guadilla, V et al. "Characterization and performance of the DTAS detector". NUCLEAR INSTRUMENTS &
METHODS IN PHYSICS RESEARCH SECTION A-ACCELERATORS SPECTROMETERS DETECTORS AND
ASSOCIATED EQUIPMENT 910. (2018): 79-89.

Caballero-Folch, R et al. "First determination of B -delayed multiple neutron emission beyond A=100
through direct neutron measurement: The P2n value of Sb 136". PHYSICAL REVIEW C 98. (2018).

Rasco, B.C. et al. "The ORNL analysis technique for extracting [Formula presented]-delayed multi-
neutron branching ratios with BRIKEN". NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH
SECTION A-ACCELERATORS SPECTROMETERS DETECTORS AND ASSOCIATED EQUIPMENT 911. (2018): 79-
86.

Dombos, A. C. et al. "B -decay half-lives of neutron-rich nuclides in the A = 100 — 110 mass
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region". PHYSICAL REVIEW C 99. (2019).

Guadilla, V et al. "Large Impact of the Decay of Niobium Isomers on the Reactor (v)over-bar(e)
Summation Calculations". PHYSICAL REVIEW LETTERS 122. (2019).

Tolosa-Delgado, A. et al. "Commissioning of the BRIKEN detector for the measurement of very exotic B -
delayed neutron emitters". NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION A-
ACCELERATORS SPECTROMETERS DETECTORS AND ASSOCIATED EQUIPMENT 925. (2019): 133-147.

Goigoux, T. et al. "Kr Two-proton Radioactivity: Results and Theoretical Interpretations". ACTA PHYSICA
POLONICA B 50. (2019): 399.

Gottardo, A. et al. "New spectroscopic information on Tl 211, 213 : A changing structure beyond the N =
126 shell closure". PHYSICAL REVIEW C 99. (2019).

Phong, V.H. et al. "Observation of a ps isomer in In85 49134: Proton-neutron coupling "southeast" of
Sn82 50132". PHYSICAL REVIEW C 100. (2019).

Estienne, M. et al. "Updated Summation Model: An Improved Agreement with the Daya Bay
Antineutrino Fluxes". PHYSICAL REVIEW LETTERS 123. (2019).

Guadilla, V. et al. "Total absorption y-ray spectroscopy of niobium isomers". PHYSICAL REVIEW C 100.
(2019).

Fujita, H. et al. "Experimental study of Gamow-Teller transitions via the high-energy-resolution O 18 (He
3,t) F 18 reaction: Identification of the low-energy "super"-Gamow-Teller state". PHYSICAL REVIEW
€ 100. (2019).

Yokoyama, R. et al. "Strong one-neutron emission from two-neutron unbound states in B decays of the r
-process nuclei Ga 86,87". PHYSICAL REVIEW C 100. (2019).

Guadilla, V. et al. "Total absorption y -ray spectroscopy of the B -delayed neutron emitters i 137 and Rb
95". PHYSICAL REVIEW C 100. (2019).

Wimmer, K. et al. "Discovery of Br-68 in secondary reactions of radioactive beams". PHYSICS LETTERS
B 795. (2019): 266-270.

Giovinazzo, J. et al. "Two-proton radioactivity: The interesting case of 67kr and further studies". ACTA
PHYSICA POLONICA B 51. (2020): 577-585.

Wimmer, K. et al. "Shape coexistence revealed in the N=Z isotope 72 Kr through inelastic
scattering". EUROPEAN PHYSICAL JOURNAL A: HADRONS AND NUCLEI 56. (2020).

Kulikov, 1. et al. "Masses of short-lived 49Sc, 50Sc, 70As, 73Br and stable 196Hg nuclides". NUCLEAR
PHYSICS A 1002. (2020): 121990.

Liang, J. et al. "Compilation and Evaluation of Beta-Delayed Neutron Emission Probabilities and Half-
Lives for Z > 28 Precursors". NUCLEAR DATA SHEETS 168. (2020): 1-116.
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