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About the Conference
The Zakopane Conference on Nuclear Physics, for historical reasons called School, hasbeen organized since 1963 by the Henryk Niewodniczanski Institute of Nuclear Physicsof the Polish Academy of Sciences (IFJ PAN) and the Marian Smoluchowski Instituteof Physics of the Jagiellonian University. Over the years the School became a famousworldwide conference. Nowadays, the Zakopane Conference on Nuclear Physics has acharacter of a biennial international congress and is one of the major events in Poland,related to low-energy nuclear physics.
During the construction of the scientific program special attention has always beenpaid to offering enthusiastic and pedagogical overviews of the most recent researchsubjects in nuclear physics from both theoretical and experimental points of view. Youngparticipants have also the opportunity to present the results of their research in shorttalks or on posters.
Currently, the conference theme is “Extremes of theNuclear Landscape” and it is a forumfor reviewing progress in theory and experiment at the forefront of nuclear research.This time special attention will be given to the structure of exotic, unstable nuclei. Wewill also focus on collective excitations of nuclear matter. Furthermore, the nuclearphysics context of astrophysical processes will be widely discussed. An important partof the Conference will be devoted to presentations on the newest achievements in thenuclear structure and reactions investigations and their influence on other disciplines.Noticeable discoveries in these areas are closely linked to the ongoing development ofexperimental facilities and detectors, which is among the conference topics. The aim ofthe Conference is also to increase the mutual communication of physicists representingvarious areas of nuclear physics and to create opportunities for intense interactionbetween graduate students, young researchers, and senior scientists.
The current 55th edition of the Zakopane Conference on Nuclear Physics is organized byIFJ PAN in cooperation with Coti Conference Time and is supported by NuPECC, CAEN,NAWA (The Polish National Agency For Academic Exchange).
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PROGRAM
IT: Invited Talk, S: Seminar
Sunday, 28th of August
15:00 – 18:00 Registration

18:00 – 19:00 Dinner19:00 – 19:20 Opening

Keynote Talk

19:20 – 20:00 IT Witold NazarewiczMichigan State Universityand University of Warsaw
Excitement and challengesin low-energy nuclear physics

20:00 Welcome reception

Monday, 29th of August
Nuclear Collectivity Workshop08:30 – 13:00

08:30 – 09:00 IT Takaharu OtsukaUniversity of Tokyo Prevailing triaxiality in nuclear shapes
09:00 – 09:30 IT Mark RileyFlorida State University Systematics of band termination athigh-spin in N∼90 nuclei
09:30 – 10:00 IT Costel PetracheUniversité Paris-Saclay, IJCLab,Orsay Chirality, wobbling and oblate rotation

10:00 – 10:30 IT Elena LitvinovaWestern Michigan University
Reconciling collectivity, finitetemperature and deformation in therelativistic nuclear field theory10:30 – 11:00 Coffee Break
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11:00 – 11:30 IT Xavier Roca-MazaUniversity of Milan and INFNSection of Milan
Nuclear equation of state from nuclearcollective excited state properties

11:30 – 12:00 IT Muhsin HarakehUniversity of Groningen Isoscalar Giant Resonances – experimentswith radioactive beams and storage rings
12:00 – 12:30 IT Umesh GargUniversity of Notre Dame Nuclear Incompressibility: Does it dependon nuclear structure?
12:30 – 13:00 IT Franco CameraUniversity of Milan and INFNSection of Milan Isospin mixing in medium mass nuclei

14:00 – 18:00 Hiking trip

18:00 – 19:00 Dinner

Nuclear Collectivity Workshop19:00 – 21:00
19:00 – 19:20 IT Katarzyna MazurekIFJ PAN Kraków

The pre-equilibrium emission of lightcharged particles and the GDR strengthfunctions
19:20 – 19:40 S Michał CiemałaIFJ PAN Kraków

Feeding of the isomers of differentdeformations via GDR gamma decaystudied with nuBall + PARIS
19:40 – 20:00 S Natalia Cieplicka-OryńczakIFJ PAN Kraków M4 resonances in light nucleistudied at CCB
20:00 – 20:15 S Barbara WasilewskaUniversity of Cologne

The systematic study of Pygmy DipoleStates in 40,44,48Ca inducedin the (p,p′γ) reaction
20:15 – 20:30 S Florian KluwigUniversity of Cologne

Investigation of low-lying dipoleexcitations with real photon-scatteringexperiments
20:30 – 20:45 S Maria MarkovaUniversity of Oslo Evolution of the Pygmy Dipole Resonancein Sn Isotopes
20:45 – 21:00 S Virender RangaIndian Institute of TechnologyRoorkee

Measurements of γ-rays from
16O(p, p′γ)16O reaction
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Tuesday, 30th of August
Nuclear Astrophysics Workshop08:30 – 10:00

08:30 – 09:00 IT Iris DillmannTRIUMF, Vancouver The TRISR project – a storage ring forneutron captures on radioactive nuclei
09:00 – 09:30 IT Sakib RahmanUniversity of Manitoba Constraints on neutron-star radii fromlaboratory experiments
09:30 – 09:45 S Karolina KolosLawrence Livermore NationalLaboratory, Livermore

Isomer studies for r-processnucleosynthesis
09:45 – 10:00 S Andras Vitéz-SveiczerInstitute for Nuclear ResearchATOMKI, Budapest

Beta-decay properties of neutron-richlanthanides and the formationof the rare-earth peak

Special Lecture

10:00 – 10:30 IT Marek LewitowiczGANIL, Caen and NuPECC NuPECC Long Range Plan 2024for nuclear physics in Europe10:30 – 11:00 Coffee Break

Super Heavy Elements11:00 – 13:00
11:00 – 11:10 Krzysztof RykaczewskiOak Ridge National Laboratory TBD: Introdution to SHE
11:10 – 11:40 IT Dieter AckermannGANIL, Caen

Nuclear isomers in the heaviest nucleiand the odd nucleon as a sensitive probeof low-lying nuclear structure
11:40 –12:10 IT Hideyuki SakaiRIKEN Nishina Center Facility upgrade for SHE research at RIKEN
12:10 – 12:30 S Michał KowalNational Centre for NuclearResearch, Warsaw

New possibilities for production ofsuper-heavy nuclei
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12:30 – 12:45 S Masaomi TanakaRIKEN Nishina Center
Optimal energy for element 119 synthesisvia 51V + 248Cm reaction probed byquasielastic barrier distributionmeasurement

12:45 – 13:00 S Janusz SkalskiNational Centre for NuclearResearch, Warsaw
High-K ground states & isomers insuperheavy nuclei

13:00 – 14:00 Lunch

Parallel Sesion A16:00 – 18:00
16:00 – 16:15 S Tomasz CapNational Centre for NuclearResearch, Warsaw

Diffusion as a possible mechanismcontrolling the production of superheavynuclei in cold and hot fusion reactions
16:15 – 16:30 S Rikel ChakmaGANIL, Caen Status of the SIRIUS detector array andinvestigation of the properties of 252Fm
16:30 – 16:45 S Ablaihan UtepovGANIL, Caen

Multinucleon transfer reactions in the
238U+238U system studied with theVAMOS + AGATA + ID-Fix

16:45 – 17:00 S Kieran KessaciStrasbourg University Spectroscopic studies of the neutron-rich
255/256No

17:00 – 17:15 S Anna ZdebMaria Curie-SkłodowskaUniversity, Lublin
Multidimensional PESin spontaneous fission

17:15 – 17:30 S Daniel FernándezUniversity of Santiago deCompostela
Experimental study of high-energy fissionand quasi-fission dynamics withfusion-induced fission reactions atVAMOS++

17:30 – 17:45 S Jorge RomeroUniversity of Jyväskylä
Nuclear reaction studies at MARAfocusing on prospects for the newMARA-LEB facility

17:45 – 18:00 S Andrew BriscoeUniversity of Jyväskylä
Discovery of 160Os& 156W, andincreasingly sensitive spectroscopy of themost neutron-deficient N=84 isotones18:00 – 19:00 Dinner
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Parallel Sesion B16:00 – 18:00
16:00 – 16:15 S Julgen PellumajINFN Laboratori Nazionalidi Legnaro

Lifetime measurements for nuclei in thef7/2 shell using the AGATA spectrometer
16:15 – 16:30 S Radostina ZidarovaTechnische UniversitätDarmstadt

Gamma-ray spectroscopy of the neutronrich Sc isotopes 55,57 and 59Sc
16:30 – 16:45 S Line Gaard PedersenUniversity of Oslo First spectroscopy of neutron richodd-odd 74,76,78Cu
16:45 – 17:00 S Kseniia RezynkinaINFN Section of Padova Structure of 83As, 85As and 87As: fromsemi-magicity to γ-softness
17:00 – 17:15 S Giorgia PasqualatoIJCLab, Université Paris-Saclay,Orsay

Lifetime measurements in 105Sn: nuclearstructure studies close to the N=Z=50shell closure
17:15 – 17:30 S Aurora Ortega MoralLP2iB, Bordeaux Neutron-deficient exotic decays in the

48Ni region with ACTAR TPC
17:30 – 17:45 S Magdalena KuichUniversity of Warsaw

Active target TPC for study ofphotonuclear reactions at astrophysicalenergies
17:45 – 18:00 S Adam KubielaUniversity of Warsaw Neutron deficient Zn isotopes studiedwith the Optical TPC detector18:00 – 19:00 Dinner

CAEN educational kit presentation&POSTER SESSION19:00 – 21:30
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Wednesday, 31st of August
Structure of Exotic Nuclei Workshop08:30 – 13:15

08:30 – 09:00 IT Silvia LeoniUniversity of Milan and INFNSection of Milan
Gamma-ray spectroscopy of bound andunbound states in B, C, N and O isotopesas a test-bench of nuclear structuretheory

09:00 – 09:30 IT Gerda NeyensKU Leuven Recent highlights from high-resolutionlaser spectroscopy studies at ISOLDE
09:30 – 10:00 IT Hans FynboAarhus University Experiments on light nα nuclei 8Be, 12Cand 16O
10:00 – 10:15 S Paul GarrettUniversity of Guelph E0 transitions in 188Hg and evidenceof multiple shape coexistence
10:15 – 10:30 S Mansi SaxenaOhio University

Beta-decay spectroscopy studies- a bridge between nuclear structure andnuclear astrophysics10:30 – 11:00 Coffee Break
11:00 – 11:30 IT Sean FreemanCERN & University ofManchester

Transfer reactions with solenoidalspectrometers
11:30 – 12:00 IT Daniel HoffLLNL, Livermore A crack in nuclear mirror symmetry
12:00 – 12:30 IT Deuk Soon AhnCENS, Institute for BasicScience, Daejeon

Location of the Neutron Dripline at F, Ne,and Na
12:30 – 12:45 S Noritaka KitamuraUniversity of Tennessee First beta-delayed neutron spectroscopyof 24O
12:45 – 13:00 S Clement DelafosseUniversité Paris-Saclay, IJCLab,Orsay

First trap-assisted decay spectroscopyof the 81Ge ground state
13:00 – 13:15 S Premaditya ChhetriKU Leuven

First observation of the radiative decayof 229Th low-lying isomer: recent resultsfrom ISOLDE

14:00 – 18:00 Hiking trip

18:00 – 19:00 Dinner
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19:00 – 19:30 IT
Fedir IvanyukInstitute for Nuclear Research,Kyiv;Krzysztof PomorskiMaria Curie SkłodowskaUniversity, Lublin

The fission observables of heavy andsuper-heavy nuclei

19:30 – 20:00 IT Nicholas KeeleyNational Centre for NuclearResearch, Otwock
Near-barrier elastic scattering of 17Nefrom 208Pb

20:00 – 20:30 IT Pietro SpagnolettiSimon Fraser University, BritishColumbia
Experimental investigations of octupolecollectivity in atomic nuclei

20:30 – 21:00 IT Giacomo De AngelisINFN Laboratori Nazionalidi Legnaro
Shell Structure of the very n-rich Niisotopes and the REMO project

21:00 – 21:15 S Wojciech SatułaUniversity of Warsaw Charge-dependent DFT: formalism andselected applications
21:15 – 21:30 S Arnoldas DeltuvaVilnius University New developments in the descriptionof four-nucleon continuum
21:30 – 21:45 S Magda ZielińskaIRFU, CEA, UniversitéParis-Saclay

Quadrupole and octupole collectivity in
96Zr from Coulomb-excitation studieswith the Q3D magnetic spectrograph

Thursday, 1st of September
08:30 – 09:00 IT Martin FreerUniversity of Birmingham Insights into the structure of light nuclei
09:00 – 09:30 IT Marek PłoszajczakGANIL, Caen Nuclear physics at the edge of stability
09:30 – 10:00 IT Gaute HagenOak Ridge National Laboratory Recent progress in ab-initio computationsof nuclei
10:00 – 10:30 IT Jacek GolakJagiellonian University Few-nucleon Ssystems for nuclear physics
10:30 – 11:00 Coffee Break
11:00 – 19:00 Excursion
19:00 – 23:00 Regional Dinner
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Friday, 2nd of September
NUSTAR and APPA at FAIR Workshop08:30 – 13:15

08:30 – 09:00 IT Paolo GiubellinoFAIR/GSI, Darmstadt FAIR, the Universe in the Lab
09:00 – 09:30 IT Giovanna BenzoniINFN Section of Milan Recent results from the DESPEC campaignat GSI
09:30 – 10:00 IT Thomas StöhlkerHelmholtz-Institut Jena

Physics program of the SPARCcollaboration at FAIR: quantum dynamicsin extreme electromagnetic fields
10:00 – 10:30 IT Yury LitvinovGSI, Darmstadt Precision experiments with heavy-ionstorage rings10:30 – 11:00 Coffee Break
11:00 – 11:30 IT Yoshiki TanakaRIKEN Cluster for PioneeringResearch

WASA-FRS experiments in FAIR Phase-0at GSI
11:30 – 12:00 IT Haik SimonGSI, Darmstadt Experiments: from ALADIN-LANDto R3B at GSI and FAIR
12:00 – 12:15 S Jianwei ZhaoGSI, Darmstadt Studies of exotic nuclei with the FRS IonCatcher at GSI
12:15 – 12:30 S Jose Luis Rodríguez-SánchezUniversidad de Santiago deCompostela

Nuclear fission studies in inversekinematics with the R3B setup at theGSI-FAIR facility
12:30 – 12:45 S Marta PolettiniUniversity of Milan Search for octupole deformationin A∼225 Po-Fr nuclei
12:45 – 13:00 S Aleksandrina YanevaGSI, Darmstadt Lifetime measurement below the 14+isomer in 94Pd
13:00 – 13:15 S Victor GuadillaUniversity of Warsaw Results of DTAS campaign at IGISOL:overview

14:00 – 18:00 Hiking trip

18:00 – 19:00 Dinner
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Parallel Sesion C19:00 – 20:45
19:00 – 19:15 S Desislava KalaydjievaIRFU, CEA Saclay, UniversitéParis-Saclay Multiple shape coexistence in 100Zr

19:15 – 19:30 S Corinna HenrichTechnische UniversitätDarmstadt Coulomb excitation of 142Xe
19:30 – 19:45 S Ishtiaq AhmedIUAC, New Delhi Probing quadrupole collectivity in N=38

68Zn isotope
19:45 – 20:00 S Jordan ReillyUniversity of Manchester

The first charge radii measurements of
33,34Al transitioning into theN = 20island of inversion

20:00 – 20:15 S Alejandro Ortiz-CortesGANIL, Caen Collinear laser spectroscopy on thepalladium isotopic chain
20:15 – 20:30 S Bram van den BorneKU Leuven Approaching N=82 through silver usinglaser spectroscopy
20:30 – 20:45 S MichailAthanasakis-KaklamanakisCERN, Geneva

Nuclear-structure studies with laserspectroscopy of radioactive molecules

Parallel Sesion D19:00 – 20:45
19:00 – 19:15 S Eliana MashaHelmholtz-ZentrumDresden-Rossendorf

Study of the 20Ne(p, γ)21Na reaction atLUNA
19:15 – 19:30 S Deni NurkićUniversity of Zagreb Cluster states in 14C and 15C studied withthe 10Be+9Be reactions
19:30 – 19:45 S Giacomo CorbariUniversity of Milan

Gamma decay from thenear-neutron-threshold 2+ state in 14C:a probe of collectivization phenomena inlight nuclei
19:45 – 20:00 S Nikola VukmanRuđer Bošković Institute,Zagreb

Helium clustering in neutron-rich Beisotopes
20:00 – 20:15 S Irene DedesIFJ PAN, Kraków Unprecedented geometrical shapesin the range of nuclei with Z ≈ N ∼ 40
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20:15 – 20:30 S Monika Piersa-SiłkowskaCERN, Geneva First β-decay spectroscopy of 135In andnew β-decay branches of 134In
20:30 – 20:45 S Lama Al AyoubiUniversity of Jyväskylä Beta decays of 82,83Ga studied at theALTO facility

Saturday, 3rd of September
08:30 – 09:00 IT Kathrin WimmerGSI, Darmstadt In-beam gamma-ray spectroscopy withHiCARI
09:00 – 09:30 IT Jose Javier Valiente-DobónINFN Laboratori Nazionalidi Legnaro

The gamma-ray tracking array AGATAat LNL
09:30 – 10:00 IT Herve SavajolsGANIL, Caen

The Super Separator Spectrometer (S3)for the very high intensity beams ofSPIRAL2
10:00 – 10:30 IT Jonathan WilsonIJC Lab, Orsay Gamma-ray spectroscopy of nuclearfission
10:30 – 10:45 S Grzegorz JaworskiHeavy Ion Laboratory,University of Warsaw

NEEDLE — fast neutron detection in theservice of the gamma spectroscopyof neutron-deficient nuclei at HIL10:45 – 11:15 Coffee Break
11:15 – 11:45 IT Marek PfütznerUniversity of Warsaw Exotic decays with emission of chargedparticles
11:45 – 12:00 S Konrad CzerskiUniversity of Szczecin Branching ratio of the deuteron-deuteronthreshold resonance in 4He
12:00 – 12:15 S Martin VenhartInstitute of Physics, SAS,Bratislava

Nuclear structure of 181,183Au isotopesstudied via β+/EC decays of 181,183Hg atISOLDE
12:15 – 12:30 IT Krzysztof RykaczewskiOak Ridge National Laboratory Beta-decay studies with the ModularTotal Absorption Spectrometer

20



Closing Lecture

12:45 – 13:15 IT Philippe ChomazCEA, France Qantum Computing- one of hot topics in science13:15 – 13:30 Closing
14:00 – 19:00 Hiking trip

19:00 Conference BANQUET

Sunday, 4th of September
7:30 Breakfast

9:00 – 10:00 Departure to Kraków
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Keynote Talk

Excitement and Challenges in Low-Energy Nuclear Physics
Witold Nazarewicz1,2 Invited talk

1 Department of Physics and Astronomy and FRIB Laboratory, Michigan State University, East Lansing,Michigan 48824, USA
2 Faculty of Physics, University of Warsaw, Pasteura 5, 02-093 Warszawa, Poland
Understanding atomic nuclei is a quantum many-body problem of incredible richness and diversity andstudies of nuclei address some of the great challenges that are common throughout modern science.Powerful nuclear facilities provide access to entirely new phenomena at different resolution scales. Themicroscopic nuclear theory has completely transformed our view of the nucleus and nuclear matter.In this talk, advances in low-energy nuclear physics will be reviewed in the context of the overarchingscientific questions and opportunities.
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Prevailing Triaxiality in Nuclear Shapes
Takaharu Otsuka1,2,3 Invited talk

1 University of Tokyo, Hongo, Tokyo, Japan
2 RIKEN Nishina Center, Wako, Saitama, Japan
3 Japan Atomic Energy Agency, Tokai, Ibaraki, Japan
It has been widely believed that the dominant majority of heavy deformed nuclei have axially-symmetricprolate ground states and gamma-vibrational second 2+ states [1]. Namely, the prolate equilibrium is thedecisive underlying mechanism, and oscillations on top of it give low-lying excitations. This is certainlywhat was stressed by Aage Bohr [2] in addition to the more general ellipsoidal deformation pictureproposed also with Rainwater and Mottelson. Experimental data have been consistent with this picture,and the pairing + quadrupole-quadrupole (P+QQ) models supported it. However, the observed so-calleddouble gamma-phonon states cast a clear challenge to it. Recently, the Monte Carlo Shell Model (MCSM)calculations with realistic nucleon-nucleon (NN ) interactions showed that this hypothesis should bere-considered [3]: low-lying eigenstates (yrast, yrare and so-called double-gamma bands) are shown tobe triaxially deformed in many nuclei, including 166Er, a typical example suggested by A. Bohr. The MCSMcalculations depict that the triaxial deformation is not rigid, and a certain fluctuation of the gamma valueis observed. The fluctuation pattern is, however, very similar in the T-plot of the MCSM, in those states.The self-organization mechanism materialized by the monopole and quadrupole interactions of theNNinteraction moves down triaxial states below prolate states in many nuclei [3,4]. The picture of Davydov[5,6] then appears to be relevant. Although the structure obtained by the MCSM is not really like therigid triaxiality, some features of the Davydov model appear especially in the relations among physicalquantities. I would like to mention that Davydov, a Ukrainian physicist, can/should be appreciated to agreater extent than in the past, because of his contribution to the fundamental understanding of atomicnuclei, unveiled now.
References[1] A. Bohr and B. R. Mottelson, Nuclear Structure (Benjamin, New York, 1975), Vol. II.[2] A. Bohr, in Nobel Lectures, Physics 1971-1980, edited by S. Lundqvist (World Scientific, Singapore,1992); https://www.nobelprize.org/prizes/physics/1975/bohr/facts/.[3] T. Otsuka et al., Phys. Rev. Lett. 123 (2019) 222502, https://doi.org/10.1103/PhysRevLett.123.222502.[4] T. Otsuka, Physics 4 (2022) 258, https://doi.org/10.3390/physics4010018. (Open access).[5] A. S. Davydov and G. F. Filippov, Nucl. Phys. 8 (1958) 237; A. S. Davydov and V. S. Rostovsky, Nucl. Phys.12 (1959) 58.[6] Y. Tsunoda and T. Otsuka, Phys. Rev. C 103 (2012) L021303.
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Systematics of Band Termination at High-Spin in N∼90 Nuclei
M. A. Riley1, J. Simpson2, E. S. Paul3, J.S. Baron1, D. J. Hartley7, R. V. F. Janssens4, X. Wang1,A. D. Ayangeakaa5, H. C. Boston3, M. P. Carpenter4, C. J. Chiara4,6, U. Garg5, , D. Judson3, F. G. Kondev8,T. Lauritsen4, J. Matta5, S. L. Miller1, P. J. Nolan3, J. Ollier2, M. Petri9, J. P. Revill3, L. L. Riedinger10,S. V. Rigby3, C. Unsworth3, K. Villafana1, S. Zhu4, and I. Ragnarsson11

Invited talk

1 Department of Physics, Florida State University, Tallahassee, FL 32306, U.S.A.
2 STFC Daresbury Laboratory, Daresbury, Warrington, WA4 4AD, U.K.
3 Department of Physics, University of Liverpool, Liverpool, L69 7ZE, U.K.
4 Physics Division, Argonne National Laboratory, Argonne, IL 60439, U.S.A.
5 Physics Department, University of Notre Dame, Notre Dame, IN 46556, U.S.A.
6 Dept. of Chemistry and Biochem., Univ. of Maryland, College Park, MD 20742, U.S.A.
7 Department of Physics, United States Naval Academy, Annapolis, MD 21402, U.S.A.
8 Nuclear Engineering Division, Argonne National Laboratory, Argonne, IL 60439, U.S.A.
9 Nuclear Science Div., Lawrence Berkeley National Lab, Berkeley, CA 94720, U.S.A.
10 Dept. of Physics and Astronomy, University of Tennessee, Knoxville, TN 37996, U.S.A.
11 Div. of Mathematical Physics, LTH, Lund Univ., P.O. Box 118, S-221 00 Lund, Sweden
The light rare-earth nuclei near N = 90, are textbook examples of the evolution of nuclear structurewith excitation energy and angular momentum. They display a variety of different phenomena, such as,multiple neutron and proton backbends, dramatic prolate to oblate shape changes associated with bandtermination plus a return to collective rotation at the highest spins which is most likely associated withhighly deformed triaxial shapes, extending discrete gamma-ray spectroscopy above spin 60.Band termination represents a clear manifestation of mesoscopic physics, since the underlying finite-particle basis of the nuclear angular momentum generation is revealed. Interesting features from theextensive systematics of the favored fully aligned band termination states in N = 90 and neighbouringnuclei will be discussed. The latter provide stringent tests of nuclear models since the wavefunctions forthese special states are extremely pure.
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Chirality, wobbling and oblate rotation
C. M. Petrache1 Invited talk

1 Université Paris-Saclay, IJCLab, CNRS-IN2P3, Orsay, France
The breaking of symmetries in quantum systems is one of the key issues in nuclear physics. In particular,the spontaneous symmetry breaking in rotating nuclei leads to exotic collective modes, like the chiraland wobbling motions, which have been intensively studied in recent years. Chiral bands in even-evennuclei, with complex configurations of at least four quasiparticles, which were thought to be unfavoredenergetically, unstable against 3D rotation and difficult to observe, have been instead identified atmedium spins in 136Nd. Multiple chiral bands in the neighboring odd-even Cs, Ba, Ce and Nd nuclei havebeen also identified, in the case of 131Ba in the presence of octupole correlations, while in the case of
119Cs involving only protons angular angular momentum revolving in 3D over the observed spin range.These new experimental results triggered many theoretical developments and extensions of the previousmodels, which are now able to describe complex band structures resulting from chirality-parity violationin triaxial nuclei with reflection asymmetry. The latest experimental results and theoretical developmentswill be emphasized.The wobbling motion was also intensively studied in the last few years, mainly due to the introduction ofthe transverse wobbling concept, which enriched the diversity of collective modes exhibited by triaxialnuclei. Many experimental and theoretical groups intensively studied the low-spin wobbling in odd-evennuclei and medium-spin wobbling in even-even nuclei. While the experimental evidence and theoreticalinterpretation in terms of transverse or longitudinal wobbling of the low-spin non-yrast bands is seriouslyquestioned in recent works, the transverse wobbling in two-quasiparticle bands observed at mediumspin in even-even nuclei seems to be confirmed both experimentally and theoretically. Bands built ontwo-quasiparticle configurations interpreted as transverse wobbling have been recently identified firstin 130Ba, and shortly later in 136Nd. Recent theoretical works revealed the inadequacy of the wobblinginterpretation of these low-spin bands, which are naturally described by tilted precession (TiP).Another topic of current interest is the existence of collective oblate shapes and their type of motion.Solid evidence of bands built on oblate shapes close to the ground state in 119Cs, and at very high spinand temperature in 137Nd has been recently published. The collective oblate band observed in 137Nd upto 5 MeV above the yrast line offers the unique opportunity to investigate the decrease of decoherencewith the increasingly dense background of quasiparticle excitations, while the strongly populated oblateband in 119Cs offers the first example of prolate-oblate shape coexistence in the A ≈ 120mass region.These new experimental results and their interpretation will be discussed.
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Reconciling collectivity, finite temperature and deformationin the relativistic nuclear field theory*
E. Litvinova1,2, P. Schuck3,4, H. Wibowo5, Y. Zhang1 Invited talk

1 Western Michigan University, Kalamazoo, USA
2 Michigan State University, East Lansing, USA
3 Université Paris-Sud, Orsay Cedex, France
4 Université Grenoble Alpes, Grenoble, France
5 University of York, Heslington, United Kingdom
Challenges and recent progress of the nuclear many-body problem on the fermionic correlation functions(CFs) will be reviewed. Starting from the ab-initio Hamiltonian, a consistent equation of motion (EOM)framework is formulated for the low-rank CFs and adopted for nuclear applications by approximationswith minimal truncations, which keep the leading effects of emergent collectivity. A mapping of theEOM formalism to the relativistic nuclear field theory (RNFT) allows for extending the RNFT to higherconfiguration complexity in a systematically improvable framework. The approach is implementednumerically for the nuclear response, on the basis of the relativistic effective meson-nucleon Lagrangian.The results obtained for medium-heavy nuclei show that the consistent inclusion of the emergentcollective degrees of freedom refines the description of nuclear spectra, in both the high-energy and thelow-energy sectors [1-3].The approach confined by the leading ph⊗phonon configurations beyond the standard random phaseapproximation has been extended to the case of finite temperature for both neutral and charge-exchangenuclear response [4-6]. The associatedmany-body correlations, which play a decisive role in the structuralproperties of atomic nuclei, are thus linked to the astrophysical processes occurring during star evolution.The r-process nucleosynthesis predominantly occurring in the neutron star mergers requires the preciseknowledge of the radiative neutron capture and beta decay rates in neutron-rich nuclei, which can beextracted from the microscopic strength distributions in the neutral and charge-exchange, (p,n) Gamow-Teller and spin-dipole, channels [5]. The electron capture rates in the core collapse supernovae are relatedto the respective (n,p) spectra, which are also covered by the recent RNFT applications [6]. Perspectivesof building a consistent nuclear many-body framework for generating astrophysical input will be outlined.The recent theoretical effort in reconciling superfluidity and deformation [7] will be introduced. Theapproach [1] is extended to superfluid systems with the quasiparticle-vibration coupling (QVC) unifyingboth the normal and pairing phonons. The QVC vertices are related to the variations of the Hamiltonianof the Bogoliubov quasiparticles, which can be obtained by the finite amplitude method. First beyond-mean-field QVC applications to axially deformed nuclei will be presented and discussed.
References[1] E. Litvinova and P. Schuck, Phys. Rev. C 100 (2019) 064320.[2] P. Schuck et al., Physics Reports 929 (2021) 1.[3] V. Vaquero et al., Phys. Rev. Lett. 124 (2020) 022501.[4] E. Litvinova and H. Wibowo, Phys. Rev. Lett. 100 (2019) 064320.[5] E. Litvinova, C. Robin and H. Wibowo, Phys. Lett. B 800 (2020) 135134.[6] E. Litvinova and C. Robin, Phys. Rev. C 103 (2021) 024326.[7] Y. Zhang et al., Phys. Rev. C105 (2022) 044326.
*This work is supported by the US-NSF CAREER Grant PHY-1654379.
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Nuclear equation of state from nuclear collective excited stateproperties
X. Roca-Maza1 Invited talk

1 Dipartimento di Fisica “Aldo Pontremoli”, Università degli Studi di Milano, 20133 Milano, Italyand INFN, Sezione di Milano, 20133 Milano, Italy
This contribution reviews a selection of available constraints to the nuclear equation of state (EoS) aroundsaturation density from nuclear structure calculations on collective excited state properties of atomicnuclei [1]. It concentrates on predictions based on self-consistent mean-field calculations, which can beconsidered as an approximate realization of an exact energy density functional (EDF). EDFs are derivedfrom effective interactions commonly fitted to nuclear masses, charge radii and, in many cases, also topseudo-data such as nuclear matter properties. Although in a model dependent way, EDFs constitutenowadays a unique tool to reliably and consistently access bulk ground state and collective excited stateproperties of atomic nuclei along the nuclear chart as well as the EoS. The impact on the EoS of the newCREx [2] and PREx [3] measurments of the parity violating asymmetry (ground state observable) in 48Caand 208Pb, respectively, will be also discussed [4,5] and compared to previously presented results oncollective excitations.As the main conclusion, the isospin dependence of the nuclear EoS around saturation density and, to alesser extent, the nuclear matter incompressibility remain to be accurately determined. Experimentaland theoretical efforts in finding and measuring observables specially sensitive to the EoS propertiesare of paramount importance, not only for low-energy nuclear physics but also for nuclear astrophysicsapplications.
References[1] X. Roca-Maza, N. Paar, Progress in Particle and Nuclear Physics, 101 (2018) 96-176.[2] D. Adhikari et al. (CREx collaboration) arXiv:2205.11593[3] S. Abrahamyan et al. (HAPPEX and PREX Collaborations) Phys. Rev. Lett. 109, (2012) 192501.[4] Paul-Gerhard Reinhard, Xavier Roca-Maza, Witold Nazarewicz, Phys. Rev. Lett. 127 (2021) 232501.[5] Paul-Gerhard Reinhard, Xavier Roca-Maza, Witold Nazarewicz, arXiv:2206.03134
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Isoscalar Giant Resonances – experiments with radioactive beamsand storage rings
M.N. Harakeh1 Invited talk

1 University of Groningen, Zernikelaan 25, 9747 AA Groningen, the Netherlands
The study of isoscalar giant resonances and, in particular, the Isoscalar Giant Monopole (ISGMR) andDipole (ISGDR) Resonances, has been pursued for several decades at a number of facilities worldwide.Since the discovery of the ISGMR in 1977 [1], many experiments were performed with inelastic scatteringof isoscalar probes making use of magnetic spectrometers in order to measure at very forward angleswhere angular distributions of different multipolarities are quite distinct. Much has been learned fromthese experiments about the properties of the giant resonances, their microscopic structure as well asthe incompressibility term of the Equation of State (EoS) of nuclear matter. With the advent of radioactiveion-beam facilities, prospects for giant resonance studies in exotic nuclei become rich and promising.Recently, the isoscalar giant resonances were studied in inelastic scattering off deuterium and heliumtargets in inverse-kinematics using two techniques: the active-target method [2-4] and storage-ringmethod [5]. This included investigation of the isoscalar giant quadrupole resonance (ISGQR) as well asthe ISGMR and ISGDR, the so-called compression modes important for determining the key parametersof EOS of nuclear matter. The storage-ring method will be discussed and results for the only case studieduntil now will be presented. Future perspectives will be discussed.
References[1] M.N. Harakeh et al., Phys. Rev. Lett. 38 (1977) 676.[2] C. Monrozeau et al., Phys. Rev. Lett. 100 (2008) 042501.[3] S. Bagchi et al., Phys. Lett. B 751 (2015) 371.[4] M. Vandebrouck et al., Phys. Rev. C 92 (2015) 024316.[5] J.C. Zamora et al., Phys. Lett. B 763 (2016) 16.
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Nuclear Incompressibility: Does It Depend on Nuclear Structure?*
U. Garg1 Invited talk

1 Department of Physics and Astronomy, University of Notre Dame, Notre Dame, IN 46556, USA
The nuclear incompressibility parameter has crucial bearing on diverse nuclear and astrophysical phe-nomena, including radii of neutron stars, and strength of supernova collapse.The only direct experimental measurement of this quantity comes from the compression-mode giantresonances–the isoscalar giant monopole resonance (ISGMR) and the isoscalar giant dipole resonance(ISGDR). There have been some experimental results suggesting that nuclear structure effects may influ-ence the energy of the isoscalar giant monopole resonance and, hence, the nuclear incompressibility.However, this being a bulk property of nuclear matter, one would generally expect no structure effects toplay a role in it.In this talk, I will review the current status of determination of nuclear incompressibility, and criticallyexamine how, and if, nuclear structure effects play a role.

*This work has been supported in part by the U. S. National Science Foundation (Grant No. PHY-2011890).
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Isospin Mixing in medium mass nuclei
F. Camera1,2 Invited talk

1 Universitá di Milano, Dipartimento di Fisica, via Celoria 16,20133 Milano, Italia
2 INFN section of Milano, via Celoria 16, 20133 Milano, Italia

In this talk I will present the study of ”IsospinMixing” in the mass region 60< A< 80 [1-3]. The measuredvalues have been obtained using fusion-evaporation reactions and exploiting the selection rules for theemission of electric dipole radiation and the prediction reported in reference [4]. The measured datawill be compared with the theory of reference [5]. It is important to stress that, using this technique,it is not possible to populate nuclei with N=Z with large mass of the compound nucleus using stablebeams and targets. In addition, in the case of nuclei with mass number lower that 50, data based on analternative and more precise techniques (using the super-allowed beta decay) are available. The GiantDipole Resonance (GDR), where the maximum of electric dipole strength is concentrated, is the idealprobe for isospin mixing particularly with mass larger than 50. The GDR excitation state on a compoundnucleus (CN) can be populated in a fusion-evaporation reaction. Using a combination of N=Z projectileand target it is possible to produce a CN in zero isospin channel. The electric dipole gamma decay fromIsospin zero (I=0) to another Isospin zero state is forbidden and only the decay to states with isospinone is possible. The presence of isospin mixing, makes the initial state a superposition of I=0 and I=1states and therefore the electric dipole gamma decay to I=0 states becomes possible. Therefore, theelectric dipole of the GDR strength gives information on the value of the isospin mixing probability αa.This quantity is expected to decrease, when the excitation energy increases, because the lifetime of thenucleus, becoming shorter as the excitation energy increases, limits the mixing and leads to an effectiverestoration of the isospin symmetry. In this talk I will present the measurement of isospin mixing in 80Zrand 60Zn and show some very preliminary data on the measurement of mixing in 72Kr. In addition, as thevalue of the mixing enters as a correction of the first term of the CKM matrix, I will discuss, following themodel of reference [6], how to deduce the values for δc . The latter parameter enters in the correctionemployed to evaluate the nuclear factor used to obtain the term of the CKM matrix dealing with the uand d quarks.
References[1] A. Corsi et al., Phys. Rev. C. 84 (2011) 041304(R).[2] S. Ceruti et al., Phys. Rev. Lett. 115 (2015) 222502.[3] G. Gosta et al., Phys. Rev. C. 103 (2021) L041302.[4] H. Sagawa et al., Phys. Lett. B. 444 (1998)1.[5] W. Satula et al., Phys. Rev. Lett. 106 (2011) L041302.[6] N. Auerbach et al., Phys. Rev. C. 79 (2009) 035502.
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The pre-equilibrium emission of light charged particles and the GDRstrength functions
K. Mazurek1, M. Ciemała1, M. Kmiecik1, A. Maj1, C. Schmitt2, D. Lacroix3 Invited talk

1 Institute of Nuclear Physics Polish Academy of Sciences, PL-31342 Kraków, Poland
2 Institut Pluridisciplinaire Hubert Curien, 23 rue du loess, BP 28 67037 STRASBOURG CEDEX 2, France,
3 Laboratoire de Physique des 2 Infinis Iréne Joliot-Curie (IJCLab) BP 100, 15 rue Georges Clémenceau,91405 Orsay cedex
The heavy-ion collision is remarkable laboratory to investigate the interactions between nucleons but alsoconditions for various process such as fusion, fission, quasifission or particle and γ emission. Dependingon the beam energy, impact parameter and few other parameters, the creation of the compound-likenucleus can be preceded by emission of the neutrons, protons or α. This action changes the temperatureof produced nucleus, its angular momentum but also the mass and charge, which results totally differentGiant Dipole Resonance strength function shape than expected.The entrance channel physics is estimated by HIPSE model [1], which generates the set of nuclei, takinginto account the distance between colliding nuclei and its parameters. This phenomenological approachproduces not only compound-like nuclei but also the quasiprojectile and quasitarget events. The ensembleof hot collision products is de-exited by GEMINI++ statistical code. The final evaporation residues andfission fragments are accompanied by particle emitted before and after equilibration stage and the γquanta. Apart of statistical photons, also the high energy γ are calculated, thus the GDR spectra areincluded. The reaction of 48Ti(300, 600 MeV)+40Ca [2,3] gives wonderful opportunity to investigate thedependence of the GDR shape on the pre-equilibrium emission.Preliminary results [4] showed that this influence is quite substantial and further investigation concernthe comparison with experimental spectra after application of experimental filter on theoretical data.
References[1] D. Lacroix et al., Phys. Rev. C 69 (2004) 054604.[2] M. Ciemała et al., Phys. Rev. C 91 (2015) 054313.[3] S. Valdré et al., Phys. Rev. C 93 (2016) 034617.[4] K. Mazurek et al., Acta Phys. Pol. B Proc. Suppl., 11 (2018) 109.
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Feeding of the isomers of different deformations via GDR gamma decaystudied with nuBall + PARIS
M. Ciemala1, M. Kmiecik1, A.Maj1, F. Crespi2,3, B.Wasilewska1, B. Fornal1, P. Bednarczyk1, N. Cieplicka-Oryńczak1, M. Matejska-Minda1, Ł.W. Iskra1, A. Bracco2,3, F. Camera2,3, S. Leoni2,3, S. Bottoni2,3,G. Benzoni3, G. Gosta2; S. Ceruti2,3, S. Ziliani2,3, J.N. Wilson4, M. Lebois4, I. Matea4, D. Thisse4,N. Jovančević4,M. Stanoiu5, P. Napiorkowski6,M. Kicinska-Habior6, O. Dorvaux7, J. Dudek7, Ch. Schmitt7,
I. Mazumdar8, V. Nanal9 S
1 IFJ PAN Krakow, Poland
2 Università degli Studi di Milano, Italy
3 INFN sez. di Milano, Italy
4 IPN Orsay, France
5 IFIN-HH, Bucharest, Romania
6 University of Warsaw, Poland
7 IPHC Strasbourg, France
8 Tata Institute of Fundamental Research, Mumbai, India
9 Tata Institute of Fundamental Research, India
A study of the γ-decay of GDR formed in a hot 192Pt compound nucleus was performed at IPN Orsay. Themain goal of the experiment was to explore a link between characteristics of the compound and residualnuclei by investigating the GDR emission from the 192Pt compound nucleus in its 4n decay channelleading to the 188Pt residue. 188Pt is a nucleus known for its ground state prolate shape and tri-axialband based on 12+ state. The experimental method which can deliver information on feeding of statesof different deformations was based on simultaneous measurement of GDR and low-energy γ rays.The 192Pt compound nuclei were created with fusion reaction using beam of 18O at 90 MeV on 174Ybtarget. The experimental set-up consisted of the PARIS + nuBall arrays. 32 PARIS detectors were employedto measure high-energy γ rays from the GDR decay, while low-energy discrete transitions were measuredby 24 clover HPGe and 10 coaxial Ge detectors of nuBall. It is a very first experiment in which PARISdetectors were used for this type of measurement. To fully take advantage of these detectors, they wereplaced in a non-standard, wall geometry.During the talk results of the data analysis will be shown, as well as plans for the PARIS + nuBall2 campaign.For the autumn 2022 there is being prepared experiment aiming to study the 80Sr compound nucleusdecay by measuring the gamma-ray emission from GDR, particularly the one which is associated with the2p2n and α decay channel leading to 76Kr evaporation residues. It was observed in the Kr isotopic chaincoexistence of shapes built on the ground state band (prolate) and build on the excited states (oblate).By measuring high energy gamma rays in coincidence with low-spin discrete transitions of Kr residues, itwill be possible to study the GDR built on states of certain deformation.
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M4 resonances in light nuclei studied at CCB
N.Cieplicka-Oryńczak1, Y. Jaganathen1,9, B. Fornal1, S. Leoni2, M. Płoszajczak3, M. Ciemała1, S. Ziliani2,M. Kmiecik1, A. Maj1, J. Łukasik1, P. Pawłowski1, B. Sowicki1, B. Wasilewska1, M. Ziębliński1,P. Bednarczyk1, C. Boiano2, S. Bottoni2, A. Bracco2, S. Brambilla2, I. Burducea5, F. Camera2, I. Ciepal1,C. Clisu5, F.C.L. Crespi2, K. Dhanmeher1, N. Florea5, E. Gamba2, J. Grębosz1, M. N. Harakeh4, D. A. Iancu5,Ł.W. Iskra1, M. Krzysiek1, P. Kulessa6, N. Marginean5, R. Marginean5, I. Matea7, M. Matejska-Minda1,
K. Mazurek1, B. Million2, W. Parol1, M. Sferrazza8, L. Stan5, B. Włoch1 S
1 Institute of Nuclear Physics, Polish Academy of Sciences, Kraków, Poland
2 Università degli Studi di Milano and INFN Sezione di Milano, Milano, Italy
3 GANIL, Caen, France; 4 University of Groningen, The Netherlands;
5 IFIN-HH, Bucharest-Magurele, Romania; 6 Institut für Kernphysik, Jülich, Germany;
7 Université Paris-Saclay, CNRS/IN2P3, Orsay, France; 8 Université Libre de Bruxelles, Brussels, Belgium;
9National Centre for Nuclear Research, Warsaw, Poland
M4 resonances appear in light nuclei as high-lying excitations resulting from the p3/2 → d5/2 stretchedtransitions [1]. The structures of these stretched excitations are dominated by a single particle-holecomponent for which the excited particle (proton or neutron) and the residual hole couple to the maximalpossible spin value available on their respective shells. Due to the expected low density of other one-particle-one-hole configurations of high angular momenta in the energy region where the stretchedstates appear, their configurations should be relatively simple. This feature makes them attractive as theirtheoretical analysis could provide clean information about the role of continuum couplings in stretchedexcitations. noindent The direct measurement of M4 states properties, poorly known thus far, shouldprovide data which can be used as a very demanding test of state-of-the-art theory approaches, likefor example, Gamow Shell Model [2] which is an adequate tool for the theoretical description of thestretched states. The stretched M4 resonances having high energies, relatively narrow widths, andpossibly simple structure, thus provide an excellent testing ground for the GSM interaction. noindentThe first experimental studies aiming at tracing the decay of the M4 stretched resonance in 13C, locatedat 21.47 MeV, have been recently undertaken at the Cyclotron Centre Bronowice at IFJ PAN in Krakow.The data were obtained by measuring inelastically scattered protons (which excite the resonance) incoincidence with charged particles, from the resonance decay, and γ rays from daughter nuclei. Thedetection setup consisted of: i) the KRATTA telescope array for detection of scattered protons, ii) twoclusters of the PARIS scintillator array and an array of four LaBr3 detectors for gamma-ray measurement,and iii) a thick position-sensitive Si detector for light charged particles detection. In particular, the emitted
γ rays give a precise knowledge of the feeding to specific states in daughter nuclei, even in the case ofneutron decay from the resonance state. Thus, first experimental information on the proton and neutrondecay channels of the 21.47-MeV resonance in 13C, to 12B and 12C daughter nuclei, respectively, could beobtained. noindent The experimental results on the decay of the 21.47-MeV stretched state in 13C werethen compared with the theoretical calculations based on the Gamow Shell Model approach, in terms ofenergy, width, and in particular, the decay pattern.
References[1] S. Raman, L. W. Fagg, R. S. Hicks, Giant Magnetic Resonances, in: J. Speth (Ed.), Electric and MagneticGiant Resonances in Nuclei, World Scientific Publishing Company (1991).[2] N. Michel, W. Nazarewicz, M. Płoszajczak, T. Vertse, J. Phys. G: Nucl. Part. Phys. 36 (2009) 013101.
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The systematic study of Pygmy Dipole States in 40,44,48Ca induced in the(p, p’γ) reaction*
B. Wasilewska, A. Bohn, F. Heim, S. Prill, M. Weinert and A. Zilges S

University of Cologne, Institute for Nuclear Physics, 50937 Cologne, Germany
The calcium nuclei form a unique isotopic chain. Calcium is the only element with two stable doubly-magicisotopes and the masses of stable isotopes spread over a wide range of N/Z ratios. The second feature isespecially interesting for studies of the Pygmy Dipole Resonance (PDR). This additional E1 strength inthe region of the neutron separation energy (Sn) has been shown to increase with the N/Z ratio, but itsnature is a subject of discussion [1,2].The recent progress in nuclear physics theory enabled ab-initio calculations in themedium-mass region [3],making calcium isotopes a perfect case to examine the states forming the PDR.nIn a series of experimentsat the Institute for Nuclear Physics, University of Cologne, the isotopes 40Ca, 44Ca and 48Ca were studiedin the (p,p′γ) reaction at Ep = 12 and 15 MeV. Employment of the SONIC@HORUS set-up [4] allowed ahigh-precision measurement of the excitations near Sn.In the talk, the experimental set-up and the analysis process will be briefly described. The obtainedrelative excitation cross-sections close to Sn will be shown and compared with other experiments. Theattempt to assign spins of observed states based on the recorded p-γ angular correlations will also bediscussed.
References[1] D. Savran et al., Phys. Lett. B 786 (2018) 16.[2] M. Weinert et al., Phys. Rev. Lett. 127 (2021) 242501.[3] E. Litvinova and H. Wibowo, Phys. Rev. Lett. 121 (2018) 082501.[4] S.G. Pickstone et al., Nucl. Inst. Meth. A875 (2017) 104.

*This project is supported by the NAWA Polish National Agency for Scientific Exchange within the Bekker Programme(grant No. PPN/BEK/2019/1/00383) and the DFG German Research Fundation (grant No. ZI 510/10-1).
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Investigation of low-lying dipole excitations with real photon-scatteringexperiments*
F. Kluwig1, M. Müscher1, D. Savran2, R. Schwengner3, T. Schüttler1, and A. Zilges1 S
1 University of Cologne, Institute for Nuclear Physics, 50937 Cologne, Germany
2 GSI Helmholtzzentrum für Schwerionenforschung GmbH, 64291 Darmstadt, Germany
3 Helmholtz-Zentrum Dresden-Rossendorf, 01328 Dresden, Germany
Real photon-scattering experiments are a very powerful tool for studying dipole excited states in atomicnuclei due to the low momentum transfer of the photons [1]. Because of this selectivity, they are acommonly-used probe to study the so-called Pygmy Dipole Resonance (PDR) in Nuclear ResonanceFluorescence (NRF) experiments. The PDR denotes the occurrence of an accumulation of electric dipolestrength around and below the particle separation threshold.nAlthough it exhausts only a few percent of the energy weighted sum rule it may have some influence onthe reaction rates in nucleosynthesis processes, e.g., the rapid neutron-capture cross section [2,3], andcould be important to constrain the nuclear equation of state [4]. Hence, the PDR has been a researchtopic of great interest in the last decades [5,6].nPhotoabsorption cross sections as well as spin and parity quantum numbers of the excited states canbe determined in a model-independent way via real photon-scattering experiments. The basic principlesand first results of the analysis procedures of complementary (γ,γ’) experiments performed with anenergetically continuous bremsstrahlung beam at γELBE [7] and with quasi-monoenergetic γ rays at HIγS[8] will be presented using the example of 144Nd.
References[1] A. Zilges et al., Prog. Part. Nucl. Phys. 122 (2022) 103903.[2] S. Goriely, Phys. Lett. B 436 (1998) 10.[3] E. Litvinova et al., Nucl. Phys. A 823 (2009) 26.[4] A. Carbone et al., Phys. Rev. C 81 (2010) 041301(R).[5] D. Savran et al., Prog. Part. Nucl. Phys. 70 (2013) 210.[6] A. Bracco et al., Prog. Part. Nucl. Phys. 106 (2019) 360.[7] R. Schwengner et al., Nucl. Instr. and Meth. A 555 (2005) 211.[8] H. R. Weller et al., Prog. Part. Nucl. Phys. 62 (2009) 257.

*This project is supported by the BMBF (05P21PKEN9).
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Evolution of the Pygmy Dipole Resonance in Sn Isotopes*
M. Markova1, A.C. Larsen1, F. L. Bello Garrote1 S
1 Department of Physics, University of Oslo, N-0316 Oslo, Norway
The electric dipole response of neutron-rich nuclei below the neutron threshold often reveals the presenceof the pygmy dipole resonance (PDR), superimposed on the low-energy tail of the giant dipole resonance(GDR). As the PDR is usually interpreted in relation to the neutron excess, a multifaceted experimentaland theoretical study of this feature may have a significant impact on studying both the nuclear structureproperties in general and the astrophysical r- and s-processes of element production.This work presents a systematic study of the dipole γ-ray strength functions (GSF) below the neutronthreshold in eleven Sn isotopes (111−113Sn,116−122Sn and 124Sn) with a primary goal of investigatingthe evolution of the pygmy dipole strength with an increasing neutron number in the Sn isotopic chain.The experimental GSFs have been extracted from the particle−γ coincidence data by applying the Oslomethod [1], primarily used for the simultaneous extraction of statistical properties of nuclei, such asthe GSF and nuclear level density. The most recent (p, p′γ) experiments on 117,119,120,124Sn have beenperformed at the Oslo Cyclotron Laboratory with a new array of 30 LaBr3(Ce) scintillator detectors(OSCAR). This provides an improved energy resolution and timing properties for the selection of p− γevents as compared to the earlier experiments with the NaI detector array CACTUS. The shapes of thestrengths in these nuclei have been additionally constrained by applying the novel Shape Method to thecoincidence data [2]. The previously published strengths in 116−119,121,122Sn [3] have been reanalyzed inorder to provide a coherent analysis of the strengths in the studied nuclei.All experimental strengths were compared to the GSFs extracted from relativistic Coulomb excitation inforward-angle inelastic proton scattering below the neutron separation energy [4] and were found to bein excellent agreement within the experimental error bands in the regions where the data overlap. TheOslo method strengths below the neutron threshold, combined with the inelastic proton scattering dataabove the neutron threshold provide an exhaustive picture of the nuclear response, covering the GDR,the PDR and the low-lyingM1 strength. The evolution with an increasing neutron number of parameterscharacterizing the PDR as well as the fraction of the corresponding classical Thomas-Reiche-Kuhn sumrule will be presented together with the study of the effect of the pygmy dipole strength on the radiativeneutron capture cross-sections is these nuclei. The increasing number of neutrons was found to leadto the increasing low-lying dipole strength towards the heaviest studied 124Sn isotope. This trend maybe expected to be the case for even heavier nuclei and play a noticeable role in various astrophysicalscenarios.
References[1] A. C. Larsen et al., Phys. Rev. C 83 (2011) 034315.[2] M. Wiedeking et al., Phys. Rev. C 104 (2021) 014311.[3] H. K. Toft et al., Phys. Rev. C 83 (2011) 044320.[4] S. Bassauer et al., Phys. Rev. C 102 (2020) 034327.

*We would like to express our gratitude to P. Sobas and V. Modamio for excellent experimental conditions and to P. von Neumann-Cosel for the valuable input and discussions.
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Measurements of γ-rays from 16O (p, p′γ) 16O reaction*
V. Ranga1,2, I. Mazumdar2, S. P. Weppner3, S. M. Patel2, P. B. Chavan2, S. Panwar1,2, R. Sariyal2,4,
A. K. Rhine Kumar5, G. Anil Kumar1 S
1 Radiation Detectors and Spectroscopy Laboratory, Dept. of Physics, Indian Institute of TechnologyRoorkee, Roorkee-247667, Uttarakhand, India
2 Dept. of Nuclear and Atomic Physics, Tata Institute of Fundamental Research, Colaba-400005, Mumbai,India
3 Eckerd College, St. Petersburg, FL. 33711, USA
4 Dept. of Physics, Panjab University, Chandigarh-160014, India
5 Dept. of Physics, Cochin University of Science and Technology, Kochi-682022, Kerala, Indian
Scattering of light particles such as protons, neutrons, α-particles, etc., can be utilised to get insightabout the nuclear structure of the target nuclei. Such measurements are generally analysed usingphenomenological optical model potential calculations for most of the projectile energies [1]. However,at energies below 30 MeV, incident projectile has enough time to interact with many nucleons in thetarget nucleus. Consequently, assumption of microscopic impulse approximation becomes invalid andnuclear physicists struggle to fit the experimental data for energy less than 30 MeV [2].Very recently we have carried out detailed measurements to study the low lying states of 12C usinginelastic scattering of proton on 12C nucleus. The measured production cross-section of the states havebeen analysed using both microscopic and phenomenological optical model calculations [3, 4]. In thisregard, We have carried out one more measurement of inelastic scattering of proton on 16O. Here wereport about this very recent measurement. A large body of experiments have reported cross-sectionmeasurements of inelastically scattered protons from 16O. However, only very few experiments havebeen carried out by detecting the γ-rays from the excited states of the 16O target nucleus.The measurement of γ-ray production cross-section from inelastic scattering of protons from 16O is alsouseful for astrophysical studies. Gamma rays from sun during solar flare events, sites of star formationand supernova explosions are being detected for long time through satellite based observatories. Theseastrophysical γ-rays can provide crucial information about the isotopic composition of the sites of theirgeneration. γ-ray production cross-section data is essential for the extraction of isotopic abundance datafrom the γ-ray lines.Initial results of the γ-ray production cross-section measurements from 16O nuclei using proton beam ofenergy 8 to 20 MeV will be presented.
References[1] P. E. Hodgson, Nuclear Reactions and Nuclear Structure, Clarendon Press, 1971.[2] S. P. Weppner et al., Phys. Rev. C, 80 (2009) 034608[3] M. Dhibar et al., arXiv:1806.02126.[4] I. Mazumdar et al., Acta Phys. Pol. B 50 (2019) 377.

*V. Ranga would like to acknowledge support provided by Council of Scientific and Industrial Research, Government of Indiathrough the CSIR-JRF fellowship under Grant No. 09/143(0907)/2017-EMR-I.
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The TRISR Project – A Storage Ring for Neutron Captures on RadioactiveNuclei
I. Dillmann1 Invited talk

1TRIUMF, Canada
Heavy-ion storage rings connected to radioactive beam facilities offer a unique environment for nuclearphysics experiments. However, so far they have been only coupled to in-flight fragmentation facilities, forexample the ESR and the CRYRING at GSI Darmstadt/ Germany, the CSR at HIRF in Lanzhou/ China, andthe Rare RI Ring at RIKEN Nishina Center in Japan. Neutron capture reactions play a crucial role for theunderstanding of the synthesis of elements heavier than iron in stars and stellar explosions via the slow(s), intermediate (i), and rapid (r) neutron capture processes. Whereas most of the s-process neutroncaptures occur on stable or long-lived nuclei along the line of stability and have been experimentallyconstrained in the past decades, measuring directly the neutron capture cross sections of short-livednuclides (T1/2 << 1 y) has been so far out of reach and lead to large deviations between variousHauser-Feshbach predictions for very neutron-rich nuclei.Recently, a new method to couple a neutron-producing "facility" to a RIB storage ring was outlined [1].The initial proposal involved a storage ring running through a high flux fission reactor to achieve highenough neutron densities. Later, a facility with a spallation neutron source was suggested [2], a proposalthat is presently investigated at Los Alamos National Laboratory [3].Our storage ring project at TRIUMF proposes to use instead a compact neutron generator coupled toa low-energy storage ring (E = 0.1− 10MeV/u) and the existing ISAC radioactive beam facility. Theproject is currently seeking funding in Canada for a feasibility study. The TRISR project is presented, andmeasurements are outlined that would become possible, especially with the availability of clean, intenseradioisotope beams from the new ARIEL facility.If this world-wide unique facility is funded and built, it could become a key player and lead within a decadeof operation to a major reduction of uncertainties for neutron capture cross sections of radioactivenuclei.
References[1] R. Reifarth and Y. Litvinov, Phys. Rev. ST Accel. Beams 17 (2014) 014701.[2] R. Reifarth et al., Phys. Rev. Accel. Beams 20 (2017) 044701.[3] S. Mosby et al., Los Alamos National Laboratory preprint LA-UR-21-30261 (2021).
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Constraints on neutron-star radii from laboratory experiments
Sakib Rahman1 on behalf of the PREX/CREX collaboration Invited talk

1 University of Manitoba, Canada
The weak interaction is the only fundamental interaction in nature that violates the parity symmetry.High-precision asymmetry measurements, using an electron beam with rapidly flipping helicity, enhanceour understanding of the structure of nuclei and neutron stars. PREX-2 and CREX (Lead/Calcium RadiusExperiments) are two such recent experiments conducted at the state-of-the-art Thomas JeffersonNational Accelerator Facility in Newport News, Virginia, USA. PREX-2 was conducted by scattering alongitudinally polarized 953MeV electron beam elastically from 208Pb at a∼ 5 degree scattering anglewith a beam current of∼ 70 µA. The measured asymmetry was APV = 550± 16 [stat.]± 8 [sys.] ppbat kinematics with mean Q2 ∼ 0.00616 GeV2. Together with the predecessor experiment PREX-1, itimposed robust constraints on the neutron skin (0.283±0.071 fm) of 208Pb. Model correlations betweenthe neutron skin and the nuclear symmetry pressure indicate a stiff symmetry energy near the nuclearsaturation density. The constraint imposed by the PREX result and neutron star radii measurements fromthe NICER telescope on nuclear DFT models is in∼ 1 standard deviation tension with the constraint fromLIGO measurements of tidal deformability of neutron stars. Using the same experimental technique,CREX was conducted at a beam energy of 2.2 GeV and a beam current of 150 µA with a 48Ca target.The lab scattering angle and mean Q2 were ∼ 5 degrees and ∼ 0.0297 GeV2 respectively, resultingin an asymmetry measurement of APV = 2668 ± 106 [stat.] ± 40 [sys.] ppb and neutron skin of
0.121± 0.026 [exp.]± 0.024 [model] fm for 48Ca. The CREX result is in agreement with coupled clusterpredictions of a thin neutron skin for medium mass nuclei and provides confidence in the experimentaltechnique. However, the CREX result still contrasts the PREX result predicting thick neutron skins forheavy nuclei and relatively large neutron star radii. Further experimental and theoretical studies arerequired to better understand these anomalies.
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Isomer studies for r-process nucleosynthesis*
K. Kolos1, D. E. M. Hoff1, A.A. Valverde2,3, G. Savard2, G. W. Misch4, M. R. Mumpower4, M. Brodeur5,D. Burdette2, N. Callahan2, M. Carpenter2,J. A. Clark2,A. Gallant1, F. G. Kondev2, B. Liu5, G. Morgan6,R. Orford7, W. S. Porter5, D. Ray3, F. Rivero5, D. Santiago-Gonzalez2, N. D. Scielzo1, K. Sharma3, K. Sieja8,
L. Varriano9 S
1 Lawrence Livermore National Laboratory, Livermore, USA
2 Argonne National Laboratory, Lemont, USA
3 University of Manitoba, Manitoba, Canada
4 Los Alamos National Laboratory, Los Alamos, USA
5 University of Notre Dame, Notre Dame, USA
6 University of Louisiana, Baton Rouge, USA
7 Lawrence Berkeley National Laboratory, Berkeley, USA
8 Institut Pluridisciplinaire Hubert Curien, Strasobourg, France
9 University of Chicago, Chicago, USA
To understand the exact path of the r-process and its link to the observed abundance pattern requiresexperimental discoveries combined with extensive network simulations. Structure and decay propertiesof thousands of neutron-rich nuclei are key determinants of the nuclear flow throughout the entirer-process. To date, multiple extensive sensitivity studies of nuclear masses, half-lives, β-decay branchingratios, neutron captures, and neutron emission probabilities, and more recently nuclear isomers [1-3],have been performed. This recent theoretical work highlights the importance of precise information onnuclear masses and careful treatment of isomeric states in network calculations. We have performedmeasurements to study the energy difference between the ground state and isomeric states of somepotential important to astrophysics isomers for nuclei Sn and Sb isotopes in the vicinity of 132Sn with theCanadian Penning Trap (CPT) using the Phase-Imaging Ion-Cyclotron-Resonance (PI-ICR) technique [4]at Argonne National Laboratory’s CAlifornium Rare Isotope Breeder Upgrade (CARIBU) facility. We willdiscuss our results and plans for future decay measurements of these key isotopes.
References[1] S. Fujimoto and M. Hashimoto, MNRAS 493 (2020) L103-L107.[2] G. W. Misch et al., Astrop. Journ. Lett. 913 (2021) L2.[3] G. W. Misch et al., Astrophys. J. Suppl. Ser. 252 (2021) 2.[4] S. Eliseev et al., Phys. Rev. Lett. 110 (2013) 082501.

*This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratoryunder Contract DE-AC52-07NA27344 and Argonne National Laboratory DE-AC02-06CH11357. This work has been performedunder the auspices of the Los Alamos National Laboratory operated by Triad National Security, LLC, for the National NuclearSecurity Administration of U.S. Department of Energy (Contract No. 89233218CNA000001).
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Beta-decay properties of neutron-rich lanthanides and the formationof the rare-earth peak
A. Vitéz-Sveiczer1,2, G.G. Kiss1 on behalf of BRIKEN collaboration* S
1 Institute for Nuclear Research (Atomki), Debrecen
2 University of Debrecen
The solar r-process abundance distribution has a local maximum at A≈ 160, known as the rare-earth peak(REP). The peak formation is sensitive to the β-decay parameters — such as the half-life and β-delayedneutron emission probabilities (P1n values) — of very neutron-rich lanthanide isotopes [1,2].The β-decay of the aforementioned neutron-rich isotopes were studied at RIKEN Nishina Center. Thenuclei of interest were produced by fragmentation of a 30 pnA 238U beam on a 3 mm Be target at345MeV/nucleon. The fragments were identified using standard∆E-Bρ-ToF method by BigRIPS, thenimplanted in the AIDA double-sided silicon strip detector (DSSSD) array. The implantation station issurrounded by the BRIKEN neutron counter, consists of 140 3He gas filled proportional counters with anominal neutron detection efficiency of 66.8(20)%. Furthermore, the decay station was also equippedwith two CLARION-type HPGe detectors and veto detectors [3,4].Half-lives and P1n values were measured for 28 isotopes, from which 9 half-lives and all of the Pnvalues were derived for the first time. Beta-delayed γ-spectroscopy was also performed for isotopeswith sufficient statistics. Details of the experimental procedure and a selection of results, including theastrophysical interpretation, will be presented [5].
References[1] A. Arcones et al., Phys. Rev. C 83 (2011) 045809.[2] M. Mumpower et al., Phys. Rev. C 85 (2012) 045801.[3] A. Tolosa-Delgado et al., Nucl. Instrum. Meth. A 925 (2019) 133.[4] C. J. Gross et al., Nucl. Instrum. Meth. A 450 (2000) 12.[5] G. G. Kiss et al., submitted to Astrophysical Journal.

*www.wiki.edu.ac.uk/display/BRIKEN/Home
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NuPECC Long Range Plan 2024 for Nuclear Physics in Europe
M. Lewitowicz1,2 Invited talk

1 GANIL, BP 55027, 14076 Caen, France
2 NuPECC
The Nuclear Physics European Collaboration Committee (NuPECC) [1] hosted by the European ScienceFoundation represents today a large nuclear physics community from 22 countries, 3 ESFRI (EuropeanStrategy Forum for Research Infrastructures) nuclear physics infrastructures and ECT* (European Centrefor Theoretical Studies in Nuclear Physics and Related Areas), as well as from 4 associated members and9 observers.The Committee, as one of its major activity, organises a consultation of the community leading to thedefinition and publication of a Long Range Plan (LRP) of European nuclear physics.To this aim, NuPECC has in the past produced five LRPs: in November 1991, December 1997, April 2004,December 2010 and November 2017 [2]. The LRP identifies opportunities and priorities for nuclearscience in Europe and provides national funding agencies, ESFRI and the European Commission with aframework for coordinated advances in nuclear science in Europe. It serves also as a reference documentfor the strategic plans for nuclear physics in the European countries.NuPECC published in February 2022 an assessment of the implementation of the LRP 2017 [1] whichsummarises achievements in nuclear science and techniques resulting from the LRP recommendations.At its recent meeting in May 2022, NuPECC took the decision to launch the process of creating a newLong Range Plan for Nuclear Physics in Europe, identifying opportunities and priorities for nuclear sciencein Europe, with the aim of publishing the document in 2024[3]. With the intention of strengthening thebottom-up approach that has always played an important role in its LRPs, NuPECC has opened recently acall for inputs to the next LRP in form of short (5 page) documents describing the view of collaborations,experiments, or communities on the key topics for the next 10 years to be included in the upcomingLRP. The committee also solicits new ideas going beyond the topics considered in the LRP2017 or/andexploring synergies with the particle physics and astroparticle physics communities and considering newdevelopments such as gravitational waves and multi-messenger astronomy. Contributions related tonovel applications in cross disciplinary fields are also welcome. Nuclear Physics is a cross-continent fieldof science and European scientists strongly participate in the research activities outside of Europe. Inputsreflecting these activities are warmly welcome, too. The call for inputs will be open until 1 October 2022.Details concerning the submission procedure and the format of inputs can be found at the submissionWeb page [4].The Steering Committee of the LRP2024, supervising the whole process, and all NuPECC membersencourage active participation of the whole community in the elaboration of an ambitious and achievablestrategic plan for the future of European nuclear physics.
References[1] http : //nupecc.org.[2] http : //nupecc.org/pub/lrp17/lrp2017.pdf .[3] http : //nupecc.org/?display = lrp2024/main.[4] https : //indico.ph.tum.de/event/7050/.
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Nuclear isomers in the heaviest nuclei and the odd nucleon as a sensitiveprobe of low-lying nuclear structure*
D. Ackermann1 Invited talk
1 GANIL, CEA/DRF-CNRS/IN2P3, 14076 Caen, France
When the liquid drop fission barrier vanishes in the fermium-rutherfordium region, only the stabilizationby quantum mechanics effects allows the existence of the observed heavier species. Sigurd Hofmannwas one of the most prominent scientists working in the field of superheavy nuclei (SHN) which hereviewed in several overview papers like e.g. ref. [1]. He passed away in June 2022 and this presentationis dedicated to honor him, his scientific achievements and his memory.Among the nuclear structure features to be studied [2], nuclear deformation and exotic shapes are themost intriguing, leading also to meta-stable states. In particular interesting areK-isomers, detected upthe heaviest one 270mDs [3], which is located at the edge of the onset of the descent of deformationtowards sphericity [2,4], following various theory predictions, see e.g. ref. [5]. Initially low statistics datahad been extended in a second experiment showing an increasingly complex α decay spectrum for 270Dsand surprising fission probabilities for the daughter 266Hs, despite their even-even character.The firstK isomers found in the region of the heaviest nuclei were typically meta-stable states of even-even isotopes like e.g. 254No [6] or the above mentioned 270Ds. More recently, cases for even-odd andodd-even nuclei have been reported with e.g. 255Rf [7], 255No [8] and 249,251Md [9], respectively. Whilefor the even-even isotopes often 2-quasi-particle excitations across a shell gap lead to highK-numbers,the meta-stable states in odd-mass nuclei are formed as 3-quasi-particle states where highK values areproduced by 2-quasi-particle excitation coupled to the odd un-paired particle. No high-K isomer has yetbeen assigned to odd-odd nuclei in this region, possibly providing interesting quasi-particle configurations.Nuclei in the vicinity of shell gaps like 254Lr and 258Db, lying close to Z=100 andN=152, would be interestingcandidates. For the latter, two decay activities have been reported [10]. The observation of low excitationenergies for single-particle states originating from orbitals which are supposed to define the shell gapsfor spherical superheavy nuclei provide important input to validate theoretical predictions, like in thecase of the 247Md→ 243Es decay [11].In this presentation I will take you to a journey along the coast of the mainland of atomic nuclei, lookingout towards the so-called "island of stability" of spherical SHN, to reach the long searched for distantshores some day, following the path Sigurd and others had started to pave time ago.
References[1] Sigurd Hofmann, J. Phys. G: Nucl. Part. Phys. 42, ( 2015) 114001.[2] D. Ackermann and Ch. Theisen, Phys. Scripta 92, (2017) 083002.[3] Sigurd Hofmann et al., Eur. Phys. J. A 10, (2001) 5.[4] D. Ackermann, Nucl. Phys. A 944, (2015) 376.[5] S. Ćwiok and P.-H. Heenen and W. Nazarewicz, Nature 433, (2005) 705.[6] S.K. Tandel et al., Phys. Rev. C 82, (2006) 041301.[7] P. Mosat et al., Phys. Rev. C 101, (2020) 034310.[8] A. Bronis et al., Phys. Rev. C 106, (2022) 014602.[9] T. Goigoux et al., Eur. Phys. J A 57, (2021) 321.[10] F.P. Heßberger et al., Eur. Phys. J A 52, (2016) 328.[11] F.P. Heßberger et al., Eur. Phys. J A 58, (2022) 11.
*dieter.ackermann@ganil.fr
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Facility upgrade for SHE research at RIKEN
Hideyuki Sakai1, Hiromitsu Haba1, Kouji Morimoto1 and Narruhiko Sakamoto1 Invited talk

1 RIKEN Nishina Center, Wako, Saitama 351-0198, Japan
The RIKEN Nishina Center (RNC), established in 2006, inherits a long research tradition of nuclear sciencebegun by Yoshio Nishina in 1931. The discovery of the superheavy element (SHE) nihonium (Nh: Z=113)was one of the recent epoch-making achievements. The nihonium was synthesized using the cold fusionreaction of 209Bi+70Zn→278Nh+n with the 70Zn beam of E=5.0 MeV/u and about 0.5 pµA.In 2016, RNC commenced the new comprehensive superheavy element (SHE) research project. Aiming atthe synthesis of a new superheavy element 119 in a hot fusion reaction, namely 51V+248Cm→Z=119, theRNC carried out the accelerator upgrade project, constructing a superconducting linac (SRILAC) and anew superconducting electron cyclotron resonance (SC–ECR) ion source to boost the final beam energyand its intensity. The project included constructing a gas-filled recoil ion separator (GARIS-III) suitable fordetecting hot-fusion reaction residues.Commissioning of SRILAC finished in 2019 confirmed a 51V beam accelerated up to 6.5 MeV/u that makesa hot fusion reaction of 51V+248Cm possible to synthesize a new element 119. Thus, the initial goal of theSHE project was successfully achieved. The commissioning experiment searching for the new elementwith the upgraded facility (SRILAC and GARIS-III) was started in 2020. The highly enriched 248Cm2O3material was provided to RNC under the Material Transfer Agreement between RNC and Oak RidgeNational Laboratory.After the commissioning, the new SHE search experiment started under an international collaborationcalled the nSHE (“n" could stand for ‘n"ew, ‘n"ishina, or ‘n"ihon.) research group. Unfortunately, thecommissioning and searching for a new element were frequently interrupted during 2020 and 2022,mainly due to the COVID-19 pandemic.In this talk, we present the upgrade project of SRILAC and GARIS-III, their commissioning, and the presentstatus of the new element search experiment at RIKEN.
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New possibilities for production of super-heavy nuclei
M. Kowal* S

National Centre for Nuclear Research, Pasteura 7, 02-093 Warsaw, Poland
I would like to present selected issues related to the physics studied by Sigurd Hofmann, which was theinspiration and motivation for the Warsaw group for many years. Our theoretical calculations as theevaluations of nuclear masses, fission barriers, or shapes of superheavy nuclei were done for systemsaround Z = 102-112 partially discovered already in GSI. Then, I will present the latest cross-section estimatesbased on these fundamental nuclear properties [1] paying attention to:

• the possibility of direct production of new superheavy isotopes [2,4];
• unexpected slow decline in the synthesis probabilities for high excitation energies in channels withthe emission of many neutrons (1-9)n [3];
• the possibility of producing superheavy nuclei in channels with proton and alpha emission in thefirst step of the compound nucleus deexcitation cascade [2,5];
• fusion probabilities with a discussion of hindrance mechanisms for nuclear reactions done at GSIby Sigurd and colleagues [6].

Those may offer a new opportunity for the future synthesis of unknown superheavy isotopes.
References[1] P. Jachimowicz, M. Kowal, and J. Skalski, At. Data. Nucl. Data. Tables. 138, 101393 (2021).[2] J. Hong, G.G. Adamian, N.V. Antonenko, P. Jachimowicz, M. Kowal, Phys. Lett. B 809, 135760 (2020).[3] J. Hong, G.G Adamian, N.V. Antonenko, P. Jachimowicz, M. Kowal, Phys. Rev. C 103 (4), L041601, (2021).[4] J. Hong, G.G Adamian, N.V. Antonenko, P. Jachimowicz, M. Kowal, Phys. Rev. C 106 , 014614 (2022).[5] K. Siwek-Wilczyńska, T. Cap, M. Kowal, Phys. Rev. C 99, 054603 (2019).[6] T. Cap, M. Kowal, K. Siwek-Wilczyńska, Phys. Rev. C 105, L051601 (2022).

*I dedicate this lecture to the memory of Sigurd Hofmann.
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Optimal energy for element 119 synthesis via 51V+ 248Cm reaction probedby quasielastic barrier distribution measurement
M. Tanaka 1,2,3 for nSHE Collaboration S
1RIKEN Nishina Center for Accelerator-Based Science, Wako, Saitama 351-0198, Japan
2 Department of Physics, Kyushu University, Fukuoka 819-0395, Japan
3 Research Center for Superheavy Elements, Kyushu University, Fukuoka 819-0395, Japan
The periodic table is now completely filled up to the seventh period. The synthesis of elements 119 and120 has been attempted in several cases using the combination of actinide targets and projectile beamsheavier than 48Ca. However, these new elements have not been discovered yet so far [1-4].In the synthesis of superheavy elements, the reaction energy is the most important parameter thatsignificantly affects the experimental efficiency. At RIKEN, element 119 is being searched using a 51V+ 248Cm hot fusion reaction. The optimal reaction energy of this reaction system is unknown sincetheoretical predictions vary widely.Under these circumstances, our group has developed a method to estimate the optimal energy from thequasielastic (QE) barrier distribution [5,6]. From the systematic studies of the relation between the QEbarrier distribution and the fusion-evaporation cross section σER for the hot- fusion reaction systemswith an actinide target, the optimal reaction energy for maximizing σER was found to be slightly largerthan the average Coulomb barrier heightB0 obtained from the QE barrier distribution [6]. Furthermore,it was also pointed out that the side-collision energyBside, which leads to a compact configuration of thecolliding nuclei by touching along the short axis of the prolately-deformed target nucleus, deduced fromthe experimentalB0 value, is in good agreement with the optimal energy of the experimental σER [6].In our latest study [7], we measured the QE barrier distribution of 51V + 248Cm, using a gas-filled recoilion separator GARIS-III at a recently upgraded Superconducting RIKEN Heavy Ion LINAC (SRILAC) facility.The energy corresponding to the Bside was derived from the B0 value determined from the presentexperiment, and the optimal reaction energy was estimated based almost purely on experimentalevidence. Using the optimal energy obtained in this study, an experiment to synthesize element 119 iscurrently in progress at RIKEN.
References[1] Yu. Ts. Oganessian et al., Phys. Rev. C 79 (2009) 024603.[2] S. Hofmann et al., GSI Report 2008 (2009) 131.[3] S. Hofmann et al., Eur. Phys. J. A 52 (2016) 180.[4] J. Khuyagbaatar et al., Phys. Phys. C 102 (2020) 064602.[5] T. Tanaka et al., J. Phys. Soc. Jpn 87 (2018) 014201.[6] T. Tanaka et al., Phys. Rev. Lett. 124 (2020) 052502.[7] M. Tanaka et al. for nSHE collabolation, submitted.
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High-K ground states & isomers in superheavy nuclei
P. Jachimowicz1, M. Kowal2, J. Skalski2 S
1 Institute of Physics, University of Zielona Góra, Z. Szafrana 4a, 65-516 Zielona Góra, Poland
2 National Centre for Nuclear Research, Pasteura 7, 02-093 Warsaw, Poland
Isomeric states in superheavy nuclei (SHN) present a considerable interest not only regarding cluesthey provide about single-particle spectra but also because half-lives of some of them could be longercompared to those of other states in the domain of notoriously short-lived species [1]. Several high-Kisomeric states are known in the Z ≥ 100 region [2,3,4], mostly in even-even nuclei, with 255Lr [5,6] and
249Md, 251Md [7] being the few known odd-even cases.We studied some configurations in heavy and SH nuclei which could live longer owing to hindrance to fis-sion and/orα-decay by using theWoods-Saxonmicroscopic-macroscopicmodel [8,9]. Recently, within thesame model, we systematically studied candidates for the 3qp high-K isomers inodd-even Md-Rg nuclei.Candidates for high-K isomers were searched by first selecting∼2000 low-lying 1π−2ν excitations inall isotopes, then determining the equilibrium shape for each of them, choosing those whose energiescompared to the energy of collective rotation built on the 1π component they contain is sufficienly low,and finally, choosing the most favoured ones in the E vs K plot. Energies of nuclear configurationswere calculated either within the BCS method with blocking or the quasiparticle approximation. We alsoperformed additional calculations in which pairing was treated within the particle-number-conservingformalism (a variant of the minimization after particle-number projection). Optimal shapes for high-Kconfigurations as well as for ground-states were found by the four-dimensional energy minimizationover axially- and reflection-symmetric deformations. The results point to particular isotopes in which thepresence of isomers is most likely according to the used Woods-Saxon model. One can also make somepredictions regarding their stability with respect to fission/α-decay. The largest uncertainty is related towhether electromagnetic deexcitations of the candidate configuration would be sufficiently hindered; itsresolution would require a precise prediction of the spectrum and transition probabilities below it.
References[1] F. R. Xu, E. G. Zhao, R. Wyss, P. Walker, Phys. Rev. Lett. 92 (2004) 252501.[2] F.G. Kondev, G.D. Dracoulis, T. Kibedi, At. Data and Nucl. Data Tables 103-104 (2015) 50.[3] R.D. Herzberg, D.M. Cox, Radiochimica Acta 99 (7-8) (2011) 441.[4] A.K. Jain, B. Maheshwari, S. Garg, M. Patial, B. Singh, Nuclear Data Sheets 128 (2015) 1.[5] K. Hauschild et al., Phys. Rev. C 78 (2008) 021302.[6] H.B. Jeppesen et al., Phys. Rev.C 80 (2009) 034324.[7] T. Goigoux et al., Eur. Phys. J. A 57 (2021) 321.[8] P. Jachimowicz, M. Kowal, J. Skalski, Phys. Rev. C 92 (2015) 044306.[9] P. Jachimowicz, M. Kowal, J. Skalski, Phys. Rev. C 98 (2018) 014320.
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Diffusion as a possible mechanism controlling the production of super-heavy nuclei in cold and hot fusion reactions
T. Cap1, M. Kowal1, and K. Siwek-Wilczyńska2 S
1 National Centre for Nuclear Research, Pasteura 7, 02-093 Warsaw, Poland
2 Faculty of Physics, Warsaw University, Pasteura 5, 02-093 Warsaw, Poland
Superheavy nuclides (SHN) are produced in fusion reactions with extremely low cross sections. This ismainly due to the rapid decrease of the fusion probability Pfus when the product of the projectile andtarget nuclei atomic numbers Z1 × Z2 ≥ 1600. The fusion probability for the production of SHN in coldfusion reactions (1n channel) on 208Pb and 209Bi targets drops approximately five orders of magnitudefrom 10−1 to 10−6 with the change of projectile atomic number from 20 (Ca) to 30 (Zn). A differentbehaviour is observed in 48Ca-induced hot fusion reactions on actinide targets (from 242Pu to 249Cf). Thefusion probability for these reactions is independent of the projectile-target combination and increasesfrom approximately 5× 10−5 to 2× 10−3 with the change of the reaction channel from 3n to 4n. Thequestion of what is the mechanism preventing the synthesis of SHN is still under discussion.Recent experimental results for reactions induced on a 208Pb target by 48Ca, 50Ti, and 54Cr projectilesshow that the probability of compound nucleus formation at energies above the interaction barrierB0can be significantly higher (up to two orders of magnitude) than its value at the peak of the 1n channeland weakly depends on the bombarding energy. It therefore exhibits a similar effect to that observed inthe evaporation residue cross section measurements for hot fusion reactions.In this work, we present a possible explanation of the rapid growth and subsequent stabilization ofthe fusion probability at bombarding energies close to the interaction barrier B0. Calculations wereperformed within the l-dependent fusion-by-diffusion model (FBD) using input data from new nucleartables of SHN [1]. It is shown that the experimentally measured probabilities Pfus can be well reproducedwithin the framework of the FBD model. BelowB0 fusion probability growth is due to the reduction ofthe fusion barrier height with the increase of bombarding energy, while probability saturation aboveB0comes from suppression of the contributions of higher partial waves. The role of angular momentum incompound nucleus formation at energies aboveB0 will be discussed in detail. The FBDmodel predictionsof Pfus for various projectile-target combinations leading to the formation of SHN both in cold and hotfusion reactions will also be discussed. Some of the presented results were recently published in [2].
References[1] P. Jachimowicz, M. Kowal, and J. Skalski, At. Data. Nucl. Data. Tables. 138, 101393 (2021).[2] T. Cap, M. Kowal, and K. Siwek-Wilczyńska, Phys. Rev. C 105, L051601 (2022).
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Status of the SIRIUS detector array and investigation of the propertiesof 252Fm*
R. Chakma1 S
1 GANIL, Caen, France
The superconducting LINAC (LINear ACcelerator) of SPIRAL2-GANIL will produce very intense heavy-ionbeams up to uranium by virtue of the additional NEWGAIN (NEW GAnil INjector) with mass to chargestate ratios (A/q = 7)[1]. The S3 (Super Separator Spectrometer ) of SPIRAL2 was designed to have hightransmission, high beam rejection and high mass resolving power capabilities to study rare isotopes likesuperheavy and exotic nuclei far from the stability with very low production cross sections[2]. At the focalplane of S3, a state-of-art detector array called SIRIUS (Spectroscopy and Identification of Rare IsotopesUsing S3)[3] will be installed to perform decay spectroscopic studies in the region of very heavy andsuperheavy nuclei where very little spectroscopic data[4] is available. SIRIUS will be capable of detectingheavy ions and their subsequent decays products: alpha particles, internal conversion electrons, gammarays, X-rays, beta particles and fission products. SIRIUS is composed of a SeD to track the transmittingions and measure their times of flight, a DSSD (double-sided silicon strip detector) for implanting theERs (evaporation residues) and establish position and time correlations between the implanted ions andtheir successive decays, a tunnel detector placed upstream to the DSSD and consisting of 4 stripy padsilicon detectors to detect the ionizing particles that escape the DSSD, five Germanium detectors placedin a close geometry around the silicon detectors for gamma spectroscopy. SIRIUS is in the commissioningphase now. In the first part of this talk, I will present the current status of the SIRIUS project.In the second part of the talk, I will present some of the results obtained from the experimentnthatwe have carried out at Argonne National Laboratory to investigate the yet unknown excited states of
252Fm. Only the 2+ state at 42.1(1.3) keV has been measured so far in the alpha decay of 256No to
252Fm[5]. 252Fm being deformed and doubly-magic makes it a very interesting case to investigate theeffects of shell closure on the nuclear structure. The 252Fm nuclei were produced via the 238U(18O,4n)fusion-evaporation reaction. The prompt gamma rays emitted at the target position were detected by theGRETINA (Gamma-Ray Energy Tracking In-beam Nuclear Array)[6] gamma-ray detector array. The FMA(Fragment Mass Analyzer)[7] recoil mass spectrometer was used to isolate the ERs from the scatteredbeam and background of other reaction products and get the mass identification of 252Fm from theneighboring evaporation channels. The ERs were implanted in a DSSD installed at the focal plane detectorof the FMA. A clover detector was placed behind the DSSD to detect the X rays and gamma rays emittedduring the isomeric decays.
References[1] D. Ackermann et al., NEWGANWhite Book (2021) 1-39.[2] F. Déchery et al., Eur. Phys. J. A 51 (2015) 66.[3] N. Karkour et al., IEEE Nuclear Science Symposium 51 (2016) 1-6.[4] Ch. Theisen et al., Nucl. Phys. A 944 (2015) 333-375.[5] M. Asai et al., JAEA-Review 025 (2016), 9-10.[6] S. Paschalis et al., Nucl. Instr. Meth. A, 709 (2013) 44–55.[7] Cary N. Davids and J. D. Larson, Nucl. Instrum. and Meth. B 40/41 (1989), 1224-1228.
*The SIRIUS project is financed by a grant from the CPIER Vallée de Seine and the SoSIRIUS RIN Tremplin grant from RégionNormandie.
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Multinucleon transfer reactions in the 238U + 238U system studied withthe VAMOS + AGATA + ID-Fix
A. Utepov1,2, D. Ackermann1, C. Stodel1 and the E810_20 collaboration
1 GANIL, Caen, France
2 University of Caen-Normandie, Caen, France
Since the middle of the last century many efforts have been devoted to investigate the region of heaviestnuclei. Various models predict an existence of the island of stability of superheavy nuclei (SHN) withshell closures at a proton number between 114 and 126 and at a neutron number 172 or 184 [1]. However,the discovery of these nuclei is an experimental challenge. The fusion-evaporation reaction, being so farsuccessful in synthesis of SHN, faces significant limitations caused by low production cross sections andthe lack of sufficiently neutron-rich projectile-target combinations. Also, the region of neutron-rich lightactinides (uranium region) in the vicinity of the N = 152 deformed shell gap, where important nuclearstructure features are expected, is beyond reach. An alternative way to approach this region has beenproposed via the employment of multinucleon transfer (MNT) reactions for which rather high crosssections were predicted in near-barrier deep-inelastic collisions of heavy ions [2,3]. Experimentally, theproduction of neutron-rich actinide nuclei up to Fm was observed via chemical separation techniquesin cross section values ranging from mbarn to nbarn [4]. Within this context, an experiment aiming toinvestigate the MNT cross sections of exotic neutron-rich light actinides in the reaction of 238U+238U wascarried out at GANIL in May 2021. The measurement was performed employing the VAMOS++ magneticspectrometer [5] for the atomic mass identification, the AGATA γ-ray spectrometer [6] and the x-raydetection array ID-Fix for the identification of the atomic number through x-ray spectroscopy. In the talk,I will focus on the work done for preparation of the detection setup, in terms of absorber studies for aphoton background from the 238U+238U reaction and optimization of the digital pulse processing for anefficient x-ray spectroscopy, and will report on results on the 238U+238U experiment at VAMOS + AGATA +ID-Fix.
References[1] D. Ackermann and Ch. Theisen, Phys. Scr. textbf92 (2017) 083001.[2] V.I. Zagrebayev textitet al., Phys. Rev. C textbf73 (2006) 031602(R).[3] V.I. Zagrebayev textitet al., Phys. Rev. C textbf87 (2013) 034608.[4] M. Sch"adel textitet al., Phys. Rev. Lett. textbf41 (1978) 469.[5] M. Rejmund textitet al., Nucl. Instrum. Methods A textbf646 (2011) 184.[6] S. Akkoyun textitet al., Nucl. Instrum. Methods A textbf668 (2012) 26.

56



Spectroscopic studies of the neutron-rich 255/256No
K. Kessaci1 for the GABRIELA/SHELS collaboration S
1Strasbourg University, CNRS/IPHC, France
Nuclei around 254No (Z=102) have been widely studied by means of cold fusion reactions using projectileand targets around the doubly magic 48Ca and 208Pb in order to study the evolution of the single-particlestructure both below and above Z=100 and N=152 deformed gaps. Numerous rotational structures andhigh-K isomers were observed giving valuable information on the single particle orbitals ordering aroundthe Fermi level in theses nuclei (see [1-2] and references therein). Indeed, decay-spectroscopy techniquesare very powerful to pin down high-K isomers and to study their decay path to the ground state as wellas to subsequent states fed by radioactive decay of the nucleus of interest and its daughters.The experiments were performed in 2019 and 2020 with the GABRIELA [3] array, at the focal plane of theSHELS [4] separator of the FLNR in Dubna. The first part of this talk will be dedicated to the presentationof this spectroscopic setup and to the genetic correlation analysis method developed to detect and tocharacterize the isomeric states discovered in these Nobelia.Although E. D. Donets and his team studied the 256No alpha decay in the sixties [5], this "hard-to-reach"nucleus has never been successfully studied in detailed spectroscopy up to our experiment. Since itcannot be produced in cold fusion reactions, the 256No were synthetized through the fusion-evaporationreaction 238U(22Ne, 4n)256No, with a special care for the separation efficiency because of the slownessof the recoils induced by this hot fusion reaction. We performed an alpha-beta-gamma spectroscopicstudy which allows us to discover a new high-K isomer which gave us a first idea of the level scheme ofthis nucleus. This low-statistic study will be presented in the second part of this talk, and was alreadypublished in Phys. Rev. C [6]. The third part of this talk will focus on a second experiment performedusing a cold fusion-evaporation reaction 208Pb(48Ca, n)255No, with the same setup optimized for a 48Cabeam. Thanks to a higher transmission of the separator, this latter reaction allowed the discovery of fourisomeric states in 255No. The lifetime measurements and excitation energies will be presented and atentative interpretation in terms of high-K isomers and underlying single particles content will then bediscussed.
References[1] M. Asai et al., Nucl. Phys. A 944, 308-332 (2015).[2] Ch. Theisen et al., Nucl. Phys. A 944, 333-375 (2015).[3] K. Hauschild et al., Nucl. Instr. Methods A 560, 388-394 (2006).[4] A. G. Popeko et al., NIM. B 376, 140-143 (2016).[5] E. D. Donets et al., Sov. Journ. of. Nucl. Physics 723, (1966).[6] K. Kessaci et al., Phys. Rev. C 104, 044609 (2021).
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Multidimensional PES in spontaneous fission*
A. Zdeb1, M. Warda1, L.M. Robledo2, R. Han3 S
1 Maria Curie-Skłodowska University, Lublin, Poland
2 Autonomous University of Madrid, Madrid, Spain
3 University of Jyväskylä, Jyväskylä, Finland
The potential energy surface (PES) is the basic ingredient for fission studies. Typically fission is describedin terms of the evolution of the nuclear shape from the equilibrium state of the nucleus up to thepre-scission configuration. In the microscopic picture, the energy dependence on shape evolution can bestudied within the Hartree-Fock-Bogoliubov (HFB) mean field theory with constraints on the arbitrarychosen deformation parameters. In order to determine fission observables like spontaneous fissionlifetimes or mass yields, one needs to perform dynamic calculations that involve the evaluation of theaction integral, a quantity that is governed by the interplay between the potential energy landscapeand the behavior of collective inertias. Since the HFB equations are numerically expensive, one needsto find a reasonable balance between a proper choice of the most relevant degrees of freedom andcomputational time. The choice of the right set of degrees of freedom in the theoretical description offission still remains one of the major challenges for contemporary nuclear structure physics [1,2,3].In this work we present detailed studies of 3-dimensional PES of heavy nuclei. We show the complicatedinternal structure of the PES that cannot be fully described in two-dimensional picture, where somefission paths are not visible. The problems, that appear when multidimensional energy is projected intoa finite dimension plane based on standard deformation parameters, are also discussed and the wayshow one can resolve them are proposed. On this background, we study the competing fission channelsresponsible for the observed bimodal mass yield in fission of 258No. The aspect of the so-called scissioncliff has been raised as well. It has been shown that one can obtain a continuous PES in the scission regionwhen the neck parameter is considered as a collective degree of freedom. Additionally, we provide amicroscopic definition of the scission point, based on the limit number of nucleons in the neck [4].
References[1] A. Zdeb, M. Warda, L.M. Robledo, Phys. Rev. C104 014610 (2021).[2] N. Schunck, L.M. Robledo, Rep. Prog. Phys. 79 116301 (2016).[3] H.J. Krappe and K. Pomorski, in Theory of Nuclear Fission, Lectures Notes in Physics Vol. 838 (Springer,Berlin, 2012), p. 207.[4] R. Han, M. Warda, A. Zdeb, L.M. Robledo, Phys. Rev. C104 064602 (2021).

*Acknowledgements: National Science Center under Contract No. 2018/30/Q/ST2/00185 and Spanish Ministry of Economy andCompetitiveness (MINECO) Grant No. PGC2018-094583-B-I00.
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Experimental study of high-energy fission and quasi-fission dynamicswith fusion-induced fission reactions at VAMOS++
D. Fernández1, M. Caamaño1, D. Ramos2,3, A. Lemasson2, M. Rejmund,2 S
1 IGFAE – Universidade de Santiago de Compostela, E–15706 Santiago de Compostela, Spain
2 GANIL, CEA/DRF-CNRS/IN2P3, BP 55027, F-14076 Caen Cedex 5, France
During the last ten years, the use of inverse kinematics in the experimental study of fission is bringinga wealth of new observables obtained in single measurements, which allows their analysis and, alsoimportantly, of their correlations [1,2]. An ongoing application of this technique the basis of a series ofexperiments performed with the variable-mode, large-acceptance VAMOS++ spectrometer at GANIL(France) [3,4]. In these experiments, fission reactions are induced by fusion and transfer reactionsbetween a 238U beam and a set of different light targets. The kinematics of the transfer and fusionreactions allows us to identify the fissioning systemand determine its initial excitation energy [5], while thedata from the VAMOS spectrometer gives us the isotopic identification for the full fragments distribution,and their velocity vectors. These measurements result in an accurate determination of the fragmentsmass before and after post-scission neutron evaporation, their neutron multiplicity, the total kinetic andexcitation energy, and their emission angle in the centre of mass [1,6,7]. In addition, these characteristicscan be studied as a function of the initial excitation energy of the fissioning system [9]. The correlationbetween these magnitudes also permits to determine, for instance, the scission configuration and thesharing of excitation energy between the fragments [8, 9], and even to obtain information about thebalance between intrinsic and collective excitation energy [10].In a recent experiment, we have focused on the survival of nuclear structure effects in high excitationenergy and the frontier between fission and quasi-fission. The main objective is to build and to studyobservables that would allow us to estimate the fission and quasi-fission components of the productionand to identify relevant shells, such as newly highlighted octupolar-deformed closed shells [11], and theirrole on the fission dynamics at high energy.The results of our analysis show that the ratio between neutrons and protons at scission as a function ofthe fragment split, together with the total kinetic and excitation energies, and the isotopic yields, revealthe presence of structure effects related at high energy, even if pre-scission evaporation is taken intoaccount.Concerning the quasi-fission component, the classical mass-angular distribution is completed in ourcase with the fragment identification, the ratio between neutrons and protons, and more importantly,the ratio between the production of fragments with an even and odd number of protons, the so-calledeven-odd effect [12, 13]. The latter shows a clear different mechanism for fission and quasi-fission thatcan be used to address, not only the separation between fission and quasi-fission, but also to study theenergy dissipated in each of these processes.
References[1] M. Caamaño et al., Phys. Rev. C 88, 024605 (2013). [10] M. Caamaño and F. Farget, Phys. Lett. B 770, 72 (2017)[2] E. Pellereau et al., Phys. Rev. C 95, 054603 (2017). [11] G. Scamps and C. Simenel, Nature 564, 382 (2018).[3] S. Pullanhiotan, et al., NIM. A 593, 343 (2008). [12] B. Jurado and K.-H. Schmidt, J. Phys. G 42, 055101 (2015).[4] M. Rejmund et al., NIM. A 646, 184 (2008). [13] D. Ramos et al., to be published[5] C. Rodríguez-Tajes et al., Phys. Rev. C 89, 024614 (2014).[6] D. Ramos et al., Phys. Rev. C 99, 024615 (2019).[7] D. Ramos et al., Phys. Rev. Lett. 123, 092503 (2019).[8] M. Caamaño et al., Phys. Rev. C 92, 034606 (2015).[9] D. Ramos et al., Phys. Rev. C 101, 034609 (2020).
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Nuclear Reaction Studies at MARA focusing on prospects for the newMARA-LEB facility
J. Romero1,2, K. Auranen1, M. Block3,4, A.D. Briscoe1, T. Eronen1, W. Gins1, T. Grahn1, P.T. Greenlees1,A. Illana Sison1, R. Julin1, H. Joukainen1, H. Jutila1, J. Khuyagbaatar3,4, J. Krier3, M. Leino1, J. Louko1,M. Luoma1, I.D. Moore1, P. Mosat3, J. Ojala1,2, A. Ortiz-Cortés1,5, J. Pakarinen1, P. Papadakis3,A.M. Plaza1,2, P. Rahkila1, A. Raggio1, P. Ruotsalainen1, J. Sarén1, M. Sandzelius1, A. Tolosa-Delgado1,
J. Uusitalo1 and G. Zimba1 S
1 University of Jyväskylä, Jyväskylä, Finland; 2 University of Liverpool, Liverpool, UK
3 GSI, Darmstadt, Germany; 4 Helmholtz Institute Mainz, Mainz, Germany
5 Grand Accélérateur National dÍons Lourds (GANIL), Caen, France
6 STFC Daresbury Laboratory, Warrington, UK
The Low Energy Branch (LEB) [1] for the Mass Analysing Recoil Apparatus (MARA) separator [2] is a facilityunder construction in the Accelerator Laboratory of the University of Jyväskylä. TheMARA-LEB facility willmake use of MARAś high mass selectivity [3] to study the ground-state properties of exotic isotopes farfrom stability via both laser spectroscopy and decay studies. The main region of interest for MARA-LEB isthe proton drip line near the N=Z=50 doubly-magic shell closure. This region, which includes the heaviestself-conjugate nuclides, such as 80Zr, 94Ag and 100Sn, is optimal for the testing of nuclear models andtheir predictions [4,5] and for astrophysical nucleosynthesis models involving the rapid proton captureprocess in stars [6].Mass-selected recoils from MARA enter the first part of the facility, the gas cell, through a thin windowthat separates a buffer gas region from MARAś high-vacuum environment. Incoming recoils will bestopped and neutralised by a buffer gas within the cell. The neutralisation of the recoils allows forsubsequent in-gas-cell or in-gas-jet laser ionisation and spectroscopy via a state-of-the-art Ti:Sapphirelaser system. Ionised recoils are subsequently accelerated to 30 keV and transported to a dipole magnetand an electrostatic deflector for further mass separation before arriving at a detector station [1].An experiment was performed using the MARA separator to investigate the charge distribution ofproduced recoils at the focal plane of MARA, where the MARA-LEB buffer gas cell will be located. Resultsfrom this analysis informed final design decisions for the gas cell and the window dimensions.Additionally, a recent experiment carried out using the MARA separator to study the reaction dynamicsof the quasi-fission (QF) process has opened the possibility of studying actinide isotopes using laserspectroscopy in theMARA-LEB facility. Production yields of actinide species produced via QF reactions arebeing extracted from this experimental data using alpha-decay spectroscopy. These will be of importancein the design and proposal of experiments at the MARA-LEB facility.nThe outcomes of these studies atMARA relating to the feasability of future experiments in MARA-LEB will be presented and discussedalongside the status of the facility.
References[1] P. Papadakis, et al., AIP Conf. Proc. 2011 (2018) 070013.[2] J. Sarén, et al., Nucl. Inst. Methods Phys. Res. B 266 (2008) 4196.[3] J. Uusitalo, J. Sarén, J. Partanen, and J. Hilton, Acta Phys. Pol. B 50 (2019) 319.[4] T. Faestermann, M. Gorska, and H. Grawe, Prog. Part. Nucl. Phys. 69 (2013) 85.[5] G. Gysbergs, et al., Nature Phys. 15 (2019) 428.[6] R. K. Wallace, and S. E. Woosley, Astrophys. J. Suppl. Ser., 45 (1981) 398.
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Discovery of 160Os& 156W, and increasingly sensitive spectroscopy ofthe most neutron-deficient N=84 isotones
A. D. Briscoe1, R. D. Page2, J. Uusitalo1, D. T. Joss2, M. A. M. AlAqeel2, B. Alayed 2, K. Auranen1,B. Andel3, S. Antalic3, H. Ayatollahzadeh4, H. Badran1, L. Barber5, G. Beeton 4, V. Bogdanoff1, J. Cubis6,D.M. Cullen5, J. Deary4, U. Forsberg1, T. Grahn1, P. T. Greenlees1, J. B. Hilton1,2, A. Illana1, H. Joukainen1,R. Julin1, H. Jutila1, J. Keetings4, M. Labiche7, M. Leino1, M. C. Lewis2, J. Louko1, M. Luoma1, I. Martel2,A. McCarter2, P. P. McKee4, P. Mosat3, S. N. Nathaniel2, O. Neuvonen1, D. O’Donnell4, J. Ojala1,2,C. Page 6, J. Pakarinen1, P. Papadakis7 , E. Parr2, J. Partanen1, A. Plaza1, P. Rahkila1, J. Romero1,2,P. Ruotsalainen1, M. Sandzelius1, J. Sarén1, J. Smallcombe2, J. Smith4, S. Szwec1, H. Tann1,2, A. Tolosa1,
E. Uusikyla1, L. Waring2 and G. Zimba1 S
1 University of Jyvaskyla, Jyvaskyla, Finland; 2 University of Liverpool, Liverpool, UK
3 Comenius University, Bratislava, Slovakia; 4 UWS, Paisley, UK;
5 University of Manchester, Manchester, UK ; 6 University of York, York, UK; 7 STFC, Daresbury, UK
Alpha (α) radioactivity is the principal decay mode of the most neutron deficient isotopes of even-Zelements from plutonium (Z=94) down to osmium (Z=76). Qα values increase steadily with increasingneutron deficiency down to N=84 and consequently half-lives decrease rapidly. Beyond N=84 a suddendrop in Qα-values is observed as a result of the neutron shell closure at N=82. For this reason thepreviously unobserved nucleus 160Os 84 is expected to be the lightest osmium isotope for which αemission is the dominant ground-state decay mode.The yrast 8+ states in the neighbouring even-even N=84 isotones 156Hf and 158W are at lower excitationenergies than their respective 6+ states and as a result they are isomeric [1, 2]. With an E2 cascade nolonger allowed, decays from these state proceed via α emissions that carry large amounts of orbitalangular momentum. This isomerism is attributed to the attractive monopole interaction between h11/2protons and h9/2 neutrons. The decays of 160Os allow for this interaction to be further investigated asthe h11/2 proton orbital is filled. This behaviour is not restricted only to the even-even members of theN=84 isotones. At Z=71 (lutetium), the yrast seniority inverted πh311/2 ⊗ νf7/2h9/2 (25/2-) state is foundat lower energy than the respective πh11/2 ⊗ νf27/2(23/2-) state [3]. Novel features of the decay of thespin-gap isomer may be elucidated by observing very weak partial electromagnetic (M3/E4) branchesthat compete with the established dominant α decay.Producing nuclei so far from stability is challenging due to very small production cross-sections and weakpartial decay-branches. As a result of this, previous attempts to study the aforementioned decays of thesenuclei have proved ineffective. Our recent study took advantage of the MARA recoil separator [4], whichdue to unparalleled selectivity provides the ability to successfully study nuclei that were hitherto notwithin reach. Results of the decays of 160Os, the daughter of its α decay, 156W, and delayed conversionelectrons from 155Lu will be presented and discussed alongside state of the art theoretical interpretations[5, 6].References[1]. R. D. Page, et al., Phys. Rev. C 53, (1996) 660.[2]. H. Mahmud et al, Phys. Rev. C 62, (2000).[3]. R. J. Carroll,et al., Phys. Rev. C 94, (2016), 064311.[4]. J. Uusitalo et al., Acta Phys. Pol. B 50, (2019) 319.[5]. A. D. Briscoe, PhD thesis, (2021), http://doi.org/10.17638/03143087.[6]. A. D. Briscoe, et al., in preparation, (2022).
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Lifetime measurements for nuclei in the f7/2 shell using the AGATAspectrometer
J. Pellumaj1,2, F. Recchia3, R. Escudeiro3 S
1 Laboratori Nazionali di Legnaro - INFN, Legnaro, Italy
2 University of Ferrara, Ferrara, Italy
3 University of Padova, Padova, Italy
Very interesting phenomena of the nuclear structure appear in nuclei in the 1f7/2 shell (the nucleibetween 40Ca and 56Ni), like shape co-existence, backbending, collective and single-particle behavior.These features motivated theoretical and experimental research work aiming to understand the nuclearstructure in this region [1]. Typically the nuclei in the 1f7/2 shell show a large prolate deformation in thelow energy excited states which decrease soon at high angular momentum and in particular towardsthe band termination. Theoretical calculation based on the shell model predicts high B(E2) values in lowexcited states, translated into high collectivity and short lifetimes of the excited energy levels [2]. Theexperimental investigation of such a phenomenon has been carried out in this work.Transition probabilities are essential in understanding collectivity. Such information can be extractedfrom precise lifetime measurements of the nuclear excited states. In this work, the lifetimes of excitedstates of the cross conjugate pair of nuclei 46Ti and 50Cr have been measured by using the DopplerShift Attenuation Method (DSAM). High spin states of these two nuclei were populated by the fusion-evaporation reaction 16O( 36Ar, αn). The experiment was performed in Ganil laboratory in 2018. A beamof 36Ar with energy 115 MeV and intensity 5 pnA was sent in a target which consisted of a thin foil of
CaO (550 µg/cm2 thick) with a gold backing of 10 mg/cm2 for slowing down the recoil nuclei. The stateof the art of gamma spectroscopy, the Advanced GAmma Tracking Array (AGATA), has been placed inthe close-up configuration in the backward direction with respect to the beamline to detect the γ-raysemitted from the de-excitation of the reaction products. AGATA array has been coupled to NEDA andNeutron Wall (NEutron Detector Array) and Diamant (light charge particle detector array) to obtain theneeded channel selectivity event by event.The transition probabilities obtained from the experimental lifetimes will be discussed in the frameworkof theoretical calculations obtained from shell model using the KB3G and the GXPF1A interaction andcompared with literature data from previous experiments. Rotational collectivity decreasing by the yrasttermination of the band has been confirmed in both nuclei.
References[1] J. A . Cameron et al. et al., Phys. Rev. C 58, 808, (1998).[2] F. Brandolini and C. A. Ur. et al., Phys. Rev. C 71, 054316, (2005).
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Gamma-ray spectroscopy of the neutron rich Sc isotopes 55,57 and 59Sc*
R. Zidarova1, M. L. Cortes1 , V. Werner1, P. Koseoglou1, N. Pietralla1, P. Doornenbal2, A. Obertelli1
and the SEASTAR collaboration S
1Technische Universität Darmstadt, Department of Physics, Institute for Nuclear Physics,Schlossgartenstr. 9, 64289 Darmstadt, Germany
2RIKEN Nishina Center, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan
Experimental data have shown that far from the valley of stability new magic numbers can emerge andthe traditional ones can disappear. In particular, two new magic numbers at N=32 and N=34 have beensuggested in the vicinity of Z=20 based on gamma-ray spectroscopy and mass measurements. In order toassess the impact of a single valence proton outside of the Z=20 shell on the shell-evolution mechanismin this region, it is necessary to study the neutron-rich Sc isotopes around, and even beyond, neutronnumber N=34. Investigation of exotic nuclei in this region was the goal of the third SEASTAR campaign atRIKEN-RIBF. Neutron-rich isotopes in the vicinity of 53K were produced by fragmentation of a primary
70Zn beam on a 9Be target. Known and new γ-ray transitions of the isotope 55Sc were observed andnew γ-ray from 57,59Sc identified for the first time. Observed γ spectra from 55,57,59Sc will be presentedtogether with preliminary level schemes. They will be discussed in the framework of the tensor-drivenshell evolution.

*Supported by BMBF under Grant Nos. 05P19RDFN1, 05P21RDFN1.
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First spectroscopy of neutron rich odd-odd 74,76,78Cu
L. G. Pedersen1, E. Sahin1, A. Görgen1, F. L. Bello Garrote1, Y. Tsunoda2, T. Otsuka3, M. Niikura3,S. Nishimura4, Z. Xu5
and the EURICA collaboration S
1 Department of Physics, University of Oslo, Norway
2 Center for Nuclear Study, The University of Tokyo, Japan
3 Department of Physics, the University of Tokyo, Japan
4 RIKEN Nishina Center, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan
5 Department of Physics, the University of Tokyo, Japan and University of Hong Kong, Hong Kong
Spectroscopy of odd-odd 74,76,78Cu has been performed in an experiment with the EURICA setup [1][2] atthe Radioactive Isotope Beam Factory at RIKEN Nishina Center. Excited states were populated following
β decay of 74,76,78Ni, produced by in-flight fission and separated by the BigRIPS separator. Based on theanalysis of β−γ correlations and γ−γ coincidences, level schemes were obtained for the three odd-oddCu isotopes for the first time, comprising 12, 25, and 8 excited states for the three nuclei, respectively.For 78Cu there is clear evidence for an isomeric state with a half-life of 3.8(4) ms.The experimental results are compared to state-of-the-art Monte Carlo Shell Model calculations usingthe A3DA-m interaction [3] and a valence space comprising the full fp shell and the 1g9/2 and 2d5/2orbitals for both protons and neutrons.nThe low-lying states are interpreted in terms of spin multipletsarising from the coupling of an odd proton in either the π1f5/2 or π2p3/2 orbital with an odd neutron inthe ν1g9/2, ν2p1/2, or ν2d5/2 orbital.nThe results confirm the previously observed crossing betweenthe π2p3/2 and π1f5/2 orbitals [4][5], which are near degenerate in 74Cu, and provide quantitativeinformation on their increased energy separation toward 78Cu.nFor the case of 78Cu with one proton andone neutron hole outside doubly-magic 78Ni, where configurations are relatively pure, it was possible toextract experimental two-body matrix elements for the π1f5/2 − ν1g−1

9/2 interaction, which representimportant input for future shell-model calculations in the 78Ni region.
References[1] The EURICA Collaboration, https://ribf.riken.jp/EURICA/.[2] P.-A. Söderström et al., Nucl. Instrum. Meth. B 317 (2013) 649-652.[3] Y. Tsunoda et al., Phys. Rev. C 89 (2014) 031301.[4] K. Flanagan et al., Phys. Rev. Lett. 103 (2009) 142501.[5] E. Sahin et al., Phys. Rev. Lett. 118 (2017) 242502.
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Structure of 83As, 85As and 87As: from semi-magicity to γ-softness
K. Rezynkina1,2, D. D. Dao2, G. Duchêne2, J. Dudouet3, F. Nowacki2, E. Clément4, A. Lemasson4,
et al. S
1 INFN Sezione di Padova, I-35131 Padova, Italy
2 Université de Strasbourg, CNRS, IPHC UMR 7178, F-67000 Strasbourg, France
3 Université Claude Bernard Lyon, CNRS/IN2P3, IP2I Lyon, F-69622, Villeurbanne, France
4 GANIL, CEA/DRF-CNRS/IN2P3, BP 55027, 14076 Caen Cedex 5, France

The neutron-rich nuclei beyond Z=28 andN=50 shell closures present a rich variety of collective effects,such as shape coexistence found in 78Ni [1,2]. In germanium isotopes, an onset of triaxial deformationwith filling of the s1/2 and d5/2 neutron orbitals has been reported [3-5]. One proton heavier, the arsenic(Z=33) nuclei are expected to manifest a similar structure, with the onset of collectivity beyond N=50.The quantification of deformation over the region of Ge, As and Se chains may be an important featureto connect with r-process nucleosynthesis scenarios, as these nuclei lie in the path of the r-process flow.The exotic arsenic isotopes between 83As and 87As (N=50 to 54) were populated in the inverse-kinematicfusion-fission reaction 238U+9Be (6.2 MeV/u) in the experiment performed in GANIL. The AGATA arraycomposed of 24 HPGe crystals was coupled to the VAMOS spectrometer placed at 28circ to detectthe most exotic light fragments, in order to study the isotopes beyond N=50 in the 78Ni region. Thepreviously existing information about the level schemes of these exotic species is scares. In this talk theextended level schemes of 83As and 85As will be presented, along with the first suggested level scheme of
87As. The data are interpreted in terms of the state-of-the-art LSSM calculations, pseudo-SU3 symmetriesand the beyond-mean-field calculations with the novel DNO-SM method. The comparison points to theprolate deformation of the 85As and 87As ground states and confirms the presence of triaxiality and
γ-softness in this region.
References[1] R. Taniuchi et al., Nature 569, 53-58 (2019).[2] F. Nowacki et al., Phys. Rev. Lett. 117, 272501 (2016).[3] M. Lettmann et al., Phys. Rev. C 96, 011301 (R) (2017).[4] M. Lebois et al., Phys. Rev. C 80, 044308 (2009).[5] K. Sieja et al., Phys. Rev. C 88, 034327 (2013).
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Lifetime measurements in 105Sn: nuclear structure studies close to theN=Z=50 shell closure
G. Pasqualato1, A. Gottardo2, D. Mengoni3 S
1 IJCLab, IN2P3/CNRS, Université Paris-Saclay, Orsay, France
2 INFN, Laboratori Nazionali di Legnaro, Legnaro (Padova), Italy
3 INFN, Sezione di Padova, and Università di Padova, Padova, Italy
One of the main goal of nuclear physics is to investigate the evolution of the conventional shell closureswhen moving far from the valley of stability, toward the more exotic and unexplored regions of thenuclear chart. Nuclei close to the doubly-magic and self-conjugated nucleus 100Sn [1] have been intensivelystudied in the last decades in order to prove the robustness of the double-shell closure at Z=N=50. Thespectroscopy of the Sn isotopic chain down to 101Sn, including the measurement of electromagneticproperties of low-lying excited states, provides a stringent test for theoretical calculations and improvesour understanding on nuclear phenomena in this region.In this contribution I will present the results of lifetime measurements in 105Sn with the Recoil DistanceDoppler Shift technique (RDDS) [2]. The experiment was performed at Legnaro National Laboratories(Italy) using the Compton-suppressed γ-ray spectrometer GALILEO [3] in coincidence with the Si-detectorarray for light, charged particle EUCLIDES [4]. This setup enables the performance of γ-γ and γ-particlescoincidences to select the channel of interest. Lifetimes of nuclear excited states in the order of thepicosecond can be measured with the RDDS technique by using a plunger device [5].The obtained lifetime values, in particular for the 7/2+ and the 11/2+ excited states, help to shed lighton nuclear structure in this region thanks to the comparison with different theoretical approaches. Ourresults support the important contribution of proton and neutron particle-hole excitations from the
100Sn core in the definition of the wave function of these states. Moreover, they point out a significantstructural difference between the core-coupled state 11/2+ in 105Sn and the 2+ excited states in theeven-mass neighbouring nuclei.
References[1] C. B. Hinke et al., Nature 486, 341 (2012).[2] A. Dewald et al., Prog. Part. Nucl. Phys. 679, 786 (2012).[3] A. Goasduff et al., Nucl. Instrum. Methods. Phys. Res. A 1015, 165753 (2021).[4] D. Testov et al., EPJ A, 55 (2019).[5] C. Müller-Gatermann et al., Nucl. Instr. and Meth. A 920, 11, 95-99 (2019).

66



Neutron-deficient exotic decays in the 48Ni region with ACTAR TPC
A. Ortega Moral1, and the E791 Experiment Collaboration1−7 S
1 LP2iB, Bordeaux, France
2 GANIL, Caen, France
3 USC, Santiago, Spain
4 UHU, Huelva, Spain
5 CEA, Paris-Saclay, France
6 IFIN-HH, Bucharest, Romania
7 UR, Regina, Canada
The doubly-magic 48Ni nucleus, the only known Tz = 4 isotope, was discovered in a projectile frag-mentation experiment at GANIL [1]. A first indication of its ground state 2-proton radioactivity could beobserved few years later [2] at GANIL, and this decay mode was established in a tracking experimentperformed at NSCL [3]. Theoretical descriptions were able to reproduce the measured half-life for thefew known ground-state 2-proton emitters (45Fe, 48Ni and 54Zn), but not anymore when the 2-protonradioactivity was established for 67Kr, at RIKEN [4] with a half-life in the order of 20 times lower thanexpected.Two hypothesis have been proposed to explain this discrepancy for 67Kr: either a transitional situationbetween a direct and a sequential emission of the protons [5] or the influence of the nuclear deformation[6]. This latter hypothesis is based on a Gamow coupled channel approach, that is benchmarked with
48Ni that is expected to be spherical (doubly-magic). Both theoretical frameworks can predict angulardistributions of the protons, that need to be confirmed experimentally.An experiment at GANIL/LISE3 facility has been performed in May 2021 aiming at producing this 48Ninuclei and measure the angular distribution of their emitted protons. We used the ACtive TARget TimeProjection Chamber detector to implant the ions and perform the tracking of their proton decays. Due toa production rate 48Ni significantly lower than expected, the data will not be sufficient to extract anaccurate angular distribution. Nevertheless, we may be able to combine them with the information ofprevious experiments [3].In addition, we produced other exotic nuclei in the 48Ni region. For several of them, we have found afirst evidence of exotic decays such as beta-2p (40Ti, 46Mn, 47Fe) and beta-3p (49Ni). For some decaysalready seen, such as beta-3p (43Cr) [7] and beta-2p (46Fe)[8] we also aim to compare and completesome missing information (i.e, energies of emitted protons). Moreover, beta-p low energy emissions(of special interest in astrophysics ) (40Ti, 46Mn) have been observed for the first time. The analysis ofthese decays (proton energies and partial branching ratios) will provide many experimental informationabout the structure and decay scheme of these very unstable nuclei.
References[1] B.Blank et al., Phys. Rev. Lett. 84 (2000) 1116.[2] C. Dossat et al., Phys. Rev. C72 (2005) 054315.[3] M. Pomorski et al., Phys. Rev. C83 (2011) 061303.[4] T. Goigoux et al., Phys. Rev. 117 (2016) 162501.[5] L. V. Grigorenko et al., Phys. Rev. C95 (2017) 021601.[6] S. M. Wang, W. Nazarewicz, Phys. Rev. 120 (2018) 212502.[7] M.Pomorski et al., Phys. Rev. C83 (2011) 014306.[8] M.Pomorski et al., Phys. Rev. C90 (2011) 014311.
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Active target TPC for study of photonuclear reactions at astrophysicalenergies
M. Ćwiok1, W. Dominik1, A. Fijałkowska1, M. Fila1, A. Giska1, Z. Janas1, A. Kalinowski1, M. Kuich1,C. Mazzocchi1, M. Zaremba1, D. Grządziel2, J. Lekki2, W. Królas2, A. Kulińska2, A. Kurowski2, W. Janik2,T. Pieprzyca2, Z. Szklarz2, M. Scholz2, M. Turzański2, U. Wiącek2, U. Woźnicka2, A. Caciolli3,4,
M. Campostrini4, V. Rigato4, H. O. U. Fynbo5, M. Gai6 S
1 Faculty of Physics, University of Warsaw, Warsaw, Poland
2 Institute of Nuclear Physics Polish Academy of Sciences, Kraków, Poland
3 Physics and Astronomy Department, University of Padua and INFN Section of Padua, Padua, Italy
4 Laboratori Nazionali di Legnaro, Legnaro, Italy
5 Department of Physics and Astronomy, Aarhus University, Aarhus, Denmark
6 University of Connecticut, CT, USA
One of the main interests in nuclear astrophysics are (p,γ) and (α,γ) reactions. In particular, those thatregulate the ratio of C and O and those that burn 18O and, therefore, regulate the ratio between 16O and
18O in the Universe. Such reactions in the stars happen at energies well below the Coulomb barrier andthe respective cross-sections are incredibly small, often below the experimental reach. Therefore, theavailable experimental results on cross-sections for low energies are very sparse, and existing theoreticalextrapolations are burdened with large uncertainties.An opportunity to elude a part of the experimental limitations is to study the time-reversal reaction, i.e.photo-disintegration. For this purpose, a novel active gas target Time Projection Chamber (TPC) optimisedfor experiments with high-intensity γ-ray beams was developed and built at the University of Warsaw[1]. The TPC operates with pure CO2, as a reaction target and charge transport medium, in a broad gaspressure range offering great flexibility for the studied reactions. The detector uses a 3-coordinate planarelectronic readout acting as virtual pixels, read-out by GET electronics with negligible dead-time for thetrigger rates expected. The very first experiments were carried out at the Van der Graaff accelerator andIGN14 neutron generator at IFJ-PAN in Kraków in summer 2021. The first experiment employed the 15N(p,
γ)16O reaction at ECM=1.05 MeV on a solid 15N target to produce γ-rays, which interacted with the gasin the detector. In the second experiment the flux of 14.1 MeV neutrons produced in the d+T reactionwas used to induce 16O(n, α)13C and 12C(n, α)9Be. The charged reaction products, namely α particlesand ions, were detected, and their momenta reconstructed in 3D. The principles of the experiments willbe illustrated, together with preliminary results. An outlook on other ongoing studies and plans will begiven
References[1] M. Ćwiok et al., Acta Phys. Pol. B 49 (2018) 509.
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Neutron deficient Zn isotopes studied with the Optical TPC detector
A. Kubiela1 for the Warsaw OTPC collaboration S
1Faculty of Physics, University of Warsaw, Warszawa, Poland
Two proton radioactivity is the most recently discovered decay mode which occurs only in a few nucleibeyond the proton drip line. It is still not fully understood since such exotic nuclei that undergo 2p decayare difficult to produce in numbers sufficient for statistically significant analysis.In April 2019, we made an attempt to produce and study 54Zn, the most neutron deficient isotope of zincknown to undergo two proton decay. Using BigRIPS separator at RIKEN facility, we produced 54Zn andtwo other zinc isotopes, 55Zn and 56Zn, in the projectile fragmentation of 78Kr on a beryllium target. Wemeasured the production cross section for those nuclei. In this experiment, we registered several twoproton decays of 54Zn and beta-delayed proton decays of 55Zn using the Warsaw OTPC detector. TheOTPC allows for a full 3D reconstruction of decay kinematics. This information can give a unique insightinto the structure of the exotic nucleus.In this contribution, we present and discuss the results of the RIKEN experiment. We show the resultsof cross section measurement and compare them with theoretical predictions and other productionmethods in hope for finding the best production method for two proton emitters. We also show thepreliminary results for 55Zn beta delayed decays and for 54Zn two proton decays.
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Gamma-ray spectroscopy of bound and unbound states in B, C, N and Oisotopes as a test-bench of nuclear structure theory
S. Leoni1,2 Invited talk
1 Università degli Studi di Milano, Via Celoria 16, 20133, Italy,
2 Istituto Nazionale di Fisica Nucleare, sez. Milano, Italy
The structure of light nuclei can be predicted by state-of-the-art ab initio and shell model calculations,which aim at probing nuclear interactions and describing nuclear properties in a wide range of nuclei,including exotic systems. With the advent of powerful modern detection instrumentation for γ rays andparticles, high-precision spectroscopy measurements become feasible, yielding strong constrains on suchtheory approaches. This talk will give examples of recent results from experiments performed at GANILand Argonne National Laboratory with the AGATA and GRETINA tracking arrays, and at Legnaro Laboratoryof INFN with the GALILEO array. At GANIL, the main aim of the measurement was the spectroscopy ofneutron rich C to O isotopes, with special emphasis on the lifetimes of the second 2+ states of 16C and 20O.
ab-initio calculations predict, in fact, a strong sensitivity of the lifetime of such states to the details of thenucleon-nucleon interactions, in particular to the three-body term. The nuclei of interest were populatedby deep-inelastic collisions between an 18O beam and a 181Ta target, and the nuclear state lifetimes weredetermined via a novel approach which allows to access nuclear state lifetimes in the tens-to-hundredsfemtoseconds range, in reaction with complex structure of the product velocity distribution [1,2]. Theresults on transition probabilities clearly point to the importance of the three-body term of the nuclearforce for an accurate description of electromagnetic observables in neutron-rich nuclei. High-resolution
γ-ray spectroscopy of 18Nwas also performed, leading to the complete identification of all negative parityexcited states below the neutron threshold. The comparison with large-scale shell model calculationsin the p-sd space provides strong constrains on cross p-sd shell matrix elements based on realisticinteractions [3].The Argonne and LNL experiments aimed instead at the detection of γ emission from near-thresholdstates in 11B and 14C, with expected decay branches of the order of 10−3 and 10−5, respectively. In thecase of 11B, the existence of a narrow resonance 152-keV above the proton-threshold state (located at11.229 MeV) was postulated on the basis of an unexpectedly high branch for β-delayed proton emissionfrom 11Be. This follows from experiments performed at ISOLDE and TRIUMF, using indirect and directtechniques for the β-delayed proton channel determination. The existence of a resonance state, with asizable single-proton content, just above the proton separation energy in 11B, is a manifestation of theuniversal phenomenon of near-threshold collectivity of the nuclear open quantum system, predicted bythe Shell Model Embedded in the Continuum (SMEC). With the GALILEO array, at LNL, an independentsearch for this near-threshold state in 11B was performed by using its γ decay as a probe [4]. Similarly,the γ-decay from the 2+2 narrow resonance, located at 8318 keV (i.e., only 142 keV above the neutronthreshold) in 14C has been searched for with the GRETINA array, as a test of SMEC predictions [5]. Inboth 11B and 14C experiments, the narrow resonance states are populated by direct proton emissionfrom compound nuclei produced in fusion evaporation reactions with 6Li beams. Preliminary resultsfrom both experiments will be discussed, together with perspectives for investigations in other systems,with further enhanced sensitivity.References[1] M. Ciemala et al., Phys. Rev. 101 (2020) 021303(R). [2] M. Ciemala et al., Eur. Phys. J. Ac57 (2021) 156.[3] S. Ziliani et al., Phys. Rev. 1014 (2021) L041301.[4] E. Albanese et al., INFN-LNL-266 (2022), ISSN1828-8561, Annual Report 2021.[5] G. Corbari, Master Thesis, University of Milano (2022).
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Recent highlights from high-resolution laser spectroscopy studiesat ISOLDE
G. Neyens1 Invited talk

1 KU Leuven, Instituut voor Kern- en Stralingsfysica, B-3001 Leuven, Belgium
High-resolution laser spectroscopy provides in a single experiment nuclear-model independent infor-mation about 4 fundamental properties of exotic nuclei: their spin, charge radius, magnetic dipole andelectric quadrupole moments. At ISOLDE, CERN’s radioactive beam facility, high-resolution measurementcan be performed using 3 experimental set-ups: COLLAPS, CRIS and very recently also the PI-LIST laserion source.This talk will briefly introduce the 3 experiments and their complementarity, followed by very recentresults not covered in other contributions to this meeting. Physics questions in the Mg, Ca, Sn, Pb andtrans-lead region have been addressed in recent measurements, which were building further on previousstudies [1,2,3,4,5].
References[1] H. Heylen et al., Physical Review C 103, 014318 (2021); A. Koszorus et al., Measurement of the changesin the mean-square charge radii of aluminium isotopes acrossN = 20 - CERN Document Server[2] S.W. Bai et al., Physics Letters B 829 (2022) 137064[3] A. Vernon et al., Nature 2022, accepted[4] D. Yordanov et al., Communications Physics 3:107 (2020); L. Vasquez Rodriguez, High-resolution laserspectroscopy of "magic" lead isotopes - CERN Document Server[5] E. Verstraelen, Physical Review C 100, 044321 (2019), R. Heinke et al., Investigation of octupoledeformation in neutron-rich actinium using high-resolution in-source laser spectroscopy, IS664
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Experiments on light nα nuclei 8Be, 12C and 16O
H.O.U. Fynbo1
on behalf of collaborations around experiments at ISOLDE and IGISOL Invited talk

1 Department of Physics and Astronomy, Aarhus University, Aarhus, Denmark
I will discuss results mainly from experiments at ISOLDE-CERN and IGISOL-JYFL on the nα nuclei 8Be, 12Cand 16O.The focus of the talk will be on the existence of broad resonances in these nuclei and on the relationbetween observables and the their nuclear structure.
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E0 transitions in 188Hg and evidence of multiple shape coexistence
P.E. Garrett1, A.D.MacLean1, S. Péru2, C.E. Svensson1,M. Zielińska4, I. Deloncle2,5, F.A. Ali1, C. Andreoiu6,G.C. Ball7 N. Bernier7,8, H. Bidaman1, V. Bildstein1 M. Bowry7,R. Caballero-Folch7 A. Diaz Varela1,I. Dillmann7,9, A.B. Garnsworthy7, G. Hackman7, B. Jigmeddorj1, A.I. Kilic1, A.T. Laffoley1, B. Olaizola7,
H.P. Patel7, A.J. Radich1, Y. Saito7,8, J. Smallcombe7, J. Turko1, K. Whitmore6, and T. Zidar1 S
1 Department of Physics, University of Guelph, Guelph, Ontario N1G 2W1, Canada
2 CEA, DAM, DIF, F-91297 Arpajon, France
3 Université Paris-Saclay, CEA, LMCE, 91680 Bruyères-le-Châtel, France
4 Irfu/DPhN, CEA, Université Paris-Saclay, F-91191 Gif-sur-Yvette, France
5 IJCLab CNRS/IN2P3, Université Paris-Saclay, F-91400 Orsay, France
6 Department of Chemistry, Simon Fraser University, Burnaby, BC V5A 1S6, Canada
7 TRIUMF, 4004 Wesbrook Mall, Vancouver, British Columbia V6T 2A3, Canada
8 Department of Physics and Astronomy, University of British Columbia, Vancouver, Canada
9 Department of Physics and Astronomy, University of Victoria, Victoria, British Columbia, Canada
The neutron-deficient Pb isotopes have been suggested to possess multiple shape coexistence, i.e., morethan two distinct shapes, since the discovery of the 0+2 and 0+3 states as the first two excited states in
186Pb [1]. These states were interpreted as prolate and oblate configurations coexisting with a sphericalground state. Subsequent studies have provided candidates for multiple shape coexisting structures in
188,190Pb (for a review of the current status of the data, see Ref. [2]). In the neighbouring Hg isotopes, noevidence has been found, to date, for the existence of multiple shape coexisting structures despite the(generally) better spectroscopic data that are available.In order to probe for the existence of such coexisting structures in the Hg isotopes, we have studiedthe β-decay of 188,188mTl using the GRIFFIN spectrometer and its associated auxilliary devices at theTRIUMF-ISAC facility. Definitive spins assignments for many of the observed levels were made fromthe results of γ-γ angular correlations, as well as E2/M1mixing ratios for a large number of∆J = 0transitions. These results were critical for the extraction of the E0 contributions to the conversionelectrons that were measured with the PACES array of Si(Li) detectors. Spins for a previously suggested“K = 2” band were definitively assigned for the Jπ = 2− 6+ members. Newly observed structures,including a “K = 4” band and a “K = 0” band based on an unobserved 0+3 state, are proposed in 188Hg.LargeE0 components in the Jπ → Jπ transitions between the observed band members are interpretedas indicating significant configuration mixing and a deviation from axial symmetry. Comparisons ofthe experimental data are made with self-consistent beyond-mean-field calculations using the five-dimensional collective Hamiltonian and the Gogny D1M interaction. It is suggested that the proposed“K = 0+3 ” band represents a third distinct shape, thus extending multiple shape coexistence into the Hgisotopes [3].
References[1] A.N. Andreyev et al., Nature 405 (2000) 430.[2] P.E. Garrett, M. Zielińska, and E. Clemént, Prog. Part. Nucl. Phys. 124 (2022) 103931.[3] A.D. MacLean et al., Phys. Rev. Lett. submitted (2022).
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Beta-decay spectroscopy studies - a bridge between nuclear structureand nuclear astrophysics
Mansi Saxena1 on behalf of e18018 experiment at NSCL and collaborators S
1INPP, Department of Physics and Astronomy, Ohio University, USA
In this contribution I will present recent results of β-delayed γ emission and β-delayed proton emissionmeasurements of the β decay of proton-rich exotic nuclides with A∼ 60 performed at NSCL, Michigan. Inthe measurements, a double-sided silicon strip detector was used as the implantation detector togetherwith the Clovershare Array to describe the decay process. A detailed analysis of the β-decay schemeof exotic 56Cu [1] and 57Zn [2] isotope will be presented. For 56Cu β-decay, 8 new γ-ray transitionswere identified and the half-life was derived from time correlations of the β’s = (78.9±0.7) ms. In 57Zndecay, the second occurrence of the rare and exotic β − γ − p decay mode was observed. Astrophysicalimplications relevant to the rp-process in Type-1 X-ray bursts will be discussed. With our new and precise
β-delayed proton emission branching ratio of (84.7± 1.4)%, we conclusively demonstrated the existenceof the 56Ni bypass, with 14-17% of the rp process flow taking this route [1,2].
References[1] M. Saxena et al., to be published (2022).[2] M. Saxena et al., Phys. Lett B 829 (2022) 137059.
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Transfer Reactions with Solenoidal Spectrometers*
S.J. Freeman1,2 Invited talk

1 Experimental Physics Department, CERN, 1211 Geneva 23, Switzerland
2 Department of Physics and Astronomy, The University of Manchester, Manchester, M13 9PL, UK
Solenoidal spectrometers are designed for stuides of two-body reactions induced in inverse kinematicsparticularly with radioactive ion beams. Light ejectile ions emitted in the reaction at the target site arereturned to the beam axis by a solenoidal magnetic field, where they are detected by an on-axis siliconarray and can be identified by their time of flight. The energy in the centre-of-mass reference frame canbe constructed in a simple fashion from measurements of the ejectile energy and position along theaxis. Detection of the heavier recoil often improves cleanliness, allows selectivity, and can provide a timereference.Kinematics in a solenoidal field have many advantageous features. The acceptance is large, withoutnecessarily introducing large granularity and its associated complexity. It enables the use of thin targetswithweak beams, providing goodQ-value resolutionwithout deleterious effects of kinematic compressionor requirement for γ-ray coincidence due to the linear relationship between energy in the laboratoryand centre of mass frames as a function of position. The approach allows studies of isomeric states withlong lifetimes or unbound states with vanishing γ-ray widths.The solenoidal method will be introduced and the development of this class of magnetic spectrometerwill be discussed. Some recent measurements will be reviewed that have used the three operationalsolenoidal spectrometers: HELIOS at Argonne National Laboratory, SOLARIS at FRIB and ISS at ISOLDE,CERN.

*HELIOS is funded by the U.S. Department of Energy, Office of Science, Office of Nuclear Physics, under Contract Number DE-AC02-06CH11357. SOLARIS is funded by DOE Office of Science under the FRIB Cooperative Agreement DE-SC0000661. ISSis funded by the UK Science and Technology Facilities Council and European Research Council under the European Union’sSeventh Framework Programme (FP7/2007-2013)/ERC Grant Agreement No. 617156 the Research Foundation Flanders.
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A Crack in Nuclear Mirror Symmetry
D. E. M. Hoff1,*, A. M. Rogers1 , S. M. Wang2, P. C. Bender1, K. Brandenburg3, K. Childers2,4, J. A. Clark5,A. C. Dombos2, E. R. Doucet1 S. Jin2,6, R. Lewis2,4, S. N. Liddick2,4, C. J. Lister1, Z. Meisel3, C. Morse1,W.Nazarewicz7,8, H. Schatz2,6,7, K. Schmidt2,6, D. Soltesz3, S. K. Subedi3, S.Waniganeththi1

Invited talk

1Department of Physics and Applied Physics, University of Massachusetts Lowell, Lowell, MA 01854
2National Superconducting Cyclotron Laboratory, Michigan State University, East Lansing, MI 48824
3Department of Physics and Astronomy, Ohio University, Athens, OH 45701
4Department of Chemistry, Michigan State University, East Lansing, Michigan 48824
5Physics Division, Argonne National Laboratory, Argonne, IL 60439
6JINA-CEE, Michigan State University, East Lansing, MI 48824
7Department of Physics and Astronomy, Michigan State University, East Lansing, Michigan 48824
8 FRIB Laboratory, Michigan State University, East Lansing, MI 48824
Symmetries are ubiquitous in nature, and the observation of symmetry breaking often leads to newinsights in physics. Within nuclear physics, it is possible to consider neutrons and protons as isospinprojections of a single fermion. Nuclear states can then be characterized by a total isospin (or isobaricspin T ) and this quantity is largely conserved in reactions and decays. A mirror symmetry emerges fromthis formalism; nuclei with exchanged numbers of neutrons and protons, or mirror nuclei, should havean identical set of states, including their ground state. Despite knowing that isospin symmetry is notperfect, it has proved to be rather robust across the chart of nuclides. In this talk, I will show evidence formirror-symmetry violation in bound nuclear ground states between the mirror partners 73Sr and 73Br. Byanalyzing the β-delayed proton emission of 73Sr, a spin assignment of Jπ = 5/2− is needed to explainthe proton-emission pattern observed from the T = 3/2 isobaric-analog state in 73Rb, which is identicalto the ground state of 73Sr. Therefore, the ground state of 73Sr must dffer from its Jπ = 1/2− mirror
73Br [1].
References[1] D. E. M.Hoff, A. M. Rogers, S. M. Wang et al., Nature 580 (2020) 52-55.

*Present Address: Lawrence Livermore National Laboratory, Livermore, California 94550, USA
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Location of the Neutron Dripline at F, Ne, and Na*
D. S. Ahn1,2, H. Suzuki2, N. Fukuda2, H. Takeda2, Y. Shimizu2, N. Inabe2, T. Komatsubara2, K. Kusaka2,M. Ohtake2, H. Otsu2, H. Sato2, Y. Shimizu2, T. Sumikama2, H. Ueno2, Y. Yanagisawa2, K. Yoshida2,T. Nakamura3, J. Amano4, D.Murai4, S. Ishikawa5, N. Iwasa5, T. Sakakibara5, H. Geissel6, D. J.Morrissey7,B. M. Sherrill7, O. B. Tarasov7, and T. Kubo2

Invited talk
1 CENS, Institute for Basic Science, Daejeon, Korea
2 RIKEN Nishina Center, Saitama, Japan
3 Tokyo Institute of Technology, Tokyo, Japan
4 Rikkyo University, Tokyo, Japan
5 Tohoku University, Tohoku, Japan
6 GSI, Darmstadt, Germany
7 NSCL/Michigan State University, Michigan, USA

A search for the heaviest new isotopes of fluorine, neon and sodium was conducted by fragmentationof an intense 48Ca beam at 345 MeV/nucleon and identification of isotopes in the large-acceptanceseparator BigRIPS [1-2] at RIKEN Nishina Center RI Beam Factory (RIBF). No events were observed for
32,33F, 35,36Ne and 38Na and only one event for 39Na after extensive running. Comparison with predictedyields excludes the existence of these unobserved isotopes with high confidence levels, which indicatesthat 31F and 34Ne are the heaviest isotopes of fluorine and neon, respectively [3]. Thus the neutrondripline has been confirmed up to neon for the first time since 24O was confirmed to be the driplinenucleus nearly 20 years ago. In addition, the results of a follow-up experiment, which was conducted toconfirm the 39Na event, will be also introduced. Nine 39Na events have been observed in this work andclearly establish the particle stability of 39Na.In this talk, the determination of neutron driplines for fluorine, neon, and sodium will be presentedalong with comparisons with nuclear mass and structure models. These results provide new keys tounderstanding the nuclear stability at extremely neutron-rich conditions.
References[1] T. Kubo, Nucl. Instrum. Methods Phys. Res., Sect. B 204, 97 (2003).[2] N. Fukuda, T. Kubo, T. Ohnishi, N. Inabe, H. Takeda, D. Kameda, and H. Suzuki, Nucl. Instrum. MethodsPhys. Res., Sect. B 317, 323 (2013).[3] D. S. Ahn, N. Fukuda, H. Geissel, N. Inabe, N. Iwasa, T. Kubo, K. Kusaka, D. J. Morrissey, D. Murai, T.Nakamura, M. Ohtake, H. Otsu, H. Sato, B. M. Sherrill, Y. Shimizu, H. Suzuki, H. Takeda, O. B. Tarasov, H.Ueno, Y. Yanagisawa, and K. Yoshida, Phys. Rev. Lett. 123, 212501 (2019).

*Acknowledgements: The present experiment was carried out at the RIBF operated by RIKEN Nishina Center, RIKEN and CNS theUniversity of Tokyo. This work was supported in part by JSPS KAKENHI Grant No. JP18H05404 and JP21H04465, and by theU.S. National Science Foundation under Cooperative Agreement No. PHY-1565546 (MSU) and grant PHY-2012040, and by theInstitute for Basic Science Grant No. IBS-R031-D1.
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First beta-delayed neutron spectroscopy of 24O
N. Kitamura, R. Grzywacz, S. Neupane, Z. Xu, M. Madurga S

Department of Physics and Astronomy, University of Tennessee
The doubly-magic nucleus 24O is located at the neutron drip line, making it the heaviest system along theoxygen isotopic chain. Spectroscopy of such a drip-line nucleus provides us with valuable information onthe roles of nuclear interactions and many-body correlations approaching the limits of nuclear stability.A high-statistics measurement of beta-gamma and beta-delayed neutrons associated with the decays of
24O was performed at the National Superconducting Cyclotron Laboratory at Michigan State Universitywith VANDLE [1] and NEXT [2] neutron arrays. The beta-decay strength distribution populating bothbound and unbound states in 24F was extracted from the experimental data, providing tests for nuclearmodels at the drip line. Preliminary experimental results and comparisons with shell-model calculationswill be presented.
References[1] W. A. Peters et al., Nucl. Instrum. Methods Phys. Res., Sect. A 836, 122 (2016).[2] J. Heideman et al., Nucl. Instrum. Methods Phys. Res., Sect. A 946, 162528 (2019).
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First trap-assisted decay spectroscopy of the 81Ge ground state*
C. Delafosse1,2, A. Goasduff3, A. Kankainen2, D. Verney1, L. Al Ayoubi1,2, O. Beliuskina2, L. Cañete2,T. Eronen2, R.P. deGroote2,M.Hukkanen2,4, F. Ibrahim1, A. Illana2, A. Jaries2, L. Lalanne1,5, I. D.Moore2,
D. Nesterenko2, H. Penttilä2, S. Rinta-Antila2, A. de Roubin2,4, D. Thisse1, R. Thoër1, G. Tocabens1 S
1 Université Paris-Saclay, CNRS/IN2P3, IJCLab, 91405 Orsay, France
2 Department of Physics, University of Jyväskylä, Finland
3 Departimento di Fisica e Astronomia, Università di Padova, and INFN Sezione di Padova, Italy
4 LP2iB, UMR 5797 CNRS/IN2P3, Université Bordeaux 1, F-33175 Gradignan, France
5 Grand Accélérateur National d’Ions Lourds (GANIL), CEA/DSM-CNRS/IN2P3,Caen, France
The 78Ni (Z = 28,N = 50) region has been one of the main focus points in nuclear structure studiesduring the last decades. The recently measured 2+1 excitation energy of 78Ni Ex(2

+
1 ) = 2.6MeV hasbeen interpreted as the proof of its doubly magic nature [1]. Despite this remarkable result, the nuclearstructure in the region is far from fully understood. Shape coexistence phenomena observed in the

N = 40 region seems to extend to theN = 50 region and result in a new island of inversion. Coexistingshapes can also lead to isomeric states which complicate the studies of these nuclei.In this work [2], we re-investigate the 81As level scheme populated in the decay of 81Ge in a systematicattempt to improve spectroscopy knowledge in the region of suspected shape coexistence. Up to now,the β-decay studies of theN = 49 isotones for Z ≤ 32 have not been performed with an unambiguousground state and isomer separation. In this work, we have utilized the JYFLTRAP Penning trap at IGISOL,Jyväskylä and selected the (9/2+) ground state of 81Ge (Z = 32) for detailed studies at a post-trap decayspectroscopy setup. This is a clear improvement compared to the previous spectroscopy study of thedecay of 81Ge [3] which utilized a mass-separated A = 81 beam consisting mainly of 81Ga.The intrinsic half-life of the 81Ge ground state has been determined as T1/2 = 6.4(2) s, which issignificantly shorter than the literature value. A new level scheme of 81As has been built and is comparedto shell-model calculations leading to suggest another hint of shape coexistence in the region.
References[1] R. Taniuchi et al. Nature 569, 53-58 (2019).[2] C. Delafosse et al. Eur. Phys. J A, 58, 51 (2022).[3] P. Hoff and B. Fogelberg. Nucl. Phys. A, 368(2):210-236 (1981).

*This project has received funding from the European Union’s Horizon 2020 research and innovation program under grantagreement No. 771036 (ERC CoG MAIDEN).
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First observation of the radiative decay of 229Th low-lying isomer: recentresults from ISOLDE
P. Chhetri1, M. Athanasakis2, S. Bara1, K. Beeks3, A. Claessens1, G. Correia2, L. Da Costa Pereira1,H. De Witte1, R. Ferrer1, S. Geldhof1, N. Hosseini3, S. Kraemer1, Y. Kudrayavtsev1, M. Laatiaoui4,R. Lica2, G. Maghiels1, J. Moens1, S. Raeder5, T. Schumm3, S. Sels1, P. Thirolf6, M. Tunhuma1, P. Van
den Bergh1, P. Van Duppen1, A. Vantomme1, R. Villareal1, U. Wahl7 S
1 KU Leuven, Belgium
2 CERN, Switzerland
3 TU Wein, Austrai
4 HIM Mainz, Germany
5 GSI Datmstadt, Germany
6 LMU Munich, Germany
7 ULisboa, Portugal
Owing to its very low excitation energy the isomer of thorium-229 has been proposed as a candidate fora possible future frequency standard, a nuclear clock and is expected to outperform the current atomicclocks [1,2]. Currently, the best values of the excitation energy are 8.28(17) eV and 8.10(17) eV [3,4]. Thesewere measured using two different techniques where the population of the isomer was achieved via the
α-decay of uranium-229. However, a precise knowledge of the isomer excitation energy is a necessaryfor the development of an optical clock.Recently, spectroscopy measurement has been possible using an alternative approach of populatingthe isomer via the beta decay of actinium-229 [5]. The laser ionized actinium-229 ions produced onlineat CERN’s ISOLDE facility were implanted onto a large bandgap crystal at specific lattice positions. Afavourable feeding fraction of the isomer from the beta decay of actinium-229 compared to that via the
α−decay of uranium-229 and a low beta energy compared to alpha decay leads to a significantly reducedradioluminescence. This allowed us to study the VUV-photons stemming from the radiative decay of theisomer for the first time resulting in amuch precise determination of the energy and lifetime of the isomer.In this contribution, a dedicated setup developed at KU Leuven for the implantation offrancium/radium/actinium-229 beam into large-bandgap crystals and the vacuum-ultraviolet spectro-scopic study of the emitted photons will be presented
References[1] E. Peik et al., Europhys. Lett. 61, 2 (2003).[2] C. Campbell et al., Phys. Rev. Lett. 108, 120802 (2012).[3] B. Seiferle et al., Nature 573, 243-246 (2019).[4] T. Sikorsky et al., Phys. Rev. Lett. 125, 142503 (2020).[5] M. Verlinde et al., Phys. Rev. C 100, 024315 (2019).
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The fission observables of heavy and super-heavy nuclei
F.A. Ivanyuk1, K. Pomorski2 Invited talk
1 Institute for Nuclear Research, 03028 Kyiv, Ukraine
2 Institute of Physics, Maria Curie Skłodowska University, 20-031 Lublin, Poland
The nuclear fission process is described by the four-dimensional set of the Langevin equations forthe shape degrees of freedom given by the two-center shell model (TCSM) parametrization [1]. Forcomparison, a parallel calculations are performed using the Yukawa-folded potential and a new, rapidlyconvergent, Fourier over Spheroid (FoS) shape parametrization [2].The 4D Potential Energy Surfaces (PES) of even-even actinide nuclei are evaluated within the macroscopic-microscopic model. The collective mass,M , and friction, γ, tensors are defined both in macroscopic(Werner-Wheller and wall-and-window formula) and microscopic (linear response theory) approaches.For the diffusion tensor we use the modified Einstein relation, D = γT ∗, where T ∗ is the effectivetemperature.We start calculations from the ground state shape with zero collective velocities and solve equationsuntil the neck radius of nucleus turns into zero (scission point). At the scission point the solutions ofLangevin equations supply the complete information about system, its shape, excitation energy, collectivevelocities. The knowledge of the shape at the scission point make it possible to calculate the massdistribution of fission fragments. The results of numerous calculations for the actinide nuclei are in areasonable agreement with the available experimental data [3]. We show also the present results on themass distributions and TKE for the chain of Thorium isotopes.The mass distributions for super-heavy nuclei were considered in [4]. Here we tried to clarify which ofthe two double magic nuclei, 132Sn and 208Pb, is more important for the formation of the most probablefragment. It turned out, that both are important. In fission process of super-heavy nuclei one wouldobserve both, the fragment with the mass number close to 132Sn, AF ≈ 140 plus the rest, and almostspherical fragment with the mass numberAF ≈ 208 plus the rest. Similar results are obtained using thePES evaluated using the Yukawa-folded single-particle and the Fourier shape parametrization of fissioningnuclei [5,6].In the recent work [7] we have calculated the fission width Γf within a one-dimensional Langevinapproach with the potential energy given by simple two-parabolic (Kramers) potential and found out thatfor excitation energies slightly above the fission barrier the Γf (E) calculated in constant energy regime issubstantially smaller than Γf (T ) calculated in constant temperature regime, and popular Bohr-Wheeleror Kramers approximations.We have also investigated the impact of memory effects on the fission width Γf of heavy nuclei. It turnedout that Γf is very sensitive to the damping parameter η. In the low viscosity region the fission width
Γf grows as function of η and decreases as function the relaxation time τ . In high viscosity region thetendency is opposite. Such dependence is common both for small and large excitation energies.
References[1] J. Maruhn and W. Greiner, Z. Phys. 251 (1972) 431.[2] K. Pomorski et al., Phys. Scr. 92 (2017) 064006.[3] K. Schimada et al., Phys. Rev. C 104, 054609 (2021).[4] C. Ishizuka et al., Phys. Rev. C 101, 011601(R) (2020).[5] L.L. Liu et al., Phys. Rev. C 103 (2021) 044601.[6] P.V. Kostryukov et al., Chin. Phys. C 45 (2021) 124108.[7] F.A. Ivanyuk et al., Preprint arXiv:2103.14145v1 [nucl-th]; submitted to Nucl. Phys. A.
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Near-barrier elastic scattering of 17Ne from 208Pb
N. Keeley1 Invited talk

1 National Centre for Nuclear Research, ul. Andrzeja Sołtana 7, 05-400 Otwock, Poland
New data taken at the SPIRAL facility, GANIL will be presented for the elastic scattering of the two-protonhalo candidate 17Ne from a 208Pb target at an incident energy of 136 MeV, close to the Coulomb barrier.The data look remarkably similar to those for the two-neutron halo nucleus 6He scattered from a 208Pbtarget at similar energies with respect to the Coulomb barrier, see e.g. Ref. [1]. Since the two-protonseparation energy of 17Ne (933 keV) is very close to the two-neutron separation energy of 6He (975 keV)it is tempting to ascribe the behaviour of the 17Ne +208Pb elastic scattering to the same cause, viz.strong dipole coupling to the low-lying continuum. A comparison of the single-proton and single-neutronseparation energies of 17Ne and 6He, 1469 keV and 1710 keV respectively, would seem further to supportthis conjecture. However, the charge on the protons complicates matters, as pointed out by Kumar andBonaccorso [2], leading to a larger “effective” binding energy compared to the equivalent neutron halo,at least as regards the breakup cross section.The 17Ne + 208Pb elastic scattering data also bear a striking similarity to those measured for the stable
20Ne scattered from a 208Pb target at 131 MeV [3], where Coulomb excitation of the strongly coupled(bound) 2+1 level of 20Ne plays the crucial rôle. The new data therefore provide an interesting addition tothe available information on the scattering of halo nuclei, providing the first unambiguous evidence ofstrong coupling effects for a proton halo nucleus. In this talk various analyses will be presented, beginningwith simple optical model fits through coupled channels calculations to a coupled discretised continuumchannels calculation based on a simplified 2He + 15O two-body cluster model, and some preliminaryconclusions will be drawn.
References[1] O. R. Kakuee et al., Nucl. Phys. A 728 (2003) 339.[2] Ravinder Kumar and Angela Bonaccorso, Phys. Rev. C 84 (2011) 014613.[3] E. E. Gross et al., Phys. Rev. C 17 (1978) 1665.
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Experimental investigations of octupole collectivity in atomic nuclei
P. Spagnoletti1 Invited talk

1 Department of Chemistry, Simon Fraser University, Burnaby, British Columbia V5A 1S6, Canada
Atomic nuclei which exhibit a reflection-asymmetric shape are of considerable interest for the under-standing of nuclear structure. These "pear-shaped" nuclei are expected to occur in the regions of thenuclear chart where the octupole degree of freedom is enhanced. Strong octupole correlations manifestwhen the Fermi surface lies close to single-particle orbitals with quantum numbers [l,j] and [l-3,j-3] givingrise to the octupole magic numbers N,Z=34,56,88 and 134. Atomic nuclei in these regions can exhibitenhanced particle-hole interactions from the octupole component of the nucleon-nucleon interactiondriving this reflection asymmetry which gives rise to the nuclear pear shape [1]. This phenomenon isimportant for experimental studies of atomic electric dipole moments (EDMs) in odd-mass isotopesexhibiting octupole deformation due to their enhancement of the Schiff moment [2].Several experimental studies to measure the magnitude of octupole collectivity in nuclei have beenperformed via Coulomb excitation. This technique has been exploited to study nuclei for over 50 yearsand has undergone a renaissance with the development of post-accelerated radioactive ion beams(RIBs) from ISOL (Isotope Separator On-Line) facilities. A recent experiment performed at HIE-ISOLDE,which can now produce post-accelerated beams up to 10 MeV / u, to study E3 moments in 222,228Ra[3] and 222,224,226Rn [4,5] was performed in 2018. The results suggest that 222Ra exhibits a significantenhancement of the octupole moment similar to previous studies of 224Ra [6] and 226Ra while 228Ra isclassifies as having an octupole-vibrational character based on observed vanishing E3 matrix elements.For the Rn isotopes, analysis of level energies in these nuclei indicate that no Rn nuclei will exhibit staticoctupole deformation in their ground state and are subsequently not ideal candidates for studies ofatomic EDMs.
References[1] P. A. Butler et al., J. Phys. G Nucl. Part. Phys. 43 073002 (2016).[2] R.H. Parker et al., Phys. Rev. Lett. 114, 233002 (2015).[3] P. A. Butler et al., Phys. Rev. Lett. 124, 042503 (2020).[4] P. A. Butler et al., Nature Comm. 10, 2473 (2019).[5] P. Spagnoletti et al., Phys. Rev. C 105 024323 (2022).[6] L.P. Gaffney et al., Nature 497, 199 (2013).
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Shell Structure of the very n-rich Ni isotopes and the REMO project
G. de Angelis1 Invited talk

1 INFN Laboratori Nazionali Legnaro, Legnaro (Pd), Italy
The study of neutron rich nuclei with unusually large neutron/proton ratio is challenging the conventionaldescription of the structure of nuclei. The Ni isotopes are in this regard a benchmark of nuclear studies,as they correspond to a proton shell closure (Z = 28), while also exhibiting neutron shell or subshellclosures at N = 28, 40 and 50. An intriguing interplay among spherical, prolate and γ-unstable shapeshas been predicted in such isotopes driven by the combined effect of the tensor force and differentparticle configurations [1]. Such configuration-dependent shell structure translates into the coexistenceof spherical and strongly deformed shapes with shape fluctuations and with a spectrum approachingthe symmetry group E(5) with a behavior which has been interpreted as a striking example of phasetransitions in dual quantum liquids [1,2]. Nickel isotopes are also an interesting example of partialconservation of the seniority quantum number. Seniority remains a good quantum number for anytwo-body interaction acting within j shell when j≤7/2, but it needs not be conserved for j≤ 9/2. Partialconservation of the seniority quantum number - most eigenstates are mixed in seniority but some remainpure - has been recently predicted in the neutron rich Ni isotopes, filling the g9/2 shell [3]. Reducedtransition probabilities have been recently measured for the most exotic 73,74,75Ni nuclei with relativisticCoulomb excitation performed at the RIKEN Nishina Center [4]. Deformation lengths for n-rich Ni isotopeshave been determined from proton inelastic scattering at NSCL using Gretina [5] and neutron/protonmatrix elements have been extracted. In this presentation I will discuss the results obtained (75Ni is themost exotic neutron reach Ni isotope presently reachable for such kind of studies) together with futureprograms on the use of radiotracers for monitoring the adaptation of marine species to the change of theclimate [6]. The REMO project, in a collaboration composed by the IFIC (CSIC) Valencia (E), LNL (INFN) (I)and the Oceanografic of Valencia (E), has been recently approved in the spanish recovery plan programwith the aim of investigating the effects of ocean acidification on molluscs [7].
References[1] T. Otsuka, Phys. Scr. T 152, 014007 (2013).[2] Y. Tsunoda et al., Phys. Rev. C 89, 031301(R) (2014).[3] P. V. Isacker and S. Heinze, Phys. Rev. Lett. 100, 052501 (2008).[4] A. Gottardo et al., Phy.Rev. C 102, 014323 (2020).[5] D. Brugnara et al., Private comm. (2022).[6] G. de Angelis et al., EPJ WEB of Conferences (2015).[7] E. Nacherthttp://webific.ific.uv.es/web/content/investigadores-del-csic-y-del-oceanografic-analizaran-
los-efectos-del-cambio-climatico-en.
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Charge-dependent DFT: formalism and selected applications*
Wojciech Satuła S

Faculty of Physics, University of Warsaw, Warsaw, Poland
I shall start by briefly introducing the charge-dependent nuclear Density Functional Theory (CD-DFT)which, apart of the Coulomb interaction, includes isospin-symmetry-breaking (ISB) contact terms upto next-to-leading (NLO) order and the proton-neutron mixing in particle-hole channel [1]. Next, I shalldemonstrate that such formalism, with an aid of six new low-energy coupling constants, is capableto account globally (irrespectively on atomic number) for the ISB in nuclear masses of N ≈ Z nucleireproducing well both the isovector as well as the isotensor coefficients of the Isobaric Multiplet MassEquation (IMME), see [2].In the second part of my talk, I shall focus myself on multi-reference DFT (MR-DFT) calculations of ISBcorrections to the ground-state beta decay of T = 1/2mirror nuclei (more precisely to the Fermi branch)that involve, for the first time, both the Coulomb interaction as well as the local isovector interactionat LO and NLO fitted to reproduce mirror energy displacements [3]. I shall demonstrate that, rathercounterintuitively, the local isovector potential surprisingly strongly influences the calculated Coulombimpurities and ISB corrections. This study is important in the context of the future high-precision testingof the electroweak sector of the Standard Model. At the moment the accuracy of T = 1/2 β-decayexperiments is too low for such tests but fast progress in β-decay correlation techniques makes suchexperimentation very promising and keeps the field vibrant see, for example, Ref. [4] for the β-asymmetrymeasurement in 37K decay.Eventually, I shall demonstrate that after including (no-core) configuration-interaction (NCCI), our modelcan be also applied to compute the so called mirror energy differences (MEDs) i.e. changes in ISB effectsin function of angular momentum along the rotational bands of mirror nuclei, see [5,6,7]. It allows us toconclude that, in particular, the MR-DFT and DFT-NCCI variants of our model are reliable theoretical toolsallowing to assess quantitatively diverse isospin-sensitive observables inN ≈ Z nuclei without a needfor local tuning of model’s LECs.
References[1] P. Bączyk et al., Phys. Lett. B 778, 178-183 (2018).[2] P. Bączyk et al., J. Phys. G 46, 03LT01 (2019).[3] M. Konieczka et al., Phys. Rev. C (2022), in press.[4] B. Fenker et al., Phys. Rev. Lett. 120, 062502 (2018).[5] R.D.O. Llewellyn et al., Phys. Lett. B f 811, 135873 (2020).[6] P. Bączyk and W. Satuła, Phys. Rev. C 103, 054320 (2021).[7] S. Uthayakumaar et al., submitted to Phys. Rev. C (2022).

*Supported in part by the Polish National Science Centre (NCN) under Contract No 2018/31/B/ST2/02220.
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New developments in the description of four-nucleon continuum
A. Deltuva1 S
1 Vilnius University, Vilnius, Lithuania
Four-nucleon reactions are described in the framework of exact Faddeev-Yakubovsky-type integral equa-tions that are solved numerically using momentum-space partial-wave basis. The technique is ableto include not only the Coulomb and realistic nuclear potentials, but also the virtual excitation of the
∆ isobar. The calculations were performed for (p, n) charge-exchange and (d, p) and (d, n) transferreactions in proton-triton and deuteron-deuteron collisions, respectively [1]. Differential cross sections,analyzing powers, and polarization transfer coefficients are calculated. After demonstrating the reliabilityof the developed solution methodology in the four-nucleon continuum, it will be applied to the study ofthe tetraneutron resonance.
References[1] A. Deltuva et al., Phys. Rev. Lett. 113 (2014) 102502.
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Quadrupole and octupole collectivity in 96Zr from Coulomb-excitationstudies with the Q3D magnetic spectrograph
M. Zielińska1, P.E. Garrett2, A. Bergmaier3, H. Bidaman2, V. Bildstein2, A. Diaz Varela2,D.T. Doherty4, T. Fästermann5, R. Hertenberger6, P. Spagnoletti7, M. Vandebrouck1,
K. Wrzosek-Lipska8 S
1IRFU, CEA, Université Paris-Saclay, France
2University of Guelph, Canada
3Universität der Bundeswehr München, Germany
4University of Surrey, Guildford, UK
5Technische Universität München, Germany
6Ludwig-Maximilians Universität München, Germany
7University of the West of Scotland, Paisley, UK
8Heavy Ion Laboratory, University of Warsaw, Poland
Quadrupole and octupole deformation of low-lying excited states in 96Zr has attracted considerableattention in the last years. In particular, theB(E2; 2+2 → 0+1 ) value was recently measured using electronscattering [1]. The deduced B(E2; 2+2 → 0+2 ) value of 36(11) W.u., compared to the B(E2; 2+1 → 0+1 )value of 2.3(3) W.u., demonstrates that an excited deformed configuration coexists with a nearly sphericalground state. This has been linked to the type-II shell evolution mechanism [2], i.e. reorganization ofnuclear shells due to specific proton and neutron occupations. Moreover, numerous theoretical studiesattempted to address the unusually largeB(E3; 3−1 → 0+1 ) transition strength in 96Zr, being at 57(4) W.u.the strongest known E3 transition in a spherical nucleus. Very recently, the E3/E1 γ-ray branching inthe decay of the 3−1 state in 96Zr has been remeasured following deep-inelastic reactions [3], yielding a
B(E3; 3−1 → 0+

1 ) value almost 30% lower than those resulting from previous measurements and raisingdoubt about the exceptional character of octupole correlations in 96Zr.We performed a high-precision study of B(E2; 2+2 → 0+
1 ) and B(E3; 3−1 → 0+

1 ) transition strengthsin 96Zr using low-energy Coulomb excitation. The experiment was performed at the Maier-LeibnitzLaboratory of the Technische Universität and Ludwig-Maximilians Universität München. Beams of 45-MeV 12C and 56-MeV 160 with up to 0.2 µA current bombarded an isotopically enriched target of
96ZrO2 27 µg/cm2 thick. The 12C and 160 ejectiles were momentum analyzed using the Q3D magneticspectrograph. Under the experimental conditions, the probability of multi-step excitation process wasnegligible and thus the transition strengths could be easily and accurately determined from the measuredrelative population of the excited states.The resultingB(E2; 2+2 → 0+

1 ) andB(E3; 3−1 → 0+
1 ) values, obtained with a precision better than 10%,will be discussed in the context of shape coexistence and evolution of the octupole collectivity across theZr isotopic chain.

References[1] C. Kremer et al., Phys. Rev. Lett. 117 (2016) 172503.[2] T. Togashi et al., Phys. Rev. Lett. 117 (2016) 172502.[3] Ł. Iskra et al., Phys. Lett. B 788 (2019) 396.
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Insights into the structure of light nuclei
Martin Freer1 Invited talk

School of Physics and Astronomy, University of Birmingham, Birmingham, B15 2TT, UK
The structure of nuclei is a dynamic interplay between microscopic and macroscopic properties guidedby the nature of the strong interaction. Though fundamentally a system whose properties are governedby the nature of these inter-nucleon forces, with the influence of many-body components, the nuclearstructure is guided by emergent symmetries. A recent study using quantum many-body simulationsformulated from first principles [1] has explored the emergence of α-particles which reproduce thedensities of the nuclei 8,10Be and 12C. Lattice based Chiral Effective Field Theory calculations, wherenucleons are free to move between the lattice sites under the influence of the strong interaction alsodemonstrates the emergence of α-clustering [2]. These correlated 4 nucleon systems are evident inexperimental observations across the nuclear chart, but an interesting question is how these correlationsthen imprint onto the mean-field/shell-model interpretation of nuclei. There is some guidance from verysimple mean-field type approaches such as the deformed harmonic oscillator, which reveals symmetriesand magic numbers which are imprinted onto more complex models and more importantly experimentalproperties. This presentation will expose some of the simple patterns which infect more complexapproaches to our understanding of light nuclei and that are not diluted through the complex nature ofthe nucleon-nucleon interaction [3].
References[1] Otsuka, T., Abe, T., Yoshida, T. et al. α-Clustering in atomic nuclei from first principles with statisticallearning and the Hoyle state character. Nat Commun 13, 2234 (2022).[2] Martin Freer, Hisashi Horiuchi, Yoshiko Kanada-Enýo, Dean Lee, and Ulf-G. Meißner Rev. Mod. Phys.90, 035004 (2018).[3] Martin Freer et al, J. Phys. G: Nucl. Part. Phys. 49 055105 (2022).
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Nuclear physics at the edge of stability
M. Płoszajczak1 Invited talk

1 Grand Accélérateur National d’Ions Lourds (GANIL), CEA/DSM - CNRS/IN2P3, Bd Henri Becquerel, 14000Caen, France.
Loosely bound nuclei are currently at the centre of interest in low-energy nuclear physics. The deeperunderstanding of their properties provided by the shell model for open quantum systems changes thecomprehension of many phenomena and offers new horizons for spectroscopic studies from the driplinesto the well-bounded nuclei for states in the vicinity and above the first particle emission threshold [1].Systematic studies in this broad region of masses and excitation energies will extend and complete ourknowledge of atomic nuclei at the edge of stability.In this talk, I will review the recent progress in the open quantum system shell model description of nuclearstates, in particular, the understanding of (i) near-threshold collectivity and clustering, (ii) modification ofeffective NN interactions and shell occupancies in weakly bound/unbound states, and (iii) low-energyreactions of astrophysical interest.
References[1] N. Michel, M. Płoszajczak, Gamow Shell Model - The Unified Theory of Nuclear Structure and Reactions,Lecture Notes in Physics 983 (Springer, Cham, 2021).
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Recent progress in ab-initio computations of nuclei
G. Hagen1,2,3 Invited talk

1 Physics Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831, USA
2 Department of Physics and Astronomy, University of Tennessee, Knoxville, TN 37996, USA
3 TRIUMF, 4004 Wesbrook Mall, Vancouver, BC V6T 2A3, Canada
High performance computing, many-body methods with polynomial scaling, and ideas from effective-field-theory is pushing the frontier of ab-initio computations of nuclei.Here I report on advances in coupled-cluster computations of nuclei starting chiral Hamiltonians with two-and three-nucleon forces. Global surveys of bulk properties of medium-mass and neutron-rich nucleifrom ab-initio approaches are now becoming possible by using reference states that break rotationalsymmetry and keeping axial symmetry [1,2]. These calculations have revealed systematic trends of chargeradii in various isotopic chains [3,4], questioned the existence of certain magic shell closures in neutron-rich nuclei [1,5], and confrontation with data have exposed challenges for ab-initio theory [5,6]. Therestoration of broken rotational symmetry in coupled-cluster calculations [1] allow us to address rotationalstructure of nuclei. With this approach we have made predictions for excited state in neutron-rich neonisotopes including 32,34Ne, and finding that 34Ne is as rotational as 32Ne and 34Mg.In addition to entire regions of the nuclear chart now being targeted by ab-initio computations, entirelynewways tomake quantified predictions are becoming possible by the development of accurate emulatorsof ab-initio calculations [7]. These emulators reduce the computational cost by many orders of magnitudeallowing for billions of simulations of nuclei using modest computing resources. This allows us to performglobal sensititvity analysis, quantify uncertainties, and use novel statistical tools in predicting propertiesof nuclei. Very recently we used these tools together with delta-full chiral interactions at next-to-next-toleading order to identify regions of the parameter space of low-energy constants of the nuclear interactionthat give results consistent with data including nucleon-nucleon scattering phase-shifts, A = 2, 3, 4observables, and the binding energy and charge radius of 16O. The resulting 34 parametrizations wherethen used to compute the properties of the heavy nucleus 208Pb [8]. We accurately reproduced bulkproperties of 208Pb and made predictions for the neutron-skin which is smaller and more precise than arecent extraction from parity-violating electron scattering but in agreement with other experimentalprobes. These developments demonstrates how realistic two- and three-nucleon forces act in atomicnuclei and allow us to make quantitative predictions across the nuclear landscape.
References[1] S. J. Novario, et al., Phys. Rev. C 102, (2020) 051303(R).[2] G. Hagen et al., Phys. Rev. C 105, (2022) 064311.[3] S. Malbrunot-Ettenauer et al., Phys. Rev. Lett. 128 (2022) 022502.[4] Markus Kortelainen, et al., Phys. Rev. C 105 (2022) L021303.[5] Á. Koszorús, et al., Nature Physics 17, (2021) 439.[6] B. Ohayon, et al., Phys. Rev. C 105 105, (2022) L031305.[7] Andreas Ekström and Gaute Hagen, Phys. Rev. Lett. 123, (2019) 252501.[8] Baishan Hu et al., arXiv:2112.01125 (2022).
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Few-Nucleon Systems for Nuclear Physics
J. Golak1, R. Skibiński1, H. Witała1, D. Ramirez1, V. Urbanevych1, V. Chahar1
for the LENPIC collaboration Invited talk

1 M. Smoluchowski Institute of Physics, Jagiellonian University, PL-30348 Kraków, Poland
Chiral effective field theory (EFT) and ab initio few- and many-body methods play a very important role inprecision nuclear theory. In this contribution the current status of the chiral nuclear forces [1–4] derivedby the Low Energy Nuclear Physics International Collaboration (LENPIC) [5] will be presented. Theseforces were very recently employed in a comprehensive investigation of few-nucleon systems as wellas light and medium-mass nuclei up to A = 48 [6]. To this end Hamiltonians comprising higher-ordernucleon-nucleon potentials in combination with the three-nucleon force at N2LO were first determinedusing the A = 3 binding energies and selected nucleon-deuteron cross sections as input. They werethen used to calculate other nucleon-deuteron scattering observables, spectra of light p-shell nuclei andground state energies of nuclei in the oxygen isotopic chain from 14O to 26O as well as 40Ca and 48Ca.We will discuss these new results, which give insights into the convergence pattern of chiral EFT for lightand medium-mass nuclei.
References[1] E. Epelbaum, H. Krebs, and U.-G. Meißner, Phys. Rev. Lett. 115 (2015) 122301.[2] E. Epelbaum, H. Krebs, and U.-G. Meißner, Eur. Phys. J. A 51 (2015) 53.[3] P. Reinert, H. Krebs, and E. Epelbaum, Eur. Phys. J. A 54 (2018) 86.[4] E. Epelbaum et al., arXiv:2206.07072 [nucl-th].[5] The LENPIC website: http://www.lenpic.org/[6] P. Maris et al., arXiv:2206.13303 [nucl-th].
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FAIR, the Universe in the Lab
Paolo Giubellino1 Invited talk

1FAIR/GSI, Germany
The construction of FAIR is proceeding rapidly. The tunnel for the SIS 100 accelerator is complete,and the realization of the experimental halls advances. The installation of the technical infrastructureis in full swing. The components of the accelerators of the future facility are in production and arearriving progressively on the campus of the GSI Helmholtzzentrum for Heavy-Ion Research in Darmstadt,Germany. While the full science potential of FAIR can only be harvested once the new suite of acceleratorsand storage rings is completed and operational, some of the detectors and instrumentation are alreadyavailable and are used for a precursor science program called FAIR Phase-0, exploiting also the significantlyupgraded GSI accelerator chain. The program has started in the summer of 2019 and continues with a fewmonths of beam time per year. The progress of the FAIR realization and the status as well as prospects ofscience at FAIR and in the precursor Phase-0 program will be presented.
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Recent Results from the DESPEC campaign at GSI
G. Benzoni1 Invited talk

1 INFN, Sez. Di Milano, Via Celoria 16, 20133, Milano (Italy)
The HISPEC-DESPEC collaboration aims at studying the evolution of the shell structure and exotic nuclearshapes in uncharted nuclear territory, providing spectroscopic information for the nucleosynthesis ofmedium to heavy nuclei, exploiting the uniqueness of the GSI-FAIR laboratory.In this first years after the restart of GSI, starting from early commissioning in 2019 to real experimentsin 2020-2022, the collaboration focused on stopped-beams experiments, with the aim of providing acomplete picture of the β-decay process [1,2]. The use of the FATIMA array coupled to HPGe detectorsprovides, in fact, a detailed reconstruction of the decay scheme with a particular focus on specificobservables, such as levels lifetimes.In this contribution a detailed description of the detection equipment and first results of the campaigns,together with an outlook onto the future experimental program will be given.
References[1] M. Rudiger et al., Nucl. Inst. and Meth. A 969 (2020) 163967.[2] A.K. Mistry et al., Nucl. Inst. and Meth. A 1033 (2022) 166662.
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Physics Programof the SPARC Collaboration at FAIR: QuantumDynamicsin Extreme Electromagnetic Fields
Th. Stöhlker1,2,3 Invited talk

1 Helmholtz-Institut Jena, D-07743 Jena, Germany
2 IOQ, Friedrich-Schiller-Universität Jena, D-07743 Jena, Germany
3 GSI Helmholtzzentrum für Schwerionenforschung, 64291 Darmstadt, Germany
Relativistic interactions with matter involving heavy high-Z ions provide a unique testing ground forour understanding of quantum electrodynamics and correlation in the non-perturbative regime aswell as of elementary atomic processes mediated by ultrafast electromagnetic interactions. For thisrealm of physics, the future international accelerator Facility for Antiproton and Ion Research (FAIR)has key features that offer a range of novel challenging research opportunities [1,2]. The facility cur-rently under construction will provide the highest intensities for relativistic beams of both stable andunstable heavy nuclei at high nuclear charge, in combination with the strongest possible electromag-netic fields, thus allowing to extend atomic spectroscopy virtually up to the limits of atomic matter.At the same time, experiments at relativistic beam energies are complemented by experiments atlow beam energies (< 10 MeV/u) or even at rest but still at high charge state (see Figure). This sce-nario is worldwide unique and will deliver high-accuracy data for bound state QED (avoiding Dopplershifts) as well as the determination of fundamental constants. In addition, atomic collisions can bestudied in the nonperturbative, adiabatic regime, and even super-critical fields will get accessible.

Figure: Portfolio of storage and trapping facilities at FAIR. Note, HITRAP, CRYRING, and ESR are already inoperation or under commissioning.In this talk, I will also review recent experimental results for atomic, quantum and fundamental researchobtained at the already existing ion storage and trapping facilities [3,4]. Examples include e.g. laserspectroscopy exploiting the large Doppler boost associated with relativistic ions as well as precisionx-ray, laser and di-electronic recombination spectroscopy. Finally, experiments at the border betweenatomic and nuclear physics will be addressed in addition with emphasis on rare nuclear decay modesonly possible at high atomic charge states.References[1] Th. Stöhlker et al Nucl. Instr. Meth. Phys. Res. B 365 680-685 (2015).[2] F. Aumayr et al., J. Phys. B: At. Mol. Opt. Phys. 52, 171003 (2019).[3] J. Ullmann et al., Nature at. Commun. 8 (2017).[4] B. Zhu et al., Phys. Rev. A 105, 052804 (2022).
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Precision Experiments with Heavy-Ion Storage Rings
Yu. A. Litvinov1 Invited talk

1 GSI Helmholtzzentrum für Schwerionenforschung, 64291 Darmstadt, Germany
The storage of freshly produced secondary particles in a dedicated storage ring is a straightforward wayto achieve the most efficient use of the rare species as it allows for using the same secondary ion multipletimes. Employing storage rings for precision physics experiments with highly-charged ions (HCI) at theintersection of atomic, nuclear, plasma and astrophysics is a rapidly developing field of research. Thenumber of physics cases is enormous [1].Until very recently, there were only two accelerator laboratories, GSI Helmholtz Center in Darmstadt,Germany (GSI), and Institute of Modern Physics in Lanzhou, China (IMP), operating heavy-ion storagerings coupled to radioactive-ion production facilities. The experimental storage ring ESR at GSI and theexperimental cooler-storage ring CSRe at IMP offer beams at energies of several hundred A MeV. The ESRis capable to slow down ion beams to as low as 4 AMeV. Beammanipulations like deceleration, bunching,accumulation, and especially the efficient beam cooling as well as the sophisticated experimental equip-ment make rings versatile instruments [2]. The focus here will be on the most recent highlight resultsachieved within FAIR-Phase 0 research program at the ESR.The ESR is presently the only instrument enabling precision studies of decays of HCIs [3]. Radioactivedecays of HCIs can be very different as known in neutral atoms. Some decay channels can be blockedwhile new ones can become open. Such decays reflect atom-nucleus interactions and are relevant foratomic physics and nuclear structure as well as for nucleosynthesis in stellar objects. Especially thetwo-body weak decays of HCIs will be discussed.The efficient deceleration of beams to low energies enabled studies of proton-induced reactions inthe vicinity of the Gamow window of the p-process nucleosynthesis [4]. Proton capture reaction onshort-lived 118Te was successfully measured in 2021 in the ESR. Here, the well-known atomic chargeexchange cross-sections are used to constrain poorly known nuclear reaction rates.The performed experiments will be put in the context of the present research programs at GSI/FAIR andin a broader, worldwide context, where, thanks to fascinating results obtained at the presently operatingstorage rings, a number of new exciting projects is planned. Experimental opportunities are being nowdramatically enhanced through construction of dedicated low-energy storage rings, which enable storedand cooled secondary HCIs in previously inaccessible low-energy range. The first such facility, CRYRING,has just been constructed at GSI to receive decelerated beams of HCIs from ESR. A new era of precisionexperiments will start once the Collector Ring (CR) and the High-Energy Storage Ring (HESR) of FAIR willbe taken in operation. In this presentation the emphasis will be made on scientific programs of the SPARC[5] and NUSTAR/ILIMA [6] collaborations at these rings.
References[1] Yu.A. Litvinov et al., Nucl. Instr. Meth. B 317 (2013) 603-616.[2] M. Steck and Yu. A. Litvinov, Prog. Part. Nucl. Phys. 115 (2020) 103811.[3] Yu. A. Litvinov and F. Bosch, Rep. Prog. Phys. 74 (2011) 016301.[4] J. Glorius et al., Phys. Rev. Lett. 122 (2019) 092701.[5] Th. Stöhlker et al., Hyperfine Interact. 227 (2014) 45.[6] P. M. Walker, Yu. A. Litvinov and H. Geissel, Int. J. Mass Spectrom. 349-350 (2013) 247.
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WASA-FRS experiments in FAIR Phase-0 at GSI
Y. K. Tanaka1 for the WASA-FRS and Super-FRS Experiment Collaborations Invited talk

1 RIKEN Cluster for Pioneering Research, RIKEN, Wako, Japan
We have developed and constructed a new unique experimental setup which combines FragmentSeparator (FRS) at GSI [1] and the central part of Wide Angle Shower Apparatus (WASA) [2]. The WASAdetector system has been installed at the central focal plane of the FRS. Proton or heavy-ion beamsaccelerated by the synchrotron SIS-18 at GSI impinge on a production target located inside or in front oftheWASA detectors. Exotic hadronic systems can be then produced in nuclear reactions. Forward emittedparticles are separated and momentum-analyzed by the FRS operated as a high-resolution spectrometer,while light decay particles are detected by theWASA central detectors with a large solid-angle acceptance.We have recently carried out two pioneering experiments with the WASA-FRS experimental setup fromJanuary to March 2022 in the framework of the FAIR Phase-0 program at GSI. The first experiment S490was conducted to search for η′ meson bound states in carbon nuclei (η′-mesic nuclei) [3]. While existenceof η′-mesic nuclei is theoretically predicted for various cases of η′-nucleus potentials [4], no experimentalobservation was reported so far due to small signal-to-background ratio in the previous experiment [5].The second experiment S447 aims at studying light hypernuclei in heavy-ion induced reactions [6], wherethe main goals are set to give answers to the two puzzles raised by the previous HypHI experiments atGSI: indication of a neutral nnΛ bound system [7] and a short lifetime of 3ΛH [8].In this talk, we introduce the two experiments performed in 2022 including various developments forrealizing the new experimental setup. Reports from the beam times and preliminary status of the dataanalysis will be presented. Future prospects with Super-FRS at FAIR will be discussed as well.
References[1] H. Geissel et al., Nucl. Instrum. Meth. B 70 (1992) 286.[2] C. Bargholtz et al., Nucl. Instrum. Meth. A 594 (2008) 339.[3] K. Itahashi et al., Experimental Proposal to FAIR Phase-0 at GSI, S490 (2020).[4] H. Nagahiro et al., Phys. Rev. C 87 (2013) 045201.[5] Y. K. Tanaka et al., Phys. Rev. Lett 117 (2016) 202501.[6] T. R. Saito et al., Experimental Proposal to FAIR Phase-0 at GSI, S447 (2020).[7] C. Rappold et al., Phys. Rev. C 88 (2013) 041001.[8] C. Rappold et al., Nucl. Phys. A 913 (2013) 170.
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Experiments: From ALADIN-LAND to R3B at GSI and FAIR*
H. Simon1 for the R3B collaboration# Invited talk

1 GSI Helmholtzzentrum für Schwerionenforschung GmbH, Darmstadt, Germany
# http://www.r3b-nustar.de/
In my talk i’d like to show you the evolution of our setup and experiments, being initiated and usedat GSI, towards a dedicated experiment for various experiments with secondary beams at relativisticvelocities for FAIR. Intermediate steps in the commissioning of the novel devices, together with theaddressed physics questions, in the frame of Phase-0 beam times will be presented. Prototype studies atthe SAMURA setup in RIKEN will also be shown.The general time line for the Super-FRS facility at FAIR with intense SIS-18 and SIS-100 beams will bediscussed and prospects for associated physics studies will be presented.
ReferencesE.g.: C. Lehr, F. Wamers et al., Physics Letters B827 (2022) 136957.

*The research presented here is based on results from several experiments at the R3B setup as part of FAIR Phase-0, supported bythe GSI Helmholtzzentrum für Schwerionenforschung in Darmstadt (Germany). This work is supported by the German FederalMinistry for Education and Research (BMBF) under contract numbers 05P15RDFN1, 05P19RDFN1, 05P2015PKFNA, 05P19PKFNA,05P2018, 05P2015 and 06FY711051, HIC for FAIR funded by the state of Hesse, Germany, and the GSI-TU Darmstadt cooperation,Germany contract. Further support was provided by GSI, Germany (KZILGE1416) and the Swedish Research Council under grantnumbers 2011-5324 and 2017-03839.
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Studies of exotic nuclei with the FRS Ion Catcher at GSI
J. Zhao1, D. Amanbayev2, S. Ayet San Andrés1,2, D. Balabanski3, S. Beck1,2, J. Bergmann2, Z. Brencic4,P. Constantin3, T. Dickel1,2, T. Fowler-Davis5, Z. Ge1, H. Geissel1,2, C. Hornung1,2, N. Kalantar-Nayes-tanaki6, A. Kankainen7, Y. Kehat8, G. Kripkó-Koncz2, I. Mardor8, A. Mollaebrahimi1,2,6, W.R. Plaß1,2,I. Pohjalainen1,7, M.P. Reiter5, C. Scheidenberger1,2, A. Spataru3, A. State3, P. Thirolf9, N. Tortorelli9,1,M. Vencelj4, J. Yu1, A. Zadvornaya2
for the FRS Ion Catcher Collaboration and the Super-FRS Experiment Collaboration S
1 GSI Helmholtzzentrum für Schwerionenforschung, Darmstadt, Germany
2 Justus-Liebig-Universität Gießen, Gießen, Germany
3 ELI-NP, Bucharest, Romania
4 Jozef Stefan Institute, Ljubljana, Slovenia
5 University of Edinburgh, United Kingdom
6 ESRIG, University of Groningen, The Netherlands
7 University of Jyväskylä, Jyväskylä, Finland
8 Tel Aviv University, Israel
9 Ludwig-Maximilians-Universität München, Germany
At GSI, exotic nuclei have been produced at relativistic velocities by projectile fragmentation or fissionat the entrance of the fragment separator FRS [1], separated in flight, identified and transported tothe FRS Ion Catcher [2,3], where they were slowed down and thermalized in a Cryogenic StoppingCell (CSC). Subsequently, their masses were measured by using a Multiple-Reflection Time-Of-FlightMass-Spectrometer (MR-TOF-MS). Masses of nuclides with production cross sections down to a few nband rates down to two counts per hour have been measured with the FRS Ion Catcher. The MR-TOF-MS features mass resolving powers of up to one million and relative mass measurement accuracies ofdown to 2x10−8 with measurement times of merely a few tens of milliseconds [4]. Broadband massmeasurements covering more than 20 mass units can be performed in a measurement time of about 10ms, and nuclides with half-lives of a few milliseconds are accessible with mass resolving powers of a few105. Moreover, the device can also be employed as an isobar and isomer separator [5].Mass measurements of neutron-deficient light lanthanides close to the proton drip line and neutron-richnuclei around theN = 126 shell closure have been performed [4,6,7]. Newly measured masses of groundand isomeric states of nuclei close to theN = Z line and below 100Sn shed light on nuclear structure andthe proton-neutron interaction. Furthermore, a search for fission isomers produced via the projectilefragmentation has been performed with the FRS Ion Catcher.An overview of the setup, recent experimental highlights, upcoming technical advances and experimentswill be given in this contribution.
References[1] H. Geissel et al., Nucl. Instrum. Methods B 70 (1992) 286.[2] W.R. Plaß et al., Nucl. Instrum. Methods B 317 (2013) 457.[3] W.R. Plaß et al., Hyperfine Interact. 240 (2019) 73.[4] I. Mardor et al., Phys. Rev. C 103 (2021) 034319.[5] T. Dickel et al., Phys. Lett. B 744 (2015) 137-141.[6] S. Ayet San Andrés, et al., Phys. Rev. C 99 (2019) 064313.[7] C. Hornung et al., Phys. Lett. B 802 (2020) 135200.
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Nuclear fission studies in inverse kinematics with the R3B setupat the GSI-FAIR facility
J. L. Rodríguez-Sánchez1 S
1IGFAE, Universidad de Santiago de Compostela, E-15782 Santiago de Compostela, Spain
Despite the recent experimental and theoretical progress in the investigation of the nuclear fissionprocess, a complete description still represents a challenge in nuclear physics because it is a very complexdynamical process, whose description involves the coupling between intrinsic and collective degreesof freedom as well as different quantum-mechanical phenomena. Due to this complexity and the useof different reaction mechanisms to induce the fission process, as well as the definition of differentfission observables which were often biased by the experimental conditions, many contradictory resultsand conclusions exist in literature [1]. In the last decade, unprecedented fission experiments have beencarried out at the GSI facility using the inverse kinematics technique in combination with state-of-the-art detectors especially designed to measure the fission products with high detection efficiency andacceptance [2,3]. For the first time in the long-standing history of fission, it was possible to simultaneouslymeasure and identify both fission fragments in mass and atomic numbers and obtain many correlationsamong them sensitive to the fission dynamics [2,4] and the nuclear structure at the scission point [5,6].Recently, these measurements have been improved by combining the previous experimental setupwith the calorimeter CALIFA (CALorimeter for In-Flight detection of γ-rays and high energy chargedpArticles) [7] and the neutron detector NeuLAND (New LArge Neutron Detector) [8] developed by theR3B collaboration, which allow us to measure the γ-rays and light particles in coincidence with the fissionfragments. In this talk I will show the results obtained in all these experiments, summarizing as well thenew ideas for the future fission experiments at the GSI-FAIR facility.
References[1] D. Jacquet et al., Prog. Part. Nucl. Phys. 63 (2009) 155.[2] J. L. Rodríguez-Sánchez et al., Phys. Rev. C 91 (2015) 064616.[3] E. Pellereau et al., Phys. Rev. C 95 (2017) 054603.[4] J. L. Rodríguez-Sánchez et al., Phys. Rev. C 96 (2016) 061601(R).[5] A. Chatillon et al., Phys. Rev. Lett. 124 (2020) 202502.[6] A. Chatillon et al., Phys. Rev. C 99 (2019) 054628.[7] H. Alvarez-Pol et al., Nucl. Instrum. Methods Phys. Res. A 767 (2014) 453.[8] K. Boretzky et al., Nucl. Instrum. Methods Phys. Res. A 1014 (2021) 165701.
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Search for octupole deformation in A∼225 Po-Fr nuclei
M. Polettini1,2, G. Benzoni2, J. Pellumaj3,4, J. J. Valiente-Dobón4, G. Zhang5, D. Mengoni5, R. M. PerezVidal4, Z. Huang5, N. Hubbard6, H. M. Albers5, A. Bracco1,2
on behalf of the HISPEC-DESPEC collaboration for S460 experiment S
1 Dipartimento di Fisica, Università degli Studi di Milano, Italy
2 Istituto Nazionale di Fisica Nucleare, Sezione di Milano, Milano, Italy
3 Dipartimento di Fisica e Scienze della Terra, Università di Ferrara, Italy
4 INFN, Laboratori Nazionali di Legnaro, Italy
5 Dipartimento di Fisica e Astronomia, Università di Padova and INFN Padova, Italy
6 Institut für Kernphysik, Technische Universität Darmstadt, Darmstadt, Germany
7 GSI Helmholtzzentrum für Schwerionenforschung GmbH, 64291 Darmstadt, Germany
In the landscape of nuclear shapes the occurrence of asymmetric pear-like nuclei has long been searchedfor. Evidence of static octupole deformation has been found only in selected regions of the nuclear chart(A∼146 and A∼222), where orbitals which differ by∆j,∆l = 3 approach the Fermi level for both protonsand neutrons [1]. A∼225 Rn-Th nuclei are expected to show the largest static octupole deformations,as highlighted both by recent experimental measurements and by theoretical calculations [2,3]. Thisregion is characterised by a dearth of experimental information and very few direct measurements of E3transitions were performed in recent years in 220Rn, 224Ra [4] and 228Th [5], highlighting also a typicalde-excitation pattern. Atoms where nuclei display static octupole deformation are an ideal playgroundfor measurements of electric dipole moments (EDM) [6].We performed an experiment at GSI-FAIR (Darmstadt, Germany) in April 2021 within the HISPEC-DESPECcollaboration experimental campaign, with the aim to search for evidence of octupole deformation in220<A<230 Po-Fr nuclei via beta decay measurements. The primary ions were produced in in-flightfragmentation reactions, selected and identified using the FRagment Separator (FRS) [7] and implantedin the DEcay SPECtroscopy (DESPEC) station [8]. The DESPEC station is composed of a stack of DoubleSided Silicon-Strip Detectors (DSSD) sandwiched between two plastic scintillator detectors and a hybrid
γ-detection array consisting of HPGe and LaBr3(Ce). The ions are let decay in the DSSDs and the internalstructure of the daughter nuclei is performedwith ion-beta-gamma correlation and fast timing techniques.Recent results of the data analysis will be reported on.
References[1] P. A. Butler, Phys. G: Nucl. Part. Phys. 43 (2016) 073002.[2] L. M. Robledo and P. A. Butler, Phys. Rev. C 88 (2013) 051302(R).[3] S. Y. Xia et al., Phys. Rev. C 96 (2017) 054303.[4] L. P. Gaffney et al., Nature 497 (2013) 199-204.[5] M. M. R. Chishti et al., Nature Physics 16 (2020) 853–856.[6] T. E. Chupp, Rev. Mod. Phys. 91 (2019) 015001.[7] H. Geissel et al., Nucl. Instrum. Methods Phys. Res. B 70 (1992) 286.[8] A. K. Mistry et al., Nucl. Instrum. Methods Phys. Res. A 1033 (2022) 166662.
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Lifetime measurement below the 14+ isomer in 94Pd
A. Yaneva1,2, S. Jazrawi3,4, B. Das5, M. Mikolajczuk6, M. Górska1, P. Regan3,4, B. Cederwall5, J. Jolie2,G. Benzoni7, H.M. Albers1, A. Banerjee1, J. Gerl1, N. Hubbard1,8, A. Mistry1,8, M. Polettini7,9,M. Rudigier1,8, S. Alhomaidhi1,8, Ö. Aktas5, C. Appleton10, T. Arici1, J. Benito11, A. Blazhev2, A. Bruce12,M. Brunet3, R. Canavan3,4, M.M.R. Chishti3, T. Davinson10, T. Dickel1, A. Esmaylzadeh2, L. Fraile11,G.Häfner2, E. Haettner1, O. Hall10, C. Hornung1, P. John8, D. Kahl10, V. Karayonchev2, I. Kojouharov1,G. Kosir13, N. Kurz1, R. Lozeva14, S. Petri1, N. Pietralla8, Z. Podolyak3, J.M. Regis2, E. Sahin1,8, V. Sanchez-Temble11, H. Schaffner1, C. Scheidenberger1, L. Sexton10, A. Sharma15, M. Si14, B.S. Nara Singh16,Y. Tanaka1, J. Vesic13, H. Weick1, V. Werner8, P. Woods10
on behalf of DESPEC collaboration S
1 GSI, Darmstadt, Germany; 2 Institut für Kernphysik der Universität zu Köln, Köln, Germany;
3 Department of Physics, University of Surrey, Guildford, UK; 4 National Physical Laboratory, Teddington,Middlesex, UK; 5 KTH Royal Institute of Technology, Stockholm, Sweden; 6 University of Warsaw, Poland;
7 INFN, Sezione di Milano, Italy; 8 Institut für Kernphysik, Technische Universität Darmstadt, Germany;
9 University of Milano, Italy; 10 University of Edinburgh, UK; 11 Complutense University of Madrid, Madrid,Spain; 12 School of Computing Engineering and Mathematics, University of Brighton, UK; 13 Jozef StefanInstitute, Ljubljana, Slovenia; 14 IJC Lab, Orsay, France; 15 Indian Institute of Technology Ropar, India;
16 University of the West of Scotland, UK
In March 2020 the first formally approved DESPEC experiment as part of the FAIR phase-0 campaignwas performed at GSI Helmholtzzentrium f"ur Schwerionenforschung. This experiment was focusedon the measurement of electromagnetic transition rates between yrast excited states below the 14+,
T1/2 = 499(13) ns isomer in 94Pd [1]. The main goal was to measure the lifetimes of the yrast Ipi = 6+and 8+ states in this N = Z + 2 isotope, which would provide insight into the structural evolutionin the 100Sn region. The isomeric state in the nucleus of interest was produced by the fragmentationof 124Xe primary beam on a 9Be target [2]. The secondary cocktail beam was separated and identifiedby FRS (FRagment Separator) detectors on an event-by-event basis [3]. In the final focal plane of theFRS, the nuclei of interest were implanted in the AIDA (Advanced Implantation Detector Array) activestopper, which consisted of 3 Double Sided Silicon Strip Detectors [4]. Thirty six LaBr3 detectors (FATIMA)[5] and six tripple cluster HPGe detectors (GALILEO) [6] surrounding AIDA were used to detect thedepopulating gamma rays. The FATIMA array was used for fast-timing spectroscopy, while GALILEOprovided precise energy information. Data obtained in this measurement are currently being analysedby checking correlations between ion implantation in AIDA and isomeric decays in FATIMA. In orderto measure isomeric lifetimes in FATIMA the prompt response of the detectors has been determined.Similarly precise energy and timing information are being extracted after proper calibration and driftcorrections. Preliminary results of the lifetime of the 8+ state in 94Pd will be presented in comparison tothe shell model calculations.References
[1] M. Górska, P. H. Regan, B. Cederwall, J. Jolie et al., "Structure of the heaviest N=Z nuclei: Seniority Transitions and
EM Transition Rates in 94Pd", GSI, 2019.
[2] T. Brock et al., Phys. Rev. C 82, 061309 (2011).
[3] S. Pietri et al., Nucl. Instrum. Meth. Phys. Res. A 261 (2007) 1079 .
[4] "AIDA TDR" [Online] Available: https://.../documents/TDR_HISPEC_DESPEC_AIDA_public.pdf
[5] "FATIMA TDR" [Online] Available: https://.../documents/TDR_HISPEC_DESPEC_FATIMA_public.pdf
[6] A. Goasduff et al., Nucl. Instrum. Meth. Phys. Res. A 1015 (2021) 165753.
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Results of DTAS campaign at IGISOL: overview*
V. Guadilla1,2,3, A. Algora1,4, M. Fallot2, J. L. Tain1
and IFIC-Subatech TAGS collaboration and IGISOL collaboration S
1 Instituto de Física Corpuscular, CSIC-Universidad de Valencia, E-46071, Valencia, Spain
2 Subatech, IMT-Atlantique, Université de Nantes, CNRS-IN2P3, F-44307, Nantes, France
3 Faculty of Physics, University of Warsaw, 02-093 Warsaw, Poland
4 Institute of Nuclear Research of the Hungarian Academy of Sciences, Debrecen H-4026, Hungary
The Decay Total Absorption γ-ray Spectrometer (DTAS) is a segmented NaI(Tl) detector designed for theDESPEC experiment at FAIR [1]. It was employed for the first time in a campaign of experiments at IGISOL[2], where the β decays of around 20 fission fragments were measured using the Total Absorption γ-raySpectroscopy (TAGS) technique. It allows one to determine the β intensity distributions free from thePandemonium effect [3] that impairs the results of high-resolution γ-spectroscopy approaches based onHPGe detectors.nnIn this contribution we will summarize and highlight the main results obtained so farfrom this experimental campaign, which represent the state-of-the-art of our analysis methodology forsegmented spectrometers. They cover: 1) cases that were observed to impact significantly antineutrinoand decay heat reactor summation calculations, such as 100,102Nb [4,5], 2) β-delayed neutron emitters,such as 137I and 95Rb, in which we found a large γ-neutron competition above the neutron separationenergy [6], 3) decays of importance for shape evolution studies, such as 100,102Zr [7] and 103,108Mo [8],where comparisons of the experimental β strength and theoretical calculations allowed us to shed lighton the oblate or prolate character of the ground state of the parent nucleus, 4) β decays with a largeground state to ground state feeding probability, studied by using a revisited β-γ counting method [9]that confirms and complements the results obtained with the TAGS technique, 5) nuclei with β-decayingisomeric states, such as 96Y and 98,100,102Nb [10,4,7], for which we could study separately the decays ofthe ground state and the isomeric state thanks to the purification capabilities of the JYFLTRAP doublePenning trap system [11] and to different experimental strategies, 6) cases with important E0 transitions,such as 96Y [8] and 98Nb, whose effect, overlooked in earlier studies, was carefully treated in our analysesand 7) the advantageous use of the segmentation of our spectrometer to cross-check our results bylooking at the TAGS spectra gated on the number ofmodules involved in each event (multiplicity) [4,6,7,10],including a newly developed method to directly analyse these multiplicity gated spectra [10].
References[1] J.L. Tain et al., Nuclear Inst. and Methods in Physics Research A 803 (2015) 36.[2] V. Guadilla et al., Nuclear Inst. and Methods in Physics Research B 376 (2016) 334.[3] J. Hardy et al., Phys. Lett. B 71 (1977) 307.[4] V. Guadilla et al., Phys. Rev. Lett. 122 (2019) 042502.[5] M. Estienne et al., Phys. Rev. Lett. 123 (2019) 022502.[6] V. Guadilla et al., Phys. Rev. C 100 (2019) 044305.[7] V. Guadilla et al., Phys. Rev. C 100 (2019) 024311.[8] V. Guadilla et al., in preparation (2022).[9] V. Guadilla et al., Phys. Rev. C 102 (2020) 064304.[10] V. Guadilla et al., arXiv:2204.11720 [nucl-ex] (2022).[11] T. Eronen et al., Eur. Phys. J. A 48 (2012) 46.
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Multiple shape coexistence in 100Zr
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The rapid onset of deformation observed at N = 60 in the Zr isotopic chain has been a subject ofnumerous experimental and theoretical studies. A microscopic explanation of this effect has beenprovided thanks to advances with the large-scale Monte Carlo shell model (MCSM) calculations, whichattribute the appearance of deformed states in Zr isotopes to the type-II shell evolution, i.e. reorganisationof nuclear shells due to specific proton and neutron occupations [1]. Within this approach, the prolate-deformed configuration appearing at about 1 MeV excitation energy in 98Zr becomes the ground statein 100Zr, while the spherical ground state of 98Zr corresponds to the 0+

4 state in 100Zr. Additionally,oblate and prolate deformed structures built on the 0+
2 and 0+

3 states, respectively, are predicted. Theprolate-oblate shape coexistence in 100Zr is supported by the observation of a low-lying 0+
2 state and anassociated band, and by an enhanced ρ2(E0; 0+2 → 0+1 ) value [2] that implies a change in the |β| valuesand mixing of the configurations. Recently, a γ band based on the 1196-keV state, tentatively assigned asa 2+ level, has been proposed [3] suggesting a certain triaxiality of the ground-state configuration.To investigate further the structures present at low excitation energy in 100Zr, a β decay experiment wasperformed at the TRIUMF-ISAC facility in November 2021. A radioactive ion beam containing a mixtureof 100Sr and 100Rb was used to populate 100Y and subsequently 100Zr through a series of β decays. Thebeam was deposited onto a tape in the center of the GRIFFIN spectrometer, consisting of 15 large-volumeHPGe clover detectors equipped with BGO anti-Compton shielding. To allow for detailed investigation ofthe nuclei of interest, ancillary detectors were employed, including Si(Li) detectors for internal conversionelectrons and LaBr3 detectors for fast-timing lifetime measurements. The high-statistics data obtained inthis study show that the presumed band head of the γ band at 1196 keV is linked to the 0+3 state by anenhanced transition, which implies its reinterpretation as a member of a deformed structure built on 0+3 .The collectivity of this structure can be deduced from the lifetime of the 1196-keV state measured via fasttiming. Together, these new results suggest that, in line with the MCSM calculations, a new deformedconfiguration is present at low excitation energy in 100Zr, coexisting with the prolate ground state andthe oblate 0+

2 state.References[1] T. Togashi et al., Phys. Rev. Lett. 117 (2016) 172502.[2] T. Kibedi and R.H. Spear, Atomic Data Nucl. Data Tables 89 (2005) 77.[3] W. Urban et al., Phys. Rev. C 99 (2019) 064325.
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Coulomb excitation of 142Xe*
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The isotope 142Xe is located in the neutron-rich area north-east of the doubly-magic 132Sn, in a regionthrough which the astrophysical r-process is expected to pass. This nucleus is of particular interest as itallows to follow the onset of octupole collectivity, which is expected to peak for the nearby 144Ba, andthe evolution of quadrupole collectivity.A perfect tool to investigate the low-lying structure and collectivity of 142Xe is “safe” Coulomb excitationas it gives access to reduced transition strengths as well as spectroscopic quadrupole moments.The experimental campaign was carried out at HIE-ISOLDE (CERN). After the excitation of the post-accelerated beam with 90 % purity and impinging at 4.5 MeV/u on a 206Pb target, the deexcitationgamma rays are detected using the MINIBALL spectrometer, consisting of 24 six-fold segmented HPGecrystals, in coincidence with the corresponding particles. The latter are detected utilizing the silicondetector array C-REX, covering a large range of scattering angles, i.e., 22 ◦ < ϑlab < 62 ◦ and 102 ◦ < ϑlab <172 ◦. Several B(E2) values of low-lying transitions, along with the spectroscopic quadrupole moments ofthe respective states, and the B(E3; 0+g.s. → 3−1 ) value could be determined for the first time. Additionally,new low-spin low-energy states, interpreted as part of a γ band, observed for the first time in this isotope,could be identified, and the location of the 3− state supported.Experimental results are presented and compared to SCCM and LSSM calculations.

*This work is supported by the German BMBF under contracts 05P15RDCIA, 05P18RDCIA, and 05P21RDCI2, by the EU withinENSAR2 under grant no. 654002, and by ISOLDE.
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Probing quadrupole collectivity in N = 38 68Zn isotope*
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P. K. Giri4, Chandra Kumar1, S. Kumar1, A. Rathi3, P. S. Rawat5 and Yashraj1 S
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4 Department of Physics, Central University of Jharkhand, Ranchi - 835222, India
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The existence of a possible harmonic subshell closure atN = 40 is still an open question in the regimeof large neutron excess. An alternate sub-shell closure for N=38 has also been suggested lately. Theunderlying shell structure changes rapidly while adding or removing a few neutrons in this region. Precisedetermination of B(E2) serves as an ideal tool to investigate the evolution of nuclear structure acrossthe N=40 region. Previous attempts to study the stable even-even Zn isotopes have yielded largediscrepancies in the values of B(E2; 2+1 → 0+1 ) & B(E2; 4+1 → 2+1 ) [1-3]. We performed a multi-stepCoulomb excitation experiment to study the low-lying electromagnetic structure of 68Zn (N = 38)by bombarding a 32S beam on an enriched 68Zn-target at Inter University Accelerator Centre, India.Particle-γ coincidences were recorded identifying the scattering and recoiling ions by using a parallelplate avalanche counter subtending an angular range of 15◦ - 45◦ in lab frame and four germaniumclover detectors in the backward angles with respect to the beam direction. A rich low-lying states of
68Zn isotope upto 3.8 MeV were populated. The reduced electromagnetic strength of several low-lyingtransitions (like 4+1 → 2+1 , 0+2 → 2+1 , 2+2 → 0+1 , etc.) were extracted using least square search codeGOSIA.
References[1] D. Mücher et al., Phys. Rev. C 79 (2009) 54310.[2] J. Leske et al., Phys. Rev. C 71 (2005) 34303.[3] M. Koizumi et al., Nucl. Phy. A, 730 (2004) 46-58.
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The first charge radii measurements of 33, 34Al transitioning into the
N = 20 island of inversion
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The CRIS collaboration recently measured 26−34Al using laser spectroscopy, crossing theN = 20 shellclosure and entering the island of inversion. The neutron-rich aluminium isotopes provide an excellentopportunity to investigate the evolution of nuclear structure crossing theN = 20 shell closure, wherecurrent results are limited to isotopes close to the line of stability. In particular, the change in meansquare charge radius of 33Al charts the transition into the island of inversion, from spherical silicon [1](Z = 14, N = 19) to deformed magnesium [2] (Z = 12, N = 21). This work builds on the previous laserspectroscopy measurements of 27−32Al [3] that were conducted at ISOLDE, CERN.In this talk, a brief overview of CRIS will be introduced before presenting measurements of the change incharge radii and magnetic dipole moments along the isotopic chain of Al. In particular, the first chargeradii measurements of 33,34Al will be highlighted. These results will then be discussed in relation to the
N = 20 shell closure and the implications when entering the island of inversion.
References[1] R. W. Ibbotson et al. “Quadrupole Collectivity in 32,34,36,38Si and the N = 20 Shell Closure”. In: Phys.Rev. Lett. 80 (10 Mar. 1998), pp. 2081–2084. doi: 10.1103/PhysRevLett.80.2081.https://link.aps.org/doi/10.1103/PhysRevLett.80.2081.[2] D Yordanov et al. “Nuclear charge radii of (21-32)Mg.” In: Physical review letters 108 (Jan. 2012), p.042504. doi: 10.1103/PhysRevLett.108.042504.[3] H. Heylen et al. “High-resolution laser spectroscopy of 27−32Al”. In: Phys.Rev.C 103 (1 Jan. 2021), p.014318. doi: 10.1103/PhysRevC.103.014318, https:/ /link.aps.org/doi/10.1103/PhysRevC.103.014318
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The use of high resolution optical measurements of the atomic structure is at the forefront of modernsubatomic physics. Laser spectroscopy provides model-independent nuclear data of nuclear spins,moments and charge radii across long chains of isotopes [1]. This allows the study of the evolutionof nuclear observables versus particle number to probe shape deformation, configuration mixing andstructural evolution effects. The collinear laser spectroscopy setup [2] at the IGISOL facility [3] in theAccelerator Laboratory of the University of Jyväskylä, has been used to perform measurements onpalladium isotopes (Z=46) in the mass range A=98-118. Thanks to the chemically insensitive IGISOLion-guide production method [4], it has been possible to reduce the existing gap in optical spectroscopydata below Z=50, created by the refractory character of these elements.This contribution will present the latest results on laser spectroscopy measurements on the Pd isotopicchain. Special attention will be paid to the magnetic dipole and electric quadrupole moments. Themain results of trends in the mean-square charge radii have recently been accepted for publication[5], nevertheless, new complementary results regarding the odd isotopes will be presented. Theseobservables will be compared to state of the art theoretical calculations. Three different models for theinterpretation of our data will be confronted, Large Scale Shell Model (LSSM), Fayans Energy DensityFunctionals (EDF) and Beyond-mean field calculations.
References[1] P. Campbell et al., Progress in Particle and Nuclear Physics 86 (2016) 127–180.[2] L. J. Vormawah et al., PHYSICAL REVIEW A 97 (2018) 042504.[3] I.D. Moore et al., Nuclear Instruments and Methods in Physics Research B 317 (2013) 208–213.[4] I.D. Moore et al., Hyperfine Interactions 223 (2014) 17–62.[5] S. Geldhof et al., Physical Review Letters 128.15 (2022) 152501.
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Challenging our understanding of nuclear structure goes via the exploration of nuclear properties far fromstability. Laser spectroscopy gives access to many ground-state properties (spin, nuclear electromagneticmoments, changes in the charge radius) upon which the structure of these nuclei is based. Furthermore,it can give access to the same properties for long-lived states (>10ms). The region from the stronglydeformed zirconium (Z=40) to the nearly spherical tin (Z=50) is very rich with multiple competing nuclearconfigurations and thus the subject of recent investigations: tin [1], indium [2], cadmium [3], palladium[4], and neutron-deficient silver [5-6] have been successfully performed. Neutron-rich silver have beenstudied recently at ISOLDE/CERN [7] and at IGISOL in Jyväskylä [8].I will present the results from both experiments. The nuclear spin and electromagnetic properties of theground state and several newly-observed isomeric states are deduced. These data provide a benchmarkfor state-of-the-art nuclear models, further broadening our knowledge in this region of the nuclearchart.
References[1] D. Yordanov et al., Communications Physics 3 (2020) 2399-3650.[2] A. Vernon et al., Nature (2022) (accepted).[3] D. Yordanov et al., Physical Review Letters 110 (2013) 192501.[4] S. Geldhof et al., Physical Review Letters 128 (2022) 152501.[5] M. Reponen et al., Nature Communications 12 (2021) 4596.[6] R. Ferrer et al., Physics Letters B 728 (2014) 191-197.[7] R.P. de Groote et al., CERN-INTC-2020-023 / INTC-P-551 (2020).[8] R.P. de Groote et al., I238 (2020).
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Nuclear-structure studieswith laser spectroscopyof radioactivemolecules
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S

1CERN, Geneva, Switzerland; 2KU Leuven, Leuven, Belgium
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The optical spectra of diatomic molecules can be sensitive to properties of the constituent nuclei, suchas the nuclear electromagnetic moments [1], the nuclear charge radius [2,3], and even signatures ofnuclear and hadronic symmetry-violating properties, such as the nuclear Schiff moment [4]. Combinedwith the possibility to enhance the chemical release [5] and simplify the valence electronic structure [6]of complex and refractory species by placing them within a chemical bond, molecular spectroscopyat radioactive ion beam (RIB) facilities is a promising pathway to surpassing the limitations of atomicspectroscopy in many species.Recently, molecular laser spectroscopy of short-lived radioactive molecules was performed for the firsttime at an RIB facility with low-resolution experiments on RaF at the collinear resonance ionizationspectroscopy (CRIS) beamline at ISOLDE [7]. High-resolution spectra of RaF were further obtained in2021 [8], and in 2022 we plan the first laser spectroscopy of AcF [9], a promising candidate for thefirst measurement of a nuclear Schiff moment (227Ac) [10]. Besides the importance of these moleculesfor proposed tests of physics beyond the Standard Model, radioactive molecules can also be used fornuclear-structure studies [11,12].This contribution will present an overview of recent advances at the intersection of nuclear andmolecularphysics, including our work on extending the King-plot analysis to extract the nuclear charge radii fromisotope shifts in diatomic molecules [12], with an emphasis on cases where molecular spectroscopy couldassist to bypass limitations of atomic laser spectroscopy.
References[1] T. Q. Teodoro and R. L. A. Haiduke, Physical Review A 88 (2013) 052504.[2] J. Schlembach and E. Tiemann, Chemical Physics 68, 1-2 (1982) 21-28.[3] A. Almoukhalalati, A. Shee, and T. Saue, Phys. Chem. Chemical Physics 18 (2016) 15406-15417.[4] M. S. Safronova et al., Reviews of Modern Physics 90 (2018) 025008.[5] J. Ballof et al., The European Physical Journal A 55 (2019) 65.[6] M. C. Heaven, B. J. Barker, and I. O. Antonov, The Journal of Physical Chemistry A 118 46 (2014)10867-10881.[7] R. F. Garcia Ruiz et al., Nature 581 (2020) 396-400.[8] R. F. Garcia Ruiz et al., Proposal to the ISOLDE and n_TOF Committee (2020) CERN-INTC-2020-028.[9] M. Athanasakis-Kaklamanakis et al., Proposal to the ISOLDE and n_TOF Committee (2021) CERN-INTC-2021-053.[10] L. V. Skripnikov et al., Physical Chemistry Chemical Physics 22 (2020) 18374-18380.[11] S. M. Udrescu et al., Physical Review Letters 127 (2021) 033001.[12] M. Athanasakis-Kaklamanakis et al., Submitted to Physical Review X (2022).
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The NeNa-MgAl cycles are involved in the synthesis of Ne, Na, Mg, and Al isotopes. The
20Ne(p, γ)21Na (Q = 2431.68 keV) reaction is the first and slowest reaction of the NeNa cycle and itcontrols the speed at which the entire cycle proceeds. At the state of the art, the uncertainty on the
20Ne(p, γ)21Na reaction rate affects the production of the elements in the NeNa cycle. In particular, inthe temperature range from 0.1 GK to 1 GK, the rate is dominated by the 366 keV resonance correspondingto the excited state of EX = 2797.5 keV and by the direct capture component. The present study focuson the study of the 366 keV resonance and the direct capture below 400 keV.At LUNA (Laboratory for Underground Nuclear Astrophysics) the 20Ne(p, γ)21Na reaction has beenmeasured using the intense proton beam delivered by the LUNA 400 kV accelerator and a windowlessdifferential-pumping gas target. The products of the reaction are detected with two high-purity germa-nium detectors located at two different positions along the beam path.The experimental details and preliminary results on the 366 keV resonance and the direct capture below400 keV will be shown.
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Cluster states in 14C and 15C studied with the 10Be + 9Be reactions*
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In this contribution, a brief analysis will be given of an experiment performed at LNS-INFN with a 54 MeV
10Be beam and a 9Be target. The 10Be+9Be reactions are measured to get information on different typesof structures of several light nuclei. Special attention is given to a search for cluster states in 14C and 15C.The 9Be isotope has been chosen as the reaction target because of the existence of a cluster structure
5He+4He inside its ground state. Such target structure, alongside the choice of the 10Be radioactive beamwith a suitable energy of 54 MeV, means that the transfer of one of the aforementioned clusters fromthe target to the beam should result in the creation of the sought 14C or 15C isotopes. This should befollowed by sequential decay into several channels, some of which are 4He + 10Be for 14C and 4He + 11Beor 6He + 9Be for 15C. If we manage to see the experimental signature of these processes, this would bethe first indication of the existence of cluster states inside the 15C nucleus, while a positive result for the
14C isotope would help to clear up the contradicting findings of other authors.The experimental setup consists of four highly segmented telescopes covering polar angles from 20◦ to90◦ which enable particle identification using traditional∆E-E techniques. E part of the telescope is adouble-sided silicon strip detector divided into 16 strips at each side, while the∆E part is one-sided with16 strips.Preliminary results for the reaction channels of interest will be shown. For example, from coincidentalpha particle detections 4He+4He, we clearly see at least 6 excited states of 11Be. Also, from coincident
4He+6He detections we see at least 2 states of 9Be (0 and 2.43 MeV) and several excited 13C states(between 13 and 15.5 MeV). In both of these reaction channels we continue to look for other signatures,like 10Be and 15C. Plans for the remaining analysis will also be included.
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Gamma decay from the near-neutron-threshold 2+ state in 14C: a probeof collectivization phenomena in light nuclei
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8 University of Tennessee-Knoxville, USA
9 Triangle Universities Nuclear Laboratory, Duke University, North Carolina, USA
10 Rutgers University, USA
11 Louisiana State University, USA
12 Brookhaven National Laboratory, USA
Light nuclei, with mass A<20, are among the best probes of most advanced nuclear theory models.Of particular interest are near-threshold states, i.e., narrow resonances lying in proximity of particle-emission thresholds. According to advanced theory approaches, such as the Shell Model Embedded inthe Continuum (SMEC) [1] (a recent realization of the real-energy Continuum Shell Model), the existenceof near-threshold states is a universal phenomenon, and the structure of these states is expected toprovide relevant information on the microscopic mechanism leading to the onset of collectivization andclusterization phenomena in molecular-like nuclei, as, for example, C, O, Ne ... The adequate descriptionof the nuclear structure near threshold states is also of primary importance for the precise modeling ofnucleosynthesis involving fusion processes.So far, the decay properties of near-threshold states in neutron-rich systems have been poorly explored,and almost uniquely via particle spectroscopy. The γ-decay branch from these states is, in fact, at the levelof 10−3-10−5 of the dominant particle-decay mode, i.e., below the detection capabilities of conventional
γ-ray spectrometers.In this contributionwewill present preliminary results from an experiment performed at ArgonneNationalLaboratory (USA) employing a very powerful setup, namely the GRETINA γ-tracking array coupled to theORRUBA highly segmented Si array, for light charged particles detection. The experiment aims at theinvestigation, for the first time, of the γ decay of the second 2+ in 14C, located at the excitation energyof 8318 keV, i.e., 142 keV above the neutron-decay threshold. Experimental results will be compared withpredictions from the SMEC model which is able to estimate the γ-decay branch, as a function of thecontinuum coupling constant [2].
References[1] J. Okołowicz, W. Nazarewicz, M. Płoszajczak, Fortschr. Phys. 61, 66 (2013).[2] J. Okołowicz and M. Płoszajczak, private communication.

118



Helium clustering in neutron-rich Be isotopes
N. Vukman1, N. Soić1, M. Freer2, M. Alcorta3, D. Connolly3, P. Čolović1, T. Davinson4, A. Di Pietro5,
A. Lennarz3, A. Psaltis6, C. Ruiz3, A. Shotter4, M. Uroić1, M. Williams3 S
1 Ruđer Bošković Institute, Zagreb, Croatia
2 University of Birmingham, Birmingham, United Kingdom
3 TRIUMF, Vancouver, Canada
4 The University of Edinburgh, Edinburgh, United Kingdom
5 INFN Laboratori Nazionali del Sud, Catania, Italy
6 McMaster University, Hamilton, Canada
A promising way to study the clustering and molecular like structures, even in neutron-rich light nuclei,is to explore the sensitivity of transfer reactions to the structure of the nuclei in the reaction entrancechannel. Evolution of the clustering phenomena with the addition of neutrons in beryllium isotopes,from the α-α two-center clustering in 8Be to the molecular like α-Xn-α structures in 10Be and 12Be [1, 2],is an important benchmark to our understanding of the nuclear structure [3]. With the aim to studythese structures experiment S1620 was performed at the ISAC-II facility at TRIUMF, using the 9Li beamand LiF target. Large solid angle array, comprised of six wedge shaped telescopes, each having 65 µmthick∆E and 1.5 mm thick E detector, both SSSSD, arranged in "lampshade" geometry, was used andthe reaction products were identified using the standard∆E-E method. Many interesting cluster decaychannels of the neutron-rich light nuclei were populated in reactions on both elements of the LiF target,where the 10Be and 12Be nuclei could have been produced by either proton or triton transfer to the 9Libeam. The observed helium cluster decays of the 10Be excited states to the 4He+6He and 4He+6He∗pairs and the 12Be decays to the 4He+8He, 6He+6He and 6He+6He∗ pairs will be presented and discussed.Results confirm known molecular and cluster states in these nuclei and provide strong indications forpreviously unobserved decay channels and cluster states, strongly supporting the existance of exoticclustering in these nuclei.
References[1] M. Freer, H. Horiuchi, Y. Kanada-En’yo, D. Lee, U.G. Meissner: Rev. Mod. Phys. 90 (3), (2018) 035004.[2] Z.H. Yang et al. Phys. Rev. C,91, (2015) 024304 and references therein.[3] M. Ito, K. Ikeda, Rep. Prog. Phys. 77, (2014) 096301 and references therein.
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Unprecedented Geometrical Shapes in the Range of NucleiwithZ ≈ N ∼ 40*
I. Dedes1 S
1 Institute of Nuclear Physics, Polish Academy of Sciences, PL-31,342 Kraków, Poland
Following indications discussed in Ref. [1], where the first spectroscopic identification of tetrahedral (Td)and octahedral (Oh) symmetries was presented, we employ a phenomenological mean-field approachHamiltonian with the parametric correlations removed, together with group and point group theories toshow that the strongest shell effects around Z ≈ N ≈ 40 appear for the λ = 7 tetrahedral multipolarity,in contrast to the first order one with λ = 3. To our knowledge these are the first predictions of nuclearground state shapes with so high deformation multipolarity.
References[1] J. Dudek, D. Curien, I. Dedes, K.Mazurek, S. Tagami, n Y. R. Shimizu, and T. Bhattacharjee, Phys. Rev. C 97,(2018) 021302(R).

*In collaboration with J. Dudek, J. Yang, A. Baran, D. Curien, A. Gaamouci, A. Góźdź, A. Pȩdrak, D. Rouvel, H-L. Wang and J. Burkat
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Firstβ-decay spectroscopy of 135In and newβ-decay branches of 134In*
M. Piersa-Siłkowska1,2, A. Korgul2, J. Benito3, L. M. Fraile3 et al. (IS610 collaboration) S
1 CERN, Geneva, Switzerland
2 University of Warsaw, Warsaw, Poland
3 Universidad Complutense de Madrid, Madrid, Spain
The β decay of the neutron-rich 134In and 135In was investigated experimentally with the aim of providingnew insights into the nuclear structure of the tin isotopes above N = 82. Better understanding ofexotic nuclides from the 132Sn region is required for accurate modeling of the rapid neutron capturenucleosynthesis process (r process), due to the A≈ 130 peak in the r-process abundance pattern beinglinked to the N = 82 shell closure [1, 2]. Because a vast number of nuclei involved in the r process are
β-delayed neutron (βn) emitters, new experimental data that can verify and guide theoretical modelsdescribing βn emission are of particular interest. Neutron-rich isotopes 134In and 135In – being rareinstances of experimentally accessible nuclides for which the β3n decay is energetically allowed [3]– constitute representative nuclei to investigate the competition between βn and multiple-neutronemission as well as the γ-ray contribution to the decay of neutron-unbound states.The β-delayed γ-ray spectroscopy measurement was performed at the ISOLDE Decay Station. Three
β-decay branches of 134In were established, two of which were observed for the first time [4]. Populationof neutron-unbound states decaying via γ rays was identified in the two daughter nuclei of 134In, 134Snand 133Sn, at excitation energies exceeding the neutron separation energy by 1 MeV. The βn- and β2n-emission branching ratios of 134In were determined and compared with theoretical calculations. The βndecay was observed to be dominant β-decay branch of 134In even though the Gamow-Teller resonanceis located substantially above the two-neutron separation energy of 134Sn. Transitions following the
β decay of 135In are reported for the first time, including γ rays tentatively attributed to 135Sn [4]. Atransition that might be a candidate for deexciting the missing neutron single-particle ν1i13/2 state in
133Sn was observed in both β decays and its assignment is discussed. Experimental level schemes of 134Snand 135Sn are compared with shell-model predictions, including calculations considering particle-holeexcitations across the N=82 shell gap [5].
References[1] B. Pfeiffer, K. L. Kratz, F. K. Thielemann, and W., B. Walters, Nucl. Phys. A 693, 282 (2001).[2] M. R. Mumpower, R. Surman, G. C. McLaughlin, and A. Aprahamian, Prog. Part. Nucl. Phys. 86, 86(2016).[3] M. Wang, W. J. Huang, F. G. Kondev, G. Audi, and S. Naimi, Chin. Phys. C 45, 030003 (2021).[4] M. Piersa-Siłkowska et al. (IDS Collaboration), Phys. Rev. C 104, 044328 (2021).[5] H. Jin et al., Phys. Rev. C 84, 044324 (2011).

*This project has received funding from the European’s Union Horizon 2020 Research and Innovation Programme under grantagreement number 101032999, BelaPEx.
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Beta decays of 82,83Ga studied at the ALTO facility
L. Al Ayoubi1,2, I. Matea2, A. Kankainen1, D. Verney2,
and the NRI15 Experiment Collaboration S
1University of Jyvaskyla, Accelerator Laboratory, Department of Physics, Finland
2Universite Paris-Saclay, CNRS/IN2P3, IJCLab, 91405 Orsay, France
Most of the heavy elements in our universe are created via the rapid (r) and the slow (s) neutroncaptureprocesses. Modeling the r-process information on the properties of neutron-rich nuclei, such as theirmasses, β-decay half-lives, and β-delayed neutron emission probabilities, which provide essential inputsfor the astrophysical r-process calculations [1]. The first r-process abundance peak is located at A≈80,and therefore this region is of special interest for the r-process. The recent observation of Sr lines inGW170817 shows that these nuclei are abundantly created via the r-process in neutron-star mergers [2].The neutron-capture rates are also crucial for the r-process modeling, and a good understanding of the
γ-strength function is needed [3]. The Pygmy Dipole Resonance (PDR) interpreted as the oscillation ofa neutron skin against an isospin saturated core, brings a non-negligible dipole strength at excitationenergies that can be populated by β-decay in neutron rich-nuclei. The way β-decay connects with PDRstates in daughters nuclei is an open question and only scarcely investigated [4]. These states are usuallyabove the neutron separation energy and compete with delayed neutron emission.In this contribution, Iwill discuss a recent experiment performed at the ALTO facility on β-decays of 82,83Ga. Photofission ofuranium, using a 50-MeV electron beam on a UCx target, together with laser ionization was employed toproduce the neutron-rich Ga beams. The experimental setup was composed of 3 PARIS clusters (PhotonArray for studies with Radioactive Ions and Stable beams) [5] for high-energy γ detection, combined witha plastic detector for betas used for tagging the decay events, a segmented Clover detector and a HPGedetector for the measurement of low excited states in coincidence with the high-energy γ-transitions.Several new γ-ray transitions in theβ-decay of 82Ga have been observed and a newPn value is determinedfor 83Ga. In this contribution, the experiment together with preliminary results will be presented.
References[1] M.R. Mumpower et al., Prog. Part. Nucl. Phys. 86 (2016) 86.[2] Watson, D., Hansen, C.J., Selsing, J. et al., Nature 574, (2019) 497–500.[3] A.C Larsen et al., Prog. Part. Nucl. Phys. 107 (2019) 69.[4] M. Scheck et al., Phys. Rev. Lett. 116 132501 (2016).[5] http://paris.ifj.edu.pl/index.php?lng=en
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In-beam gamma-ray spectroscopy with HiCARI*
K. Wimmer1 for the HiCARI collaboration Invited talk

1 GSI Helmholtzzentrum für Schwerionenforschung
At the Radioactive Isotope Beam Factory at the RIKEN Nishina Center in-beam gamma-ray spectroscopyexperiments take advantage of the wide range of radioactive ion beams produced by the projectilefragmentation and fission. The HiCARI project (High-resolution Cluster Array at RIBF) combined severalgermaniumbased detectors fromaround theworld for in-beam spectroscopy. In 2020/21, an experimentalcampaign was launched studying neutron-rich nuclei from Ca to Te isotopes. The high resolution offeredby the HiCARI array combined with the high selectivity of the BigRIPS and ZeroDegree spectrometersenabled experiments aiming at detailed spectroscopy and excited state lifetime measurements.The physics program includes a wide range of topics in nuclear structure addressing collective and single-particle structure of nuclei very far from stability. In this talk, I will some selected recent results on thespectroscopy of very exotic nuclei.

*JSPS Kakenhi 19H00679, ERC COG 101001561
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The gamma-ray tracking array AGATA at LNL
J.J. Valiente-Dobón1 for the AGATA collaboration Invited talk

1 Laboratori Nazionali di Legnaro (INFN), viale dell’Università 2, 35020 Legnaro, Italy
Gamma-ray spectroscopy represents one of the most powerful methods to study nuclear structure sincea large fraction of the de-excitation of the nuclear levels goes via gamma emission. The precise measure-ment of the γ rays emitted from nuclear levels can provide a large amount of structural information on thenucleus under study. The continuous improvement in germanium gamma-array performances and in theirassociated instrumentation has allowed a significant increase of the experimental sensitivity. The currentstate-of-the-art Ge gamma-array in Europe is AGATA [1]. Based on the concept of gamma-ray tracking, itcan identify the gamma interaction points (via pulse-shape analysis) and reconstruct the trajectories ofthe individual photons. The tracking array AGATA had its first implementation at the Laboratori Nazionalidi Legnaro (LNL) in 2009 with 5 AGATA triple Clusters: the AGATA demonstrator [2]. The AGATA gammaspectrometer has now returned to LNL in the new 2π solid angular coverage configuration. The firstphysics campaign will start in spring 2022 with AGATA coupled to the magnetic spectrometer PRISMA [3]and other compatible ancillary detectors. In this talk, a review on the achievements in nuclear structurephysics and future physics campaigns with the gamma-ray tracking AGATA will be presented.
References[1] A. Akkoyun et al., NIM A 668 (2012) 26.[2] A. Gadea, et al., NIM A 654 (2011) 88.[3] A. Stefanini, et al., Nucl. Phys. A 701 (2002) 217c.
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The Super Separator Spectrometer (S3) for the very high intensity beamsof SPIRAL2*
H. Savajols1 and the S3 collaboration2 Invited talk

1 GANIL, B.P.55027 14076 Cane Cedex 5, France
2 https://www.ganil-spiral2.eu/scientists/ganil-spiral-2-facilities/experimental-areas/s3/
The Super Separator Spectrometer S3 [1] is, with the NFS (Neutrons For Science) facility, a major ex-perimental system developed for SPIRAL2. It is designed for very low cross section experiments at low(<15MeV/u) energy. It will receive the very high intensity (more than 1pµA) stable ion beams acceleratedby the superconducting LINAG accelerator of SPIRAL2. S3 will be notably used for the study of rare nucleiproduced by fusion evaporation reactions, such as superheavy elements and neutron-deficient isotopes.Such experiments require a high transmission of the products of interest but also a separation of thesenuclei from unwanted species. Hence S3 must have a large acceptance but also a high selection powerincluding physical mass resolution. These properties are reached with the use of seven large aperturesuperconducting quadrupole triplets which include sextupolar and octupolar corrections in a two-stageseparator (momentum achromat followed by a mass spectrometer) that can be coupled to the SIRIUSimplantation-decay spectroscopy station [2] or to a gas cell with laser ionization to provide very purebeams for low energy experiments [3]. S3 is now in the installation and tests phases. We will present thescientific objectives of S3 as well as the current status of the facility and its different elements: targetstation, magnets, electric dipole, detection set-up, and the low energy branch.
References[1] F. Dechery et al., Eur. Phys. J. A 51 (2015) 66.[2] J. Piot et al., Acta Phys. Pol. B 43 (2012) 285.[3] R. Ferrer et al., Nucl. Inst. and Meth. B 317 (2013) 570.

*S3 has been funded by the French Research Ministry, National Research Agency (ANR), through the EQUIPEX (EQUIPment ofEXcellence) reference ANR-10EQPX-46, the FEDER (Fonds Européen de Développement Economique et Régional), the CPER(Contrat Plan Etat Région), and supported by the U.S. Department of Energy, Office of Nuclear Physics, under contract No.DE-AC02-06CH11357 and by the E.C.FP7-INFRASTRUCTURES 2007, SPIRAL2 Preparatory Phase, Grant agreement No.: 212692
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Gamma-ray spectroscopy of nuclear fission
J.N. Wilson1, D. Gjestvang2, C. Hiver1, M. Lebois1 Invited talk

1 IJC Lab, Orsay, France
2 University of Oslo, Oslo, Norway
Gamma-ray spectroscopy is a versatile tool which can be used to study the decay of the excited fragmentsproduced in the complex process of nuclear fission. Gamma ray coincidence and relative time informationcan give important information on both the nuclear structure of exotic neutron-rich nuclei and the fissionprocess itself. Recent results from the nu-Ball hybrid gamma-ray spectrometer at the ALTO facility of IJCLab will be presented. In particular, studies of short-lived states in neutron-rich nuclei will be highlighted[1][2][3] along with recent advances in the understanding on the generation of angular momentum inthe fission process [4][5][6][7][8]. The prospects for new and innovative measurements using gammaspectroscopy of fission will also be presented.
References[1] R-B. Gerst et al. Phys. Rev. C 102, 064323 (2020).[2] G. Hafner et al. Phys. Rev. C 104, 014316 (2021).[3] G. Hafner, R. Lozeva, et al. Phys. Rev. C103 034317 (2021).[4] J.N. Wilson et al. Nature 590, 566 (2021).[5] M. Travar et al.et al. Phys. Lett. B 817 136293 (2021).[6] J. Randrup and R. Vogt, Phys. Rev. Lett. 127 062502 (2021).[7] I. Stetcu et al., Phys. Rev. Lett. 127 222502 (2021).[8] A. Bulgac et al., Phys. Rev. Lett. 128, 022501 (2022).
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NEEDLE — fast neutron detection in the service of the gammaspectroscopy of neutron-deficient nuclei at HIL*
G. Jaworski and M. Palacz on behalf of the NEDA and EAGLE collaborations S

Heavy Ion Laboratory, University of Warsaw, Poland
Contemporary studies of nuclear structure concentrate in regions far from the valley of β stability.Experimentally such regions are accessible via, inter alia, fusion-evaporation reactions in which thenuclei of interest are produced by the emission of a few particles from the compound nucleus. Thearrays of HPGe detectors, used for these studies, have to be complemented with ancillary devices, whichmake possible accurate identification of the reaction products, and thus of the reaction channel. Inparticular, when approaching very neutron-deficient nuclei the channels with neutron emission lead tothe most exotic nuclear structures, which are produced with very small cross-sections. With the purposeof identifying neutron-evaporating reaction channels, large arrays of liquid scintillator detectors likethe Neutron Wall [1,2] and the Neutron Shell [3] were constructed in the past and successfully used inmany experiments, aiming at the study of more and more neutron deficient nuclei, especially alongand close to theN = Z line, up to the region of the doubly magic 100Sn. Building up on the decadeson experience with the above-mentioned arrays, following the extensive R&D phase, a new neutronmultiplicity filter NEDA [4] has been constructed. The new array is optimized to have high efficiency,excellent capabilities to distinguish the detected neutrons and gamma rays and to properly determinethe multiplicity of neutrons. It should also work at high counting rates. Thanks to these features NEDA isapt to work as an ancillary device to the modern γ-ray spectrometers. Indeed, within its first physicscampaign in 2018 [5–7] NEDA was connected to AGATA at GANIL [8] presenting excellent performance.Currently, the installation of the neutronmultiplicity filter NEDA is in progress at the Heavy Ion Laboratory,University of Warsaw, where the device will work in conjunction with the EAGLE γ-ray spectrometer[9]. The new aggregate of the detectors, nicknamed NEEDLE, will be an ideal tool to investigate thestructure of exotic neutron-deficient nuclei. Following the discussions at the dedicated workshop, anumber of experiments were proposed at the PAC and the first experimental campaign of NEEDLE willstart in the late autumn this year. Later on, NEEDLE will be also equipped with the charged particledetector DIAMANT [10], which will further enhance the selectivity of the setup.Within this contribution to the Zakopane Conference the current status of NEEDLE will be presented andthe possibilities to perform the experiments on this setup will be discussed and advertised.
References[1] Ö. Skeppstedt et al., NIM A 421 (1999) 531.[2] J. Ljungvall, M. Palacz, J. Nyberg, NIM A 524 (2004) 741.[3] D.G. Sarantites et al., NIM A 530 (2004) 473.[4] NEDA Collaboration NIM A 927 (2019) 81.[5] G. Jaworski et al., Acta Phys. Pol. 50(3) (2019) 585.[6] B. Cederwall textitet al., PRL textbf124 (2020) 062501.[7] X. Liu et al., PRC 104 (2021) L021302.[8] E. Clément et al., NIM A 855 (2017) 1.[9] J. Mierzejewski et al., NIM A textbf659 (2011) 84.[10] J. Sheurer et al. NIM A 385 (1997) 501.
*Project financed by the National Science Centre, Poland (NCN) — grant nr 2020/39/D/ST2/00466
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Exotic decays with emission of charged particles
Marek Pfützner1 Invited talk

1 University of Warsaw, Warsaw, Poland
Nuclei far from stability with a large difference between the number of protons and neutrons undergodecay modes which do not appear close to stability. These decays include direct emission of a proton (ortwo protons) from the nuclear ground state or processes like emission of β-delayed charged particles.The latter decays are typical for nuclei close to the proton drip-line but have been observed also forneutron-rich nuclei. All these processes provide us with precious information on exotic nuclei which arein general difficult to access experimentally.Investigations of exotic and rare decay channels require special instrumentation offering efficiency andsensitivity. An example of such an approach is the Optical Time Projection Chamber (OTPC) developed atthe University of Warsaw. Originally, it was designed to study two-proton radioactivity (2p), but it provedto be an excellent tool for studies of other decay channels accompanied by emission of charged particles.Among interesting results obtained with help of the OTPC, in addition to 2p spectroscopy [1,2], are thefirst observation of the β-3p decay mode in four nuclei [3,4,5,6] or a study of 6He decay into the α+ dcontinuum [7]. Recently, we undertook an ambitious search for the β-p channel in the decay of 11Be.The collected data are still under analysis so only preliminary results are available.In the talk I will present a selection of experiments performed with help of the OTPC with focus on recentresults and on-going projects.
References[1] K. Miernik et al., Phys. Rev. Lett. 99 (2007) 192501.[2] M. Pomorski et al., Phys. Rev. C 90 (2014) 014311.[3] K. Miernik et al., Phys. Rev. C 76 (2007) 041304(R).[4] M. Pomorski et al., Phys. Rev. C 83 (2011) 014306.[5] A.A. Lis et al., Phys. Rev. C 91 (2015) 064309.[6] A.A. Ciemny et al., submitted to Phys. Rev. C (2022).[7] M. Pfützner et al., Phys. Rev. C 92 (2015) 014316.

129



Branching ratio of the deuteron-deuteron threshold resonance in 4He*
K. Czerski1, R. Dubey1, M. Kaczmarski1, A. Kowalska2, N. Targosz-Sleczka1, M. Valat1 S
1 Institute of Physics, University of Szczecin, Szczecin, Poland
2 Institute of Mathematics, Physics and Chemistry, Maritime University of Szczecin, Szczecin, Poland
The 4He level structure at excitation energies below 30 MeV seemed to be very well known for lastdecades and could be successfully applied for description of nuclear reaction bymeans of themultichannelR-matrix parametrization and ab-initio structure calculations of the four-nucleon system applying realisticnucleon-nucleon interactions and the microscopic cluster approach [1].For the first time, the deuteron-deuteron (DD) threshold resonance was observed in the experimentalstudy of the 2H(d,p)3H reaction in the Zr target performed under ultra-high vacuum conditions [2]. Theexperimental data supported the single particle structure of this resonance, its total width less than 1 eVand the Jπ=0+ alignment, which could explain very strong increase of the electron screening effect atdeuteron energies below 10 keV. A similar resonance contribution was also recognized [3] in the olderdata of the gas target experiment [4], which enabled to estimate the partial proton resonance width atseveral tens meV.On the other hand, it has been recently predicted that this resonance should decay predominantly by theinternal electron-positron pair creation [3] due to the weak coupling of the 2+2 and 1+3 clustering states in
4He. Here, both theoretical calculations of the DD threshold resonance width and the first experimentalresults confirming electron-positron pair emission from this resonance will be presented. Based on thesedata, the DD reaction rates and the corresponding branching ratios will be determined down to thethermal energies. Particular attention will be paid to study the interplay between the electron screeningeffect and threshold resonance excitation.
References[1] K. Arai et al., Phys. Rev. Lett. 107 (2011) 132502.[2] K. Czerski et al., EPL 113 (2016) 22001.[3] K. Czerski, submitted for publication in Phys. Rev. C (Letters).[4] U. Greife et al., Z. Phys. A 351 (1995) 107-112.[5] K. Czerski et al., to be published in Phys. Rev. Lett.

*This project has received funding from the European Unions Horizon 2020 research and innovation program under grantagreement No 951974.
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Nuclear structure of 181,183Au isotopes studied via β+/EC decays of181,183Hg at ISOLDE
M.Venhart1, J. L.Wood2,M. Sedlák1,M. Balogh1,M. Bírová1, A. J. Boston3, T. E. Cocolios4, L. J. Harkness-Brennan3, R.-D. Herzberg3, D. T. Joss3, D. S. Judson3, J. Kliman1, L. Makhathini5, V. Matoušek1,
R. D. Page3, A. Špaček1, C. Unsworth3 and M. Veselský1 S
1 Institute of Physics, Slovak Academy of Sciences, SK-84511 Bratislava, Slovakia
2 Department of Physics, Georgia Institute of Technology, Atlanta, GA 30332, US
3 Department of Physics, Oliver Lodge Laboratory, University of Liverpool, Liverpool, L69 7ZE, UK
4 KU Leuven, Instituut voor Kern- en Stralingsfysica, B-3001 Leuven, Belgium
5 iThemba Laboratory for Accelerator Based Sciences, PO Box 722, 7129 Somerset West, South Africa
A recently developed portable, on-line capability for high resolution γ-ray and conversion-electronspectroscopy, TATRA [1] is demonstrated with its application to the studies of 181,183Hg to 181,183Audecays [2,3] at ISOLDE. TATRA is a compact and versatile tape transport system for the collection andcounting of radioactive samples from radioactive ion beam facilities. It uses an amorphous metallictape for transportation of the activity. Because of this material, the system can hold very good vacuum,typically below 10−7 mbar.Key details of the low-energy level scheme of the neutron-deficient nuclide 183Au will be presented. ABroad Energy Germanium detector (BEGe) [4] was employed to achieve this (the first-ever use of such adevice in decay-scheme spectroscopy), by way of a combination of high-gain γ-ray singles spectroscopy[5] and γ-γ coincidence spectroscopy. Rydberg-Ritz combinations were used at the ± 30 eV level ofprecision. Further, by combining the γ-ray detectors with a liquid-nitrogen-cooled Si(Li) detector operatedunder high vacuum, conversion-electron singles and e-γ coincidences are obtained. These data leadto the determination of transition multipolarities and the location of a highly converted (E0 +M 1 +
E2) transition in the 183Au decay scheme, suggesting a possible new shape coexisting structure in thisnucleus. Identification of new intruder and normal states fixes their relative energies in 183Au for thefirst time.A decay scheme for the 181Hg β decay was constructed for the first time. The first-excited 3/2− statehas the excitation energy of 1.79 keV. New systematic features, based on the above data, in the odd-Auisotopes will be presented.
References[1] V. Matoušek et al., Nucl. Instrum. and Methods in Phys. Res. 812 (2016) 118.[2] M. Venhart et al., J. Phys. G: Nucl. Part. Phys. 44 (2017) 074003.[3] M. Sedlák et al., Eur. Phys. J. A 56 (2020) 161.[4] L. Harkness-Brennan et al., Nucl. Instrum. and Methods in Phys. Res. 760 (2016) 28.[5] M. Venhart et al., Nucl. Instrum. and Methods in Phys. Res. 849 (2016) 112.
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Beta-decay studies with theModular Total Absorption Spectrometer*
T.T. King1, A. Laminack1, B.C. Rasco1, K. P. Rykaczewski1 and P. Shuai1,

on behalf of the MTAS Collaboration Invited talk

Oak Ridge National Laboratory, Oak Ridge, USA
The studies of beta-decays of fission products using the Modular Total Absorption Spectrometer (MTAS)were initiated in 2012 at the Holifield Radioactive Ion Beam Facility (HRIBF) at Oak Ridge NationalLaboratory (ORNL). From 2018, MTAS was used to study the beta-decays of the isotopes of refractoryelements at the CARIBU facility at Argonne National Laboratory, and in 2022 was adapted to the beamsat the Facility for Rare Isotopes Beams (FRIB).MTAS is a one metric ton array of 19 NaI(Tl) segments and auxiliary beta detectors including segmentedsilicon counters [1-3], high energy resolution Silicon Drift Detector [4] and most recently the pixelizedscintillator ion implantation-beta decay array for the fragmentation studies [5]. MTAS was funded toperform the measurements of the decay heat released from fission products abundant during the nuclearfuel cycle, via the reliable determination of the complete beta-decay pattern [6]. The latter informationcan be used for the determination of the corresponding anti-neutrino energy spectrum and use to helpto conclude on the reactor anti-neutrino anomaly and related concepts of sterile neutrino.Selected earlier results [7,8] to the most recent ones [9,10], including an attempt to measure 55Ca decaywith MTAS at FRIB, will be presented and their impact discussed.
References[1] B.C. Rasco et al., NIM A788, 137, 2015.[2] M. Karny et al., NIM A 836, 83, 2016.[3] M. Wolińska-Cichocka et al., Nucl. Data Sheets 120, SI, 22, 2014.[4] M. Stukel et al., NIM A 1012, 165593, 2021.[5] R. Yokoyama et al. NIM A, 937, 93, 2019.[6] T. Yoshida and A.L. Nichols (ed.), et al., ISBN 9789264990340, NEA OECD Report 2007.[7] B.C. Rasco et al., Phys. Rev. Lett. 117, 092501, 2016[8] A. Fijałkowska et al., Phys. Rev. Lett. 119, 052503, 2017.[9] P. Shuai et al., Phys. Rev.C 105, 054312 (2022).[10] B. C. Rasco et al., Phys. Rev. C, in press, (2022).

*Work supported by the U.S. DOE under the contract No. DE-AC05-00OR22725 and FOA 18-1903.
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Closing Lecture

Qantum Computing
Philippe Chomaz Invited talk

Scientific Director of CEA Basic Science Division, France
Theorized in the 1980’s, quantum computing became a first laboratory reality with the first devicesallowing demonstrations of principle about fifteen years ago. Since then, the academic world but alsostartups and even digital giants have launched themselves in the race to the quantum computer. Therecent technical progress is breathtaking, allowing us to foresee important possibilities of a new type ofcalculation.However, there are still many technological challenges to bemet and even if quantummachines have beenavailable on the cloud for a few years, they are only first toy models that are useless in terms of computingpower. The major challenge is to fight quantum decoherence and to correct the induced quantum errors.It is therefore difficult to predict when and if quantum computing will become operational. However, ifthis challenge is overcome, which could happen in the next decade, the power of quantum computerswould be such that they would revolutionize many sectors of digital technology. This would be the casefor scientific research. Given the change of computing paradigm that quantum computers require, thisrevolution is already being prepared today and many communities have launched research programs tobe ready in time. This is the case, for example, of CERN which is coordinating an ambitious internationalprogram.This talk will review quantum computing and quantum computers and will explore some initiatives innuclear and particle physics to start working with these new kinds of computers.
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Smoothing discuntinuities: effect on nuclear fission properties*
G. Accorto1, T. Nikšić1 P - 1

1 Department of Physics, Faculty of Science, University of Zagreb, HR-10000 Zagreb, Croatia
Many quantities, either related to nuclear collective degrees of freedom or characterizing individualnucleons, play an active role in the fission process. Most approaches rely on the adiabatic approximation,that allows to map the nuclear many-body problem [1] into a collective Schroedinger-like equationgoverned by only a few variables [2]. Multipole moments (e.g., quadrupole, octupole) of the nucleusare routinely used as constraints in the HFB equations. Using them as parameters to navigate potentialenergy surfaces (PES) and find minimum energy paths (MEP) leading nuclei towards fission is justified bythe experimental observations of low-energy vibrational modes, that usually display multipole character.PES are computed through an HFB solver, a routine that returns the minimum energy of a the nuclearconfiguaration with a given number of costrained variables. A numerical routine is devised, basedon the HFBTHO solver [3], to deal with the appeareance of discontinuities along the nuclear MEP [4].A discontinuity on the fission path precludes the calculation of any physical property, and it has thereforeto be dealt with. One possibility is to brute-force recalculate the PES by including the degree of freedomin which the nuclear path jumped. Unfortunately, computational resources generally hinder the additionof extra variables. In [2], a different set of variables, based on geometrical properties of the nuclei, is usedin place of multipole moments. To patch a 1D-PES discontinuity with a small 2D-PES, and to find a stitchingcontinuous path across it, may be a more economic option. To this purpose, the Dynamic ProgrammingMethod (DPM) [6], an optimized breadth-first tree search (BFS), has been implemented on the mesh thatdiscretises the intruding 2D PES. It improves the BFS algorithm by calculating only a maximum number ofMEP at each step of the search, removing exponential memory and time requirements. With respectto [6], we implemented a robust calculation of the overlaps [7,8] between adjacent points on the PES.Overlaps are crucial in the method, as they are used to quantify the path smoothness. A comparison ofresults obtained by using different overlap formulas for the nucleus 252Cf [9] is presented. To quantifythe actual usefulness of the method, fission lifetimes on top of the smoothed MEP are calculated, andcompared to the results obtained with the more common choice of least action paths, in a similarphilosophy to [10]. Finally, we plan to extend the code functionality to discontinuities on 2D PES, withthe aim of designing a tool of wide usage in the static and dynamic studies of the fission process.References[1] P. Ring and P. Schuck, The Nuclear Many-Body Problem, Springer (2005)[2] N. Schunck and L. M. Robledo, Rep. Prog. Mr. Phys. 79 (2016) 116301[3] P. Marevic, N. Schunck, et al. Computer Physics Communications 276 (2022) 108367[4] N. Dubray, D. Regnier, Computer Physics Communications 183 10 (2012) 2035-2041[5] W. Younes and D. Gogny, Phys. Rev. C 80 5 (2009) 054313[6] N.-W. T. Lau, N.-W. T. et al. Phys. Rev. C 105 3 (2022) 034617[7] L. M. Robledo, Phys. Rev. C 105 4 (2022) 044317[8] L. M. Robledo, Phys. Rev. C 105 2 (2022) 021307[9] A. Zdeb, M. Warda, and L. M. Robledo, Phys. Rev. C 104 1 (2021) 014610[10] S. A. Giuliani and L. M. Robledo Phys. Rev. C 90 5 (2014) 054311

*Supported by: Croatian Science Foundation, Hrvatska zaklada za znanost (HRZZ)
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Mirror mirror on the wall: is isospin broken at all?*
B.C.T. Backes1, M. Bentley1, J. Dobaczewski1,2, D. Muir1, R. Wadsworth1 P - 2

1 University of York, York, United Kingdom
2 University of Warsaw, Warsaw, Poland
The study of T = 1 triplets plays an important role in our understanding of isospin physics. A lineardependence of the proton matrix elements (Mp) with respect to TZ indicates the isospin purity of states,an effect that has been studied and observed for triplets of 22≤A≤ 50 [1]. As reduced electromagnetictransition probabilities are being measured for heavier T = 1 triplets, some studies suggest that beyond-Coulomb isospin symmetry breaking effects take place in mirror nuclei [2]. The goal of the present(and ongoing) work is to investigate all even-even T = 1mirrors with 42≤ A≤ 98 within the DensityFunctional Theory approach, and analyze systematic properties of the obtainedB(E2 : 0+ → 2+) values.For this purpose, we use the numerical software HFODD with full angular momentum restoration [3].The results obtained are compared with the experimental data available. Our preliminary results showsignificant differences between the mirror pairs without beyond-Coulomb isospin symmetry breakingeffects.
References[1] A. Boso et al., Physics Letters B 797 (2019) 134835.[2] K. Wimmer et al., Physical Review Letters 126 (2021) 072501.[3] J. Dobaczewski et al., J. Phys. G: Nucl. Part. Phys. 48 (2021) 102001.

*Acknowledgements: B.C.T. Backes thanks STFC for her PhD studentship. This work was partially supported by the STFC GrantNos. ST/P003885/1 and ST/V001035/1 and by the Polish National Science Centre under Contract No. 2018/31/B/ST2/02220. Weacknowledge the CSC-IT Center for Science Ltd., Finland, for the allocation of computational resources. This project was partlyundertaken on the Viking Cluster, which is a high performance compute facility provided by the University of York. We aregrateful for computational support from the University of York High Performance Computing service, Viking and the ResearchComputing team.
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New collective structures in 179Au
M. Balogh1,2, M. Venhart2 P - 3

1 INFN Laboratori Nazionali di Legnaro, IT-35020 Padova, Italy
2 Institute of Physics, Slovak Academy of Sciences, SK-84511 Bratislava, Slovakia
The odd-mass Au isotopes offer a broad systematic view of nuclear structure in a region of near-degenerate, multiple coexisting shapes [1]. The most neutron-deficient Au isotopes have been thesubject of an extensive program of experimental investigation in the past. In comparison to the heavier Tland Au isotopes, where multiple shape coexistence has been established [1-4], a rich variety of structuresremains to be discovered. Indeed, already it is evident that there are new structures in 177Au [5] and
179Au [6] that have no counterpart in the heavier Au isotopes, as far as current spectroscopy has revealed.In this contribution, the results from the in-beam γ-ray and isomeric-decay spectroscopy of the extremelyneutron-deficient isotope 179Au will be presented. This high-statistics study was performed at the Accel-erator Laboratory of the University of Jyväskylä utilizing the JUROGAM II array, the RITU separator andthe GREAT focal-plane spectrometer. A previously unknown, high-spin isomeric state with an excitationenergy of 1743(17) keV and T1/2 = 2.16(8)µs was discovered. Five decay paths were identified, some ofthem feeding previously unknown non-yrast excited states associated with proton-intruder configuration.No such isomer was previously observed in heavier Au isotopes. Additionally, a new rotational band,associated with the unfavoured signature band of the 1h9/2 ⊕ 2f7/2 proton-intruder configuration wasrevealed.Calculations based on the particle-plus-triaxial-rotor model [7] were performed to interpret these newlyobserved structures in 179Au.
References[1] K. Heyde, J.L. Wood, Rev. Mod. Phys. 83 (2011) 1467.[2] D. Rupnik et al., Phys. Rev. C 58 (1998) 771.[3] C.D. Papanicolopulos et al., Zeitschrift für Physik A Atomic Nuclei 330 (1988) 371.[4] D. Rupnik et al., Phys. Rev. C 51 (1995) 0.[5] M. Venhart et al., Phys. Rev. C 95 (2017) 061302(R).[6] M. Venhart et al., Phys. Lett. B 695 (2011) 82.[7] S.E. Larsson et al.,Nuclear Physics A 307 (1978) 189.
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Lifetimemeasurement of excited states in 144Ce: EnhancedE1 strengthsin a candidate for octupole deformation*
M.Beckers1, C.Müller-Gatermann1,2, A. Blazhev1, T. Braunroth1, A. Dewald1, C. Fransen1, A. Goldkuhle1,L. Kornwebel1, J. Litzinger1, F. von Spee1, K.-O. Zell1 P - 4

1 Institut für Kernphysik der Universität zu Köln, Cologne, Germany
2 Argonne National Laboratory, Lemont, IL, USA
The 144

58 Ce86 nucleus is located on the neutron-rich side of the valley of stability, close to N=88, a nucleonnumber that is related to interesting phenomena throughout the nuclear chart. On the one hand ashape phase transition is expected at N=88-90 for nuclei in the Ba-Dy region [1]. Such transitions havebeen of major interest in nuclear physics research for a long time. Especially, a phase transition fromspherical to deformed is expected between 146Ce and 148Ce , which has been the object of extensivestudies in recent work [2]. The investigation of neighboring 144Ce is essential to learn about the onsetof deformation in that region. On the other hand also the phenomenon of octupole deformation playsan important role in the N≈88, Z≈56 region. At these nucleon numbers nuclei are especially prone tooctupole correlations [3]. This is explained with a strong octupole coupling between the h11/2 ↔ d5/2and the i13/2 ↔ f7/2 single-particle orbitals, respectively [4]. Experimentally, octupole deformationhas been related to alternating parity bands and low-lying negative-parity band heads. Such bands arereported in several lanthanide nuclei, including 144Ce [5]. Experimental indications for such a deformationapart from the band structure are enhancedE1 andE3 transition strengths. Direct evidence for octupoledeformation was obtained for 144Ba by measuring E3 transition strengths [6].Aside from the 2+1 → 0+gs transition, no transition strengths were experimentally known for 144Ce priorto this work. Therefore, a lifetime measurement of excited states in 144Ce using the 142Ce(18O,16O)reaction with a beam energy of 67 MeV and the Recoil Distance Doppler-Shift (RDDS) method has beenperformed at the Cologne FN Tandem accelerator. Lifetimes of the three lowest yrast states in 144Cehave been measured as well as for the 3−1 state and an effective lifetime of the 4+2 state. Reduced E2transition strengths, determined using these results, have been compared to predictions from recentshell-model calculations. From the interband transitions, reduced E1 strengths could be determined,which are strongly enhanced. This may indeed hint at the possibility of octupole correlations.
References[1] J.B. Gupta, Phys. Rev. C 87 (2013).[2] P. Koseoglou et al., Phys. Rev. C 101 (2020).[3] P. A. Butler et al., Journal of Physics G: Nuclear and Particle Physics 43 (2016).[4] P. A. Butler et al., Rev. Mod. Phys. 68 (1996).[5] S. Zhu et al., Ühysics Letters B 357 (1995).[6] B. Bucher et al., Phys. Rev. Lett. 116 (2016).

*This work was supported by the Bundesministerium für Bildung und Forschung (BMBF) under Contract No.n 05P18PKFN9.
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Influence of Entrance ChannelMass Asymmetry on the Degree of FusionHindrance
Saikat Bhattacharjee1,2, A. Mukherjee1,2 P - 5

1 Nuclear Physics Division, Saha Institute of Nuclear Physics, Kolkata-700064, India
2 Homi Bhabha National Institute, Mumbai-400094, India
The fusion hindrance is characterized by the deviation of experimental fusion excitation function com-pared to the Coupled Channel (CC) calculations. The phenomena was first observed in symmetric
64Ni+64Ni system [1]. Thereafter, different symmetric and asymmetric systems have exhibited the fusionhindrance [2,3]. Studies on the energy onset (Es) of hindrance for different target-projectile systemscovering a wide mass region exist in literature. However, the extent of the deviation in the experimentalfusion excitation function compared to the CC calculation, once the hindrance occurs, has not beencomprehensively studied. In this work, the extent or degree of fusion hindrance has been studied byimplementing a two-potential fit of the experimental fusion excitation function, as prescribed in Ref. [4].Several systems covering different mass region have been selected for this study, from symmetric tofar-asymmetric target-projectile combinations. The Es for each system has been identified as the pointwhere the change in slope of the experimental fusion excitation function occurs. It has been observedthat the shallow potential is required to reproduce the hindrance in fusion at energies below Es. However,multiple theories based on different physical significance exist to explain the transition from a deeper toshallower potential. In this work, the idea of two potentials - one deeper and the other one shallower, hasbeen implemented. For each system, cross-sections above the Es have been fitted with a deeper potentialof Woods-Saxon form in the one-dimensional barrier penetration model (1DBPM) framework. The pointsbelow Es have also been fitted with a shallower potential. Difference between the potentials∆V is arepresentation of the degree of fusion hindrance. Increasing∆V corresponds to more rapid change inslope of experimental fusion cross-section below Es. The value of∆V has been further normalized withthe Coulomb barrier for each system. When the reduced potential difference ∆V

Vb
(Vb is the Coulombbarrier) has been plotted with the entrance channel mass asymmetry, it was observed that the moresymmetric systems have a higher degree of fusion hindrance compared to the far-asymmetric systems.The dependency of fusion hindrance on entrance channel mass asymmetry might have significance fromthe astrophysical perspective as well. As of yet, the nature of the non-resonant fusion excitation functionfor symmetric systems of astrophysical relevance such as 16O+16O, 12C+12C could not be determinedfrom direct measurement. The importance of entrance channel mass asymmetry on the fusion hindrancecould be significant for such systems with astrophysical importance.

References[1] C. L. Jiang et al., Phys. Rev. Lett. 93, 012701 (2004).[2] B. B. Back et al., Rev. Mod. Phys. 86, 317 (2014), and references therein.[3] A. Shrivastava et al., Phys. Rev. C 96, 034620 (2017), and references therein.[4] K. Hagino et al., Phys. Rev. C 97, 034623 (2018).
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Extension of the level scheme of 104Ru and lifetime determination usingthe Doppler-shift attenuation method*
A. Bohn, C. Deke, F. Heim, S. Prill, M. Weinert, and A. Zilges P - 6

University of Cologne, Institute for Nuclear Physics, 50937 Cologne, Germany
The (p,p’γ) Doppler-shift attenuation method (DSAM) is a powerful tool to determine nuclear levellifetimes in the sub-picosecond range and was established at the Institute for Nuclear Physics at theUniversity of Cologne in recent years [1,2]. The combined particle-γ detector array SONIC@HORUS [3]enables the measurement of p-γ and p-γ-γ coincidences. Hence, knowledge of the complete reactionkinematics is provided and feeding contributions from energetically higher-lying states can be eliminated[4].Recently, a 104Ru(p,p’γ) DSAM experiment was performed to continue the effort on this isotopic chain upto themost deformed stable ruthenium isotope. More than 60 nuclear level lifetimes could be determinedfrom a single data set. Additionally, the level scheme of 104Ru could be extended by 70 previouslyunknown excited states and over 100 decaying transitions by investigating the p-γ-γ coincidence data.The profound analysis procedure as well as the extensive results will be presented in this contribution.
References[1] A. Hennig et al., NIM A 794 (2015) 171.[2] M. Spieker et al., Phys. Rev. C 97 (2018) 054319.[3] S. G. Pickstone et al., NIM A 875 (2017) 104.[4] S. Prill et al., Phys. Rev. C 105 (2022) 034319.

*This project is supported by the DFG (ZI-510/9-1).
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Chiral truncation errors in the p(d,pp)n cross section at Ed = 100 MeV
V. Chahar1, J. Golak1, R. Skibiński1, H. Witała1 P - 7
1 M.Smoluchowski Institute of Physics, Jagiellonian University, Kraków, Poland
The nucleon-deuteron breakup reaction allows us to study details of nuclear dynamics in its wholecomplexity. From theoretical point of view, the models of nuclear potential arising from the ChiralEffective Field Theory are currently the most sophisticated tools to study nuclear phenomena. Amongits various advantages the chiral approach delivers not only the nucleon-nucleon interaction but also aconsistent three-nucleon force. However, working with chiral models brings also some disadvantages,like need of additional regularization or working in a perturbative expansion. In practice one neglectscontributions from higher orders of such expansion, what introduces additional uncertainty, known asthe truncation errors, to theoretical predictions.In this work we present the Bayesian estimation of the truncation errors for the differential cross sectionin the deuteron-proton breakup reaction at incident deuteron beam of lab kinetic energy Ed = 100MeV.The choice of the energy and the studied final kinematical configurations is dictated by the ongoingexperimental efforts [1].Our predictions are obtained within the Faddeev approach [2].We use the two-nucleon chiral SMS interaction [3] augmented by the three-nucleon force [4] up to the third order of thechiral expansion (N2LO).In this contribution we investigate 90 kinematical configurations. In Fig.1 we give an example of ourpredictions for one of configurations defined by directions of momenta of two outgoing protons, and theposition on the S-curve which is equivalent to the knowledge of the kinetic energy of one of protons. Ingeneral, we find nice convergence of predictions with chiral order with the LO potential overestimatingresults obtained for the NLO and N2LO. The truncation errors remain below 15%. More detailed discussionof dependence of the magnitude of the cross sections and truncation errors on the outgoing protons’momenta directions will be presented.

Figure 1: The differential cross section for the p(d,pp)n cross section (left) and its truncation error (right)at θ1 = 15o, θ2 = 0o, ϕ12 = 60o. Dark (light) green band (in the right panel) represents thetruncation errors at 68% (95%) DoB.

References[1] I. Skwira-Chalot, private communication.[2] W. Glöckle et al., Phys. Rept. 274 (1996) 107.[3] P. Reinert et al., Eur. Phys. A54 (2018) 86.[4] P. Maris et al., Phys. Rev. C103 (2021) 054001.
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The NEXT Step Towards Neutron-Rich Exotic Nuclides*
X. Chen for the NEXT Collaboration P - 8

University of Groningen, Groningen, The Netherlands
At the University of Groningen, we have launched the NEXT project to access Neutron-rich EXotic nucleithrough multi-nucleon Transfer reactions and to investigate their properties [1]. Our focus lies on nuclidesaroundN = 126 neutron shell closure and in the Z > 100 transfermium region, of which we want tostudy masses and decay properties.The experimental setup, which will be coupled to the superconducting AGOR cyclotron in Groningen,consists of a solenoid separator, a gas catcher, an ion guide, and a Multi-Reflection Time-of-Flight MassSpectrometer (MR-ToF MS). The primary beam delivered from AGOR will impinge on a rotating targetwheel at an energy around the Coulomb barrier. The transfer reaction products will be separated bythe solenoid separator according to their magnetic rigidities. The nuclei of interest will be focused intothe gas catcher for slowing down and later be transferred to the ion guide for cooling and bunching [2].Afterwards, the ion bunches will be injected into the MR-ToF MS for the mass measurements [3].In this contribution, we will present the current status of the NEXT setup and the planned experimentprogram.
References[1] J. Even et al., The NEXT project: Towards production and investigation of neutron-rich heavy nuclides,Atoms (accepted).[2] X. Chen et al., Int. J. Mass Spectrom. 477 (2022) 116856.[3] M. Schlaich, Master Thesis, Technical University of Darmstadt, (2021).

*This research was funded by European Research Council Executive Agency (ERCEA), under the powers delegated by the EuropeanCommission through a Starting Grant number 803740—NEXT—ERC-2018-STG.
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Ab initio no-core shell model study of carbon isotopes*
Priyanka Choudhary, and Praveen C. Srivastava P - 9

Department of Physics, Indian Institute of Technology Roorkee, Roorkee 247667, India
The ab initio no-core shell-model approach (NCSM) [1], which is a powerful microscopic many-bodytechnique, has opened a new path for understanding the structure of atomic nuclei from the firstprinciples. In the NCSM method, all nucleons are considered active, which means there is no conceptof inert core, unlike in the standard shell model. We have studied the nuclear structure properties of
10−14C, which are known to pose challenges to the ab initiomethods. To check the predictive power ofthis ab initio nuclear method, we have calculated nuclear observables including proton radii of carbonisotopes corresponding to the recently measured experimental data [2]. The charge-dependent Bonn2000 (CDB2K), the chiral next-to-next-to-next-to-leading order (N3LO), and optimized next-to-next-to-leading order (N2LOopt) NN interactions are employed in our work. Typically, the three-body forcesare required to correctly reproduce the experimental ground state (g.s.) spin 3+ of 10B with the NCSMcalculations [3]. In our recent work [4], we have reproduced the spin of the aforementioned state usingthe inside non-local outside Yukawa (INOY) NN interaction only. Success of this interaction encourages usto implement it for the study of carbon isotopes. We have reached basis sizes up toNmax = 10 for 10CandNmax = 8 for 11−14C with m-scheme dimensions up to 1.3 billion.Energy of excited states for carbon isotopes approach the experimental value with increasing basis size.The 0+2 state (Hoyle state) of 12C is predicted at high excitation energy even for the Nmax = 8 basisspace calculation, which indicates that optimal frequency for convergence of this state could be differentfrom the optimal frequency of g.s. The energy of 1+;T = 0 and 1+;T = 1 states of 12C from ab
initio calculations are in remarkable agreement with the experimental data. In these NCSM calculations,two-body OLS transformation method has been used that renormalizes the short-range correlations ofthe CDB2K, INOY and N3LO interactions and short-range operators, while long-range operators are weaklyrenormalized. Hence, to account for long-range correlations in the two-body cluster approximation, oneneeds to enlarge the model space. E2 operator has r2 dependence, i.e. it is a long range operator, and M1is independent of r, so, we have studied the behavior of these effective operators on NCSM parameters(basis size Nmax and harmonic oscillator frequency ℏΩ). We found that B(E2) curves converge slowly in anoscillator basis expansion, while the B(M1) converges quickly and accurately. Furthermore, point-protonradii is also a long-range operator which is also sensitive to the tail of the nuclear wave function. Weobtained the converged radii for INOY and N3LO interactions as 2.11 and 2.34 fm, respectively, for 12C fromthe variation of rp curves with the NCSM parameters. We have noted that radii obtained from the N3LOinteraction is close to the experimental data. We also observe that optimal frequency correspondingto radii could be different from that obtained from minima of g.s. energy. The INOY interaction gives areasonable description of energy for g.s. and excited states, and B(M1) transition strengths and magneticmoments. We have also predicted quadrupole and magnetic moments for some states of 10−14C usingthe NCSM calculations, where the experimental data are not available. Our theoretical study will behelpful for future experiments.References
[1] B.R. Barrett, et al., Prog.Part.Nucl.Phys.69 (2013) 131. [3] P. Navrátil, et al., Phys.Rev.Lett.99 (2007) 042501.
[2] D.T. Tran, et al., Phy. Rev. C 94 (2016) 064604. [4] P. Choudhary, et al., Phy. Rev. C 102 (2020) 044309.
*This work is supported by the research grant CRG/2019/000556 from SERB (India). We would like to thank Petr Navrátil, ChristianForssén and Michael Gennari.
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Investigation of rare nuclear decays - double gamma decayin 137Ba nucleus
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Double-gamma decay is a rare nuclear decay process, firstly investigated in 1930 by Maria Goeppert inher doctoral thesis [1]. In the double-gamma decay, an excited nuclear state decays over an intermediatevirtual state to a lower-lying state and emits two photons in coincidence. Sum energy of the two photonsis equal to the transition energy. So far this mode of decay was observed in nuclei such as 90Zr [2], 40Ca [2]and 16O [3], for which single photon decay is forbidden and just in one case when it is competitive tosingle gamma decay for 137Ba [4,5,6]. This unsatisfactory situation is due to experimental problems withmeasuring the two-photon decay if a single-photon decay is allowed (as in 137Ba case). For 0+2 → 0+transition, a single-photon decay is forbidden by angular momentum conservation. In addition, the nuclei
16O, 90Zr and 40Ca have it in common that the 0+2 state is also the first excited state. One can excite thisstate selectively and therefore it is not necessary to deal with the one-photon decays of other excitedstates.We will introduce the setup designed for studying double γ-decay process at IFJ PAN, with use of PARISCeBr3-NaI phoswiches. Then we will show GEANT4 simulations which characterize experimental setup,and confirm their relevance with comparison with collected data. Finally, we will present measuredenergy spectrum for the case of 137Ba 11/2− → 3/2

+ double γ transition for various conditions usedto suppress background. Deduced γγ/γ branching ratio will be compared with the ones from Refs.[4,5,6].
References[1] M. Göppert-Mayer, Ann. Phys. 9 (1931) 273.[2] J. Schirmer, et al., Phys. Rev. Lett. 53 (1984) 1897.[3] B.A. Watson, et al., Phys. Rev. Lett. 35 (1975) 1333.[4] W. Beusch, Helvetica Physica Acta 33 (1960) 363.[5] C. Waltz et al., Nature 526 (2015) 406.[6] P.-A. Söderström et al., Nature Communications 11 (2020) 3242.
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System size effects on the energy of onset of vaporization
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We have investigated the energy of onset of vaporization. For this we have studied the 16O + Br and
16O + Ag collisions at various energies ranging from 10 to 220 MeV/nucleon as emulsion data is availablefor these collisions. Jakobsson et al., [1] have studied the average charge of fragments in this emulsiondata. We have used Quantum Molecular dynamics (QMD) [2] model to study the phenomenon ofvaporization. The QMD model generates the phase space of nucleons and next clusterization of nucleonsis required to identify the fragments. At first, we used minimum spanning tree (MST) method to producefragments. Thismethod didn’t reproduced the data verywell at lower energies, so next we used SimulatedAnnealing Clusterization Algorithm (SACA) [3] for making fragments. Using SACA a good agreementbetween available data and calculated results is obtained which shows model is good enough to studythe phenomenon of vaporization. For examining the phenomenon of vaporization we looked into theaverage charge of the fragments and it is inferred that when average charge approaches unity thennuclear vaporization has started. Further, we investigated the system mass effects on the energy of onsetof vaporization. For this we have chosen four systems which are 40Ca + 40Ca, 84Kr + 84Kr, 132Xe + 132Xeand 197Au + 197Au i.e, from lighter to heavier. It is noted that average charge as observable do not giveclear picture of system size effects on the energy of onset of vaporization. However, it can be said thatfor all systems nuclear vaporization starts above or near 150 MeV/nucleon. This work is still in progressand we are searching for more observables which can give clear picture.
References[1] B. Jakobsson et al., Nucl. Phys. A 509 (1990) 195-220.[2] J. Aichelin, Phys. Rep. 202 (1991) 233.[3] Rajeev K. Puri et al., Journal of Computational Physics 162 (2000) 245-266.
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Collective bands in 156Dy
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A collective band of positive as well as negative parity in 156Dy are composed of vibrational and rotationalcollective modes. The octupole vibrational configurations can be based either on axial or nonaxialoctupole phonon excitations. A consistent approach applied to the quadrupole and octupole collectivevibrations coupled with the rotational motion enables us to distinguish between various scenarios ofdisappearance of the E2 transitions in negative-parity bands observed till now in several nuclei. Thetheoretical estimates which are going to be presented are compared with the very recent experimentalenergies and transition probabilities in and between the ground-state and low-energy negative-paritybands in 156Dy nucleus. A realistic collective Hamiltonian contains the potential-energy term obtainedthrough the macroscopic-microscopic Strutinsky-like method with a particle-number-projected BCSapproach and a deformation-dependent ’cranking’ mass tensor. The potential energy and the inertiaparameters are defined in the vibrational-rotational, 9-dimensional collective space of the multipole-deformation parameters and Euler angles. The so called symmetrization procedure, based on the group-theory considerations, applied to the eigenstates of the collective Hamiltonian ensures their uniquenesswith respect to the laboratory coordinate system. This quadrupole-octupole collective approach may alsoallow us to find and/or verify some fingerprints of possible high-rank symmetries in nuclear collectivebands.
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Development of the eLBRUS UHV accelerator system for studyingnuclear reactions at very low energies*
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Nuclear reactions at very low energy (i.e in the energy range of a few keV) are difficult to comprehenddue to the interplay of multiple physics processes related to solid-state, atomic, molecular and nuclearphysics. Since 2015, dedicated research studies have been carried out at the 20 keV Ultra High Vacuum(UHV) Accelerator Facility in the laboratories of the University of Szczecin, Poland [1].Recently, a new deceleration lens and beam transport system was installed to increase the beam currenton the target at energies even lower than 1 keV. The upgraded system will allow to operate the ElectronCyclotron Resonance ion source at higher voltages and reduce the energy of accelerated ions immediatelybefore the target chamber to decrease the beam contribution of neutral particles and supress thedefocusing effects resulted from the beam volume charge.The main focus of this one-of-a-kind UHV facility will be devoted to study proton and deuteron inducedreactions on light nuclei and an enhancement of the corresponding cross sections due to the electronscreening effect resulting in part from the crystal lattice defects of the target materials. Both phenomenacould be previously demonstrated for the deuteron-deuteron (DD) reactions taking place in metallicenvironments [2] and have a large impact for construction of new energy sources based on the nuclearfusion [3]. The new experiments also show that the DD reactions at very low energies are dominated bythe 0+ threshold resonance in the compound nucleus He4. For the first time, the decay of this resonanceby the electron-positron pair creation has been lately observed [4]. However, it is expected that theexperiments at the deuteron energies below 5 keV could deliver much more precise information aboutthe resonance branching ratios and its partial widths.
References[1] M. Kaczmarski, et al., Acta Phys. Pol. B 45, 509 (2014).[2] K. Czerski, et al.,Europhys. Lett. 113, 22001 (2016).[3] K. Czerski, et al., Acta Phys. Pol. B 51, 649(2020).[4] K. Czerski et al., prepared for publication in Phys. Rev. Lett.

*The study is part of the CleanHME project. This project has received funding from the European Unions Horizon 2020 researchand innovation program under grant agreement No 95197.
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Study of fast-neutron-induced fission for 238U with SCONE at NFS
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Much remains to be discovered about fission, a complex process involving extreme deformations. Withinthis scope, neutron-γ competition is highly informative. Notably, it is related to angular momentumgeneration in fission, a phenomenon brought to light exactly fifty years ago [1] but for which there is stillno consensus on the underlying mechanisms [2]. While recent works focus on γ-spectroscopy [3] andisomeric ratio [4], few γ-calorimetry data are available for fast-neutron-induced fission. As far as weknow, merely 232Th, 235U and 237Np were explored up to 15MeV [5].In November 2021, an experiment was carried out on 238U target with NFS (Neutrons For Science), a newneutron research facility at GANIL. The experiment involved for the first time SCONE (Solid Counter Of
NEutrons), a large modular gadolinium-loaded plastic scintillator. The interest of this set up lies in theunique NFS neutron beam flux, extremely intense from 1MeV to 40MeV, and the high neutron detectionefficiency of SCONE together with its ability to be a γ-calorimeter.In this presentation, an overview of the experiment as well as the preliminary results are shared. Promptneutron multiplicity distributions are fully unfolded by a Tikhonov-inspired regularization. Thereby, theresults go beyond the first moments [6] or predefined skew normal distributions [7]. Moreover, the total
γ-energy released by fission is plotted against the incident neutron energy. Together, these observablesmight be innovative inputs for neutron-γ competition models.
References[1] J. B. Wilhelmy et al., Phys. Rev. C 5, 2041 (1972).[2] P. Marević et al., Phys. Rev. C 104, L021601 (2021).[3] J. N. Wilson et al., Nature vol 590, 566-570 (2021).[4] J. N. Nicholson, PhD thesis, Université Grenoble-Alpes (2021).[5] J. Fréhaut, IAEA report INDC 220, 99-111 (1989).[6] A. Bzdak et al., Phys. Rev. C 94, 064907 (2016).[7] O. A. Akindele et al., nPhys. Rev. C 99, 054601 (2017).
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Study of the radiative decay of 252Cf fission fragments
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This work focuses on measuring the prompt γ-spectra emitted by 252Cf spontaneous fission fragmentsto gain insights on the γ strength function (γSF) and nuclear level density (NLD) in the neutron-richregion. The experiment was performed for 6 months with a 4π-NaI array and a Frisch-gridded twinionization chamber[1]. The FGTIC is used as a fission trigger and measure both fragments kinetic energies,hence their masses. To get the best of the FGTIC an ultra-thin (5 µg/cm2) 252Cf source was prepared byself-transfer for a two-year period resulting in a resolution of 0.7 (FWHM) on the fragments masses forevents without neutron emission. The charge indetermination of the primary fragments was partiallylifted by selecting one of the two primary fragments by long-lived isomeric transitions (from tens ofnanoseconds to several microseconds). The measured prompt γ-spectrum selected by an isomerictranstion represent the decay to the isomer and the 3-4 possible complementary primary fragmentscascades.29 isomers have been identified, mainly distributed in two regions: aroundA = 96 (prolate deformation)and the double shell closure of Z = 50 and N = 82. The first preliminary results presented here willfocus on the evolution of the prompt γ-spectra through the isomers, isotopic and isotonic chains as wellas multiple kinetic selections. First comparisons with simulated spectra from FIFRELIN [2] using differentmodels for the γSF and NLDs will be shown.
References[1] L. Gaudefroy et al, Nucl. Instrum. Methods A (2017) 855, 133.[2] O. Litaize et al, Eur. Phys. J. A (2015) 51, 177.
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One-neutron removal cross sections for the 16N isomeric state
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The enhancement of halo neutron removal cross sections in neutronhalo nuclei is well known and is one of the evidences for the neutronhalo structure. We have measured neutron removal cross sections forseveral exotic light nuclei to reveal their characteristic neutron-halo-like structures [1]. The difference in the nuclear structure between theground and the isomeric state of 16N can be explained by the orbitalsin which the valence neutron is sitting. Considering the spin and parity,the valence neutron is considered to be mainly occupying the 1d5/2orbital in the ground state and the 2s1/2 orbital in the isomeric state.Therefore, the valence neutron in the 16N isomeric state, with effectsof 2s1/2 orbital and its relatively small neutron-separation energyof 2 MeV, can be distributed more broadly in the radial direction.Upper figure shows the calculated nucleon density distributions of
16N valence neutrons using the single-particle model. The spread ofthe density distribution depends on which orbital the valence neutronresides in. Therefore, the 16N isomeric state is a candidate for neutronhalo nucleus. The halo nucleus in the excited state has not beenobserved directly with experimental evidences.In the present study, wemeasured one-neutron removal cross sectionsusing secondary beams of 16N with a mixture of ground and isomericstates. We used two types of primary beams, 15N and 18O, to produce 16N beams with different isomericratios, and compared the one-neutron removal cross sections measured with each secondary beam.The experiments were carried out at the HIMAC heavy ion synchrotron facility at National Institutefor Radiological Sciences (NIRS), Japan. The experimental results (lower figure) show that the neutronremoval cross section obtained from a 16N beam with a large isomeric ratio, which was produced from
18O, is large compared to that obtained with a 16N beam with a small isomeric ratio produced from 15N.This results suggest that the 16N isomeric state is considered to have a neutron-halo-like structure.
References[1] M. Fukuda et al., Phys. Lett. B 268 (1991) 339-344.
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In the standard Generator Coordinate Method (GCM) the main ansatz is that the trial functions arecontinuous superpositions of some generating functions |ψ(α) >, which are labeled by the parameters
{α} called the generator coordinates. In this way one generates the space of states from a family of purestaqtes.However, the hot nuclei, to describe them microscopically, the state space should be generated from thequantum density operator dependent on temperature.The Algebraic Generator Coordinate Method (AGCM) seems to be the appropriate tool for this purpose.We derive generalization of the Griffin-Hill-Wheeler equation widely exploited in nuclear physics for thetemperature T = 0.
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Time Projection Chambers (TPC) provide a wide range of applications in nuclear physics. One of them isthe study of the radioactive decay of exotic nuclei emitting charged particles. A powerful technique forsuch studies was developed at the University of Warsaw based on the use of a TPC with optical read-out(OTPC) [1,2]. The light produced in the amplification stage of the detector, composed of several gaselectron multipliers, is registered by a CCD camera and a photomultiplier tube. This information allowsthe full 3D reconstruction of the tracks of the charged particles emitted by the nuclei [3].The search for rare events in decay experiments with a TPC is many times constrained by the difficultiesin classifying the registered signals. On the one side, the identification of a rare decay branch amongthe huge amount of data typically recorded, may be like looking for a needle in a haystack. On the otherhand, sometimes the fingerprint of such an exotic branch happens to be very similar to some backgroundor to other decay branches.In this contribution we will present the application of Machine Learning (ML) algorithms to classify eventsregistered with the OTPC detector. Such techniques are increasingly used in nuclear and particle physicsand they have already proved their applicability to other TPC set-ups [4,5]. In our case, supervisedalgorithms based on Monte Carlo (MC) simulations are used to classify the events. The OTPC signals usedfor training the ML models are simulated by means of the GEANT4 simulation package [6], includingrealistic noise and resolution effects.We have applied these new methods for the study of the decay of 11Be, the most promising candidate toobserve the rare beta−-delayed proton emission [7]. The charged-particle decay of 11Be is dominated bythe emission of alphas [8] and the possible proton branch is expected to be several orders of magnitudeweaker [9,10]. In addition, there is also a beta−-delayed tritium channel open. In this work, we will showhow ML models allowed us to successfully classify the signals from these three channels. Finally, thesetrained models have been applied to real data from an experiment performed with the OTPC at ISOLDEthat searched for the beta−-delayed proton branch [11,12].
References[1] M. Ćwiok et al., IEEE Trans. Nucl. Sci. 52 (2005) 2895.[2] K. Miernik et al., Nuclear Inst. and Methods in Physics Research A 581 (2007) 194.[3] M. Pomorski et al., Phys. Rev. C 90 (2014) 014311.[4] M.P. Kuchera et al., Nuclear Inst. and Methods in Physics Research A 940 (2019) 156.[5] R. Solli et al., Nuclear Inst. and Methods in Physics Research A 1010 (2021) 165461.[6] S. Agostinelli et al., Nuclear Inst. and Methods in Physics Research A 506 (2003) 250.[7] M.J.G. Borge et al., J. Phys. G: Nucl. Part. Phys. 40 (2013) 035109.[8] J. Refsgaard et al., Phys. Rev. C 99 (2019) 044316.[9] K. Riisager et al., Eur. Phys. J. A 56 (2020) 56.[10] Y. Ayyad et al., Phys. Rev. Lett. 123 (2019) 082501.[11] C. Mazzocchi, K. Riisager (spokespersons) et al., CERN-INTC-2016-048.[12] N. Sokołowska, Ph.D. thesis, University of Warsaw (2022).
*We acknowledge the support of the Polish National Agency for Academic Exchange (NAWA) under Grant No.PPN/ULM/2019/1/00220 and of the National Science Center, Poland, under Contract No. 2019/35/D/ST2/02081.
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Signature of hexadecapole deformation in the synthesis of superheavyelements via hot and cold fusion processes
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The heavy-ion induced reactions are used as a probe to study the fusion-fission related nuclear phe-nomena. The fusion dynamics is influenced by many factors such as entrance channel mass-asymmetryparameter, excitation energy, angular momentum, deformations, and orientations. In the present work,we are focused on the deformations and orientations of the colliding nuclei. These degrees of freedomplay an important role in the synthesis of superheavy elements (Z = 104-120) through two processesviz. cold and hot fusion, occurs at different scale of excitation energy, i.e. E∗

CN = 10-20 MeV and 35-45MeV, respectively. These ranges of E∗
CN correspond to the incident energy Ec.m., which may spreadacross the Coulomb barrier [1]. For the production of new elements at these energy ranges, 48Ca (nearbynuclei)-induced and 208Pb (or 209Bi)-based reactions have been considered. In former works [2], thesignificant effect of quadrupole deformed nuclei has been investigated in synthesizing superheavy ele-ments. In the present work, we explore the importance of higher-order deformation (up to hexadecupoledeformation β4) for the above mentioned reactions, at the below and above barrier energies. Also, theeffect of signs and magnitude of β4-deformation is examined, by considering β+
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2expands and compresses the hexadecupole deformed shapes, respectively. Subsequently, in referenceto the β2-deformation, one can find the enhancement and hindrance in the capture cross-sections(σcap.), respectively, due to + and - signs of β4-deformation. Also, the calculation of σcap. using extended
ℓ-summed Wong model [3] gives better agreement with the available experimental data of 30Si, 34S and
48Ca+238U reactions [4-6] at the below- and above-barrier energies, respectively, due to the cold and hotoptimum orientations of β4-deformation of target nuclei.
References[1] S. Hofmann et al., Eur. Phys. J. A 14, 147 (2002).[2] Y. T. Oganessian, J. Phys. G 34, R165 (2007).[3] R. Kumar et al, Phys. Rev. C 80, 034618 (2009).[4] K. Nishio et al, Eur. Phys. J. A 29, 281-287 (2006).[5] K. Nishio et al, Phys. Rev. C 82, 024611 (2010).[6] E. M. Kozulin et al, Phys. Rev. C 90, 054608 (2014).
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The heavy-ion induced reactions in intermediate mass target regions are complex in nature, even atlow energies [1-2]. Thus more experimental data are required to bring out a clear understanding ofthese reactions. In view of this, the present work manifests the experimental study of 16O projectilewith 93Nb target at energies ≈ 4-7 MeV/nucleon using the offline γ-ray spectroscopy. A systematicanalysis of the complete and incomplete fusion (CF-ICF) dynamics has been carried out by comparingthe measured excitation functions with the statistical model code PACE4. The entrance channel massasymmetry, α-Qvalue, projectile energy, coulomb interaction and neutron excess of projectile are someimportant entrance channel parameters, which play significance role in ICF dynamics. In order to study theincomplete-fusion behavior with various entrance channel parameters, the incomplete-fusion fraction(FICF ) has also been deduced and compared with those obtained for the systems available in theliterature. The present work explores the role of Coulomb interaction on ICF dynamics more effectively.Moreover, the projectile α-Q value is found to be a suitable parameter which explains effectively the roleof projectile structure on ICF. The existence of ICF below critical angular momentum is also anticipatedfor the present work.
References[1] A. Agarwal et al., Phys. Rev. C 105 (2022) 034609.[2] K. Kumar et al., Phys. Rev. C 89 (2014) 054614.
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Interaction of a heavy projectile (A>4) with a heavy target (A>120) leads to several nuclear processes,namely, quasi-fission, fusion, fast-fission, etc., depending on the projectile’s energy and entrance channelparameters. The fusion of a large number of nucleons results in a massive equilibrated compoundnucleus (CN) which undergoes de-excitation through evaporation of neutrons, protons, alphas, etc.,in competition with fission. Fission fragment mass distribution (FFMD) is a tool to understand fissionobservable for a better understanding of the fission dynamics. Recently, the unexpected observation ofasymmetric splits for 180Hg [1] developed a great interest in investigating the fission dynamics of sub-leadregion (new island of asymmetric fission) nuclei. Several studies revealed the existence of different fissionmodes (symmetric and asymmetric) through the distributions.In this work, the study of mass distributions of the fission fragments, obtained through the de-excitationof neutron-deficient (N/Z = 1.44) 193Au CN, has been studied. We have performed an experiment at the14UD BARC-TIFR Pelletron Accelerator facility, Mumbai, India, bombarding 12C projectile on 181Ta targetwithin excitation energies 39-53 MeV. A total of 12 fission fragments having mass numbers within therange of 71-135 u have been verified by estimating their half-lives. The Gamma-spectrometry method wasutilized to extract the cross section information of the fission fragments. A single Gaussian fit of the massdistribution at each excitation energy gave an impression of only symmetric (super long) fission mode. Asimilar kind of situation was encountered while fitting mass distribution for 191Au [2], but considering thefluctuations at the middle of the mass distribution revealed the appearance of asymmetric fission modes.By considering this fact, for the present study, theoretical estimations for the mass widths’ determination,based on the Liquid drop model (LDM) [3], have been performed. Theoretical mass width depends onseveral parameters, which mainly include the mass number of the CN, effective temperature of thenucleus at the saddle point, and mean square angular momentum < ℓ2 > which was evaluated byCCFULL calculations considering the rotational couplings of 181Ta target. Consequently, the enhancementregistered in the experimental mass widths compared to the theoretical outcomes hinted at the presenceof both asymmetric modes and symmetric modes. However, the signature of persistent asymmetricfission modes along with symmetric mode is seen throughout the measured excitation energy range.
References[1] A. N. Andreyev et al., Phys. Rev. Lett. 105 (2010) 252502.[2] S. Gupta et al., Phys. Lett. B 803 (2020) 135297.[3] M. G. Itkis et al., Phys. Part. Nucl. 29 (1998) 160.

*We sincerely thank the University Grants Commission (UGC), Government of India, for granting fellowship to a student. Thepassionate teamwork of our colleagues from TASISPEC Lab, IIT Roorkee, is gratefully acknowledged.
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The new DEspec Germanium Array Spectrometer (DEGAS) is among the most advanced gamma-rayspectrometers to date and is being used for nuclear spectroscopy experiments at GSI/FAIR [1]. DEGASincludes BGO scintillation detectors for active shielding in order to improve the sensitivity of its high-puritygermanium (HPGe) detectors.Compton-scattered photons present a major source of spectral noise in most gamma-ray spectrometers,because only a part of the energy from an incident photon is measured. The BGO detectors have avery high gamma-ray detection efficiency and can suppress such background by operating in an anti-coincidence veto mode with the germanium spectrometer. Thus, incomplete energy measurementsare discarded from the HPGe energy spectra, making detection of rare isomer decays less challenging.Simulations suggest it could be possible to achieve a background suppression of up to 40% for all of the28 modules of the DEGAS array (84 germanium and 84 BGO crystals) [2].Our work started with simulations to determine the positions and the optimal number of silicon pho-tomultipliers (SiPMs) to be used with each BGO crystal. This was followed by the circuit board designprocess with several iterations of readout electronics. The completed system now achieves the desiredenergy (< 30% FWHM@511keV) and timing resolutions (∼ 30ns @511keV) needed for the operation inthe DEGAS spectrometer, with just eight 6× 6mm2 SiPMs on each BGO crystal. In order to maintain theflexibility and modularity of DEGAS, we designed the readout electronics for the SiPMs to be compactand energy efficient with a very low power consumption.Recently (in May 2022) the DEGAS array was used in a decay spectroscopy experiment as part of theFAIR-0 experimental campaign, with one detector cluster equipped with three BGO prototypes. Theresults are still preliminary, but early analysis shows a promising background suppression of up to∼ 8%in the raw HPGe spectrum.
References[1] A.K. Mistry et al., Nucl. Instrum. Methods Phys. Res. A 1033 (2022) 166662.[2] G. Li et al., Nucl. Instrum. Methods Phys. Res. A 890 (2018) 148-154.
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Neutron emission in low-energy nuclear fission in framework of theFourier shape parameterization
P. V. Kostryukov, A. Dobrowolski, K. Pomorski P - 23
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In this work, the study of neutron evaporation from a compound nucleus and primary fission fragments forcases of low and medium excitation energy (E∗ up to 30 MeV) fission of actinide nuclei were performed.The main task was the calculation of the excitation energy, release of which can be transferred to fissioncollective motion. The description of the process of fission of compound nucleus were provided withinthe framework of the statistical approach, specifically the multidimensional system of Langevin equations,where the geometry of the nucleus was specified by Fourier parametrization [1]. The potential energysurfaces of the studied system were calculated within the framework of the Lublin-Strasbourg Dropmodel [2] and the folded-Yukawa single-particle potential [3]. It is assumed that in cases of fission, whenthe excitation energy of the compound nucleus with T ≲ 1MeV, the probability of neutron emission issmall and, therefore, excited fission fragments are the main source of neutrons. For this, the excitationenergy was determined for the case of the process of fission of a compound nucleus, which, after decay,was distributed among the primary fragments. Their deformations were determined by the so-calledgeneral deformation parameters first introduced in [4], and the energy carried away by neutrons wasassociated with a Monte Carlo-type procedure, where Master equation for the energy were calculatedusing the Weisskopf-type formula [5]. In the case when the temperature of the composite fissile systemreached the threshold value, a similar calculation procedure was carried out, but for the compoundnucleus.The obtained results made possible to improve themass (FMD) and total kinetic energy (TKE) distributionsof fission fragments for the studied fission types, which demonstrates closeness to analogous empiricalvalues.
References[1] C. Schmitt et al., Phys. Rev. C 95 (2017) 034612.[2] K. Pomorski and J. Dudek, Phys. Rev. C 67 (2003) 044316.[3] A. Dobrowolski et al., Comp. Phys. Comm. 237 (2019) 253.[4] W. D. Myers and W. J. Swiatecki, Phys. Rev. C 91 (1966) 1.[5] H. Delagrange et al., Z. Phys. A 95 (1986) 437.
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XRD and PAS investigations of deuteron irradiated zirconium samples
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LENR phenomena are known to be extremely dependent on the local crystal structure and crystal defectsof the deuterated samples. This has a strong influence on both hydrogen diffusion and the effectiveelectron mass. The latter determines the strength of the local electron screening effect [1]. The latterdetermines the strength of the local electron screening effect [1] and can change the deuteron-deuteronreaction rates at thermal energies by many orders of magnitude [2].In the present study, Zirconium samples were exposed to various conditions and energies of deuteronbeams using the unique accelerator system with ultra-high vacuum, installed in the eLBRUS laboratoryat the University of Szczecin [3]. Irradiated and virgin samples were investigated by means of the X-raydiffraction (XRD) and positron annihilation spectroscopy (PAS) [4]. Whereas the first method deliversinformation about changes of crystal lattice parameters and possible production of hydrides [5,6] accom-panying the formation of dislocations that are produced during irradiation of the samples, the secondone can determine the depth distribution of crystal defects, being especially sensitive for vacancies. Bothinvestigation methods show structural changes of the Zr samples. The number of vacancies producedby deuterons are comparable to that observed by carbon or oxygen irradiations. The target structuremodifications at the surface of the samples could be also confirmed by the scanning electron microscopy(SEM). The presented diagnostic methods will be applied in the future studies to correlate the number ofcrystal defects and changes of crystallographic parameters with the increase of the deuteron-deuteronnuclear reaction rates.

The study is part of the CleanHME project. This project has received funding from the European UnionHorizon 2020 research and innovation program under the grant agreement No 951974.
References[1] Czerski K. et al., Europhysics Letters 113 (2016) 22001.[2] Czerski K.et al., Acta Physica Polonica B 51 (2020) 649-654.[3] Kaczmarski M. et al., Acta Physica Polonica B 45 (2014) 509-518.[4] Selim F.A. et al., Materials Characterization 174 (2021) 110952.[5] Liu Y. et al., Plasma Science and Technology 19 (2017) 035502.[6] Wang Z. et al., Metallurgical and Materials Transactions B 45 (2014) 532-539.
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Competing incomplete fusion and transfer processes in 6Li + 181Tareaction*
Rishabh Kumar1 and Moumita Maiti1 P - 25
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The study of the fusion mechanism with weakly bound projectiles (WBP) helps to gauge the underlyingphysics of reactions with RIBs. As a matter of fact, the WBPs such as 6,7Li and 9Be have been pervasivelyused in the last two decades to establish a firm understanding of different reaction processes involved inthe reactions with these beams[1]. Researchers around the globe have observed processes like completefusion, non-capture break-up, incomplete fusion (ICF), transfer, transfer followed by break-up, etc., withsuch beams on different mass targets. Transfer processes have been found competing with ICF at energiesaround the Coulomb barrier [2,3]. In our study of 6Li reaction on 181Ta, we try to look at these twocompeting processes around the coulomb barrier. The experiment was performed using 6Li beams upto43 MeV delivered by the 14UD BARC-TIFR Pelletron facility, Mumbai, India, which were bombarded ontothe foils of 181Ta (backed by 27Al) with 1.4-2.4 mg/cm2 (1.6-1.9 mg/cm2) thickness stacked up and facingthe beam. The γ-ray spectroscopy method was used to identify ERs, and the residual cross-sections weremeasured.The measured excitation functions of the residues 183g,183m,182Os (via xn), 183Re (pxn),and 183,182m2,180Ta (αpxn) were compared with the theoretical estimations from EMPIRE 3.2.2 code.EMPIRE uses the Hauser-Feshbach formalism for compound nucleus (CN) cross-section evaluation and theExciton model for the pre-equilibrium part. It caters various level density options, viz. Gilbert-Cameron,generalized superfluid model (GSM), and enhanced genralized superfluid model. We observe a sat-isfactory agreement between the experimental cross-sections and EMPIRE (with GSM level density)computed ones for residues populated via xn and pxn channels. However, a copious enhancementin experimental cross-sections over the theoretical calculations has been noted for residues obtainedvia the αpxn channel. The first explanation for this enhancement could be the incomplete fusion ofremnant fragment after the break-up of 6Li projectile into α+d (breakup threshold: 1.47 MeV). The fusionof d into the 181Ta target will form 183W CN which can subsequently decay through proton emissionto form Ta residues. The variation of ICF fraction (FICF ) reveals that FICF has a parabolic shape, andit varies between 1-7% in the whole energy range. It has been learned from the literature that the ICFfraction increases with incident energy [4], but for the present case, we observe that FICF increaseswith decreasing energy below 34 MeV. The presence of another process is demanded to explain theobserved peculiarity, and the most suited candidate turns out to be the neutron transfer process. Oneneutron transfer may lead to formation of 182m2Ta (Qgg= -0.34 MeV)and 180Ta (Qgg= 0.4 MeV) residuessince one-neutron transfer has been found to be a competing process in reactions with Li beams aroundthe barrier. The production of 183Ta via the transfer process is quite not expected due to the very largenegative Q-value. So, it is more likely to be produced via the ICF process. Thus, the study demonstratesthat incomplete fusion and transfer are two dominant competing processes in the 6Li+181Ta reaction.References[1] V. Jha et al., Phys. Rep. 845 (2020) 1-58.[2] A. Shrivastava et al., Phys. Lett. B 633 (2006) 463-468.[3] M. Kaushik et al., Phys. Rev. C 104 (2021) 024615 (1-8).[4] R. Prajapat et al., Phys. Rev. C 101 (2020) 024608 (1-11); 101 (2020) 064620 (1-12).
*Research grant from CSIR 03(1467)/19/EMR-II, and fellowship from DST INSPIRE (IF180078), Government of India, are gratefullyacknowledged.
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Incomplete fusion dynamics studies for 14N + 169Tm*
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The study of incomplete fusion dynamics remain elusive around the Coulomb barrier energies due totheir complexity below 10 MeV/nucleon [1]. In order to probe the incomplete fusion dynamics, the spin-distribution of evaporation residue populated in the system 14N + 169Tm at energy 5.86 MeV/nucleonhave been measured using particle-γ coincidence technique [2-4]. The spin-distribution of evaporationresidues (direct-α/2αxn-channels) populated through the incomplete fusion reaction mode are foundentirely different than that observed for complete fusion (fusion-evaporation xn/αxn-channels). In caseof complete fusion, spin-distribution of evaporation residue shows normal de-excitation (transition yieldfalls exponentially with the higher spin states) pattern of compound nucleus, however, in the case ofincomplete fusion the yield is constant up to certain spin states and falls sharply with the higher spin thatindicates lower spin states are hindered in incomplete fusion. Moreover, the input angular momentumassociated with direct-α/2αxn-channels are found to be slightly higher than the fusion-evaporationxn/αxn-channels and increases with the direct α-multiplicity. The spin-distribution results in the system
14N + 169Tm at energy 5.86 MeV/nucleon will be presented in detail.
References[1] P. K. Giri et al., Phys. Rev. C 100 (2019) 024621.[2] D. Singh et al., Phys. Lett. B 774 (2017) 7-13.[3] P. P. Singh et al., Phys. Lett. B 671 (2009) 20-24.[4] D. Singh et al., Phys. Rev. C 97 (2018) 064604.

*One of the authors S. K. thanks Council Of Scientific And Industrial Research (CSIR) fornthe financial support during this work.
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Collectivity in Erbium*
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The nature of low-lying excitations, Kπ = 0+ bands in deformed nuclei remain enigmatic in the field,especially in relationship to quadrupole vibrations. One method of characterizing these states is byreduced transition probabilities, B(E2) values, ameasure of the collectivity. These values can bemeasureddirectly by Coulomb excitation or calculated from measured lifetime values. Within the deformed region,there are five stable Er isotopes, one of which has been studied intensely in search of quadrupolevibrations (166Er). The neighboring isotope, 168Er is the focus of this work. We have examined 168Erwith the (n, n′γ) reaction and neutron energies up to 3.0 MeV to confirm known 0+ states. Angulardistributions at three different neutron energies were performed to determine their lifetimes throughDSAM measurements. Gamma-ray excitation functions, angular distribution, and lifetime measurementswill be presented and compared with the other Er isotopes

*This material is based upon work supported by the U.S. National Science Foundation under Grant Nos. PHY-1713857 andPHY-2011267.
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Transfer reactions with the active target ACTAR TPC
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Transfer reactions are selective tools to identify single-particle orbits and have been extensively used tostudy the underlying nuclear structure. Traditionally, transfer reaction experiments were performed withsolid targets combined with complex devices that suffer from limited luminosity for radioactive beams.Active targets, where the gas works both as target and detection medium, are exceptional devices thatallow to overcome the experimental limitations without losing resolution.In 2022 we performed the first transfer experiment with ACTAR TPC [1,2] at GANIL to study the spin-orbit splitting in neutron-rich Oxygen isotopes. Additionally the goal of this experiment was to test thefeasibility of transfer experiments with ACTAR TPC.The GANIL facility provided a pure 20O beam that was selected with the LISE3 spectrometer. The gasconsisted of a mixture ofD2 and C4H10, which was equivalent, in terms of targets number, to the useof a 5mg/cm2 of CH2 and 10mg/cm2 of CD2, at the same time. The particles of interest escapedthe active volume, and an array of silicon detectors was used to measure the residual energy. Thereconstruction of the tracks inside the target allows to measure in an event-by-event basis the interactionpoint and thus improving significantly the final resolution [3,4].In this talk, I will present the preliminary particle identification, the reconstructed Ex spectrum and thedifferential experimental cross sections for different channels measured in the experiment. Additionally,I will discuss the improvements of our technique with respect to the standard methods.
References[1] T. Roger et al. Nucl. Instrum. Meth. Phys. Res. A 895, 126 (2018).[2] J. Pancin et al. Nucl. Instrum. Meth. Phys. Res. A 735, 532 (2014).[3] P. Konczykowski et al., Nucl. Instrum. Meth. Phys. Res. A 927, 125 (2019).[4] B. Mauss et al. Nucl. Instrum. Meth. Phys. Res. A 940, 498 (2019).
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Isomers and octupole correlations in transitional nuclei beyond 208Pb
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The reflection-asymmetric pear shape in nuclei is characterized by the appearance of interleaved statesof opposite parities connected by enhanced electric dipole transitions [1]. In the A ∼ 220 region, thepresence of proton and neutron orbitals with ∆j = ∆l = 3 near the Fermi surface gives rise to strongoctupole correlations in nuclei with Z ∼ 88 and N∼ 134. The nuclei with stable quadrupole and octupoledeformation exhibit rotational-like alternating parity sequences with large B(E1)/B(E2) ratios (∼10−6 fm−2). However, in the case of lighter nuclei where deformation is not fully developed, near-constant transition energies and spin-dependent staggering ofB(E1)/B(E2) ratios are observed [2].The octupole correlations begin to emerge in nuclei with Z ≥ 87 and N≥ 129 above the shell closures.Parity doublets, which are a clear signature of octupole correlations in odd-A and odd-odd nuclei, wererecently reported in 216Fr (Z = 87 and N = 129) at intermediate energies [3]. Also, 217Ra (N = 129 isotoneof 216Fr) displays the evidence of octupole collectivity as two out of the three sequences observed at lowexcitation energies are connected by enhanced E1 transitions [4]. Since these nuclei lie in the transitionalregion between the shell closure and the deformed region, the interplay between single-particle andcollective modes of excitations leads to complex level structures. It is well known that the isomericstates play a pivotal role in elucidating important aspects of nuclear structure as well as to test theapplicability of various nuclear models. Thus, the presence of isomers in the transitional nuclei and theirdecay properties are expected to provide more insight into the evolution of collectivity in this region.In order to investigate excited states in 216Fr, an experiment was performed at IUAC, New Delhi. Thedetailed information concerning the experimental setup and the data analysis procedures is discussedelsewhere [5]. Three new isomers, one at low excitation energy and two at high excitation energy, wereidentified in 216Fr. The half-lives of these isomeric states were extracted using centroid-shift and decay-curve analyses. The properties of the low-lying (11+) isomeric state were compared with that of thesimilar isomeric state in neighboring doubly-odd nuclei. Also, large scale shell-model calculations wereemployed for a more quantitative understanding of the isomeric state and the states to which it decays.The simultaneous presence of isomers at low- and high excitation energies hints at a pronounced changein structure above the intermediate states, where octupole correlations were observed. In addition,another experiment was performed to study high-spin states in 217Ra and the preliminary data analysissuggests a striking similarity in the level structures of the N = 129 isotones. The detailed experimentalresults will be presented and discussed in the conference.References
[1] P. A. Butler et al., Rev. Mod. Phys. 68, 349 (1996). [4] N. Roy et al., Nucl. Phys. A 426, 379 (1984).
[2] W. Reviol et al., Phys. Rev. C 74, 044305 (2006). [5] Madhu et al., Phys. Rev. C 105, 034308 (2022).
[3] Pragati et al., Phys. Rev. C 97, 044309 (2018).
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Are "β" bands triaxially superdeformed bands?
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The search for Triaxial Superdeformed (TSD) bands in the N∼90 isotones has been a subject of interestfor the past two-three decades [1-7]. The focus on these studies has been mainly confined to ultra-highspin states. In these studies, high spin structures with enhanced deformation have been reported andassociated with the phenomenon of Triaxial Superdeformation.
The phenomenon of TSD bands has recently become more interesting as recent theoretical predictionsin the same region (N∼90 isotones) suggests that the phenomenon of TSD bands may also be found atlow spin, with 0+ states or the so-called β band being the most promising candidate.
In this work, we present a comprehensive dataset comprising of low-lying positive parity bands (β and γbands) in even-even isotopes with N∼ 88 to 92 and proton numbers Z∼ 62 (Sm) to 70 (Yb). The dataare compared with the solutions of the five-dimensional collective Hamiltonian (5DCH) based on thecovariant density functional theory (CDFT). The results of this comparison are presented here and theimplication on the interpretation of the first excited 0+ states is there from discussed.
References[1] J. Ollier et al., Phys. Rev. C 83 044301 (2011).[2] M. Mustafa et al., Phys. Rev. C 84 054320 (2011).[3] X. Wang et al., to be published[4] A. Aguilar et al., Phys. Rev. C 77, 021302 (2008).[5] P. Bringel et al., Eur. Phys. J. A 24, 167 (2005).[6] D. Hartley et al., Phys. Rev. C 80, 041304(R) (2009).[7] G. Andersson et al., Nucl. Phys. A268, 205 (1976).
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Pairing dynamics in nuclear reactions
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We present results of collisions of medium mass nuclei, 90Zr+90Zr and 96Zr+96Zr obtained within time-dependent density functional theory (TDDFT) extended to superfluid systems, known as time-dependentsuperfluid local density approximation (TDSLDA). We discuss qualitatively new features occurring incollisions of two superfluid nuclei at energies in the vicinity of the Coulomb barrier. We show that a
solitonic excitation—an abrupt pairing phase distortion—reported previously [1], increases the barrier forcapture generating effective repulsion between colliding nuclei. Moreover we demonstrate that pairingfield leads to qualitatively different dynamics at the Coulomb barrier which manifests itself in a slowerevolution of deformation towards a compact shape. Last but not least, we show that magnitude ofpairing correlations can be dynamically enhanced after collision. We interpret it as a dynamically-induced
U(1) symmetry breaking, which leads to large-amplitude oscillations of pairing field and bear similarityto the pairing Higgs mechanism.Pairing correlations in nuclear systems are one of the best known characteristics of non-magic atomicnuclei [2-4]. Various features related to high spin phenomena, indicate that these correlations are crucialfor our understanding of nuclear structure and dynamics. Pairing in atomic nuclei is usually theoreticallydescribed on a mean-field level, where the concept of pairing field plays the key role. It implicitly assumesthe existence of superfluid phase described by the complex field playing the role of the order parameter.Although the average magnitude of this field is an important ingredient of any theoretical descriptionof medium or heavy nuclei, the other features related to this degree of freedom are usually omitted inthe context of nuclear dynamics. These features include spatial modulations (oscillations) of the orderparameter, where both the magnitude and the phase may vary in space and time.
References[1] P. Magierski et al., Phys. Rev. Lett. 119, 042501 (2017).[2] P. Ring and P. Schuck, Springer Science & Business Media (2004).[3] D.J. Dean and M. Hjorth-Jensen, Rev. Mod. Phys. 75, 607 (2003).[4] D.M. Brink and R.A. Broglia, Cambridge University Press (2005).
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Study of spontaneous fission half-lives in actinide and superheavynuclei
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Study on the half-lives of the spontaneous fission processes of doubly even actinide and superheavyelements in the range of Z=90 to Z=110 within the semiclassical WKB framework is performed, where thedynamical least-action fission path in 4D Fourier deformation space includes nuclear elongation, massasymmetry, neck and nonaxiality degrees of freedom. This path is defined by an appropriate Fourierdecomposition whose amplitudes are treated as variational parameters to minimize the action integral.This method is an efficient alternative to often used polyline method which seems to be effective in lowdimension (e.g. 2D) deformation spaces and getting more and more demanding in 3 or 4D spaces.The fission barrier is based on the Lublin-Strasbourg Drop (LSD) approach while the microscopic shelleffects are taken into consideration within the Strutinsky and projected BCS methods. The spontaneousfission half lives are determined using the inetria tensor calculated macroscopically in the irrotationalflow framework as well as the microscopic perturbative-cranking mass parameters.In this way it has been possible to adjust, in the first of above approaches, a single scaling parameter thatallow to rescale all macroscopicmass tensor components to get the best reproduction of the experimentalhalf lives for actinides.Further, with this parameter we try to reproduce and predict the corresponding half lives for someselected superhavy nuclei. Finally we compare the half-life estimates done for both the macroscopic andmicroscopic mass parameters.
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Understanding the phenomenon of shape evolution in atomic nuclei has been one of the main quests innuclear physics. While throughout the nuclear chart the evolution of a spherical ground-state shape into adeformed one is usually a gradual process, in the Zr isotopic chain an abrupt shape transition is observedat N=60. This dramatic onset of deformation in 100Zr was recently well reproduced in the state-of-the-artMonte Carlo Shell Model calculations [1, 2], which also predict that the same deformed configurationmay coexist at higher excitation energies in the lighter Zr isotopes. The 98Zr is of particular interest in thisregard as it is a transitional nucleus which lies on the interface between both spherical and deformednuclear phases. Thus, significant amounts of experimental and theoretical research efforts have beenmade to study the shape coexistence phenomena in 98Zr [3,4,5,6]. While they demonstrate a good overalldescription of the 98Zr nuclear structure, the interpretation of the higher-lying shape coexisting bands isstill uncertain. In particular, several discrepancies between theoretically calculated and experimentallydeduced reduced transition probabilities were noted, highlighting the need for further investigations.Based on the above, a beta-decay experiment was performed at TRIUMF-ISAC facility utilising the 8pispectrometer in conjunction with auxiliary beta-particle detectors to measure the branching ratios andmultipolarity mixing ratios for the transitions in 98Zr. The high-quality and high-statistics data obtainedwith this setup allowed for the determination of branching ratios for very weak transitions important forassigning band structures. Furthermore, gamma-gamma angular correlation measurements enabledboth spin assignments and mixing ratio determinations. The new results will be presented, and discussedin relation to both the MCSM and recent IBM configuration mixing calculations.
References[1] T. Otsuka and Y. Tsunoda, J. Phys. G: Nucl. Part. Phys. 43, 024009 (2016).[2] T. Togashi, Y. Tsunoda, T. Otsuka, and N. Shimizu, Phys. Rev. Lett.117, 172502 (2016).[3] P. Singh, W. Korten et al., Phys. Rev. Lett. 121, 192501 (2018).[4] V. Karayonchev, J. Jolie et al., Phys. Rev. C102, 064314 (2020).[5] J. E. Garcia-Ramos, K. Heyde, Phys. Rev. C 100, 044315 (2019).[6] P. Kumar, V. Thakur et al., Eur. Phys. J. A 57, 36 (2021).
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The reaction cross section (σR) or the interaction cross section (σI ) for atomic nucleus is closely related tothe nuclear radius and the nuclear density distribution. The study of nuclear radii through measurementsof σR or σI has revealed exotic features of unstable nuclei since 1980s [1-3].In these studies, the method to deduce nuclear radii from the measured σR is based on the Glaubermodel. The Glauber model is the optical limit approximation of the Glauber theory, which can uniquelycalculate σR using nuclear radii as inputs. The applicability of the Glauber model for light nuclei (Z≤30,
A<100, such as Al) has been well studied. In those studies, many precise σR data are compared with theGlauber model in the energy range of 30∼400 MeV/nucleon[4].The future focus of the study of nuclear radii is to perform measurements in medium and heavy massregion, which give crucial information of neutron skin formation in atomic nuclei. To measure radii ofheavier (Z∼>50, A>100) nuclei, it is necessary to study the applicability of the Glauber model in this massregion. The applicability of the Glauber model to medium and heavy nuclei is being also investigated[5] by theoretical approach, and it is expected that Glauber model underestimate σR as an incrementof Z. It is because of the model from electromagnetic interactions such as Coulomb dissociation (e.g.6% underestimation for Pb + C system)[5]. It is important to compare these theoretical calculationswith experimental data to discuss the applicability of the Glauber model. However, accurate σR data formedium and heavy nuclei is currently scarce.In this study, we perform σR measurements for the medium and heavy mass region where there is alack of data. σR for 12C on Fe, Nb, and Pb targets were measured at the beam energies from 70 to 350MeV/nucleon, and σR for 27Al on Fe, Nb targets were measured at the beam energies from 70 to 100MeV/nucleon, at HIMAC (Heavy Ion Medical Accelerator in Chiba) facility. The transmission method wasemployed for σR measurement, and Bρ-TOF-∆E and E-∆E methods were used for particle identificationbefore and after the reaction target. The data is compared to the Glauber model and also EMD calculation[6]. In the presentation, wewill report the detailed results of our experiments and discuss the applicabilityof Glauber calculation to heavier nuclei.References[1] I. Tanihata et al., Phys. Rev. Lett 55 (1985) 2676.[2] M. Fukuda et al., Phys. Lett. B 268 (1991) 339.[3] M. Fukuda et al., Nucl. Phys. A 656 (1999) 209.[4] M. Takechi et al., Phys. Rev. C 79 (2009) 061601.[5] W. Horiuchi et al., Phys. Rev. C 93 (2016) 044611.[6] C. Bertulani et al., Physics Reports 163 (1988) 299.
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Structure of light atomic nuclei studied with nuclear reaction 14N + 10B
L. Palada1, N. Soi’c1, L. Acosta3, S. Bailey2, J. A. Duenas3, J. P. FernandezGarcia5, P. Figuera5, E. Fioretto4,M. Fisichella5, L. Grassi1, O. Kirsebom6, T. Kokalova Wheldon2, M. Lattuada5, G. Marquinez Duran3,I. Martel3, T. Mijatovi’c1, L. Prepolec1, N. Skukan1, R. Smith2, S. Szilner1, V. Tokić1, M. Uroić1, J. Walshe2,C. Wheldon2 P - 35
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Light nuclei are an excellent laboratory in which to examine the basic principles of nuclear structureand interaction. Both aspects of nuclear structure, single-particle dynamics and nucleon correlationswhich result in clustering, are the most pronounced in light nuclei due to the small number of importantdegrees of freedom in these systems. In recent years even the first principle (Ab Initio) calculations [1], aswell as some mean field based models [2] describe cluster structures well. Two-centre nuclear structureshave been identified so far in Be isotopes, particularly in 10Be [3]. Indications for more complex structureshave been found in both theoretical [4] and experimental [5] studies of C isotopes and even in someheavier nuclei [6]. Similar to the role of B and C isotopes in understanding of the evolution of clusteringfrom two to three center, the N isotopes are interface between three and four center structures. Roleof the additional proton and neutron(s) on the three- (N isotopes) and four-center (F isotopes) clusterstructures is even less clear, mainly due to the missing experimental information. Detailed spectroscopicinformation for nuclei from B to F can provide crucial information for understanding clustering and itsevolution with increasing number of nucleons and/or α-clusters.With the aim to study clustering in this range of nuclei, experiment was carried out at the INFN LaboratoriNazionali di Legnaro, using the 95 MeV 14N beam and 10B target. Reaction products were detected withthe setup of six highly segmented silicon telescope detectors, each consisting of 20 µm thick single sidedstrip detector∆E and 1000 µm thick double sided strip detector E, covering polar angels from 15 to 70degrees, allowing for clear identification of the reaction products using the standard∆E-E approach.Preliminary results on part of the collected experimental data show that reaction channels of interest areobserved. Ongoing analysis of the excited states of 10,11B, 11,12,13C, 14,15N, 15,16,17O and 17,18,19F showsthat the two-center clustering is present in all isotopes. With further analysis three- and four-centercluster structures will be examined and with full data set partial widths for various decays, an importantcharacteristics to reveal their structure, will be deduced. Preliminary results on the observed excitedstates will be presented and their possible cluster structure discussed.References
[1] M. Freer, H. Horiuchi, Y. Kanada-Entextquotesingle yo, D. Lee, U.G. Meissner, Rev. Mod. Phys. 90 (2018) 035004.
[2] J. P. Ebran, E. Khan, T. Nikšić, D. Vretenar, Nature 487 (2012) 341-344; [3] M. Freer et al., Phys. Rev. Lett. 96 (2006) 042501; M.
Milin et al., Nucl. Phys., A 753 (2005) 263; N. Soić et al., Europhys. Lett.,34 (1996) 7.
[4] N. Itagaki et al., Phys. Rev. C 64 (2001) 014301; N. Itagaki et al., Phys. Rev. C 92 (2004) 142501; T. Suhara and Y. Kanada-
Entextquotesingle yo, Phys. Rev. C 82 (2010) 044301; T. Suhara and Y. Kanada-Entextquotesingle yo, Phys. Rev. C 84 (2011) 024328.
[5] N. Soić et al., Nucl. Phys., A 728 (2003) 12; N. Soić et al., Phys. Rev. C 68 (2003) 014321; W. von Oertzen et al., Eur. Phys. J., A 21
(2004) 193; M. Milin et al., Nucl. Phys., A 730 (2004) 285; D. L. Price et al., Nucl. Phys., A 765 (2006) 263; D. L. Price et al., Phys.
Rev. C 75 (2007) 014305; P. J. Haigh et al., Phys. Rev. C 78 (2008) 014319; M. Freer et al., Phys. Rev. C 84 (2011) 034317; C. Wheldon
et al., Phys. Rev. C 86 (2012) 044328;
[6] Y. Kanada-Entextquotesingle yo, Phys. Rev. C 92 (2015) 064326; S. Bailey et al., Phys. Rev. C textbf90 (2014) 024302;
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Studies of Relativistic Effects in Three Nucleon Systems
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Understanding of forces acting between nucleons is a hot topic in nuclear physics. Few-nucleon systemsare ideal laboratories for testing theoretical approacheswhich describe interaction between nucleons. In amedium energy range the properties of such systems are successfully modeledwith the use of the realisticpotentials, supplemented with the three-nucleon force (3NF) models, coupled-channel calculations,also with Coulomb force included, or potentials based on chiral perturbation theory. Experimentalinvestigations of the deuteron breakup reaction (d+p→ p+p+n), the simplest 3-body system, supportvery strongly existence of 3NF effects [1,2] and the Coulomb interaction between protons [3].At higher energies, around 200 MeV/A, also relativistic effects start play a role in the system dynamics [4].The relativistic treatment of the three-nucleon system has been recntly developed in [5, 6]. The relativisticeffects can significantly increase or decrease, depending on the phase-space region, the breakup crosssection. While at 65 MeV the influence of relativistic effects are rather moderate, at 200 MeV theycan change the cross sections even by a factor of 2. The existing database for the breakup reactions athigher energies is very scarce [7,8]. With such limited database, it is not possible to draw more generalconclusions concerning the role of the relativistic effects and its interplay with the 3NF effects.In order to test the predictions the new measurement at 200 MeV proton beam has been performedat the Cyclotron Center Bronowice in Kraków (Poland). It focuses on selected configurations of thebreakup protons, where only the relativistic effects play a role, as suggested by the theoretical findings[5]. The data have been collected with the use of the KRATTA [9] detectors and the solid CD2 (deuteratedpolyethylene) target. Results of this mesurement will allow one to verify the state-of-the-art theoreticalcalculations for relativistic effects in the deuteron breakup process. In this contribution we would like topresent the first results of our experiment.
References[1] W. Parol et al., Phys. Rev. C102 (2020) 054002.[2] S. Kistryn, E. Stephan, J. Phys.G40 (2013) 063101.[3] I. Ciepał et al., Phys. Rev.C100 (2019) 024003.[4] H. Witała et al., Phys. Rev. C59, (1999) 3035.[5] R. Skibiński H. Witała and J. Golak, Eur. Phys. J. A30, (2006) 369.[6] H. Witała et al., Phys. Rev. C83, (2011) 044001.[7] H. Mardanpour et al., Few-Body Syst. 44, (2008) 49.[8] P. Adlarson et al. (WASA-at-COSY Collaboration), Phys. Rev. C101 (2020), 044001.[9] J. Łukasik et al., Nucl. Instr. and Meth. A709, (2013) 120.
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Indirect measurement of the (n, γ) 127Sb cross section
Francesco Pogliano P - 37
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Nuclei in the 135I region have been identified as a possible bottleneck for the i process. Nuclear propertiessuch as the Maxwellian-averaged cross section are indispensable tools when trying to explain nucleosyn-thetic processes, but the instability of the region prevents us from carrying out direct measurements. Inorder to investigate it, we propose an indirect approach.At the Oslo Cyclotron Laboratory we carried out the 124Sn(α, pγ)127Sb reaction in order to extract thenuclear level density and the γ ray strength function of 127Sb using the Oslo method, with the aim ofcalculating the Maxwellian-averaged cross section and the neutron-capture rate of the A-1 nucleus 126Sb.The level density in the low excitation-energy region agrees well with known discrete levels, and thehigher excitation-energy region follows an exponential curve compatible with the constant temperaturemodel. The strength function between Eγ ≈ 1.5-8.0 MeV presents several features, such as an upbendand a possibly double-peaked pygmy-like structure. None of the theoretical models included in thenuclear reaction code TALYS seem to reproduce well the experimental data.The Maxwellian-averaged cross section for the 126Sb(n, γ)127Sb reaction has been experimentally con-strained by using our level-density and strength-function data as input to TALYS. The results show goodagreement with the JINA REACLIB, TENDL and BRUSLIB libraries, while the ENDF/B-VIII.0 library predictsa significantly larger cross section.
References[1] F. Pogliano et al., (2022, in review)
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Isomer studies for r-process nucleosynthesis*
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The potential energy surfaces of even-even super-heavy nuclei are calculated within the macroscopic-microscopic method [1]. The spontaneous fission and α decay life-times are evaluated using the one-dimensional WKB method [2] and the Gamow-type model [3], respectively. The Fourier parametrization[4] is used to describe nuclear shapes. The Lublin Strasbourg Drop [5] is used to determine themacroscopicpart of nuclear energy. The Yukawa-folded [6] single-particle energies are used to evaluate the Strutinskyshell energy [7] and the BCS method to obtain the pairing energy correction. The evaluated nuclearbinding energies, fission-barrier heights, andQα energies agree well with the experimental data [8]. Alsothe spontaneous fission and the α-decay life-times are reproduced fairly well [9].
References[1] S. G. Nilsson et al., Nucl. Phys. A 131, 1 (1969).[2] A. Baran et al., Nucl. Phys. A 361, 83 (1981).[3] G. Gamow, Z. Phys. 51, 204 (1928).[4] K. Pomorski et al. Acta Phys. Pol. B Suppl. 8, 667 (2015).[5] K. Pomorski and J. Dudek, Phys. Rev. C 67, 044316 (2003).[6] K. T. R. Davies, J. R. Nix, Phys. Rev. C 14, (1977).[7] V. M. Strutinsky, Nucl. Phys. A 95, 420 (1967); Nucl. Phys. A 122, 1 (1968).[8] Data Base NUDAT 2021: https://www.nndc.bnl.gov/nudat3.[9] K. Pomorski et al., Eur. Phys. J. 58, 77 (2022).

*Research is supported by the Polish National Science Center, project No.2018/30/Q/ST2/00185
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CALIFA: A versatile calorimeter and spectrometer for R3B at FAIR*
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CALIFA @ R3B/FAIR is a highly segmented detection system based on CsI(Tl) scintillation crystals withreadout via avalanche photodiodes (APD). It aims to detect gamma rays and light charged particles.CALIFA consists of around 2000 detection units and each detection unit has to be characterized. CALIFA isoperated since 2019 in Cave-C of GSI for FAIR phase 0 experiments. For this characterization an automaticsystem has been created.The main goal of the characterization system for the APDs is to provide controlled conditions for testingthe APDs and the measurement of the variance of the output. For this work, the system has to controltwo parameters: bias voltage and temperature. The temperature of the system is controlled via a Peltierunit.The light signals from a pulsed LED was employed as testing source for the APDs. The green LED, withmaximum wavelength of 520 nm, is chosen to mimic the signals of the CsI(Tl) crystals.The system allows the determination of the important parameters of the APDs: The gain correlation tobias voltage as well as the temperature coefficient. This is crucial information for CALIFA: Specifically,the temperature coefficient will be used to adjust the gain in case of temperature deviations during theexperiment.The status and results of the characterization system will be presented.

*This work is supported by BMBF (05P19RDFN1, 05P21RDFN1) and the GSI-TU Darmstadt cooperation contract.
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Analysis of 12C + 93Nb reaction: Production of clinically relevant 101mRhvia 101Pd*
Malvika Sagwal1 and Moumita Maiti1 P - 40
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The organometallic complexes of Rh carry significant biological appeal as chemotherapeutic agents.For instance, [Rh(I)COD bipy]+Cl− acts against L1210 Leukemia [1], Rh (II) Carboxylates against Ehrlichascites carcinoma [2], etc. Radiolabelled compounds are being investigated to aid the assessment ofdrug efficacy and delivery. The radioactive isomer of 101Rh, i.e., 101mRh (T1/2=4.34 d), can make up apromising radiolabeling agent as it decays to 101Ru (stable) with 92.8% e−-capture (ϵ). The emitted lowenergy and intense γ-rays of 306.9 keV (81%) are favorable for in-vivo diagnostic imaging, whereas itsAuger and Coster-Kronig e−–flux is useful in targeted radiotherapy. Though its production has beenseveral times achieved through light-ion induced reactions [3] to ensure high yield, heavy-ion reactionshave been rarely attempted. Indeed, the heavy-ion reaction yield of a radionuclide can not competewith that produced through a light-ion reaction; however, it can offer a reasonable yield of the desiredradionuclides for several applications, including the pilot experiments. The 12C+93Nb reaction study [4]presently discusses the production of 101mRh both as an evaporation residue (ER) and its growth as adaughter product of its precursor 101Pd (T1/2=8.47 h).The experiment was carried out at the 14UD BARC-TIFR Pelletron facility, Mumbai, India. 12C beam upto 77 MeV impinged upon stacked foil assemblies of 93Nb and 27Al with 1.3–3.0 and 1.5–1.8 mg/cm2

thickness, respectively, resulting in 39.5–75.9 MeV range. Subsequently, γ–ray measurements assuredthe populated ERs, viz., 103,102,101Ag, 101,100Pd, 101m,100,99m,97Rh, 97Ru, 96,95,94Tc, and 93mMo. Themaximummeasured yield for 101Pd at the end of bombardment (EOB) is 869MBq/C, while it is 112 MBq/Cfor 101mRh at 71 MeV. The yield for the other co-produced radionuclides has also been estimated. Thecrucial task to ensure the radiopharmaceutical-grade production of 101mRh is to maximize its ingrowthfrom 101Pd’s decay through 100% ϵ and eliminate the contamination from other co-produced Rh isotopes.The production of 100Rh, 99mRh, and 97Rh with T1/2=20.8 h, 4.7 h, and 30.7 min, respectively, wereobserved in the target matrix. The waiting period (Tw) of 32 h after the EOB would provide the optimumyield of 101mRh, where nearly 93% of 101Pd atoms disintegrate. The estimated yield of 101mRh increasesto 786 MBq/C at 71 MeV after 32 h. Meanwhile, the contamination from other Rh isotopes nearlysubsides, which may assist the chemical separation. It envisages a reasonably pure 101mRh, capable ofbeing incorporated into compounds of medical relevance. The estimated time evolved thick target yieldof 101mRh after Tw is nearly 1.2 GBq/C for 41 mg/cm2 thick target between 39-91MeV energy window. Thestudy suggests that the industrial-scale production of 101mRh is possible using a high current acceleratorfollowed by an efficient chemical separation that has not been studied here.
References[1] T. Giraldi et al., Chem.-Biol. Interactions 9 (1974) 389-394.[2] A. Erck et al., Proc. Soc. Exp. Biol. Med. 145 (1974) 1278-1283.[3] K. L. Scholz et al., Int. J. Appl. Radiat. Isot. 145 (1977) 207-211.[4] M. Sagwal et al., Eur. Phys. J. Plus 136 (2021) 1057.
*The Research Grant CRG/2018/002354 from SERB(IN) and Research Fellowship from MHRD, Government of India, are deeplyacknowledged. We also thank our colleagues from the TASISPEC Lab, IIT Roorkee, for their support.
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Lifetime measurements of low-lying excited states in 190Wwith DESPEC
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A study was undertaken to obtain insight into the shape evolution of neutron-rich isotopes in the A∼190mass region from prolate to oblate structures using the DEcay SPECtroscopy (DESPEC) employed atthe focal plane of the FRagment Separator (FRS), GSI, Germany. A fragmentation reaction was usedwith a 1 GeV/u 208Pb primary beam (2x109 particles/spill) on a 2.7 g/cm2 thick 9Be target. During theexperiment the FRS was setting was centered on 188Ta. The ions were implanted into a highly-pixilatedsilicon detectors (AIDA) coupled to a combination of gamma-ray spectrometers for fast-timing (FATIMA)in conjunction with HPGe detectors for high-resolution energy measurements. The experimental goalwas to measure the lifetimes and energies of the first excited states of neutron-rich Os, W and Hf isotopes.These measurements will help to quantify the degree of collectivity in the region of interest, and tosearch for fingerprints of the prolate-oblate shape transition.The theory can be constrained by measuring the B(E2) values in 190W, which will give a direct measure ofcollectivity. In addition, the measurement of B(E2) strengths will yield so-called transitional quadrupolemoments, Qt, which for a prolate-oblate transition will display a minimum at the most γ-soft nucleus,before rising again toward more oblate deformed isotopes. From previous studies [1,2], one may expect
190Was the isotope closest to the O(6) γ-soft structure. This is also supported by microscopic calculations[3], or from a simple extrapolation of IBM-1 parameters, which evolve smoothly over the W isotopicchain.This talk focuses on lifetimemeasurements using FATIMA of low-lying 4+ and 2+ states in 190Wpopulatedfollowing the isomeric decay from the 10− state. The data provide information on the B(E2) values, whichin turn give information on the degree of beta-deformation.
References[1] J. Jolie et al., Nuclear Physics A 934, (2015) 1.[2] N. Alkhomashi et al., Physical Review C 80, (2009) 064308.[3] P. Sarriguren et al., Physical Review C 77, (2008) 064322.
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Study of 19F (p,α) reaction in low energy regions
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19F(p,α) reaction is one of the crucial reactions in the CNO Cycle. It has the utmost importance in theastrophysical region particularly below the Coulomb barrier [1]. In an astrophysical scenario of 19F(p,α),the importance of astrophysical S-factor is crucial for the understanding of discrepancies in fluorinenucleosynthesis [2-4] and the contribution of resonant or non-resonant part in low energiesn[5-9]. TheTrojan horse measurements predicted the presence of 113 KeV resonance contributions to the S-factor[4]. However, the low energy S-factor also has a significant contribution from non resonant part [7-9].Our recent calculation shows an appreciable non-resonant contribution to Sfactor in low energy region[9]. The S-factor (S (0)) from the DWBA calculation using recent andnold data sets is found to be 20.357MeV-b with 40 % uncertainty. The calculation is comparable to NACRE non-resonant value [10]. So,the measurement of 19F(p,α) to get sufficient data points at low energy region is necessary. For thatpurpose, good quality of target is one of the key factors for this reaction. LiF targets are deposited onself-supporting Ag backing using vacuum evaporation. The thickness of deposited Lithium fluoride ismeasured by three line alpha sources (n239Pu, 241Am, and, 244Cm). The thickness of deposited LiF targetsis 224 µg/cm2. The XPS confirms the presence of Li and F on surface of targets. An experiment is plannedat FRENA facility, Kolkata to measure astrophysical S-factor in low energy regions.
References[1] C. Rolfs, Cauldrons in the Cosmos, Chicago Univ. Press, Chicago (1988).[2] C. Abia et al., Astron. J. Lett. 737 (2011) L8.[3] S. Lucatello et al., Astron. J. 729 (2011) 40.[4] M. La Cognata et al., Astron. J. Lett. 739 (2011) L54.[5] I. Lombardo et al., Phys. Lett. B 748 (2015) 178-182.[6] I.Lombardo et al., J. Phys. G: Nucl. Part. Phys 40 (2013) 125102.[7] H. Herndl et al., Phys. Rev. C 44 (1991) R952.[8] Y. Yamashita et al., Prog. Theor. Phys. 90 (1993) 1303.[9] ] L. K. Sahoo et al., IJMPE 30 (2021) 2150102.[10] C. Angulo et al., Nucl. Phys. A 656 (1995) 3.
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7Li + 93Nb: A study of complete versus incomplete fusion*
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In heavy ion fusion reactions, projectiles carry large angular momentum and kinetic energy to interactwith the target nucleus and form an excited composite system. If the composite system has viable angularmomentum, it moves towards statistical equilibrium and forms the compound nucleus. The completefusion (CF) process may be hindered due to pre-equilibrium emission or projectile fragmentation athigher incident energies. Projectile breakup leads to incomplete fusion (ICF) with partial momentumtransfer. One or more fragments of the projectile may fuse with the target nucleus leading to an excitedincompletely fused composite system with reduced mass and charge compared to that formed viacomplete fusion. Breakup probability in loosely bound nuclei (6,7Li, 9Be, etc.) is expected to be large incomparison to well-bound nuclei [1,2]. Therefore, the understanding of the dynamics of CF and ICF nearand above the barrier became more important in the reactions induced by weakly bound projectiles.In the present work, the study of CF-ICF processes for 7Li-induced reaction on 93Nb target [3] has beenstudied with dynamical cluster-decay model (DCM) [4] based on quantum mechanical fragmentationtheory [5] in the energy range of Ec.m.=18-28 MeV. This collective clusterization approach with hot-compact orientations of quadrupole deformations has been used to calculate the CF and ICF crosssections. In the CF process, emission of clusters (p3n, p4n and alpha3n) took place along with 3n and 5n,and these clusters emission have been dealt incorporating proper binding energies of clusters [6]. While inthe ICF process, 7Li which is a weakly bound projectile breaks up intoα+t andα fuses with the 93Nb targetforming 97Tc∗ CN which decays via 1n and 2n channel contributing to 95,96Tc [3]. The CF and ICF processeshave been investigated by fragmentation potential, preformation probability, and scattering potentials inthe DCM framework. The cluster alpha3n is observed with a peak in the fragmentation potential’s plotat both ℓ values implying that it is least probable as compared to other clusters in the decay. Further, incomparison of preformation probability for both decay processes, i.e., CF and ICF, it is observed that bothcompound nuclei 100Ru∗ and 97Tc∗ decay via broad symmetric preformation structure. In the CF process,two humps are visible due to intermediate mass fragments and complementary fragments, which aremissing in the ICF process. However, DCM is able to reproduce the total cross sections at all energies forCF and ICF processes with its optimized neck-length parameter (∆R).
References[1] R. Rafiei et al., Phys. Rev. C 81 (2010) 024601.[2] L.R. Gasques et al., Phys. Rev. C 79 (2009) 034605.[3] D. Kumar et al., Phys. Rev. C 96 (2017) 044624.[4] S. Kumar et al., Phys. Rev. C 55 (1997) 218.[5] R.K. Gupta et al., Phys. Rev. Lett. 35 (1975) 353.[6] A. Kauret al., Nucl. Phys. A 957 (2017) 274-288.

*We are thankful to late R.K. Gupta for his keen interest and involvement in developing DCM methodology. A student researchfellowship from the MHRD, Government of India, is gratefully acknowledged by G.S.
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Improved calculation of electron phase-space factors in electroncapture
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Electron capture on nuclei plays an important role in several domains which include, but are not limitedto, astrophysics (core-collapse, thermonuclear supernova), medicine ( I-123 as a tracer to thyroid imaging),nuclear waste (Ca-41).Although the electron capture is known for over 80 years now, there is a need for improvement of thedecay rate calculation due to their errors with respect to the experimental data. The decay rate containstwo distinct parts: the nuclear matrix elements, which involve the nuclear structure of the parent anddaughter nuclei and electron phase-space factors, which are described by the dynamics of the capturedelectron.My work focuses on the improvement of the calculation of electron phase-space factors. I used a moreaccurate electron wave function for the bound electrons obtained as a self-consistent solution of theDirac-Hartree-Fock-Slater equations for the initial and final atoms (the excited configuration of the finalatom was taken into account). The wave function was obtained with a slightly modificated version ofthe Fortran subroutine package RADIAL. For that, several codes in Wolfram Mathematica and Shell Scripwere implemented.For better results, the exchange and overlap correction was introduced using the Vatai’s approach. Thecalculation was performed for allowed and forbidden unique beta transitions. To have a direct comparisonwith the experimental data, I computed the decay probability ratios for electron captures from differentelectronic shells, which are independent of the nuclear structure effects.The present work opens the path to extend the computation of the electron capture rates for many othernuclei that undergo allowed and forbidden unique beta decays and to include other corrections relatedto the accurate calculation of the phase space factors.
References[1] Francesc Salvat et al., Computer Physics Communications 240 (2019) 165-177[2] Andrei Neacsu, Vasile Alin Sevestrean, Sabin Stoica, Frontiers in Physics 9 (2021)[3] Sabin Stoica et al., Advances in High Energy Physics 2016 (2016)[4] Jameel-Un Nabi et al., Universe 6 (2020)
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Beta decay spectroscopy of the neutron-rich 137Te and 136Sb isotopes
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Nuclei around 132Sn play significant role in nuclear structure and nuclear astrophysics. Their nuclearstructure properties, like mass (A), half life (T1/2), Pn & P2n values, are essential to reproduce ther-process abundances and to understand the origin of the elements in the universe [1,2]. By investigatingthe nuclear configuration of states around the 132Sn core, the extension of the magic core may betraced. Thus, the polarization effect of valence particles on this core can be studied in detail [3,4]. Theneutron-rich 137I nucleus with three valance protons and two valance neutrons outside the 132Sn core isinvestigated in this work. Since the low-spin excitations knowledge of 137I has been relatively poor [5], itis of special interest to investigate such three valence-proton systems beyond the magic number Z = 50and gain an important information on the nuclear structure in the region. We also investigated the βdecay of the 136Sb isotope.We employed β-delayed γ-ray spectroscopy to study excited states in 137I and 136Te from the β decayof 137Te and 136Sb, respectively. These nuclei are produced in the neutron-induced fission of 235U. Thenew β-decay level schemes of 137I and 136Te are established, together with new information on theirhalf-lives. The β-delayed neutron emission probability Pn values are also deduced. The experimentalresults are an important input to the theoretical description of nuclei in the region and provide essentialinformation on the first-forbidden transitions beyondN = 82 and Z = 50.
References[1] J. Wu et al., Phys. Rev. C 101 (2020) 042801(R).[2] M. Mumpower et al., Nucl. Part. Phys. 42 (2015) 034027.[3] B. Alex Brown et al., Phys. Rev. Lett. 85 (2000) 5296.[4] R. Lozeva, et al., Phys. Rev. C 98 (2018) 024323.[5] M. Samri et al., Z.Phys.A 321 (1985) 255.
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Energy released by electron capture into atomic subshells of 84mRbisomer for different ionization degrees*
K. Słabkowska1, Ł. Syrocki1, M. Polasik1, J. Rzadkiewicz2, J. J. Carroll3, C. J. Chiara3 P - 46

1Faculty of Chemistry, Nicolaus Copernicus University in Toruń, Toruń, Poland
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The main purpose of this research is to evaluate the optimal conditions for detailed knowledge of thenuclear excitation by electron capture (NEEC) process for selected nuclear isomers (i.e. metastable excitedstates of atomic nuclei) of a few elements. Following the first experimental observation of 93mMo isomerdepletion via NEEC [1], we have made a theoretical investigation related to the 84mRb isomer (T1/2 ∼20.26 min). It is worth underlining that for an 84mRb isomer the probability of the NEEC process can beeven higher than for the 93mMo isomer [2, 3].In order to observe the NEEC process we have performed a quantitative analysis of atomic conditions forthe long-lived 84mRb isomer with spin parity 6−. Its DS with spin parity 5− lies only 3.05 keV above the
84mRb isomer and is itself a shorter-lived isomer (9 ns) that subsequently decays, releasing a substantialamount of stored nuclear energy (466.64 keV). To design the optimal conditions for observation of theNEEC process crucial is to take into account a beam of some suitable higher-Z nucleus reacting with alower-Z target to produce the 84mRb isomer (with the initial recoil kinetic energy of ions that exceedthe NEEC resonance energy). Moreover, crucial is to obtain the values of resonance kinetic energiesrequired for the NEEC process to occur in the case of electron capture into specific atomic subshells forassumed configurations. Therefore we have calculated the appropriate atomic energy levels in 84Rb ions.The calculations have been performed for subshells with the main quantum number 3≤ n≤ 5 and theorbital quantum number l up to l = 2 by means of the relativistic MCDF method [4-6].The results of the presented study may be a starting point for applied research related to allowing thecontrolled release of energy stored in the nuclear isomer of selected elements, which should contributeto developing a concept of new, unconventional, and ultra-efficient nuclear batteries.
References[1] C. J. Chiara, J. J. Carroll, M. P. Carpenter, J. P. Greene, D. J. Hartley, R. V. F. Janssens, G. J. Lane,J. C. Marsh, D. A. Matters, M. Polasik, J. Rzadkiewicz, D. Seweryniak, S. Zhu, S. Bottoni, A. B. Hayes,and S. A. Karamian, Nature 554 216-218 (2018).[2] M. Polasik, K. Słabkowska, J. J. Carroll, C. J. Chiara, Ł. Syrocki, E. Węder, and J. Rzadkiewicz,Phys. Rev. C 95 034312 (2017).[3] K. Słabkowska, E. Węder, Ł. Syrocki, M. Polasik, J. Rzadkiewicz, J. J. Carroll, and C. J. Chiara,Acta Phys. Pol. B 50 651 (2019).[4] K. G. Dyall, I. P. Grant , C. T. Johnson, et al., Comput. Phys. Commun. 55 425 (1989).[5] P. Jönnson, X. He, C. F. Froese, and I. P. Grant, Comput. Phys. Commun. 177 597 (2007).[6] M. Polasik, Phys. Rev. A 52 227 (1995).

*This work is supported by the Polish National Science Center under Grant number 2017/25/B/ST2/00901.
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Shape phase transition at N=90 and isotopic fission yields using highprecision mass measurements at the FRS-IC*
A. Spataru1,2, Y. Waschitz3, D. Amanbayev4, I. Mardor5,6, T. Dickel7,4, S. Ayet San Andrés7,4,D. L. Balabanski1, S. Beck7,4, J. Bergmann4, Z. Brencic8, E. O. Cohen9, P. Constantin1, M. Dehghan7,H. Geissel7,4, L. Groef4, C. Hornung7, N. Kalantar-Nayestanaki10, G. Kripko-Koncz4, I. Miskun4, A. Mol-laebrahimi 10,4, D. Nichita1,2, W. R. Plass7,4, S. Pomp11, C. Scheidenberger7,4, A. Solders11, G. Stanic12,7,M. Wasserhess4, M. Vencelj8, J. Zhao7 P - 47
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9 Department of Physics, Nuclear Research Centre-Negev, P.O. Box 9001, Beer Sheva 84190, Israel
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Investigations of the nuclear shapes, especially at the transition point, are improving our understanding ofthe nuclear structure evolution. The transition between the nuclear shapes is observed in the evolutionof the two-neutron separation energy (S2n) and its first derivative (dS2n) over the neutron number [1].Accurate measurements of the atomic masses are essential for observations of the deviations fromlinearity of the S2n and dS2n which would indicate a possible shape transition. Moreover, they contributeto a better understanding of the fission fragments probability distribution, by allowing for measurementsof the Isotopic Fission Yields (IFY).An experimental program that aimed at measuring the fission fragments of a 252Cf source took placeat the Fragment Separator - Ion Catcher [2] setup at GSI. Here, atomic masses with a relative accuracydown to 2 · 10−8 [3] are measured using time-of-flight mass spectrometry. The results presented inthis contribution are covering the region around N=90 where shape phase transition is expected tooccur. The measured mass values of the fission fragments are compared with the literature and thecorresponding trends of the S2n and dS2n are discussed. First results on a new measuring method for IFYwill be presented.References[1] D. Bucurescu and N.V. Zamfir, Phys. Rev. C 95 (2017) 014329.[2] W.R. Plass et al., Nucl. Instrum. Methods Phys. Res. B 317 (2013) 457.[3] I. Mardor et al., Phys. Rev. C 103 (2021) 034319.
*The authors from ELI-NP acknowledge the support of the Romanian Ministryn of Research and Innovation under researchcontract PN 19 06 01 05. This work was supported by the German Federal Ministry for Education and Research (grant No.05P19RGFN1, 05P21RGFN1), by the Hessian Ministry for Science and Art through the LOEWE Center HICforFAIR, by Justus LiebigUniversity Gießen and GSI under the JLU-GSI strategic Helmholtz partnership agreement, and by HGS-HIRe. I.M. would like toacknowledge support by the Israel Ministry of Energy, Research Grant No. 220-11-052.
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Beta decay of neutron rich bromine isotopes studied by means of Mod-ular Total Absorption Spectrometer *
M. Stepaniuk1, M. Karny1, A. Fijalkowska1,2, K. P. Rykaczewski3, B. C. Rasco3, R. Grzywacz2,3,4,C. J. Gross3, M. Wolinska-Cichocka5, K. C. Goetz2,6, D. W. Stracener3, R. Goans7, J. H. Hamilton8,J. W. Johnson3, C. Jost2, M. Madurga2, K. Miernik1,3, P. Shuai2,3,4,9, D. Miller2, S. W. Padgett2,S. V. Paulauskas2, A. V. Ramayya8, E. F. Zganjar10 P - 48
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5Heavy Ion Laboratory, University of Warsaw, PL-02-093 Warsaw, Poland
6CIRE Bredesen Center, University of Tennessee, Knoxville, Tennessee 37966, USA
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8Department of Physics and Astronomy, Vanderbilt University, Nashville, Tennessee 37235, USA
9Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou, Gansu 730000, China
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An overview of the β decay of neutron rich bromine isotopes measured with Modular Total AbsorptionSpectrometer (MTAS) will be presented. Neutron rich bromine isotopes have large 235U cumulative fissionyields and largeQβ energies, therefore they make large contributions to reactor decay heat and maycreate many detectable reactor anti-neutrinos. These large contributions means a complete knowledgeof the decay schemes, including β-n branches, is of the utmost importance. Analysis of 87Br decay showsa missing β-feedings to highly excited levels as well as incomplete γ-decay patterns for the known levels,even though it is a relatively well studied case (161 known levels, 226 known γ-transitions). Our analysisuses a multi spectra simultaneous fitting technique, which fits β-decay branches to the experimentalspectra from different modules (or their sums) in parallel with the total MTAS energy spectrum. The 87BrTotal MTAS (total absorption energy spectrum, all modules) experimental and reconstructed spectra aswell as Central module spectra are presented below.
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Analysis results of the MTAS data for neutron-rich, β-delayed neutron emitting bromine isotopes will beshown. The impact of the evaluated isotopes on reactor decay heat calculations as well as on the reactoranti-neutrino anomaly will also be presented.
*This work was partially supported by the National Science Centre, Poland (NCN), under grant 2016/23/B/ST2/03559, and by theOffice of Nuclear Physics, U.S. Department of Energy under Contracts No. DE-AC05-00OR22725 and FOA 18-1903 (ORNL), No.DEFG02- 96ER40983 (UTK) and by the Office of Science.
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Algebraic translationally invariant approach to small nuclear systems
A. Stepšys1, S.Mickevičius1, D. Germanas2, R. K. Kalinauskas1 P - 49

1 Vytautas Magnus University, Kaunas, Lithuania
2 Center for Physical Sciences and Technology, Vilnius, Lithuania
The ab-initio no-core shell model approach is very successful in describing systems up to medium massnuclei [1]. This approach to the many-body problem is very successful due to growing computational-npower. Theoretical developments in the no-core framework would allow us to use the computationalsystems more effectively or get more precise results for bigger systems.In the harmonic oscillator (HO) basis, a popular approach for the s-shell nuclei is to use Jacobi coordinatesto describe a system [2]. We need antisymmetric and translationally invariant state vectors to characterizea nuclear system. Therefore, we need to eliminate the center of mass (cm) motion to ensure translationalinvariance. For this task, the Jacobi coordinates are very attractive since they allow the explicit removalof the cm coordinate.For the p-shell, the situation is a bit different. Often antisymmetrization procedures based on the one-particle Slater determinants (sd) are used. This is based on the fact, that the antisymmetrization in theJacobi coordinates becomes too complicated due to the large symmetry group algebra.In our research, we are trying to solve this problem and employ the Jacobi coordinates for the p-shellnuclei, particularly the six-body systems. We construct the coefficients of fractional parentage (cfps) toget the antisymmetric state vectors for the calculation of observables. We construct the state vectorsin the binary cluster formalism with so-called Λ operators [3]. The state vectors are constructed in theJ-scheme, which required heavy use of the angular momenta algebra. We construct the Λ operatorsfrom the two-particle transposition operators of the symmetric group S6.To get the Λ operators in the HO basis we need the representations of the transformations of the Jacobicoordinates which become very complex for the p-shell nuclei. To solve this, we introduce the algebraicapproach.
References[1] A. Idini et al., Phys. Rev. Lett. 123 (2019) 092501.[2] S. Liebig et al., Eur. Phys. J. A 52 (2016) 103.[3] S. Mickevičius et al., Phys. Atom. Nucl. 81 (2018) 899.
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Excitation function of 24Mg above the 12C + 12C decay threshold
I. Tisma1, D. Dell’Aquila1,2, V. Tokic1, N. Soic1, M. Koncul1, M. Uroic1, P. Colovic1, N. Vukman1,S. Szilner1, T. Mijatovic1, A. Goasduff3,4, C. Wheldon5, R. Smith5,6, J. Bishop5,7, D. Torresi8, E. Fioretto3,F. Galtarossa3, A. Tumino8, S. Romano8, A. Di Pietro8, M. Lattuada8 P - 50
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The nucleus 24Mg is interesting from the point of view of nuclear structure and nuclear astrophysics.Its spectrum of excited states exhibits a large number of resonances that could decay into severaldifferent channels. A comprehensive study of resonant structures, particularly those associated with
12C+12C configurations in the 24Mg system is important for better understanding of nuclear structureconfigurations, and it may also have a notable impact on the 12C+12C fusion reaction rate, which playsa vital role in the behaviour of highly developed stars. The total S-factor for the 12C+12C reaction hasbeen measured down to a center-of-mass energy of E ≈ 2.1 MeV [1], below the Coulomb barrier for thisreaction (≈ 8MeV). The cross section at the lowest measured energy is very small (below 1 nb), and so thedirect measurements at even lower energies would be very challenging. Therefore, it is more convenientto study this reaction by means of indirect measurements. In order to study the resonant structuresof 24Mg in the energy range of interest for carbon burning (15-17 MeV), we measured the 20Ne+4Heresonant scattering using the thick gas target in inverse kinematics technique [2]. The measurementswere performed at INFN-LNL in Legnaro at two 20Ne beam energies, 58 and 69 MeV. The excitationfunction of 24Mg was measured using an array of eight double sided silicon strip detectors. Six detectorswere placed with their surfaces parallel to the incident beam direction, and the remaining two wereplaced at forward angles, one of which was preceded by a thin single sided silicon strip detector. A similarexperiment was done by our group several years ago [3]. The objective of this work was to overcome thedifficulties of the previous experiment, and to obtain additional data on the excited states. We will reporton the most recent results extracted from singles data collected in the detectors at 0◦ and 10◦. Themeasured excitation spectra of 24Mg exhibit a complicated structure with a large number of overlappingresonances in the energy range between 13 and 19 MeV. The excitation energies deduced from this workare found to be in agreement with those obtained from previous measurements [3]. The data analysisis currently in progress. The next step would be to look for the possibly existing 12C+12C resonance byreconstructing the 12C+12C coincidence events collected in the detectors at forward angles. The presenceof a resonant structure in the measured excitation function inside the effective stellar energy windowwould be an indication for a considerably larger rate of the 12C+12C reaction. In the future, we planto run complementary measurements using an advanced setup that will facilitate the detection andcharacterization of resonances in the 12C+12C system.References[1] T. Spillane et al., Phys. Rev. Lett. 98, 122501 (2007).[2] J. Walshe et al., J. Phys. Conf. Ser. 569, 012052 (2014).[3] V. Tokic, Structure of 24Mgexcited states and its influence on nucleosynthesis, doctoral thesis, Universityof Zagreb, Faculty of Science, Department of Physics, Zagreb, Croatia (2016).
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Comprehensive study of the β-decay of 71Kr
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The β-decay of 71Kr is of great interest on one hand from the astrophysical point-of-view, as it lays on thepath of rp-process, on the other hand from the nuclear physical point-of-view, as it’s a decay betweenmirror nuclei near the proton-dripline. Furthermore shape co-existence is suspected in this region to bepresent[1,2,3].In order to have a comprehensive study of this decay, a secondary beam containing primarily 71Kr wasproduced via bombardment of a beryllium target, using a 78Kr primary beam at the RIKEN-RIBF facility inJapan. The fragments were identified by the BigRIPS separator using standard∆E-Bρ-ToF method, thenstopped in a double-sided silicon strip array (WAS3ABi). The β-particles and the β-delayed protons weredetected in the silicon detectors, while the β- and εp-delayed γ-rays were measured by a surroundingHPGe cluster array (EURICA) [4,5].The half-life was measured using three independent methods (implant-β, implant-β-γ and implant-proton correlations). After thorough analysis of the decay data, we have built the decay-scheme of 71Kr,identifying 8 new levels and 26 new gamma-transitions. The εp branching ratio was measured with a50-fold increased precision compared to the earlier experimental value [6].The details of the analysis and an outlook on future theoretical interpretations will be presented.
References[1] H. Schatz et al., Phys. Rev. Lett. 86 (2001) 3471.[2] S. M. Fischer et al., Phys. Rev. C 72 (2005) 024321.[3] K. Wimmer et al., Phys. Lett. B 785 (2018) 441.[4] S. Nishimura, Prog. Theor. Exp. Phys. (2012) 03C006.[5] P.-A. Söderström, et al., Nucl. Instrum. Meth. B 317 (2013) 649.[6] M. Oinonen et al., Phys. Rev. C 56 (1997) 745.
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Beta decay of A=142 isobars improved by means of MTAS array*
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Beta-decays of fission products were measured using the Modular Total Absorption Spectrometer (MTAS)at the Holifield Radioactive Ion Beam Facility (HRIBF) at Oak Ridge National Laboratory (ORNL). Partialresults on the short-lived 142Cs decay were discussed at the earlier Letter [1], while this follow up work ispresenting the results obtained for the full A=142 chain 142Cs→ 142Ba→ 142La→ 142Ce.MTAS is a an array of 19 NaI(Tl) hexagonal NaI(Tl) modules of the total active mass of nearly 1000 kg[2-4]. The segmented silicon counters covering over 90% solid angle and placed at the middle of MTASprovide a beta trigger signal with a high efficiency. The studied A=142 isobars have large cumulativefission yields, e.g., 5.7% for 142Ba and 5.8% for 142La in the thermal neutron indiced fission of mainnuclear fuel component 235U [5]. Therefore, the reliable information on their beta stregth pattern isimportant for the evaluation of the decay heat release at nuclear reactors [6] and for the analysis of thereactor anti-neutrino reference flux, see examples [1,7].The final results on the A=142 beta decay chain including the decay heat and the interactions of emittedanti-neutrinos with a detector matter will be presented.
References[1] B.C. Rasco et al., Phys. Rev. Lett. 117, 092501 (2016)[2] B.C. Rasco et al., NIM A788, 137, 2015.[3] M. Karny et al., NIM A 836, 83, 2016.[4] M. Wolińska-Cichocka et al., Nucl. Data Sheets 120, SI, 22, 2014.[5] Fission yields ENDF/B-VIII.0, 2021.[6] T. Yoshida and A.L. Nichols (ed.), et al., ISBN 9789264990340, NEA OECD Report 2007.[7] A. Fijałkowska et al., Phys. Rev. Lett. 119, 052503, 2017.

*This work was partially supported by the Polish National Centre for Science under the contract No. UMO-2016/23/B/ST2/03559,and by the Office of Nuclear Physics, U.S. Department of Energy under Contracts No. DE-AC05-00OR22725 and FOA 18-1903(ORNL), No. DEFG02- 96ER40983 (UTK) and by the Office of Science.
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High-spin spectroscopy of 215Fr: connecting gaps between single-particleand collective modes of excitation
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Nuclei between a well-deformed mid-shell region and the shell closure offer a suitable ground forunderstanding the evolution of nuclear structure. A study of an isotopic chain can be appropriate tounderstand whether the shape transition is sudden or smooth. The region between the well-deformedRa-Th nuclei (A approx 220) and the doubly-magic 208Pb, in particular, is suitable for studying theevolution of octupole collectivity. It has been reported that parity-doublet structures, which are signatureof octupole collectivity, emerge suddenly atN = 129 [1]. The francium isotopes (Z = 87) with 126≤N ≤130 form the lower boundary of octupole-deformed actinide region and connect the two distinct regimesof nuclear structure. A recent study from our group, reported the parity doublet structures in 216Fr [2].Although, it was observed that level structure does not follow the regular pattern of rotational bands,enhanced octupole correlations are evident from the small energy splitting and largeB(E1)/B(E2) values[2]. Thus, it was suggested that 216Fr provides a lower limit (Z = 87,N = 129) in the trans-lead regionfrom where the octupole correlations emerge. In continuation with the above study, a detailed study of
215Fr is performed to get more insights into the evolution of nuclear structure from near-spherical tooctupole deformed shapes [3].Excited states in 215Fr were investigated using the 208Pb(11B, 4it n)215Fr heavy-ion fusion-evaporationreaction [2, 3]. The 11B beam in the 54-62 MeV energy range, from the 15-UD Pelletron acceleratorat IUAC, New Delhi, was impinged on a self-supporting 208Pb (≈99 enriched) target of ∼6 mg/cm2

thickness. The γ rays from the residual nuclei were detected using Indian National Gamma Array (INGA).Detailed information about the experiment, data sorting and data analysis procedure can be found inRefs. [2, 3]. The level scheme of 215Fr has been investigated in details up to 55/2hbar and 4.8 MeVexcitation with the addition of 52 new γ-ray transitions. The overall structure of 215Fr is understood bycoupling of an unpaired proton in the h9/2 or i13/2 orbitals to the even-even core of 214Rn or 216Ra. Theexperimental results were compared with the shell-model calculations and an overall good agreementwas observed. The half-lives of the isomeric states have also been revisited and a revised value of 11.4(14)ns was obtained for the 39/2− isomeric state, which resolves the discrepancy in the earlier reportedvalues. Detailed results on 215Fr and a comparative study of 215,216,217Fr isotopes will be presentedduring the conference.References[1] M. E. Debray et al., Nucl. Phys. A 568, 141 (1994).[2] Pragati, A. Y. Deo, et al., Phys. Rev. C 97, 044309 (2018).[3] Khamosh Yadav, A. Y. Deo, et al., Phys. Rev. C 105, 034307 (2022).
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High-spin states in 212Po above theα-decaying (18+) isomer
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Spectroscopic data in the trans-fermium region are rather scarce. High-spin studies in nuclei with fewparticles/holes around the Z = 82, N = 126 double shell-closure, populating the same high-j orbitals, canprovide complementary and crucial information about the single-particle level structure of these nuclei.A particularly rich phenomenology also arises around the lead double shell closure due to the interplaybetween the single-particle behaviour and the 3− 208Pb collective vibration. This collective states liesparticularly low in energy, and lowers in energy still with increasing particles added to the valence space[1]. This collective excitation can couple to the single-particle transitions between ∆j=∆l=3ℏ orbitsproducing particularly fast E3 decays [2].In this region, the 212Po isotope level scheme has been known up to a α-decaying (18+) state. Two new
γ rays have been observed in the excitation spectrum of this isotope using γ-decay spectroscopy withthe RISING setup at GSI, Darmstadt. They have been assigned to the 23+ → 21− → 18+ yrast cascade.Lifetime measurement of the two states suggests M2 and E3 assignment to the two transitions. Thoughwith relatively low statistics, these are the first observations of high-spin states above the 212Po 45-s (18+)isomer, by virtue of the selectivity of the FRS separator obtained via ion-by-ion identification of 238Ufragmentation products. Comparison with shell-model calculations points to shortfalls in the nuclearinteractions involving high-j proton and neutron orbitals.
References[1] E. Caurier et al., Phys. Rev. C 67 054310 (2003).[2] I. Bergström, B. Fant, Phys. Scr. 31 26 (1985).
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