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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 famousworldwide conference. Nowadays, the Zakopane Conference on Nuclear Physics hasa character of a biennial international congress and is one of the major events in Poland,related to the low energy nuclear physics.
During the construction of the scientific program special attention has always beenpaid to offering the enthusiastic and pedagogical overviews of the most recent researchsubjects in nuclear physics from the both theoretical and experimental points of view.Young participants have also opportunity to present 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 a special attention will be given to the structure of exotic, unstable nuclei. Wewill also focus on collective excitations of the nuclear matter. Furthermore, the nuclearphysics context of astrophysical processes will be widely discussed. An important partof the Conference will be devoted to presentations of 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 conferences 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 57th edition of the Zakopane Conference on Nuclear Physics is organized byIFJ PAN in cooperation with Coti Conference Time and is supported by NuPECC, PolishAcademy of Sciences, and CAEN.
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PROGRAM
IT: Invited Talk, S: Seminar
Sunday, 25th of August
15:00 – 18:00 Registration

18:00 – 19:00 Dinner19:00 – 19:10 Opening
19:10 – 19:15 Tadeusz LesiakIFJ PAN, Kraków Director’s Welcome Address

Special lecture

19:15 – 20:00 IT Marek LewitowiczGANIL, Caen NuPECC Long Range Plan 2024
20:00 Welcome reception
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Monday, 26th of August
Nuclear Astrophysics08:30 – 10:30Convener Aurora Tumino

08:30 – 09:00 IT Sara PalmeriniINFN, Perugia Old questions and new challenges innuclear astrophysics
09:00 – 09:30 IT Marco La CognataINFN-LNS, Catania Nuclear reactions for astrophysics andthe opportunity of indirect methods
09:30 – 09:45 S Maria MarkovaUniversity of Oslo Pygmy dipole resonance in Sn isotopesand its astrophysical impact
09:45 – 10:00 S Jakub SkowrońskiUniversity of Padova New results on the proton capture onneon isotopes at LUNA
10:00 – 10:15 S Amandeep KaurUniversity of Zagreb Probing finite-temperature effects onelectromagnetic dipole transitions
10:15 – 10:30 S Michał StepaniukUniversity of Warsaw

High-energy reactor antineutrinosdeduced from total absorptionspectroscopy measurements10:30 – 11:00 Coffee Break

Recent advances, applications, and ab initio derivations of nuclear DFT11:00 – 13:00Convener Jacek Dobaczewski
11:00 – 11:30 IT Lars ZurekCEA, DAM, DIF Towards nuclear energy densityfunctionals from first principles
11:30 – 12:00 IT Karim BennaceurUniversity of Lyon, IP2I Mean-field calculations with regularizedpseudopotentials
12:00 – 12:30 IT Marek PłoszajczakGANIL, Caen Clustering in atomic nuclei
12:30 – 12:45 S Xuwei SunUniversity of York

Iterative solutions of the ATDHFBequations to determine the nuclearcollective inertia
12:45 – 13:00 S Yannen JaganathenNational Centre for NuclearResearch, Warsaw

Demystifying the fusion mechanism inheavy ion collisions withinsix-dimensional Langevin dissipativedynamics13:00 – 14:00 Lunch14:00 – 18:00 Hiking trip18:00 – 19:00 Dinner

9



Recent advances, applications, and ab initio derivations of nuclear DFT19:00 – 21:00Convener Jacek Dobaczewski
19:00 – 19:30 IT Herlik WibowoUniversity of York Electromagnetic moments within nuclearDFT
19:30 – 20:00 IT Michael BenderUniversity of Lyon, IP2I Multi-reference description of nuclearstates
20:00 – 20:30 IT Gianluca ColoINFN and University of Milano

Nuclear DFT: applications tosingle-particle and collective states andsome open questions
20:30 – 20:45 S Betania BackesUniversity of York Accelerating nuclear DFT algorithms forfinite-range interactions
20:45 – 21:00 S Petr VeselýNuclear Physics Institute, CzechAcademy of Sciences

Multi-particle-hole configurations indescription of double beta decay

Theory for experiment
21:00 – 21:20 IT Manuela Rodríguez-GallardoUniversity of Sevilla Theo4Exp: a theory service forEURO-LABS community
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Tuesday, 27th of August
Nuclear fission08:30 – 10:00Convener Jonathan Wilson

08:30 – 09:00 IT Christelle SchmittIPHC, Strasbourg and IFJ PAN,Kraków
New insights into fission from recentexperiments. What drives fission acrossthe nuclear chart?

09:00 – 09:30 IT Jorgen RandrupLawrence Berkeley NationalLaboratory
Generation of angular momentumin fission fragments

09:30 – 10:00 IT Dorthea GjestvangUniversity of Oslo Does neutron emission change the fissionfragment angular momentum?
10:00 – 10:15 S Gilbert BélierCEA, DAM, DIF Neutron and γ-ray emission in fastneutron induced fission
10:15 – 10:30 S Alex CoboGANIL, Caen

Isotopic fission fragments distributionsin the Thorium region producedin inverse-kinematics with a 232Th beam10:30 – 11:00 Coffee Break

Nuclear fission11:00 – 13:00Convener Jonathan Wilson
11:00 – 11:30 IT Laurent GaudefroyCEA, DAM, DIF

Deformation, angular momentum andexcitation energy of fission fragments inthe neutronless fission of 252Cf(sf)
11:30 – 12:00 IT David RegnierCEA, DAM, DIF Probing the fluctuation of fissionobservables
12:00 –12:15 IT Jianwei ZhaoGSI, Darmstadt Fission isomer studies at FRS and IGISOL
12:15 – 12:30 IT Bogusław WłochUniversity of Bordeaux, LP2I Surrogate reactions at heavy-ionstorage ring
12:30 – 12:45 S Indu JangidGANIL, Caen Fission dynamics investigation usingVAMOS and FALSTAFF spectrometers
12:45 – 13:00 S Neeraj KumarIPHC, Strasbourg

Efficient procedure for extracting isotopic(A, Z) fission yields with the VAMOS++spectrometer13:00 – 14:00 Lunch
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Parallel Sesion A15:30 – 17:45
15:30 – 15:45 S Benito Gongora-ServinINFN – LNL, Legnaro Searching for the anomalous internal paircreation in 8Be
15:45 – 16:00 S Nandor SasHUN-REN Atomki

Electron-positron pair spectrometerswith high efficiency for angularcorrelation measurements
16:00 – 16:15 S Miguel Lozano-GonzalezIGFAE and Univerity ofSantiago de Compostela

Proton and neutron pick-up reactionswith Be isotopes near the drip-line
16:15 – 16:30 S Quentin DelignacUniversity of Bordeaux, LP2IB

Study of proton and neutron excitationsalong silicon isotopes betweenN=20 and N=28
16:30 – 16:45 S Bhoomika MaheshwariGANIL, Caen 0+

2 shape isomer in 44S
16:45 – 17:00 S Marcell BegalaHUN-REN Atomki Gamma-ray spectroscopy of 46S and 47S
17:00 – 17:15 S Massimiliano LucianiUniversity of Milan Searching for the microscopic origin ofshape coexistence in Ca isotopes
17:15 – 17:30 S Hemantika SengarGANIL, Caen Exploring nuclear structures with fastneutrons at NFS
17:30 – 17:45 S Konstantin StoychevUniversity of Guelph Magnetic moments of isomeric statesaround 68Ni18:00 – 19:00 Dinner
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Parallel Sesion B15:30 – 17:45
15:30 – 15:45 S Irene DedesIFJ PAN, Kraków New exotic geometrical shape predictionsin the range of nuclei with Z≈ N∼ 40
15:45 – 16:00 S Yuliia HrabarUniversity of Lund Deuteron evaporation and protonemission in the upper fp shell
16:00 – 16:15 S Konstantin MashtakovUniversity of Guelph Beta-decay study of the shapecoexistence in 98Zr
16:15 – 16:30 S Johannes Sørby HeinesUniversity of Oslo

New lifetime measurements in the Ruchain: investigating the evolution oftriaxiality
16:30 – 16:45 S Bram van den BorneKU Leuven Probing nuclear structure changes inodd-odd nuclei below Z = 50 with Ag
16:45 – 17:00 S Andrea HorvatRuder Boskovic Institute Constraints on the symmetry energy fromrelativistic Coulomb excitation
17:00 – 17:15 S AdamMcCarterUniversity of Liverpool The study of proton-emitting nuclei nearthe N=82 shell closure
17:15 – 17:30 S Polytimos VasileiouNational & KapodistrianUniversity of Athens

Investigating quadrupole bands ineven-even Hf and W
17:30 – 17:45 S Gee BartramUniversity of Surrey Isomeric and beta decay transitions andlifetimes in the neutron-rich N=126 region18:00 – 19:00 Dinner

POSTER SESSION19:00 – 21:30
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Wednesday, 28th of August
Various facets of shape coexistence08:30 – 10:30Convener Silvia Leoni

08:30 – 09:00 IT Takaharu OtsukaRIKEN and University of Tokyo
Prevailing triaxial shapes in atomic nucleiand a quantum theory of rotation ofcomposite objects

09:00 – 09:30 IT Paul GarrettUniversity of Guelph Shape transitions and coexistencein the Sr - Ru isotopes
09:30 – 10:00 IT Jonathan WilsonIJCLab, Orsay High-resolution studies of the back decayof fission shape isomers
10:00 – 10:15 S Cristian CostacheIFIN-HH, Magurele Investigating the shape coexistencephenomena in 62Ni
10:15 – 10:30 S Desislava KalaydjievaUniversity of Guelph β decay of 100Y studied with GRIFFIN
10:30 – 11:00 Coffee Break

Various facets of shape coexistence11:00 – 13:00Convener Silvia Leoni
11:00 – 11:30 IT Javier MenendezUniversity of Barcelona

28Si: spherical, oblate, prolate andsuperdeformed states?
11:30 – 12:00 IT Franco GaltarossaINFN, Padova Shape coexistence probed via transferreactions with AGATA at LNL
12:00 – 12:30 IT Katarzyna Wrzosek-LipskaHIL UW, Warsaw Shape coexistence in Cd isotopes studiedwith safe and un-safe Coulomb excitation
12:30 – 12:45 S Iwona PiętkaHIL UW, Warsaw Coulomb excitation of 110Cd studied withAGATA at LNL
12:45 – 13:00 S Giacomo CorbariUniversity of Milano and INFN Study of shape coexistence in Sn isotopesaround A=11013:00 – 14:00 Lunch

14



Afternoon Session15:30-18:00
15:30 – 16:00 IT Krzysztof RykaczewskiOak Ridge National Laboratory Towards solving the nuclear reactorantineutrinos puzzle
16:00 – 16:25 IT Faïçal AzaïezLNL-INFN, Legnaro-Padova The status and future plans of theSPES project
16:25 – 16:50 IT

Kevin Insik HahnCenter for Exotic NuclearStudies, Institute for BasicScience, Daejeon
Research activities at CENS and status ofRAON

16:50 – 17:05 S Karl HauschildIJCLab, Orsay The SHEXI concept: superheavy elementx-ray identification
17:05 – 17:20 S Istvan KutiHUN-REN Atomki DIAMANT at HIL — the NEEDI setup
17:20 – 17:35 S Pavol MosatGSI, Darmstadt Spectroscopy of superheavy nuclei withANSWERS at TASCA
17:35 – 17:50 S Andrea RaggioUniversity of Jyväskylä, Collinear laser spectroscopy of U isotopesat IGISOL17:50 – 18:00 BEST POSTERS AWARDS18:00 – 19:00 Dinner

Evening Session19:00 – 21:30
19:00 – 19:15 S Eugene OksAuburn University

Shedding light on neutron lifetime puzzlevia the new unexpected result of thetwo-body decay of neutrons
19:15 – 19:30 S Adam KozelaIFJ PAN, Kraków Search for beyond standard modelphysics at the ESS in Lund
19:30 – 19:45 S Hervé SavajolsGANIL, Caen Search for a neutron dark decay in 6He
19:45 – 20:00 S Rehab YajzeyJazan University Isospin symmetry breaking studied withnucleon knockout reactions
20:00 – 20:15 S Amiram LeviatanThe Hebrew University Persistent vibrational structure andsymmetry in 110−116Cd
20:15 – 20:30 S Joakim CederkallUniversity of Lund

The quadrupole moment of the first 2+state and the B(E2) value of the 4+ to 2+transition in 110Sn from safe Coulombexcitation
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20:30 – 20:45 S Heinrich WilsenachTel Aviv University Measurement of double alpha decay of
224Ra at the FRS Ion Catcher

20:45 – 21:00 S Piotr JachimowiczUniversity of Zielona Góra Candidates for three-quasiparticle high-Kisomers in even-odd Fm-Ds nuclei
21:00 – 21:15 S Jessica WarbinekGSI/CERN Probing the N=152 neutron shell gap bylaser spectroscopy of fermium isotopes

Thursday, 29th of August

Superheavy nuclei overview

08:30 – 09:00 IT Dieter AckermannGANIL, Caen Quo vadis SHE? Where do we go? -Where can we go?

Structure of exotic nuclei09:00 – 11:00Convener Alexandra Gade
09:00 – 09:30 IT Anna McCoyArgonne National Laboratory Collectivity from first principles
09:30 – 10:00 IT Remco ZegersMichigan State University Advances in charge-exchange reactionswith rare isotope beams
10:00 – 10:30 IT Vladimir ManeaIJCLab, Orsay News on masses of rare isotopes

10:30 – 10:45 S Christoph FransenUniversity of Cologne
The recoil distance Doppler-shifttechnique: a valuable method for nuclearstructure studies far from the valley ofstability

10:45 – 11:00 S Michael BentleyUniversity of York B(E2) measurements of heavy N = Znuclei at FRIB11:00 – 11:30 Coffee Break
11:30 – 19:00 Excursion
19:00 – 23:00 Regional Dinner
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Friday, 30th of August
Collective properties of atomic nuclei08:30 – 10:30Convener AdamMaj

08:30 – 09:00 IT Angela BraccoINFN and University of Milan
Nuclear structure at finite temperatureand the electric dipole oscillations:overview and open problems

09:00 – 09:30 IT Peter von Neumann-CoselFAIR/GSI, Darmstadt Evidence for a toroidal electric dipolemode in nuclei
09:30 – 10:00 IT Nils PaarUniversity of Zagreb Properties of pygmy dipole strength fromtheoretical perspective
10:00 – 10:15 S Kamila SiejaIPHC, Strasbourg Electric dipole response of light nucleiwithin the CI-SM approach
10:15 – 10:30 S Frantisek KnappCharles University, Prague

Recent studies of nuclear collectiveexcitations within the equation of motionphonon method10:30 – 11:00 Coffee Break

Collective properties of atomic nuclei11:00 – 13:00Convener AdamMaj
11:00 – 11:30 IT Andreas ZilgesUniversity of Cologne Pygmy or not Pygmy – anexperimentalist’s point of view
11:30 – 12:00 IT Mark SpiekerFlorida State University Accessing the single-particle structureof the PDR
12:00 – 12:30 IT Oliver WielandINFN, Milan Extra yield below the Giant DipoleResonance under extreme conditions
12:30 – 12:45 S Agnese GiazINFN and University of Milan Search for PDR and ISGQR in A≃60and A = 120 mass regions
12:45 – 13:00 S Périne Miriot-JaubertCEA, IRFU, DPhN, Orsay

Study of the Pygmy Dipole Resonanceusing neutron inelastic scattering atGANIL-SPIRAL2/NFS13:00 – 14:00 Lunch14:00 – 18:00 Hiking trip18:00 – 19:00 Dinner
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Collective properties of atomic nuclei19:00 – 21:30Convener AdamMaj
19:00 – 19:25 IT Par Anders SöderströmELI-NP, IFIN-HH, Magurele Gamma above the neutron thresholdperspectives at ELI-NP
19:25 – 19:50 IT Antoni SzczurekIFJ PAN, Kraków Light-by-light scattering in ultraperipheralheavy ion collisions - new possibilities
19:50 – 20:15 IT Hiroyuki SagawaRIKEN, and University of Aizu

Effects of beyond mean fieldapproximation and tensor forces onGamow-Teller and β decay of magicnuclei
20:15 – 20:30 S Lauren BellUniversity of Oslo Nuclear level densities and γ-ray strengthfunctions of 152,154Sm
20:30 – 20:45 S Adrian Sanchez FernandezUniversity of York

Two-center harmonic oscillator basis:alpha clustering and symmetric fission asProof-of-Principle calculations
20:45 – 21:00 S Janusz SkalskiNational Centre for NuclearResearch, Warsaw

Selfconsistent study of ternary fission of(super)heavy nuclei
21:00 – 21:30 IT Paweł NapiorkowskiHIL UW, Warsaw 30 years of ion beams from the WarsawCyclotron - a good beginning
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High Spin States08:30 – 11:00Convener Piotr Bednarczyk
Saturday, 31st of August
08:30 – 09:00 IT Mark RileyFlorida State University Physics opportunities at ultra-high spin
09:00 – 09:30 IT Bo CederwallKTH Royal Institute ofTechnology

The complex interplay between pairingmodes and spin in deformed N≈ Z nuclei
09:30 – 10:00 IT Costel PetracheIJCLab, University Paris-Saclayand CNRS-IN2P3

Different manifestations of oblaterotation in nuclei
10:00 – 10:30 IT Katarzyna Hadyńska-KlękHIL UW, Warsaw Probing nuclear deformation in thevicinity of 40Ca and 56Ni
10:30 – 10:45 S Irene ZanonKTH Royal Instituteof Technology

Anomalous B4/2 ratio in the yrast bandof 167Os
10:45 – 11:00 S Attila KrakóHUN-REN Atomki Multiple chiral doublet bands in 104Rh
11:00 – 11:30 Coffee Break
11:30 – 11:55 IT Piotr SalaburaJagiellonian Universityof Cracow Poland in FAIR

Special lecture

11:55 – 12:40 IT Thomas Elias CocoliosKU Leuven From uNclear to Nuclear. How nuclearscience contributes to our society12:40 – 13:00 Conference Closing13:00 – 14:00 Lunch14:00 – 19:00 Hiking trip19:00 Conference BANQUET

Sunday, 1st of September
Bus departure to Kraków
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Special Lecture

NuPECC Long Range Plan 2024
M. Lewitowicz1,2

Invited talk
1NuPECC, 2GANIL, BP 55027, 14076 Caen, France
The Nuclear Physics European Collaboration Committee (NuPECC) [1] hosted by the European ScienceFoundation represents today a large nuclear physics community from twenty three countries, threeESFRI (European Strategy Forum for Research Infrastructures) nuclear physics infrastructures and ECT*(European Centre for Theoretical Studies in Nuclear Physics and Related Areas), as well as from fourassociated members and ten observers. One of the major objectives of the Committee is: “ ...on aregular basis, the Committee shall organise a consultation of the community leading to the definitionand publication of a Long Range Plan (LRP) of European nuclear physics. ” .To this aim, NuPECC launched the preparation for the new LRP inMay 2022 [2]. The bottom-up approach tothe LRP, was strengthened by launching an open call for input. The received 159 contributions, submittedby more than 400 individual scientists, collaborations, research infrastructures, and institutions in Europecomposed a solid basis for the further analysis and elaboration of the LRP by 11 Thematic Working Groups(TWG). The TWG covered a large set of topics relevant to the development of nuclear physics namely,Hadron Physics Properties of Strongly Interacting Matter at Extreme Conditions of Temperature andBaryon Number Density, Nuclear Structure and Reaction Dynamics, Nuclear Astrophysics, Symmetriesand Fundamental Interactions, Applications and Societal Benefits, Research Infrastructures, NuclearPhysics Tools - Detectors and Experimental Techniques, Nuclear Physics Tools - Machine Learning, ArtificialIntelligence, and Quantum Computing, Open Science and Data and Nuclear Science - People and Society.Two working meetings were held at GSI/FAIR in Darmstadt, Germany in October 2023 and in February2024. The purpose of the first meeting was to draft the LRP recommendations, and the second meetingwas dedicated to finalizing the LRP chapters. A draft of the full LRP2024 was presented and discussedwith the nuclear physics community at a dedicated three-day Town Meeting in Bucharest, Romania inApril 2024. The more than 300-page LRP 2024 document including recommendations of the LRP wasapproved by NuPECC at its meeting in June 2024 in Lund, Sweden.The Executive Summary of the LRP2024 can be found at [3].The presentation will focus on the findings and recommendations of the NuPECC LRP2024.
Acknowledgement: This work coordinated by NuPECC was accomplished by a large European nuclearphysics community.
References[1] https://nupecc.org[2] https://nupecc.org/?display=lrp2024/main[3] https://www.nupecc.org/lrp2024/Draft_Executive_Summary_LRP2024.pdf
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Old questions and new challenges in nuclear astrophysics
S. Palmerini1,2,3

Invited talk

1 Dipartimento di Fisica e Geologia, Università degli Studi di Perugia, Perugia, Italy
2 Istituto Nazionale di Fisica Nucleare, Sezione di Perugia, Perugia, Italy
3 Istituto Nazionale di Astrofisica, Osservatorio Astronomico di Roma, Monte Porzio Catone (RM), Italy
Nuclear astrophysics was born in the 1957 by the publication of the B2FH paper [1]. In this famous workthe nuclear processes and the astrophysical site responsible to synthetize each element were investigatedto reproduce the element abundance distribution in the solar system. After decades of studies themain processes driving the stellar evolution are quite well known, but many questions are still open,particularly about the late stages of stellar evolution and the exotic nuclear processes they host. Will astar explode at the end its life? Will an evolved star produce heavy nuclei by neutron captures? These are2 of the most common questions which astrophysics asks nuclear physics to address. Nowadays, ultimatetechnologies in both astronomy and the nuclear physics allow us to investigate exotic nucleosynthesisscenarios and pose new challenging questions. While so far, the main goal of nuclear astrophysics hasbeen the study of fusion reactions, mainly between stable nuclei, now the study of reactions involvedinstable isotope and processes driven by the weak interaction, as beta decays and electron captures, instellar plasma are becoming the new frontier to be explored I will illustrate, as examples, as the new crosssection of 12C+ 12C reaction [2] may affect the final fate of stellar revolution [3] and as new estimatesof beta decays in stellar plasma may modify the predicted yields of neutron capture nucleosynthesis inexotic galactic environments such as in the most common evolved stars [4].
References[1] E. M. Burbidge et al., Reviews of Modern Physics 29 (1957) 547.[2] A. Tumino et al., Nature 557 (2018) 687.[3] A. Chieffi et al., The Astrophysical Journal 916 (2021) 79.[4] S. Palmerini et al., The Astrophysical Journal 921 (2021) 7.
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Nuclear reactions for Astrophysics and the opportunity of indirectmethods
M. La Cognata1

Invited talk

1 Laboratori Nazionali del Sud - Istituto Nazionale di Fisica Nucleare, Catania, Italy
Nuclear reactions among charged particles in stars take place at energies generally well below theCoulomb barrier, so its penetration factor exponentially suppresses the cross section down to values assmall as few nanobarns or picobarns. Approaching astrophysical energies opens new challenges and callsfor new approaches. I will introduce the mission of nuclear astrophysics and discuss how experiments areusually conducted. I will focus on the use of indirect methods as complementary approaches to directmeasurements, discussing the asymptotic normalisation coefficient (ANC) and the Trojan Horse Method(THM), used to deduce the cross sections of reactions with photons and charged particles in the exitchannel, respectively, with no need of extrapolation.I will present recent results of the application of the two methods: the 6Li(3He,d)7Be measurement usedto deduced the ANC’s of the 3He+ 4He→ 7Be [1] and p+ 6Li→ 7Be [2] channels and the correspondingradiative capture cross sections. Then, I will discuss about the THMmeasurement of the 27Al(p,α)24Mg [3]cross section through the 2H(27Al,α24Mg)n reaction and of the 12C+ 12C [4] fusion reaction cross sectionmeasured down to astrophysical energies, using 14N to transfer a deuteron and induce the reaction ofastrophysical importance. The indirectmeasurementsmade it possible to assess the occurrence of severalresonances that are responsible significant changes of the reaction rate at relevant temperatures.
References[1] G. G. Kiss et al., Physics Letters B 807 (2020) 135606.[2] G. G. Kiss et al., Physical Review C 104 (2021) 015807.[3] M. La Cognata et al., The Astrophysical Journal 941 (2022) 96.[4] A. Tumino et al., Nature 557 (2018) 687.
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Pygmy Dipole Resonance in Sn Isotopes and its Astrophysical Impact
Maria Markova1, Frank Leonel Bello Garrote1, Ann-Cecilie Larsen1 S
1 Department of Physics, University of Oslo, N-0316 Oslo, Norway
The pygmy dipole resonance (PDR) is a feature commonly appearing in the low-lying electric dipoleresponse of nuclei on top of the tail of the giant dipole resonance (GDR). Despite the ongoing debatesregarding its origin, its emergence is commonly associated with the presence of the neutron excessand might potentially affect the neutron-capture rates and, thus, abundances of elements produced inheavy-element nucleosyntehsis [1]. A systematic investigation of the evolution of the PDR in differentisotopic chains with different theoretical approaches and experimental methods is therefore of interestfor both general nuclear structure studies and astrophysical calculations.This work presents a consistent systematic study of the low-lying electric dipole strength and the potentialPDR in eleven Sn isotopes, 111−113,116−122,124Sn, with the primary goal of investigating its evolution withincreasing neutron number, comparing it with available theoretical approaches, and revealing a potentialimpact of this feature on the astrophysical radiative neutron-capture processes. The study is based onthe combined analysis of the dipole γ-ray strength functions (GSF) below the neutron separation energyextracted from particle-γ coincidence data with the Oslo method [2] and the electric and magneticdipole strengths from relativistic Coulomb excitation in forward-angle inelastic proton scattering [3]. Thelatter cover a wide energy range of both the PDR and the GDR and were used together with the Oslodata to extract the low-lying electric dipole strength in Sn isotopes in two different ways. It appearsto exhaust≈ 2 − 3% of the classical Thomas-Reiche-Kuhn (TRK) sum rule and to be nearly constantthroughout the whole chain of stable Sn isotopes. This is in contradiction with the majority of theoreticalapproaches, such as, e.g., relativistic quasiparticle random-phase and time-blocking approximations,which predict a steady increase in the PDR strength with neutron number. Moreover, a presumablyisovector component of the PDR was extracted for 118−122,124Sn. Its strength was found to increasealmost linearly with neutron number, reaching up to≈ 0.5% of the TRK sum rule in 124Sn.The GSFs and nuclear level densities, also extracted with the Oslo method, were further used as inputsto constrain the cross sections and Maxwellian-averaged cross sections of (n, γ) reactions in the Snisotopic chain using the reaction code TALYS [4]. The obtained results agree well with other availableexperimental data and the recommended values from the libraries. Despite relatively small exhaustedfractions of the TRK sum rule, the low-lying electric dipole strength makes a noticeable impact on theradiative neutron-capture cross sections in stable Sn isotopes, contributing up to 20% of the estimatedtotal cross sections. Moreover, the presence of the PDR-like enhancement in the Oslo GSF was foundto affect the production of Sb in the 121,123Sn(n, γ)122,124Sn reactions in the astrophysical i process,providing new constraints on the uncertainties of the resulting chemical abundances from multi-zonelow-metallicity Asymptotic Giant Branch stellar models.
References[1] S. Goriely et al., Phys. Lett. B 436 (1998) 10-18.[2] A. C. Larsen et al., Phys. Rev. C 83 (2011) 034315.[3] S. Bassauer et al., Phys. Rev. C 102 (2020) 034327.[4] A. Koning et al., Eur. Phys. J. 59 (2023) 131.
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New results on the proton capture on neon isotopes at LUNA
Antonio Caciolli1, Denise Piatti1, Jakub Skowronski1,∗, Sandra Zavatarelli2 S
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The NeNa-MgAl cycles play a significant role in synthesising isotopes of neon, sodium, magnesium, andaluminum. The LUNA collaboration has intensively studied the reactions involved in this cycle duringthe last years. Recently new results on the proton capture on 20Ne and 21Ne have been obtained andthe study of the 23Na(p,alpha)20Ne is starting. Meanwhile, at the National Laboratory of Gran Sasso, anew 3.5 MeV accelerator, Bellotti Ion Beam Facility, able to produce proton, helium and carbon beamshas been installed. The machine is working since 2023 producing new results in nuclear astrophysics.The LUNA collaboration has already proposed a program of scientific cases to be studied at this newfacility in the next years. In this contribution an overview of nuclear astrophysics at LUNA will be givenwith a detailed description of the new results obtained by the LUNA400 accelerator on the NeNa cycle.Additionally, a discussion on the new possibility achievable by the Bellotti IBF at LNGS will be present.
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Probing finite-temperature effects on electromagnetic dipoletransitions
A. Kaur1, E. Yüksel2, and N. Paar1 S
1 Department of Physics, Faculty of Science, University of Zagreb, Bijenička c. 32, 10000 Zagreb, Croatia;
2 Department of Physics, University of Surrey, Guildford, Surrey GU2 7XH, United Kingdom
Nuclear temperature play a crucial role in diverse nuclear processes, including fusion reactions in stars,nucleosynthesis, and radioactive decay rates [1, 2]. A precise understanding of nuclear response undervarying temperatures is essential for comprehensive understanding of its impact on nuclear processes.In this study, we developed a self-consistent finite temperature relativistic quasiparticle random phaseapproximation (FT-RQRPA), to investigate the behavior of electric dipole (E1) and magnetic dipole (M1)transitions at finite temperature in even-even nuclei [3, 4]. Our investigation focuses on the isotopicchains of 40−60Ca and 100−140Sn closed- and open-shell nuclei, exploring the behavior of E1 and M1transitions within a temperature range of T= 0 to 2 MeV. The analysis reveals that E1 giant resonanceis moderately modified with temperature increase, and new low-energy transitions appear at highertemperatures, making a pronounced impact, particularly in neutron-rich nuclei. This emergence isattributed to the unblocking of transitions above the Fermi level due to thermal influences on single-particle states. Similarly, for M1 transitions, an interesting result is obtained for 40,60Ca nuclei at highertemperatures, i.e., the appearance of M1 transitions, which are forbidden at zero temperature dueto fully occupied (or fully vacant) spin-orbit partner states. Furthermore, we observe a shift in M1strength peaks towards lower energies in Ca and Sn nuclei, primarily attributed to decreases in spin-orbitsplitting energies and residual interactions, especially above critical temperatures (Tc). The significanttemperature dependence observed in the E1 and M1 responses emphasizes their potential importance inthe modeling of gamma strength functions and their application in nuclear reaction studies relevant toastrophysics. This work is supported by the Croatian Science Foundation under the project RelativisticNuclear Many-Body Theory in the Multimessenger Observation Era (IP-2022-10-7773).
References[1] S. Goriely et al., Eur. Phys. J. A 55 (2019) 172.[2] M. Arnould, S. Goriely, and K. Takahashi, Phys. Rep. 450 (2007) 97.[3] A. Kaur, E. Yüksel, and N. Paar, Phys. Rev. C 109 (2024) 014314.[4] A. Kaur, E. Yüksel, and N. Paar, Phys. Rev. C 109 (2024) 024305.
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High-energy reactor antineutrinos deduced from total absorption spec-troscopy measurements
M. Stepaniuk1, M. Karny1, A. Fijałkowska1, MTAS Collaboration S
1Faculty of Physics, University of Warsaw, PL-02-093 Warsaw, Poland
In a recent study, F. P. An et al. [1] presented the first measurement of high-energy reactor antineutrinosat Daya Bay, with nearly 9000 inverse beta decay candidates in the prompt energy region of 8-12 MeV.Their findings corroborated the presence of reactor antineutrinos above 10 MeV while simultaneouslyunveiling a 29% deficit in antineutrino flux within the prompt energy range of 8-11 MeV when comparedto model predictions. A comparable deviation between observed and predicted antineutrino in the lowerenergy spectrum amounts up to approximately 6%, as reported by G. Mention et al. [2].The reference reactor antineutrino spectrum is computed as the sum of the contributions from all fissionproducts. It requires thorough information about β decay of all fission products. However, β-decayschemes of fission products tend to underestimate the probability of β transitions feeding high-excitedstates, which artificially shifts the calculated antineutrino flux to higher energies. This causes an overesti-mation of the predicted number of detected antineutrinos. Studies of the β decay of fission fragmentsusing total absorption detectors find a more accurate antineutrino distribution and, consequently, abetter estimate of the number of predicted detectable antineutrinos [3,4].F. P. An et al. point out that high-energy reactor antineutrinos are likely generated by only a handful ofshort-lived β-decay nuclei with high end-point energiesQβ , such as 88,90Br and 94,96,98Rb [1]. We willpresent the antineutrino spectra of 88,89,90,91Br β decays, whichQβ values range from 8.2MeV to 11 MeV.All bromine isotopes were measured by means of Modular Total Absorption Spectrometer (MTAS) [5].The antineutrino spectra were derived from newly obtained MTAS decay schemes. We will discuss theimpact ofMTAS results on predicted high-energy antineutrino spectrumand observed antineutrino deficit.

References[1] F. P. An et al. (Daya Bay Collaboration), Phys. Rev. Lett. 129, (2022) 041801.[2] G. Mention et al., Phys. Rev. D 83, (2011) 073006.[3] A. Fijałkowska et al., Phys. Rev. Lett. 119, (2017) 052503.[4] B. C. Rasco et al., Phys. Rev. Lett. 117, (2016) 092501.[5] M. Karny et al., Nucl. Instrum. Methods Phys. Res., Sect. A 836, (2016) 83.
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Towards nuclear energy density functionals from first principles
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Nuclear energy density functionals successfully reproduce properties of nuclei across almost the entirenuclear chart. However, nearly all available functionals are phenomenological in nature. This issue mightbe solved with an energy density functional obtained from first principles. I briefly survey differentideas to reach this goal before focusing on our recent work [1] in which we construct the GUDE familyof functionals. These functionals consist of long-range pion-exchange contributions derived from chiraleffective field theory at the Hartree-Fock level and a phenomenological Skyrme part. When including pioncontributions beyond next-to-leading order in the chiral expansion, we find significant improvementsover a reference Skyrme functional. We identify which terms drive the observed improvements andconclude that these chiral contributions might constitute useful ingredients for true ab initio energydensity functionals.

References[1] L. Zurek, S. K. Bogner, R. J. Furnstahl, R. Navarro Pérez, N. Schunck, and A. Schwenk, Phys. Rev. C 109,014319 (2024).

32



Mean-field calculations with regularized pseudopotentials
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Over the past decades, the Energy Density Functional (EDF) method has proven to be a tool of choice forthe study of the entire chart of nuclei except the lightest ones. With the use of an effective interaction, arelatively simple ansatz for the wave function and the application of a variational principle, this methodallows to account for a large set of properties of atomic nuclei such as their binding energies and shapesin their ground states, the energy levels of their rotational bands or their possible fission barriers [1].Most of the effective interactions found in the literature contain a density-dependent term. This term isused because it is known that an effective interaction only containing two-body density-independentterms can not satisfactorily reproduce the properties of nuclei and infinite matter at the mean-fieldlevel [2,3]. Using a two-body density dependent term is a simple and very efficient way to cop with thisproblem.It is known that beyond-mean-field calculations such as the Generator Coordinate Method (GCM) orsymmetry restorations can only be implemented with EDFs which are strictly derived from an interaction[4]. But even with this constraint, it has been shown that the use of density-dependent terms leads toformal and technical problems for calculations beyond the mean-field approximation [5,6].In order to have an interaction usable at the mean-field level and beyond, without facing such difficulties,we developed an interaction written as a sum of so-called "regularized finite-range pseudopotentials"[7,8]. In this approach, the EDF stems from a momentum expansion around a finite-range regulator (usu-ally chosen as a Gaussian form factor) and thus have a form compatible with powerful effective-theorymethods. The regularized two-body part of this interaction is complemented with a semi-regularizedthree-body term, i.e. a product of a Gaussian form factor multiplied with a Dirac delta-function.Recently, such a regularized interaction was adjusted and tested with mean-field calculations for infinitenuclear matter and spherical nuclei. The results are very promising a represent a proof of concept thatthis approach is valid and may be used in beyond-mean-field calculations.

References[1] M. Bender, P.H. Heenen, P.G. Reinhard, Rev. Mod. Phys. 75 (2003) 121.[2] V.F. Weisskopf, Nucl. Phys. 3, 423 (1957).[3] D. Davesne, J. Navarro, J. Meyer, K. Bennaceur and A. Pastore, Phys. Rev. C 97, 044304 (2018).[4] M. Anguiano, J.L. Egido, L.M. Robledo, Nucl. Phys. A696 (2001) 467.[5] L M Robledo, J. Phys. G: Nucl. Part. Phys. 37 (2010) 064020.[6] T. Duguet, M. Bender, K. Bennaceur, D. Lacroix, T. Lesinski, Phys. Rev. C79, 044320 (2009).[7] J. Dobaczewski, K. Bennaceur, F. Raimondi, J. Phys. G: Nucl. Part. Phys. 39 (2012) 125103.[8] K. Bennaceur, A. Idini, J. Dobaczewski, P. Dobaczewski, M. Kortelainen and F. Raimondi, J. Phys. G:Nucl. Part. Phys. 44 (2017) 045106.
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Clustering in atomic nuclei
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Loosely bound nuclei are currently at the center 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 of nuclei fromthe driplines to the valley of β-stability, for states in the vicinity and above the first particle emissionthreshold [1,2]. Systematic studies in this broad region of masses and excitation energies will extend andcomplete our knowledge of atomic nuclei at the edge of stability. In this talk, I will review recent progressin the open quantum system shell model description of nuclear states. Firstly, I will discuss descriptionof the proton-decaying 0+2 resonance of the α particle using the no-core Gamow shell model in thecoupled-channel representation [3]. The recent precise experimental determination of the monopoletransition form factor from the ground state of 4He to its 0+2 resonance via electron scattering [4] hasreinvigorated discussions about the nature of this first excited state of the α particle. Secondly, (i) therole of clustering in the spectra and elastic cross-sections for 7,8Be,7Li, (ii) the near-threshold evolutionof reaction channel amplitudes, and (iii) the alignment of the many-body state with the decay channelwhich leads to the emergence of clustering, will be discussed for selected states [5]. Thirdly, salientgeneric features of open quantum systems will be illustrated on examples of (i) chameleon nature ofnear-threshold resonances, and (ii) resonances and low-energy reactions of astrophysical interest.
References[1] N. Michel, M. Ploszajczak, Gamow Shell Model - The Unified Theory of Nuclear Structure and Reactions,Lecture Notes in Physics 983 (Springer, Cham, 2021).[2] N. Michel, W. Nazarewicz, M. Ploszajczak and T. Vertse, J. Phys. G: Nucl. Part. Phys., 36 (2008) 013101.[3] N. Michel, W. Nazarewicz and M. Ploszajczak, Phys. Rev. Lett. 131 (2023) 242502.[4] S. Kegel et al., Phys. Rev. Lett. 130 (2023) 152502.[5] J.P. Linares Fernandez, N. Michel, M. Ploszajczak and A. Mercenne, Phys. Rev. C 108 (2023) 044616.
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Iterative solutions of the ATDHFB equations to determine the nuclearcollective inertia
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Adrian Sánchez-Fernández1, Herlik Wibowo1 S
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An iterative adiabatic time-dependent Hartree-Fock-Bogoliubov (ATDHFB) method is developed withinthe framework of Skyrme and Gogny density functional theory to study nuclear collective motion. TheATDHFB equation is solved iteratively to avoid explicitly calculating the stability matrix. The contributionof the time-odd mean field to the ATDHFB moment of inertia is incorporated self-consistently, and theresults are verified by comparing them with the dynamical cranking predictions. The method is appliedto study the rotational moments of inertia in the even-even nuclei from gadolinium to osmium withtwo different Skyrme and one Gogny functional. It turns out that the calculated ratios of the ATDHFBand Inglis-Belyaev (IB) moments of inertia are functional-dependent and vary in function of the particlenumbers, see the figure. Therefore, no fixed overall ratio between the ATDHFB and the IB moments ofinertia can be expected to capture the effects generated by the inclusion of the time-odd mean fields.

Figure 1: Ratios of the ATDHFB and Inglis-Belyaev moments of inertia determined for the even-even nucleifrom gadolinium to osmium using the Skyrme UNEDF1 (left) and Gogny D1S (right) functionalscompared with the empirical enhancement factor 1.2 to 1.3 (shaded areas).
Acknowledgements: This work was partially supported by the STFC Grant Nos. ST/P003885/1and ST/V001035/1. We acknowledge the CSC-IT Center for Science Ltd., Finland, for the allocationof computational resources. This project was partly undertaken on the Viking Cluster, a high-performancecomputing facility provided by the University of York. We are grateful for computational support from theUniversity of York High-Performance Computing service, Viking, and the Research Computing team.
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We have thoroughly investigated the influence of entrance channel effects on the spin distributionand angular momentum in heavy ion collisions, employing six-dimensional dissipative dynamics. Themicroscopically derived Langevin equations were numerically solved using the distance, neck, asymmetryand the three angular macroscopic variables, which allow for an adequate description of the fusionprocess, as it was done in Ref. [1]. Our analysis showed that, unlike what was done in Ref. [1], a specialhandling of the boundary conditions is necessary to describe the correct asymptotic shape of the spindistributions. Moreover, by considering the full range of the asymmetry variable, rather than freezing it,we provide a comprehensive understanding of its impact on dissipative dynamics.Different systems, involving various asymmetry entrance channels were studied using a Yukawa-plus-exponential folding + Coulomb potential. We will present results for the following heavy-ion reactions:
64Ni + 92,96Zr, and the asymmetric systems 16O + 152Sm and 48Ca, 50Ti, 54Cr on 208Pb.Our analysis considers factors such as friction, mass tensor parameters, diffusion strength, potentialenergy, and stochasticity in a complete six-dimensional picture. We observe significant variations in thespin distribution by considering various target-projectile combinations with the same excitation energyand compound system. This underscores the crucial role of entrance channel asymmetry in shaping thespin distribution, as it strongly influences the hindrance mechanism and in turn, plays a vital role as aweight for subsequent processes such as splitting.This investigation enhances our understanding of the intricate relationship between entrance channeleffects and the resulting spin distribution, contributing to a broader understanding of dissipative dynamicsin heavy ion collisions. Our ultimate aim is the inclusion of shell effects in the potential surface to give afully microscopic-macroscopic description of the dissipative process.

References[1] W. Przystupa, and K. Pomorski, Nucl. Phys. A 572 (1994) 153.
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The study of nuclear electromagnetic moments is essential for understanding nuclear structure. Electricquadrupole moments in atomic nuclei indicate nuclear deformation and collectivity whereas magneticdipole moments are known to be sensitive to the single-particle properties of valence nucleons. Theself-consistent calculations with broken spherical and time-reversal symmetries take into account theshape and spin polarization, with the latter crucially depending on the inclusion of the time-odd mean-field components. To determine the intrinsic moments, we align the intrinsic angular momenta alongthe axial-symmetry axis, which allows for building the spin polarization fully. Then, we determine thespectroscopic moments by evaluating them for the angular-momentum-projected wave functions. Sincethe full single-particle space is taken into account in nuclear DFT, there is no need to use any effectivecharges or effective g-factors. We have applied our methodology to systematic calculations of electricquadrupole andmagnetic dipolemoments in nearly spherical nuclei [1] and in heavy, deformed open-shellodd nuclei between tin and lead [2-3].The meson-exchange interactions between nucleons and current conservation motivate the inclusionof the two-body currents to the magnetic dipole operator in terms of the intrinsic and Sachs terms. Asshown in Ref. [4], the leading terms originating from the seagull and pion-in-flight diagrams are essentialsince they improve the global agreement between theoretical values and experimental data. We haveincorporated these terms in our recent calculations for the odd near neighbours of 8 doubly magic nuclei(16O, 40Ca, 48Ca, 56Ni, 78Ni, 100Sn, 132Sn, and 208Pb).Parity- and time-reversal-violating nuclear forces induce the P- and T-odd nuclear moments, particularlythe nuclear Schiff moments. The Schiff moment calculations carried out by Dobaczewski et al. [5] havedemonstrated a strong correlation between the octupole and Schiff moments in light actinides and thatsuch correlation reduces the uncertainty of the calculated intrinsic Schiff moments. Following themethodof Ref. [5], we determined the intrinsic Schiff moment of 227Ac and found a similar correlation betweenthe octupole and Schiff moments. By using the measured octupole moment of 226Ra, we constrainedthe uncertainty of the intrinsic Schiff moment of 227Ac.In this talk, I will review the nuclear-DFT description of the nuclear electromagnetic moments and presentrecent results obtained for the electric quadrupole, magnetic dipole, and nuclear Schiff moments.We acknowledge the support from a Leverhulme Trust Research Project Grant. This work was partiallysupported by the STFC Grant Nos. ST/P003885/1 and ST/V001035/1 and by the Polish National ScienceCentre under Contract No. 2018/31/B/ST2/02220. We acknowledge the CSC-IT Center for Science Ltd.,Finland, for the allocation of computational resources. This project was partly undertaken on the VikingCluster, which is a high performance compute facility provided by the University of York. We are gratefulfor computational support from the University of York High Performance Computing service, Viking andthe Research Computing team.References[1] P. L. Sassarini et al., J. Phys. G: Nucl. Part. Phys. 49 (2022) 11LT01.[2] J. Bonnard et al., Phys. Lett. B 843 (2023) 138014.[3] H. Wibowo et al. to be published; J. Dobaczewski et al. to be published.[4] T. Miyagi et al., arXiv:2311.14383 [nucl-th][5] J. Dobaczewski et al., Phys. Rev. Lett. 121 (2018) 232501.

37



Multi-reference description of nuclear states
Michael Bender

Invited talk
CNRS/IN2P3, Université Claude Bernard Lyon 1, IP2I de Lyon, Villeurbanne, France
Many quantal many-body methods that aim at the description of nuclear systems make use of auxiliarywave functions that break one or several of the symmetries of the Hamiltonian in order to include correla-tions associated with the geometrical arrangement of the system’s constituents. The concept of symmetrybreaking is central to self-consistent mean-field methods that use an energy density functional (EDF) forthe effective in-medium interaction [1]. In these models, a single suitably optimized symmetry-breakingauxiliary product state provides the one-body density matrices from which the EDF and operator matrixelements are calculated. These approaches can be pushed to the point where they provide an excellentglobal description of global nuclear properties of even-even, odd, and odd-odd nuclei across the nuclearchart [2], albeit they often fail to systematically capture more local nuclear structure effects.A fully quantal treatment of a self-bound many-body system like the atomic nucleus, however, requiresthe restoration of the broken symmetries through the projection of the many-body wave functions ofinterest onto good quantum numbers [1,3], and often also demands to account for fluctuations in theorder parameters of the broken symmetries [1]. Both can be simultaneously achieved when calculatingthe EDF and operator matrix elements from a suitably chosen set of symmetry-breaking auxiliary productstates. Phenomena for which such multi-reference (MR) calculations are relevant are the evolution ofbinding energies around shell closures [4], shape coexistence [5], excitation spectra as well as electro-magnetic moments and transitions [6-9]. The systematic application of MR methods is presently limitedby the non-availability of predictive nuclear EDFs for which the MR extension remains a well-definedobject under all circumstances. Indeed, for reasons of flexibility in the parameter adjustment and lowcomputational cost, most EDFs used in the literature use phenomenological density-dependences andoften also disrespect the Pauli principle. When used in a MR application, such EDF can become theintegral over a non-analytical multi-valued function in the complex plane [10,11], which then causes manyconceptual and practical problems that have not been fully solved.There are ongoing efforts to construct well-behaved EDFs for MR applications; their form is more compli-cated than the standard one, and the adjustment of their parameters more demanding. Still, alreadycalculations using quite simple EDFs that are constructed along this line yield promising results for thespectroscopy of complex nuclei [6-9] that will be discussed in this presentation.
References[1] M. Bender, N. Schunck, J.-P. Ebran, T. Duguet, Chapter 3 of Energy Density Functional Methods for
Atomic Nuclei, N. Schunck [ed.], IoP Publishing Ltd (2019).[2] W. Ryssens, G. Scamps, S. Goriely, M. Bender, Eur. Phys. J. A 58 (2022) 246; 59 (2023) 96.[3] B. Bally, M. Bender, Phys. Rev. C 103 (2021) 024315.[4] M. Bender, G. F. Bertsch, P.-H. Heenen, Phys. Rev. C 78 (2008) 054312.[5] J. Yao, M. Bender, P.-H. Heenen, Phys. Rev. C 87 (2013) 034322.[6] P.-H. Heenen, B. Bally, M. Bender, W. Ryssens, EPJ Web of Conferences 131 (2016) 02001.[7] B. Bally, M. Bender, G. Giacalone, V. Somà, Phys. Rev. Lett. 128 (2022) 082301.[8] B. Bally, G. Giacalone, M. Bender, Eur. Phys. J. A 58 (2022) 187.[9] B. Bally, G. Giacalone, M. Bender, Eur. Phys. J. A 59 (2023) 58.[10] D. Lacroix, T. Duguet, M. Bender, Phys. Rev. C 79 (2009) 044318.[11] T. Duguet, M. Bender, K. Bennaceur, D. Lacroix, T. Lesinski, Phys. Rev. C 79 (2009) 044320.
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I will present a very short, personal overview of nuclear Density Functional Theory (DFT). Two specificaspects will be emphasised. Compared to so-called ab initio approaches, DFT is more phenomenological;however, it can access a lot of physics that ab initio cannot handle (mediumheavy and open-shell nuclei,highly excited states, reactions). Accordingly, I will focus on nuclear response calculations and discussthe status of collective and single-particle properties by using a few illustrative examples. Then, I willadvocate the need of grounding DFT on ab initio as is done for Coulomb systems, and show some ongoingresearch.
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Accelerating nuclear DFT algorithms for finite-range interactions
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The efficiency of high-performance computing in physics depends not only on the computers’ ever-growing speed but also crucially relies on the algorithms used to solve fundamental equations. This isparticularly important when solving equations that describe quantum systems ofmany particles and fields.Examples thereof are ubiquitous: from the Lüscher’s algorithm [1] to solve the quantum chromodynamics(QCD) equations on the lattice to the Lanczos algorithm for diagonalising shell-model Hamiltonians ofup to 1010 dimensions, progress has been driven by advanced ideas in constructing powerful numericalalgorithms.In this work, we report a new algorithm to solve the self-consistent nuclear density functional theory(DFT) equations [3] for finite-range interactions. In the Gaussian Separalisation Method (GSM) proposedhere, we diagonalise the one-dimensional Gaussian matrix elements evaluated in the harmonic-oscillatorbasis and thus reduce the dimensionality by performing cut-offs of Gaussian eigenvalue spectra. Ournew approach applies to two-body finite-range Gaussian-type interactions or so-called functional genera-tors, such as energy density functionals coming from the Gogny pseudopotentials [4], the regularisedpseudopotentials [5], or from the Gaussian expansions of the Coulomb [6] or Yukawa [6] potentials. Wediscuss the implementation of GSM in the nuclear DFT code HFODD [8], showing that a significant gain inCPU time can be achieved through this procedure.Acknowledgements: This work was partially supported by the STFC Grant Nos. ST/P003885/1and ST/V001035/1 and by a Leverhulme Trust Research Project Grant. B.C. Backes was supported bySTFC through her PhD studentship under grant ST/W50791X/1. We acknowledge the CSC-IT Center forScience Ltd., Finland, and the IFT Computer Center of the University of Warsaw, Poland, for the allocationof computational resources. This project was partly undertaken on the Viking Cluster, which is a highperformance compute facility provided by the University of York. We are grateful for computationalsupport from the University of York High Performance Computing service, Viking and the ResearchComputing team.
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Multi-particle-hole configurations in description of double beta decay
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Double beta decay (DBD) is a phenomenon that provides us with a unique window to physics beyond theStandard Model and which lies at the intersection of particle, nuclear, and atomic physics. Determiningwhether DBD occurs solely in the two-neutrino mode or if there is also a neutrinoless variant is crucial.The discovery of neutrinoless or another exotic mode of DBD would significantly impact the furtherdevelopment of particle physics and cosmology. A challenge in the theoretical description of DBD is toprovide accurate values of nuclear matrix elements (NMEs), which enter the calculation of DBD’s half-life.In this contribution, we discuss selected methods that start and go beyond self-consistent mean-field byconsidering multi-particle-hole or multi-phonon configurations. Computational performance of thesemethods, namely Second Tamm Dancoff Approximation (STDA), Second Random Phase Approximation(SRPA), and Equation of Motion Phonon Method (EMPM), were recently studied in more detail [1].While in [1], we described electromagnetic nuclear excitations, the subject of this contribution is thegeneralization of STDA and EMPM for particle-hole configurations that change the type of nucleon tomakeit suitable for calculations of DBD NMEs. In that context, the role of multi-particle-hole configurations inthe computation of DBD NMEs is studied.
References[1] F. Knapp, P. Papakonstantinou, P. Veselý, G. De Gregorio, J. Herko, and N. Lo Iudice, Phys. Rev. C 107(2023) 014305.
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In the last years, the nuclear scientific community has been moving towards open science: open accesspublications, accessibility to experimental data and codes, etc. In this context, the creation of user-friendly platforms, in which non-expert users can perform calculations using well-established theorycodes, represents a significant and long-awaited advancement. The new virtual access facility Theo4Expaddresses this need, by providing a variety of computer codes for nuclear structure and reactions, madeeasily accessible to researchers worldwide. The use of these codes is made simple by the adoption ofclear interfaces and the implementation of graphical tools. Results can be easily transmitted, exchangedand compared. It is expected that the new service will create a virtuous circle of increased collaborationbetween theorists and experimentalists, leading to innovative experiments and facilitating their interpre-tation. The EURO-LABS project https://web.infn.it/EURO-LABS/ , funded within the EC Horizon Europeprogram, has provided the appropriate framework and dedicated personnel to create this service. Open tousers since February 1st 2024, Theo4Exp is composed of three installations: one for reaction calculations,Reaction4Exp [1-3], and two dedicated to structure calculations, MeanField4Exp [4-6] and Structure4Exp[7-9]. The Theo4Exp portal can be found at the main web site https://institucional.us.es/theo4exp .
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New insights into fission from recent experiments
What drives fission across the nuclear chart?

Ch. Schmitt
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Nuclear fission owes its name by it resemblance with the division of living cells. Though, hidden behindis the complex re-arrangement of a many-body quantum system involving two types of nucleons, theprotons and the neutrons. As such, it is an ideal playground for studying fundamental nuclear properties,in general, and dynamical aspects of nuclear reactions, in particular.While the importance of structural effects in the nascent fragments has been established through numer-ous studies over the past decades, the respective role of the proton and neutron sub-systems remainsvividly debated. Discriminating between the latter is a challenge due to the experimental difficulty inprecisely characterizing the fission-fragment products in mass and charge. Innovative approaches basedon fission induced in inverse kinematics and employing state-of-the-art detection systems permittedto overcome the challenge recently, providing for the first time highly accurate and complete isotopicdistributions for the entire fragment population. At GANIL, the method initiated with actinide fission wasfurther applied to the pre-actinide region around Lead. It revealed that the protons - which importancewas overlooked in the past, are key drivers of fission over the nuclear chart.In parallel to their isotopic composition, accurate knowledge of the post-scission evolution of the frag-ments, and in particular their de-excitation, allows to deepen further the understanding of the dynamicsof fission. Independent measurements of the neutrons and γ-rays emitted after scission so far do notallow drawing consistent and model-independent conclusions. Recent experimental advances succeededin measuring neutrons and γ-rays simultaneously. In most elaborate setups, these particles could bedetected in coincidence with the isotopically identified fragments, offering the possibility of high-foldcorrelations. Such measurements are currently exploited to unravel complex intricacies, and get a handon the generation of excitation energy and angular momentum during the fission process and theirsharing at scission.Based on the results acquired today, a first step into the direction of a consistent, “universal” understand-ing of fission across the nuclear chart is proposed. “En route” experimental campaigns and projects arediscussed.
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Generation of Angular Momentum in Fission Fragments
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The primary fission fragments emerge with typically half a dozen units of angular momentum. While theaverage magnitudes of these can readily be understood on the basis of statistical considerations [1], thespecific mechanism generating the angular momenta is not yet established. It is therefore importantthat the various theoretical treatments be developed to a level where quantitative confrontation withexperiment can be made.This presentation focusses on one candidate mechanism: Nucleon Exchange. In damped nuclear re-actions [2], where the system remains binary throughout, this mechanism is responsible for the largeenergy dissipation and the correlated build-up of angular momenta in the two reaction partners [2,3].Because the fissioning system develops a binary character as it approaches scission, the nucleon exchangemechanicsm may also play a role at the late pre-scission stage [4].Generally, the angular momenta of a binary system, such as that consisting of the two fledging fissionfragments, can be expressed in terms of six normal modes of rotation. These present a convenientreference because different models will populate those modes to different degrees, reflecting the variousmechanisms being considered.The nucleon exchange transport treatment is presented and the associated characteristic time scales [4]are discussed. Comparison of these with the expected saddle-to-scission times gives an indication of howlarge a role the various rotational modes may play. Such an analysis [5] leads to the expectation that thewriggling mode (in which the fragments have mutually parallel spins that are perpendicular to the fissiondirection) is fully populated, while twisting (where the fragments spins are opposite along the fissiondirection) is unlikely to play a major role, though it may grow more prominent at higher excitations;bending (where the fragments have mutually antiparallel spins that are perpendicular to the fissiondirection) probably has some presence which increases with mass asymmetry and with lower fragmentkinetic energies.These predicted features can be tested experimentally. In particular, the degree of twisting can bededuced from the Y(0◦)/Y(90◦) yield ratio in a modern experiment of the type pioneered by Wilhelmy[6] in which the angular distribution of identified rotationalE2 photon transitions is measured relative tothe fragment direction. Furthermore, with a view towards the future when the required technology hasbeen developed, it is illustrated how the relative role of positive modes (wriggling) and negative modes(bending and twisting) can be determined by measuring the opening angle between two E2 photonswhose helicities are also identified.

References[1] T. Døssing, S. Åberg, M. Albertsson, B.G. Carlsson, J. Randrup, Phys. Rev. C 109, 034615 (2024).[2] W.U. Schröder and J.R.Huizenga, Treatise On Heavy-Ion Science (Plenum, NY), 115 (1984).[3] J. Randrup, Nucl. Phys. A 383, 468 (1982).[4] T. Døssing and J. Randrup, Nucl. Phys. A 433, 215 (1985).[5] J. Randrup, T. Døssing, and R. Vogt, Phys. Rev. C 106, 014609 (2022).[6] J.B. Wilhelmy et al., Phys. Rev. C 5, 2041 (1972).
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The study of the nuclear fission process, where a heavy nucleus ruptures and creates two fission fragments,is interesting both from a basic science and application point of view. Lately, a heavily debated topic ishow the angular momentum of the fission fragments are generated, and how differences in fissioningnucleus mass, fission fragment mass, and energy partition at scission impact this generation.Since the angular momentum J of the fission fragments is not directly observable, experimental studiesrely on measuring the γ rays resulting from fragment decay. The emission of neutrons from the fragmentsis known to generally precede γ decay. How much neutron emission changes the fragment angularmomentum is therefore important to know in order to interpret the γ-ray measurements. Historically,it is assumed that neutron emission will have little impact on fragment J [1], however a recent studysuggested that it could be significant [2], such that information about the initial fragment J is dilutedthrough neutron emission.Here, we propose an experimental approach to understand how the angular momentum of the fragmentsare impacted by neutron emission, using data collected during the 238U(n,f) experiment in the nuBall2campaign at the ALTO facility of IJC Laboratory in Orsay. A method using the γ-ray feeding intensitiesis employed to investigate how the fragment J changes when fission fragments result in pairs with anincreasing number of prompt neutrons emitted. Preliminary results and interpretations will be shown.
References[1] J. B. Wilhelmy et al., Phys. Rev. C 5 (1972) 2041.[2] I. Stetcu et al., Phys. Rev. Lett. 127 (2021) 222502.
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Neutron and γ-ray emission in fast neutron induced fission
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Fission modeling is still the subject of much work. The objective is to understand the structure anddynamic effects involved in this reaction. From the point of view of fission applications, the objective isto provide precise data on the fission fragments yields and kinetic energies, but also on the emission ofneutrons and γ-rays. The work being carried out in numerous laboratories ultimately aims to enable theprovision of such data based on theories or phenomenological models.In this presentation I will describe the new results obtained with the large SCONE detector (Solid COunterfor NEutrons), based on plastic scintillator bars. The detector design includes a significant amount ofGd, in order to carry out neutron counting with an efficiency of about 70 percent for fission neutrons. Inaddition, by design, SCONE is also a good γ-ray calorimeter, and in particular the granularity allows todetermine the average γ-ray multiplicities.I will present the experimental results of the fast neutron induced fission of uranium 238 campaignperformed at the GANIL/NFS facility, for neutron energies ranging from 1 MeV to 30 MeV. The completedistributions of fission neutron multiplicities, the average total radiated γ-ray energy, and the average
γ-ray multiplicity in the fast neutron induced fission of uranium 238 will be discussed. Furthermore,measuring the different observables continuously as a function of neutron energy makes it possible tostudy the effects of multi-chances which confer structures into those observables. For the first timethe second chance fission probability on uranium 238 was measured experimentally. In a ddition, there-analysis of old data on uranium 235 and plutonium 239 allowed us to obtain the aforementionedprobability also for these two isotopes[1]. These measurements open a way to take into account theeffects of multi-chance in fission, that overcomplicate the description of the neutron induced fissionprocess. Unfolding these effects will simplify the achievement of more precise models.

References[1] B. Fraisse et al., Phys. Rev. C 108, 014610 (2023)
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Isotopic fission fragments distributions in the Thorium region producedin inverse-kinematics with a 232Th beam
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A general description of the fission mechanism considers both microscopical quantities, such as nuclearstructure of the fission fragments, and macroscopic effects, like the Coulomb repulsion between thenuclei. The interplay between both quantities prevents a fully microscopical description of the interaction.Despite the development of different theoretical models [1] and simulation codes based on experimentaldata, such as GEF [2], the fission process fails to be systematically reproduced. A large set of experimentaldata is needed in order to constrain the models.Using the inverse-kinematics technique andmulti-nucleon transfer reactions, the fission process is studiedat GANIL with the VAMOS++ spectrometer [3]. This enables the isotopic identification of complete fissionfragment distributions [4]. Moreover, the coupling of this spectrometer to a highly stripped silicondetector (PISTA) allows the identification of the fissioning system and the reconstruction of its excitationenergy with high resolution.A new experiment was conducted at VAMOS++ with the newly accelerated 232Th beam at coulombenergies. Transfer reactions performed with a 12C target permitted to populate fissioning systems suchas 234U or 232Th, among others. The experimental setup consisted on the VAMOS++ spectrometer,coupled to PISTA, and a set of detectors included for the simultaneous measurement of the velocity ofboth fission fragments on an event by event basis. In this work, the proton and neutron content of thefission fragments will be presented as a function of the excitation energy of the fissioning system. On topof this, neutron excess of the fragments will be shown, as well as some correlations between both fissionfragments.
References[1] Schunck, N and Robledo, LM , Reports on Progress in Physics 79 (2016) 116301.[2] Karl-Heinz Schmidt and Beatriz Jurado , Reports on Progress in Physics 81 (2018) 106301.[3] M.Rejmund et al., Nuclear Instruments and Methods in Physics Research A 646 (2011) 184-191.[4] M.Caamaño et al., Physical Review C 88 (2013) 024605.

50



Deformation, Angular Momentum and Excitation Energy of Fission Frag-ments in the Neutronless Fission of 252Cf(sf)
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Nuclear fission is a dynamic process by which a heavy nucleus, under the action of single particle andcollective effects, is separated in two lighter, highly excited fragments. Excitation energy and angularmomentum is released by the newly produced fragments through neutron and gamma-ray emission. Theexperimental study of fission is a real challenge, since the complete characterization of the process’s exitchannel requires identifying two heavy ions among the hundred of possible fragments, and to measurein coincidence the neutrons and gamma-rays emitted by these fragments. To the best of our knowledgethere is no such comprehensive dataset.Neutronless fission, i.e. fission where the fragments are produced below their neutron separation energy,offers a great simplification to this challenge. Indeed, because of conservation of energy and momentum,efficient and accurate fragment identification can be achieved. Moreover, in the absence of neutronemission, gamma rays are the only means by which the fragments can evacuate both excitation energyand angular momentum.In this presentation, I will show how using a twin Frish-grid ionization chamber loaded with an ultra thin
252Cf sample we were able to observe the rare events of neutronless fission (yield of the order of 10−3).Combined with an array of 54 NaI detectors, we measured in coincidence the γ-rays emitted by thefragments. I will focus the discussion of the results on two particular cases.The first one is the exceptional fragmentation 120Cd/132Sn, where the doubly magic nucleus is producedin its ground state. The measured gamma ray spectrum therefore solely reflects the properties of 120Cdat scission. The reproduction of this spectrum allows us to deduce the spin distribution and the scissiondeformation of 120Cd [1]. The nucleus appears to be more deformed than previously thought for afragment produced via neutronless fission.The second case to be discussed is the 118Pd/134Te fragmentation, only two protons away from theprevious one. In this case, low lying transitions from both fragments are found in the measured gammaray spectrum. The reproduction of the spectrum strongly depends on the excitation energy sharingbetween the two fragments, an information that is extracted for the first time using a genetic algorithm [2].

References[1] A. Francheteau et al., Phys. Rev. Lett. 132 (2023) 2024.[2] A. Francheteau et al., In preparation, to be submitted to Phys. Rev. Lett.
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The nuclear energy-density-functional (EDF) is a successful theoretical tool to describe many propertiesof a fissioning nucleus up to the generation of primary fragments [1]. A core ingredient in the EDF-basedmany-body approaches is the Bogoliubov vacuum wavefunction. Expectation values of observables suchas total binding energies or primary fragments mass are widely computed on Bogoliubov vacuua. Theyare either used directly to interpret the fission process or as an intermediate quantity in approaches suchas the time-dependent generator coordinate method [2].On the other hand, the whole distribution of probability of an observable resulting from the wavefunctionof the system is less often studied. Recent studies attempting this include efforts toward the predictionof the primary fragments number of protons and neutrons [3] and their spin distribution [4]. It is yet achallenging task. Typically, determining the k’th moment of the distribution of a one-body observableamounts to computing the action of a k-body operator on a wavefunction. The associated numerical costquickly becomes prohibitive.In this presentation, we will present our recent efforts to develop a Monte-Carlo method to compute thewhole probability distribution of some observables resulting from a Bogoliubov vacuaa. We will first showthe algorithmic and numerical aspects of themethod and then emphasize its first application to the fissionof 252Cf. Wewill finally discuss the current limitations and future prospects for thisMonte-Carlo approach.

References[1] N. Schunck and D. Regnier, Prog. Part. Nuc. Phys. 125 (2022)[2] M. Verriere and D. Regnier, Front. Phys. 8 (2020)[3] M. Verriere et al., Phys. Rev. C 103 (2021)[4] A. Bulgac et al., Phys. Rev. Lett. 128 (2022)
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The ‘island’ of fission isomers identified in the actinide region (Z = 92 - 97, N = 141- 151) originates frommulti-humped fission barriers, which can be described as the result of superimposing microscopic shellcorrections to the macroscopic liquid drop barrier. For the first time, populating fission isomers by usingthe in-flight fragmentation and the electromagnetic dissociation methods were tried at GSI. With thefragment separator (FRS) at GSI, the fragmentation of 1 GeV/u 238U projectiles gives access to isotopesthat are hard or impossible to reach by light particle-induced reactions that are so far in use. In-flight sep-aration with the FRS allows studying fission isomers with half-lives as short as 100 ns. Most importantly, itprovides beams with high purity and enables event-by-event identification. Two detection methods wereemployed to study fission isomers with half-lives in the range of approximately 100 ns to 50 ms: beamimplantation in a fast plastic scintillator, and beam thermalization in a cryogenic stopping cell at the FRSIon Catcher followed by subsequent detection [1]. Additionally, the excitation energy measurement ofthe long-lived fission isomer 242fAm was performed via mass spectrometry at IGISOL, Finland. Resultsfrom these experiments will be presented in this contribution.

References[1] J. Zhao et al., Proceding of Science 419 (2023) PoS (FAIRness2022) 063.
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To fully understand the phenomena leading to the creation of heavy elements in stars, knowledge of theneutron induced cross-sections is essential [1]. In the case of the rapid neutron capture (r-process), thedirect measurement of these cross sections is often impossible due to the short lifetimes of the nuclei ofinterest and their high radioactivity. A well-known approach to overcome these difficulties is the use ofsurrogate reactions, where the compound nucleus formed in the neutron-induced reaction is producedthrough an alternative, experimentally accessible reaction and the probabilities for the different decaymodes are measured [2]. However, when used in direct kinematics, this approach also has its drawbacks,including significant background or difficulties in detecting low-energy neutrons.To address these challenges, we proposed the NECTAR (NuclEar reaCTions At storage Rings) project [3], inwhich we intend to measure decay probabilities in inverse kinematics using a heavy-ion storage ring. Oneof its major advantages lies in the direct detection of heavy fragments produced after the de-excitationof the compound nucleus, which would normally be stopped in a target. This allows the NECTAR projectto measure, in a completely unique way, simultaneously the gamma emission, the neutron emission andthe fission probability of the nucleus with unprecedented precision and efficiency.Following a successful experiment [4] at the ESR storage ring of GSI/FAIR in 2022, during which, amongother achievements, the neutron-emission probability of Pb-208 was measured for the first time, prepa-rations are being made for next measurement in June 2024, this time with a U-238 beam.In this contribution I will present the methodology and technical developments of the NECTAR projectwith a particular emphasis on our new fission detectors, one of which is based on the innovative technol-ogy of solar cells. In addition, I will present the first preliminary results of our uranium beam experimentwhich will be conducted this year.

References[1] M. Arnould and S. Goriely, Prog. Part. Nucl. Phys. 112, (2020) 103766.[2] R. Perez Sanchez et al., Phys. Rev. Lett. 125, (2020) 122502[3] https://www.lp2ib.in2p3.fr/nucleaire/nex/erc-nectar/[4] https://arxiv.org/abs/2312.13742v1
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The fission process is strongly determined by the both nuclear structure and the nuclear dynamics, whichdrives the system from its initial state to final break-up through various stages of extreme deformation.The resultant fission fragments, along with the neutron evaporation emerge as promising parametersfor elucidating the underlying mechanisms governing the fission process. Currently, at GANIL twoexperimental setups are in operation for the precise identification of the fission fragments. The FALSTAFF[1-2] spectrometer, employing low-pressure gaseous detectors, is designed to provide constrainingdata from neutron-induced fission. This setup offers a novel opportunity to identify fission fragments.Conversely, the VAMOS++ spectrometer is a large solid-angle, ray-tracing magnetic spectrometer, thatbenefits from inverse kinematics to provide complete isotopic identification of the fission fragments.An experiment was conducted for the first time at GANIL with VAMOS++ spectrometer in conjunctionwith FALSTAFF [3-4] spectrometer – modified for inverse kinematics – to simultaneously measure bothfission fragments in coincidence. In this experiment, a 238U beam at coulomb energies was impingedon beryllium (Be) target to produce different fissioning systems via fusion and transfer reactions. Inthis work, the full isotopic identification of the fission fragments from 247Cm was accomplished. Themasses of the fragments before and after neutron evaporation, alongside their kinetic energy and protoncontent, will be presented. These results will be compared with the present-day fission models and willbe discussed in terms of fission modes and nuclear structure.
References[1] D. Doré et al., EPJ Web of Conference 42 (2013) 01001.[2] D. Doré et al., Nuclear Data Sheets 119 (2014) 346-348.[3] M. Rejmund et al., Nucl. Instrum. Methods Phys. Res. A 646 (2011) 184-191.[4] S. Pullanhiotan et al., Nucl. Instrum. Methods Phys. Res. A 593 (2008) 343-352.
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The advent of elaborate heavy-ion electromagnetic spectrometers equipped with state-of-the-art detec-tors has permitted a crucial step forward in understanding nuclear structure and dynamics. In this context,nuclear fission was established as a particularly “profitable” reaction mechanism. For nuclear collisionsaround the Coulomb barrier, the VAMOS++ large acceptance magnetic spectrometer [1] installed at GANILhas played a pivotal role in these advancements in recent years. A unique feature of VAMOS++ is itscapability to provide accurate mass and atomic number identification for heavy ions using software-basedtrajectory reconstruction [2]. This feature was successfully explored in studies dedicated to both thenuclear structure of exotic nuclei and reaction dynamics [3-6].However, measurements with spectrometers like VAMOS++ come with challenges, due to the limitedangular and momentum coverage by one setting of the instrument. The impact of acceptance can becrucial for nuclear dynamics studies as only part of the phase space spanned by the reaction products ismeasured, thereby possibly biasing the physics conclusions. The issue reaches a peak for fission, wherehundreds of different isotopes, each with a wide velocity distribution, are populated [6]. One option tocircumvent the problem is to perform measurements at various angles and with different magnetic fieldsettings [7]. Unfortunately, this can imply prohibitive beam time.In this contribution, a novel method will be presented to extract the entire fission fragment yield distribu-tion from a single angular setting of VAMOS++, thereby avoiding multiple measurements. In addition tocorrecting for the limited acceptance, the procedure can address issues related to detection inefficiency.The method was validated through comparative analysis with measurements conducted at two differentVAMOS++ angle settings for the same nuclear reaction at similar excitation energies. This method can beimplemented with any other heavy-ion spectrometer of this type. Its potential for studies combiningVAMOS++ with new-generation particle and γ-ray detectors will be illustrated with recent measurementsfrom SPIDER, AGATA and PARIS@VAMOS.

References[1] M. Rejmund et al., Nucl. Instrum. Methods Phys. Res., Sect. A 646, 184 (2011).[2] A. Lemasson et al., Nucl. Instrum. Methods Phys. Res., Sect. A 1054, 168407 (2023).[3] A. Navin et al., Phys Lett B 728, 136 (2014).[4] D. Ramos et al., Phys. Rev. C 101, 034609 (2020).[5] C. Schmitt et al., Phys. Rev. Lett. 126, 132502 (2021).[6] M. Caamaño et al., Phys. Rev. C 88, 024605 (2013).[7] D. Ramos et al., Phys. Rev. C 97, 054612 (2018).
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Searching for the Anomalous Internal Pair Creation in 8Be
B. Gongora-Servin1,2, T. Marchi1, D. Tagnani3, A. Caletano4, A. Goasduff1, J.J. Valiente-Dobon1 S
1 INFN Laboratorio Nazionale di Legnaro, Legnaro, Italy; 2 Universita degli Studi di Ferrara, Ferrara, Italy;
3 INFN Sezione di Roma Tre, Rome, Italy; 4 INFN Sezione di Genova, Genova, Italy
In 2016, Krasznahorkay et al. published the breakthrough of an anomaly in the Internal Pair Creation (IPC)of 8Be [1]. Unexpected angular correlation distributions in the emission of the pair e+e− was found inthe isoscalar magnetic dipole transition (18.15 MeV state (Jπ =1+, T=0)→ ground state (Jπ =0+, T=0)).According to the model of Rose [2,3], the angular correlation distribution drops quickly with the relativeemission angle of the leptons. In contrast, the Hungarian group reported a peak-like behavior at largeangles [1]. This result has been interpreted as the signature of the emission of a previously unknownneutral isoscalar particle with a mass of 16.70±0.35(stat)±0.5(syst) MeV/c2 and Jπ=1+.At the Laboratori Nazionale di Legnaro (Istituto Nazionale di Fisica Nucleare, Italy), a dedicated array tostudy this anomaly has been designed and built [4]. The project aims to measure the angular correlationdistribution of the emission of the pair e+e− from the transition studied in 8Be at the Atomki Labora-tories. The detector unit is a telescope manufactured with the plastic scintillator EJ200. The in-beamcommissioning of the setup demonstrated that the array is able to measure leptons in coincidence andreconstruct the energy of the electromagnetic transition in the IPC process. Furthermore, the∆E layerconsists of a system of bars able to detect the incident position of the particles. In addition, a Geant4simulation has been development in order to correct by efficiency the angluar correlation distribution.The IPC of the transition 0+ → 0+ in 16O has been studied as a first case. This transition is used as acalibration point of the detectors, since the cross-section is order of magnitudes higher than the onesin 8Be. During the end of November of 2023 and the end of April 2024 the former experiments hasbeen carried out at the AN2000 Accelerator. LiF targets from 50-950 µm/cm2 has been irradiatedwith a 1.06-1.09 MeV proton beam and a ∼500 nA current. The population of the state of interestand the integrity of the target was monitored with a 3×3 in2 LaBr3 detector. In the present work thepreliminary results in the study of the isovector and isoscalarmagnetic dipole transitions in 8Be are shown.

References[1] J. Krasznahorkay et al., Phys. Rev. Let. 116 (2016) 7.[2] E. Rose, Phys. Rev. 76 (1949) 678.[3] E. Rose, Phys. Rev. 78 (1950) 184.[4] B. Gongora-Servin et al., LNL-INFN Annual Report 2022, (2023) 49.
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Electron-positron pair spectrometers with high efficiency for angularcorrelation measurements
N. Sas1, A. Krasznahorkay1, M. Csatlos1, L. Csige1, J. Molnar1, Z. Pintye1 S
1 Institute for Nuclear Research (HUN-REN ATOMKI), P.O. Box 51, H-4001 Debrecen, Hungary
Electron-positron pair spectrometers have been designed and constructed for the simultaneous mea-surement of energy- and angular correlations of e+e− pairs. Experimental results are obtained over awide angular range for high-energy transitions in 16O, and 8Be. A comparison with GEANT simulationsdemonstrates that angular correlations between 40 and 180 degrees of the e+e− pairs in the energyrange between 6 and 18 MeV can be determined with sufficient resolution and efficiency to study theanomalies in the e+e− angular correlations in different nuclear transitions.
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Proton and neutron pick-up reactions with Be isotopes near the drip-line
M. Lozano-González1, A. Matta2, B. Fernández-Domínguez1 and J. Lois-Fuentes3

On behalf of the E748 collaboration S
1 IGFAE andDpt. de Física de Partículas, Univ. of Santiago de Compostela, E-15758, Santiago de Compostela,Spain; 2 Université de Caen-Normandie, ENSICAEN, CNRS/IN2P3, LPC Caen UMR6534, F-14000, Caen,France; 3 Facility for Rare Isotope Beams, Michigan State University, East Lansing, 48824-1324, Michigan,USA
Proton-removal reactions along the Be-Li chain close to the drip line have been investigated to establishthe role of the Geometrical Mismatch Factor (GMF) and NN effects [1] in lowering the cross sections, asobserved previously in He-Li nuclei when compared to theoretical predictions [2].The experiment E748 was performed at GANIL using 10Be and 12Be beams at 30 AMeV impinging a CD2target, with an intensity of 3× 105 and 2× 104 pps respectively. The light recoil’s angle and energy weredetected using 8 MUST2 telescopes [3], and a zero-degree detector consisting of an ionization chamberand a plastic scintillator that permitted the identification of the heavy recoil.The missing-mass technique was used to reconstruct the excitation energy spectrum, from which cross-sections have been extracted. Particular attention has been paid to the 12Be(d,3 He)11Li transfer reaction,but also to the 12Be(d, t)11Be channel as it enables a further constrain to the GMF of 12Be [4].This work will present preliminary results of the angular distributions for all the interesting openedchannels, alongside the corresponding Jπ assignments and spectroscopic factors. The elastic channelswill also be displayed as a validation mechanism of the normalization factors.References[1] N. K. Timofeyuk et al., J. Phys. G Nucl. Partic. 41 (2014) 094008.[2] A. Matta et al., Phys. Rev. C 92 (2015) 041302.[3] E. Pollacco et al., Eur. Phys. J. A 25 (2005) 287−288.[4] F. Nunes et al., Nucl. Phys. A 609 (1996) 43−73.
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Study of proton and neutron excitations along silicon isotopes betweenN=20 and N=28
Q. Délignac1, S. Grévy1, T. Roger2, D. Ackermann2, N. Alahari2, A. Barriere2, M. Begala3, B. Blank1,
S. Calinescu4, A. Cassisa5, M. Ciamala6, E. Clément2, G. de France2, F. de Oliviera2, J-E. Ducret2,
M. Flayol1, S. Franchoo7, J. Giovinazzo1, A. Husson1, H. Jacob7, M. Juhasz3, M. Kacy7, S. Koyama2,
N. Kumar2, A. Lemasson2, M. Lewitowicz2, J. Lois Fuentes8, I.Matea7, J.Michaud1, J.Mrazek5, A. Ortega
Moral1, J. Pancin2, J. Piot2, F. Rotaru4, O. Sorlin2, L. Stan4, M. Stanoiu4, C. Stodel2, J-C. Thomas2 S
1 Université de Bordeaux, CNRS, LP2I Bordeaux, UMR5797, F-33170 Gradignan, France; 2 GANIL, CEA/DRF-CNRS/IN2P3, F-14076 Caen, France; 3 Institute for Nuclear Research (ATOMKI), H-4026Debrecen, Hungary;
4 Horia Hulubei National Institute for Physics and Nuclear Engineering, 077125 Bucharest-Magurele,Romania; 5 Nuclear Physics Institute of the Czech Academy of Sciences, Řež, Czech Republic; 6 Institute ofNuclear Physics Polish Academy of Sciences, Kraków, Poland; 7 IJCLab, Université Paris-Saclay, CNRS/IN2P3,91405 Orsay, France; 8 Universidade de Santiago de Compostela, Santiago de Compostela, Spain
The main subject of this study is the experimental investigation of the nuclear structure of exotic neutron-rich nuclei in the vicinity of shell closures in order to constrain the description of the nucleon-nucleoninteraction, and in particular its tensor term. Previous studies have shown that a deformation regiondevelops along the N=28 isotonic chain between the doubly magical and spherical 48Ca nucleus (20protons/28 neutrons) and the 42Si nucleus which is extremely deformed in spite of its semi-magicalcharacter (14 protons/28 neutrons). It has been shown that this deformation results from neutronexcitations above N=28 and proton excitations above Z=14, both made possible by the reduction of theseshell closures under the effect of the tensor component of the nuclear interaction. The goal is now tofollow the evolution of the deformation along silicon isotopic chain, between 34Si (N=20) and 42Si (N=28).To achieve this purpose, we performed an experiment to measure the two following quantities:- The cross section of inelastic proton scattering of the 2+ state of 34−36−38Si nuclei.- B(E2,0+ −→ 2+) values of 34−36−38Si nuclei by coulomb excitation on a gold target.The experiment has been set up during the 2022 campaign of LISE spectrometer (Line d’Ions SuperEpluchés) at GANIL(Grand Accelerator National d’Ions Lourds). The spectrometer allowed to produceand select 34Si, 36Si and 38Si nuclei. In order to measure the both quantities (inelastic proton scatteringcross section and B(E2)), the experimental setup was composed of two independent setups on the samebeamline with the same radioactive beam allowing us to save beam time and keep the same experimentalconditions ("Brochette" mode experiment).The first setup was ACTAR-TPC detector (ACtive TARget-Time Projection Chamber) to measure theinelastic scattering of ASi(p,p’)ASi* reactions, with (A = 34, 36, 38). The second setup was the CoulExpart (Coulomb Excitation). The objective was to measure the effective cross section of coulomb excitationof the same silicon isotopes and deduce, from the cross section, B(E2) values. Several types of detectorscomposed the CoulEx setup like tracking detectors and gamma detectors from GANIL. Here we proposeto present results from CoulEx part.
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0+2 shape isomer in 44S
B. Maheshwari1, K. Nomura2 S
1 Department of Physics, University of Zagreb, HR-10000, Croatia; 2 Department of Physics, HokkaidoUniversity, Sapporo 060-0810, Japan
In lighter mass nuclei, the usual nuclear shell gaps are not very huge, leading to easy nucleonic excitations,resulting in the mixing of configurations from intruder space below core to normal valence space. Theinfluence of such configuration mixing on the low-lying energy spectra ofN = 28 isotones below andabove 40Ca will be presented using the configuration-mixed interacting boson model. A special focus willbe made on the isomeric nature of 0+2 state in 44S and the predictions in 42Si and 46Ar. These resultsare crucial to the generic understanding behind the E0 isomeric transitions throughout the nuclearlandscape.
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Gamma-ray spectroscopy of 46S and 47S
M. Begala1,2, D. Sohler1, Z. Elekes1,2, M.M. Juhász1, Y. Utsuno3,4, T. Otsuka5,6,7, P. Doornenbal5,
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F. Flavigny13, S. Franchoo13, I. Gašparić5,22, R.-B. Gerst23, J. Gibelin24, K.I. Hahn25,18, D. Kim5,25,18,
T. Koiwai6, Y. Kondo26, P. Koseoglou8,27, J. Lee11, C. Lehr8, B.D. Linh21, H.N. Liu8,9,20, T. Lokotko11,
M. MacCormick14, K. Moschner23, T. Nakamura26, S.Y. Park25,18, D. Rossi8,27, E. Sahin28,
P.-A. Söderström9,29, S. Takeuchi26, H. Törnqvist8,27, V. Vaquero30, V.Wagner8, S.Wang31, V.Werner8,27,
X. Xu11, H. Yamada26, D. Yan31, Z. Yang5, M. Yasuda26, L. Zanetti8, S
1HUN-REN Atomki, Debrecen, Hungary; 2University of Debrecen, Debrecen, Hungary; 3CNS, University ofTokyo, Hongo, Japan; 4Advanced Science Research Center, Japan Atomic Energy Agency, Tokai, Japan;
5RIKEN Nishina Center, Wako, Japan; 6University of Tokyo, Hongo, Japan; 7Instituut voor Kern- enStralingsfysica, Katholieke Universiteit, Leuven, Belgium; 8Institut für Kernphysik, Technische UniversitätDarmstadt, Darmstädt, Germany; 9IRFU, CEA, Université Paris-Saclay, Gif-sur-Yvette, France; 10State KeyLaboratory of Nuclear Physics and Technology, Peking University, Beijing, People’s Republic of China; 11TheUniversity of Hong Kong, Hong Kong; 12TohokuUniversity, Sendai, Japan; 13CNS, University of Tokyo, RIKENcampus, Wako, Japan; 14IJCLab, IN2P3-CNRS, Université Paris-Saclay, Orsay, France; 15Laboratoire KastlerBrossel, Sorbonne Université, Paris, France; 16Universidad Nacional de Colombia, Sede Bogota, Bogotá,Colombia; 17Pontificia Universidad Javeriana, Bogotá, Colombia; 18Center for Exotic Nuclear Studies,Institute for Basic Science, Daejon, Republic of Korea; 19Rikkyo University, Nishi-Ikebukuro, Japan; 20RoyalInstitute of Technology, Stockholm, Sweden; 21Institute for Nuclear Science and Technology, VINATOM,Hanoi, Viet Nam; 22Ruder Bošković Institute, Zagreb, Croatia; 23Institut für Kernphysik, Universitätzu Köln, Cologne, Germany; 24LPC Caen, ENSICAEN, Université de Caen, CNRS/IN2P3, Caen, France;
25Ewha Womans University, Seoul, Republic of Korea; 26Tokyo Institute of Technology, Okayama, Japan;
27GSI, Darmstadt, Germany; 28University of Oslo, Oslo, Norway; 29ELI-NP/IFIN-HH, Bucharest-Mǎgurele,Romania 30Instituto de Estructura de la Materia, CSIC, Madrid, Spain; 31Institute of Modern Physics,Chinese Academy of Sciences, Lanzhou, People’s Republic of China
Data on sulfur isotopes close to the neutron drip-line are rather scarce. Only one γ-ray has been foundin 46S and excited states in 47S are unknown up to now. The very neutron-rich 46S and 47S nucleihave been investigated by in-beam gamma-ray spectroscopy at RIKEN RIBF via multinucleon knock outreactions. New excited states have been identified in 46S and one gamma-ray has been assigned to 47S.The experimental findings and their interpretation will be presented.
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Searching for the microscopic origin of shape coexistence in Caisotopes
M. Luciani1,2, S. Bottoni1,2, N. Cieplicka-Oryńczak4, S. Leoni1,2, B. Fornal4, C. Michelagnoli3, Ł. Iskra4,
M. Jentschel3, U. Köster3, N. Mărginean5, R. Mărginean5, C. Mihai5, P. Mutti3, S. Pascu5,
C. A. Ur6 S
1 Università degli Studi di Milano, Milano, Italy; 2 INFN sezione di Milano, Milano, Italy; 3 ILL, Grenoble,France; 4 Institut of Nuclear Physics - PAN, Krakow, Poland; 5 IFIN-HH, Bucharest, Romania; 6 ELI-NP,Bucharest, Romania
Nuclear shape coexistence plays a crucial role in understanding the microscopic origin of nuclear defor-mation. Supporting evidence has been found over the entire nuclear chart, with remarkable examples ofshape isomerism in the very heavy actinides systems (i.e., 236,238U ) [1], while in lighter mass systemssignificant mixing between configurations characterized by different shapes is most often observed [2][3].In this respect, the Ca isotopic chain between 40Ca and 48Ca is an optimal test area that can providekey information on shape coexistence when moving from the valley of stability towards the neutron-richregion of the Segrè chart.This work aims to perform complete low-spin spectroscopy of 42,43,44,45Ca isotopes, complementary tothe already existing data of 41,47,49Ca [4], and to look for evidence of shape coexistence in the A ∼ 40region. As a first step in this direction, we focused on 42Ca, where the AGATA collaboration [5] hasalready highlighted the presence of a 0+ excitation at 1837 keV associated with a superdeformed shape.Moreover, previous particle spectroscopy experiments also indicated the existence of a few 0+ states athigher energy [6] that could be associated with other deformed structures.The 42Ca nucleus of interest was populated with a (nth, γ) reaction on a 41Ca radioactive target. The γcascades emitted from the neutron capture state were detected using a 32 HPGe crystals array calledFIPPS [7] at ILL (Grenoble).The result of the present work is a very complex set of excited levels and gamma-ray transitions thatexpanded Kikstra’s work [8] to nearly 60 excited levels linked by more than 200 gamma-ray transitions,including more than 10 levels and 100 transitions never observed before. Preliminary angular correlationstudies were also performed in order to establish spin and parities of several excited states of 42Ca. Firstresults on the 43Ca(nth, γ) reaction will also be presented to extend neutron-capture studies to 44Caand track shape changes towards mid-shell.
References[1] P. G. Thirolf et al., Prog. Part. Nucl. Phys. 49 (2002) 325.[2] P. E. Garrett et al., Prog. Part. Nucl. Phys. 124 (2022) 103931.[3] S. Leoni et al., to be published in EPJ Spec. Top. (2024).[4] S. Bottoni et al., Phys. Rev. C 103 (2021) 014320.[5] K. Hadyńska-Klȩk et al., Phys. Rev. Lett 117 (2016) 062501.[6] W. T. Leland et al., Phys. Rev. 164 (1967) 1419.[7] P. Mutti et al., EPJ Web Conf. 170 (2018) 01013.[8] S. W. Kikstra et al., Nuc. Phys. A 496 (1989) 429.
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Exploring nuclear structures with fast neutrons at NFS
Emmanuel Clement1, Hemantika Sengar1,∗ S
1 GANIL, CEA/DRF-CNRS/IN2P3, F-14076 Caen, France; ∗ speaker
Shedding new light on the structure of 56Ni using (n,3n) reaction at NFS Systematic studies of nuclear reac-tions are essential to the development of nuclear physics. Understanding and predicting the evolution ofnuclear structure and the novel phenomena in atomic nuclei has long been a pursuit of scientific curiosity.Conventional methods such as charged particle probes, β-decay, Coulombic-excitation, and heavy-ionfusion evaporation reactions have been employed so far in the phase space of Shell structure, magicnumbers, angular momentum, and excitation energy. However, the horizon of possibilities expands whenwe delve into the uncharted territories of fast-neutron probes. The (n,xn) reactions are a long-standingreaction mechanism used in the cross-section data evaluation, but rarely used in the framework ofnuclear structure. This might unveil a treasure trove of reactions, particularly the (n,xn) reactions withhigh production thresholds, which, until now, have not been looked at from the eye of nuclear structures.As a result, we know very little about their reaction mechanisms.While the structure of 56Ni has been previously investigated using charged particle and heavy ions colli-sions as shown in Fig. 2, a pure neutron probe was never used. For the first time, using the unprecedentedneutron flux at∼20 – 40 MeV at the Neutrons for Science (NFS) facility of GANIL–Spiral2, 56Ni can bepopulated from 58Ni in a (n,3n) reaction which has a cross-section of 2 mb at ∼30 MeV, opening anew probe and possibly new aspects of the nuclear structure of this doubly magic nucleus. The TALYScross-section calculation as a function of incident neutron energy is shown in Fig. 3. The maximumcross-section is predicted to be at 40 MeV, slightly higher than the end-point of NFS. p+ Li/Be allowsreaching the [20 – 30] MeV range, whereas d+ Be allows up to a broader [25 – 40] MeV range. With
58Ni target, studying pure neutron channels is the main interest alongside Co isotopes that are producedfrom (n,p/d/t) reaction.

Figure 2: 56Ni Yrast diagram

The nuclei near 56Ni are of particular interest as they are amenable to different microscopic theoreticaltreatments while studying the competition between single-particle and collective excitations. Thecollective states in 56Ni involve multiparticle multi-hole excitations across theN = Z = 28 shell gapfrom the 1f7/2 shell to the 2p3/2, 1f5/2, and 2p1/2 orbits. Excitation to the higher lying 1g9/2 orbit are
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Figure 3: 58Ni (n,3n) 56Ni cross-section

necessary to explain the observed rotational bands in Cu and Zn. At high excitation energies, reactionstudies have revealed evidence for hyper-deformed resonances in the 56Ni compound.In this project, we performed prompt-γ spectroscopy of 56Ni using the EXOGAM array at NFS. Fromnuclear structure’s point of view, the main motivation is the search for low spin (J= 2 or 4) states from3 to 10 MeV excitation energy possibly populating the 0+ states at 3956 keV, 6654 keV and 7903 keVobserved only in 58Ni(p,t)56Ni and 58Ni(3He,n)56Ni reactions. New spectroscopic information that willbe collected is also relevant for nuclear reaction mechanism formalism (like TALYS) and nuclear dataevaluation libraries.The experiment was carried out in October 2023. During an effective beam time of 11 days, a high energyneutron beam produced by a primary beam of 10 µAmps of 2H, bombarded a 1 mm thick Ni target. Theprompt gamma rays selected on the fastest neutron using the Time of Flight information have beendetected by 12 EXOGAM clovers placed at 1 cm off the beam axis. About 1.6× 1010 γγ coincidenceshave been sorted after the AddBack procedure. The 56Ni decay was observed and a large number of
γγ coincidences for 57Ni and Co isotopes were sorted. The very preliminary analysis of the experiment,focusing mainly on the pure neutron channels, will be presented. The (n,2n) channel that produces 57Nihas a much larger cross-section, reaching a maximum of∼90 mb at around 23 MeV, making it easier tostudy. Additionally, 57Ni is only one neutron away from the doubly magic 56Ni, making spectroscopy ofsingle particle, core-coupled, and collective states of great interest. The primary focus of the talk will beto provide a comprehensive description of its level scheme and excitation functions. This isotope has ahalf-life of 35.6 hours and undergoes β+ decay to produce 57Co in the system, which interestingly is alsopopulated by the (n,d) and (n,n′p) channels. The question of whether large germanium volume detectorscan be used for γ spectroscopy in a high flux high neutron energy environment will also be addressed.This experiment is a pioneering work in the study of the nuclear structure studies using large gammaarray and fast neutron and is only possible at GANIL-Spiral2 as of today. If successful, this program willopen a new door for nuclear structure studies.
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Magnetic moments of isomeric states around 68Ni
K. Stoychev1,2, G. Georgiev1, A. Amthor3 D.L. Balabanski4, G. Bellier5, N.S. Bondili6, M. Danchev7,
J.M. Daugas5, M. Giles6, T. Ginter3, G. Goldring8, M. Hausmann3, J. Ljungvall1, P. Mantica3, I. Matea1,
T. Mertzimekis9, W. Mueller3, G. Neyens10, O. Perru5, O. Roig5, A. Saltarelli11, K. Sieja12, A. Stolz3,
N. Vermeulen10, D. Yordanov1 S
1 IJCLab, Orsay, France; 2 University of Guelph, Canada; 3 NSCL, MSU, East-Lansing, USA; 4 IFIN-HH,Bucharest, Romania; 5 CEA/DAM, Bruyeres-le-Chatel, France; 6 University ofManchester, United Kingdom;
7 ORNL, USA; 8 Weizmann Institute of Science, Rehovot, Israel; 9 University of Athens, Greece; 10 KULeuven, Belgium; 11 University of Camerino, Italy; 12 IPHC, Strasbourg, France
The presence of three doubly-magic nickel isotopes - 48Ni, 56Ni and 78 Ni, makes the nickel isotopic chaina fruitful testing ground for various theoretical models. Many phenomena that occur when moving fromthe neutron-deficient 48Ni towards the neutron-rich 78Ni can be investigated. Of particular interest arethe evolution of the neutron effective single-particle energies and the magic numbers away from stability,and the interplay between single-particle structure and collectivity.Magnetic moments of excited nuclear states provide sensitive probes to the contributions of single-particle configurations to the nuclear wave functions. This is especially true close to shell closureswhere the wave functions are expected to be quite pure. A peculiar case that was studied through themeasurement of magnetic moments is that of 68Ni which lies at theN = 40 sub-shell closure betweenthe fp shell and the g9/2 orbital. It exhibits some properties typically associated with doubly-magic nuclei,
such as its first excited state being a 0+ state [1] and a lowB(E2) value of its 2+1 state [2,3]. However, nosign of magicity atN = 40 was observed in the S2n from mass measurements [4].Further insight into the nuclear structure in the vicinity of 68Ni could be obtained through measurementsof the magnetic moments of g9/2 isomeric states in the region. The magnetic moments of the 9/2+isomeric states in 65Ni [5] and 67Ni [6] were determined in experiments at the ALTO and GANIL facilities,respectively, utilizing the Time-Dependent Perturbed Angular Distribution (TDPAD) method. A follow-upexperiment tomeasure themagnetic moments of the 17/2− isomer in 69Ni and the 8+ isomer in 70Ni wasperformed at the NSCL facility at MSU, USA, together with a re-measurement of the magnetic moment ofthe 9/2+ state in 67Ni. The nuclei of interest were produced following a projectile-fragmentation reactionof a 76Ge primary beam (130 MeV/A) on a Be target. The fragments passed through the A1900 separatorand were implanted at the center of a dedicated TDPAD detector setup to perform themeasurement. Theresults obtained from this experiment will be presented and compared to state-of-the-art shell-modelcalculations. The implications on the robustness of the Z = 28 andN = 40 shell gaps will be discussed,as well as plans for future TDPAD measurements in exotic nuclei.References[1] M. Bernas et al. Phys. Lett. B, 113(4):279-282, 1982.[2] O. Sorlin et al. Phys. Rev. Lett., 88:092501, Feb 2002.[3] N. Bree et al. Phys. Rev. C, 78:047301, Oct 2008.[4] C. Guénaut et al. Phys. Rev. C, 75:044303, Apr 2007.[5] G. Georgiev et al. Journal of Physics G, 31(10):1439, 2005.[6] G. Georgiev et al. Journal of Physics G, 28(12):2993, 2002.
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New Exotic Geometrical Shape Predictions in the Range of Nuclei with
Z ≈ N ∼ 40*
I. Dedes1 S
1 Institute of Nuclear Physics, Polish Academy of Sciences,PL-31 342 Kraków, Poland
In the recent years, the possible presence of exotic symmetries in atomic nuclei have been attractingboth experimental and theoretical nuclear physicist, with an increase of the number of publications onthis topic. Among these new symmetries, tetrahedral and octahedral symmetries are considered to bethe most exotic, since they produce unprecedented 4-fold nucleonic level degeneracies, in contrast tothe traditional or well studied Kramers (2-fold) degeneracies.It is well known that the nuclear surface can be described with the help of spherical harmonics {Yλ,µ}.Following indications discussed in Ref. [1], suggesting the presence of tetrahedral symmetry is expectedto occur in groups of nuclei throughout the nuclear chart, and Ref. [2], where the first spectroscopicidentification of tetrahedral (Td) and octahedral (Oh) symmetries was presented, we employ a phe-nomenological mean-field approach Hamiltonian with the parametric correlations removed, togetherwith group and point group theories to show that the strongest shell effects around Z ≈ N ≈ 40 appearfor the λ = 7 tetrahedral multipolarity, in contrast to the first order one with λ = 3. To our knowledgethese are the first predictions of nuclear ground state shapes with so high deformation multipolarity.
References[1] J. Dudek, A. Góźdź, N. Schunck, and M. Miśkiewicz, Phys. Rev. Lett. 88, 2502502-1 (2002)[2] J. Dudek, D. Curien, I. Dedes, K. Mazurek, S. Tagami, 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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Deuteron Evaporation and Proton Emission in the Upper fp Shell
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An experimental campaign focusing on isospin-symmetry and proton emission in the upper fp shell wasperformed at Argonne National Laboratory (ANL) in 2020. The overarching goal was to perform in-beamhigh-resolution particle- and γ-ray coincidence spectroscopy along theN = Z line beyond doubly-magic
56Ni. The second experiment of the campaign, studied isobaric analog states in mass A = 61 nuclei, andin particular proton emission from low-lying states in 61Ga.The focus of the campaign on in-beam proton spectroscopy called for a new approach in charged-particle detection. The complex setup comprised two CD-type double-sided Si-strip detectors (DSSDs),the Microball CsI(Tl) array, the Gammasphere array, the Neutron Shell liquid scintillator array, and theFragment Mass Analyzer (FMA). The novel combination of CD-DSSDs (pixelation 2× 2048) with Microballallowed for proton tracking capabilities and optimized proton energy resolution while keeping highdetection efficiency for evaporated charged particles.For the experiment of interest, excited states in 61Ga were populated via the fusion-evaporation reaction
24Mg(40Ca, p2n)61Ga. Results from an earlier study concerning this Tz = −1/2 nucleus suggest aproton-emitting g9/2 single-particle state at Ex ≈ 2400 keV. As a result of the experiment, a protonemission line in 61Ga has been identified.During the offline analysis it was realized that the setup is also capable of unambiguously distinguishevaporated deuterons from evaporated protons. In combination with Gammasphere, this opens up foran unprecedented study of – possibly preferential – production cross sections along the N = Z lineinvolving deuterons for a series of compound and residual nuclei: for instance, 24Mg(40Ca, 2pn)61Znvs. 24Mg(40Ca, dp)61Zn.The analysis is ongoing. Results on deuteron evaporation and a proton emission line in 61Ga will bepresented.This research used resources of ANL’s ATLAS facility, which is a DOE Office of Science User Facility. Some ofthe authors acknowledge support by the U.S. Department of Energy, Office of Science, Office of NuclearPhysics (Contract No. DE-AC02-06CH11357).
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Beta-decay study of the shape coexistence in 98Zr
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Anomalies in the systematics of nuclear properties challenge our understanding of the underlying nuclearstructure. One such anomaly emerges in the Zr isotopic chain as a dramatic ground-state shape change,abruptly shifting from spherical into a deformed one at N=60. Only a few state-of-the-art theoreticalmodels have successfully reproduced this deformation onset in 100Zr and helped to establish the shapecoexistence in lighter Zr isotopes [1, 2]. Of particular interest is 98Zr, a transitional nucleus lying on theinterface between spherical and deformed phases. Extensive experimental and theoretical researchefforts have been made to study the shape coexistence phenomena in this isotope [3,4,5]. Although theyprovide an over-all understanding of 98Zr’s nuclear structure, uncertainties remain in interpreting itshigher-lying bands. Specifically, two recent studies utilizing Monte Carlo Shell Model (MCSM) [6] andInteracting Boson Model with configuration mixing (IBM-CM) [7] calculations have presented conflictinginterpretations. The MCSM predicts multiple shape coexistence with deformed band structures, whereasthe IBM-CM favours a multiphonon-like structures with configuration mixing.To address these uncertainties, a β-decay experiment was conducted at TRIUMF-ISAC facility utilizing the8π spectrometer with β-particle detectors. The high-quality and high-statistics data obtained enabledthe determination of branching ratios for weak transitions, which are crucial for assigning band structures.In particular, the key 155-keV 2+2 → 0+3 transition was observed, and its branching ratio measured,permitting the B(E2) value to be determined. Additionally, γ-γ angular correlation measurementsenabled the determination of both spin assignments and mixing ratios. As a result, the 0+, 2+, and
I = 1 natures for multiple newly observed and previously known (but not firmly assigned) states havebeen established. The new results revealed the collective character of certain key transitions, supportingthe multiple shape coexistence interpretation provided by the MCSM framework. These results will bepresented and discussed in relation to both MCSM and IBM-CM calculations.References[1] T. Togashi, Y. Tsunoda, T. Otsuka, and N. Shimizu, Phys. Rev. Lett. 117, 172502 (2016).[2] N. Gavrielov, A. Leviatan and F. Iachello, Phys. Rev. C 105, 014305 (2022).[3] K. Heyde and John L. Wood, Rev. Mod. Phys. 83, 1467 (2011).[4] T. Kibedi, A.B. Garnsworthy, J.L. Wood, Prog. Part. Nucl. Phys. 123, 103930 (2022).[5] P. E. Garrett, M. Zielinska, E. Clément, Prog. Part. Nucl. Phys. 124, 103931 (2022).[6] P. Singh, W. Korten et al., Phys. Rev. Lett. 121, 192501 (2018).[7] V. Karayonchev, J. Jolie et al., Phys. Rev. C 102, 064314 (2020).

69



New lifetimemeasurements in the Ru chain: investigating the evolutionof triaxiality
J. S. Heines1, V. Modamio1, A. Görgen1, G. Pasqualato2, W. Korten3, J. Ljungvall2,4,
for the ganil e706 collaboration S
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In the neutron rich region around mass 100, nuclei undergo a variety of shape transitions. Theory andexperiment have shown several cases of shape coexistence, notably in Zr and Sr isotopes [1,2]. Ru isotopesundergo a transition from prolate to oblate, passing through triaxial deformations [2,3]. The lifetimes ofthe exited states provide empirical information on the degree of deformation in these nuclei.Experiment e706 conducted at ganil in 2017 used a 9Be(238U, f) fusion-fission reaction to populatearound one hundred nuclei in the mass 100 region, with the aim of determining lifetimes with the recoildistance Doppler shift method. The Advanced Gamma Tracking Array (AGATA) – covering about 1πat backwards angles – measured the energy of emitted γ-rays, and the Variable Mode Spectrometer(VAMOS++) identified the decaying nuclei event-by-event and measured their velocity.Results from the Zr chain have been published by Pasqualato et al. [4]. This contribution will focus on theRu chain, and present several new lifetimes in both odd neutron and even-even nuclei. For the latter, wehave measured lifetimes in the gamma band as well as the ground-state band. This makes it possible todistinguish models with different degrees of triaxiality. Elements of improvement in the data analysismethod will also be discussed. References[1] A. Görgen et al., J. Phys. G: Nucl. Part. Phys. 43 (2016) 024002.[2] J.-P. Delaroche et al., Phys. Rev. C 81 (2010) 014303.[3] D. T. Doherty et al., Phys. Letters B 766 (2017) 334–338.[4] G. Pasqualato et al., Eur. Phys. J. A 59 (2023) 276.
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Probing nuclear structure changes in odd-odd nuclei below Z = 50with Ag
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1 Instituut voor Kern- en Stralingsfysica, KU Leuven, B-3001 Leuven, Belgium; 2 Department of Physics,University of Jyväskylä, FI-40014 Jyväskylä, Finland; 3 CERN, CH-1211 Geneva, Switzerland; 4 ImperialCollege London, Exhibition Rd, London SW7 2AZ, UK; 5 School of Physics and Astronomy, University ofManchester, Manchester M13 9PL, United Kingdom; 6 Massachusetts Institute of Technology, Cambridge,MA 02139, USA; 7 GANIL, 14076 CAEN, France; 8 University of Gothenburg, 41296 Gothenburg, Sweden;
9 SCK-CEN, 2400 Mol, Belgium; 10 CNRS, 67200 Strasbourg, France; 11 Division HÜBNER Photonics,HÜBNER GmbH & Co. KG, Kassel, Germany; 12 Peking University, Beijing 100871, China
Exploring ground-state nuclear properties is a powerful tool to investigate our understanding of thenuclear structure. Laser spectroscopy gives access to model-independent measurements of the ground-state properties (spin, nuclear electromagnetic moments, changes in the charge radius) of short-lived(≥10ms) nuclei, providing an excellent benchmark for theoretical predictions close tomagic shell closuresfar from stability [1]. One region of high interest is the region below near-spherical Sn(Z = 50), a regionwith many competing nuclear configurations, and thus the subject of recent investigations: tin [2], indium[1], cadmium [3], silver [4-6] and palladium [7] studies have been successfully performed before. Recentlyneutron-rich silver has been studied at ISOLDE/CERN [8] and IGISOL in Jyväskylä [7].Though while the trends in ground-state properties in odd-even nuclei close to Z = 50 are relatively wellstudied [1-3,7], an explanation of the trends in odd-odd nuclei is not present. I will present the resultsobtained on radioactive odd-odd silver at CRIS in ISOLDE/CERN and compare them to the literature. Thenuclear spin and electromagnetic properties of the ground state and several isomeric states are deduced.These data provide a benchmark for state-of-the-art nuclear models, further broadening our knowledgein this region of the nuclear chart. Further, I will present an outlook for neutron-rich silver laser anddecay spectroscopy studies at CRIS with the newly developed decay spectroscopy station.

References[1] A. Vernon et al., Nature 607 (2022) 260-265.[2] D. Yordanov et al., Communications Physics 3 (2020) 2399-3650.[3] D. Yordanov et al., Physical Review Letters 110 (2013) 192501.[4] M. Reponen et al., Nature Communications 12 (2021) 4596.[5] R. Ferrer et al., Physics Letters B 728 (2014) 191-197.[6] R.P. de Groote et al. PLB 848 (2024) 138352.[7] S. Geldhof et al., Physical Review Letters 128 (2022) 152501.[8] R.P. de Groote et al., CERN-INTC-2020-023 / INTC-P-551 (2020).
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Constraints on the Symmetry Energy from Relativistic Coulomb Excita-tion
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The nuclear Equation of State (EoS) describes the energy per nucleon as a function of the density ofinfinite nuclear matter. The response of such a system to changes in isospin asymmetry is characterizedby the symmetry energy term (S2(ρ)), which determines the energy expense for turning symmetricnuclear matter into pure neutron matter as a function of density. Around the saturation density, S2(ρ)is parametrized by its value at saturation (J ) and the slope (L), with the latter quantity still poorlyconstrained. Given its vital role in describing properties of exotic nuclei, neutron stars, and core-collapsesupernovae, a worldwide effort to identify andmeasure observables containing the information necessaryto constrain the density dependence of the symmetry energy is underway.We aim to provide constraints on the symmetry energy by experimentally determining the values of theCoulomb excitation cross section (σC ) for a range of tin isotopes 124−134Sn. The total Coulomb excitationcross section for neutron-rich medium heavy and heavy nuclei, when measured at high beam energiesdisplays a strong correlation to the dipole polarizability (αD) [1,2], a quantity known to display sensitivityto the isovector characteristics of the equation of state around and slightly below the saturation density.The advantage of measuring σC instead of αD lies in a simpler experimental approach, where a precisedetermination of the excitation energy is not a requirement.Measurements of the total Coulomb excitation cross sections have been performed on neutron-rich tinisotopes with the R3B-LAND setup at GSI, and more recently with the upgraded R3B setup using theR3B-GLAD spectrometer and the NeuLAND neutron detector. The nuclei of interest have a large neutronexcess, and can only be accessed in inverse kinematics due to their lifetimes. In this work, the theoreticalinvestigations of the relationship between σC and αD, and in turn L, based on density functional theoryfor nuclear structure and first-order perturbation and coupled-channels calculations for the cross sections,will be presented alongside preliminary experimental results and the status of the analysis.References[1] X. Roca-Maza, N. Paar and G. Colò, J. Phys. G: Nucl. Part. Phys. 42 (2015) 034033[2] J. Piekarewicz, Annalen der Physik 2022, 534, 2100185
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The study of proton-emitting nuclei near the N=82 shell closure
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Proton radioactivity provides a unique probe of nuclear structure far from stability and for odd-Z elementsit is expected to be the decay mode that determines the limit of observability for neutron deficientnuclei. Establishing these boundaries of observability and identifying the nuclear structure at these limitsis a long-standing challenge in nuclear physics. The nuclei in the region of the N=82 shell closure areexpected to be the most nearly spherical proton emitters and therefore a benchmark for theoreticalmodels of this decay mode [1,2]. These odd-Z nuclei are known to have low-lying isomeric states, whichare often substantially longer-lived than the ground states in these nuclei, due to the strong increaseof proton-decay half-lives with the orbital angular momentum of the emitted proton. In these casesthe isomeric states all have a configuration involving a proton in the πh11/2 orbital, while in the groundstates the protons are in either a πs1/2 or πd3/2 orbital. This allows the observation of the isomericstates in proton-emitting nuclei where the ground state is too short-lived to be observed with currentexperimental techniques, for example 159Re [3]. Additional interest in these nuclei comes from thepossibility of microsecond multiparticle isomers that are analogous to those seen in their lighter isotones[4].The aim of this work is to search for new, and clarify the nature of known proton radioactivities in theregion of the N=82 shell closure, and to search for possible isomeric states in these nuclei. The searcheswere performed at the University of Jyväskylä in Finland. The nuclei of interest were produced by fusion-evaporation reactions induced by a 58Ni beam bombarding isotopically enriched 102Pd and 106Cd targets.The evaporation residues were separated in flight using the Mass Analysing Recoil Apparatus (MARA) [6]and implanted into a double-sided silicon strip detector (DSSD), which was used to measure proton andalpha decays. The DSSD was surrounded by an array of germanium detectors to allow isomer gammadecays to be observed. The latest results from the analysis of these data will be presented.References[1] P. Möller et al., At. Data and Nucl. Data Tables 1 (2016) 109-110.[2] S. Goriely et al., Phys. Rev. C 75 (2007) 064312.[3] D.T. Joss et al. Phys. Lett. B 641 (2006) 34.[4] J.H. McNeill et al., Z. Phys. A 344 (1993) 369.[5] J. Sarén et al., Nucl. Inst. Methods Phys. Rev. B. 266 (2008) 4196.
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Investigating quadrupole bands in even-even Hf and W
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The structure of the low-lying quadrupole bands in the even-even Hf and W isotopes, withN ≈ 92− 112is investigated with the use of a microscopically derived IBM-1 Hamiltonian. For each isotope, a potentialenergy curve is constructed from self-constrained mean-field calculations, employing a Skyrme energydensity functional. The fermionic potential energy curve is subsequently mapped onto the correspondingbosonic one, thus leading to the derivation of the IBM-1 Hamiltonian parameters. These parametersare then used as inputs for the calculation of energy spectra andB(E2) transition matrix elements forthe ground state, β and γ bands in the examined isotopes. The results are compared to experimentaldata, where available, showing an overall good agreement. Potential future applications of this mappingmethod are also discussed.
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Isomeric and Beta Decay Transitions and Lifetimes in the Neutron-RichN=126 Region
G. Bartram1, Zs. Podolyák1, The S450 Collaboration S
1 University of Surrey, Guildford, UK
In May 2022 at GSI Darmstadt, Germany, a high-intensity, 208Pb primary beam of 1 GeV/u was firedat a 9Be target to populate neutron-rich fragmentation products at N≈126. The study of such nucleiforms an important part of our understanding of nuclear structure and the testing of nuclear shell modelpredictions. In addition, investigating increasingly neutron rich N=126 nuclei brings us closer to importantastrophysical isotopes, aiding in the refinement of current r-process path predictions. Fragmentationproducts from GSI’s fragment separator were implanted in two 1 mm thick 24x8 cm2 AIDA active siliconstoppers and two scintillating beta plastic detectors. The implanted ions were surrounded by eight newlydeveloped DEGAS and two well-established EUROBALL high-purity Ge detectors.The primary aim of this experiment was to study the structure of N=126 nuclei through observing isomerictransitions and beta decays. In 203Ir, a long-lived 11/2− state is expected [1], however the decay of thiswas not previously observed. Furthermore, the beta-decay half-lives of many nuclei in this region arecurrently unknown, in addition to information on excited states in their daughter nuclei. To this aim,GSI’s fragment separator was centered on the N=126 nuclei 203Ir and 202Os for one day and three days,respectively. The knowledge gained from level schemes in this region is valuable for understandingpotential shell evolution at N=126, as well as filling current experimental gaps in ground state lifetimes.Preliminary analysis has identified all previously observed isomeric states in 203Pt, 204Pt, and 203Ir [1]. Inaddition, known gamma transitions following the beta decays of Hg, Au and Pt isotopes were detected [2].The collected statistics on neutron-rich nuclei are much greater than in previous experiments, revealingnew internal decay channels. One such nucleus was 203Ir, where the number of ions detected was 3times larger than obtained previously in 2010 [1]; the updated 203Ir level scheme of isomeric states willbe compared with shell model calculations. Furthermore, additional isomeric decays detected in thisexperiment will be presented, alongside the observed beta-gamma correlations.
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Prevailing Triaxial Shapes in Atomic Nuclei and a Quantum Theoryof Rotation of Composite Objects
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Virtually any object can rotate: the rotation of a rod or a linear molecule appears evident, but a number ofobjects, including a simple example of H2Omolecule, are of complex shapes and their rotation is of greatinterest. For atomic nuclei, rotational bands have been observed in many nuclei, and their basic pictureis considered to have been established in the 1950’s. We, however, show that this traditional picture issuperseded by a novel picture. In the traditional view, as stressed by Aage Bohr in his Nobel lecture withan example of 166Er nucleus, most heavy nuclei are like axially-symmetric prolate ellipsoids (i.e., withtwo shorter axes of equal length), rotating about one of the short axes, like a rod. In the present picture,however, the lengths of these three axes are all different, called triaxial. The triaxial shape yields morecomplex rotations, which actually well reproduce experimental data, as confirmed by state-of-the-artConfiguration Interaction calculations. Two origins are suggested for the triaxiality: (i) binding-energygain by the symmetry restoration for triaxial shapes, and (ii) another gain by specific components of thenuclear force, like tensor force and high-multipole (e.g. hexadecupole) central force. While the origin (i)produces basic modest triaxiality for virtually all deformed nuclei, the origin (ii) produces more prominenttriaxiality for a certain class of nuclei. An example of the former is 154Sm, a typical showcase of axialsymmetry but is now suggested to depict a modest yet finite triaxiality. The latter, prominent triaxiality,is discussed from various viewpoints for some exemplified nuclei including 166Er, and experimentalfindings, for instance, those by multiple Coulomb excitations obtained decades ago, are re-evaluatedto be supportive of the prominent triaxiality. Many-body structures of the γ band and the double-γband are clarified, and the puzzles over them are resolved. Regarding the general features of rotationalstates of deformed many-body systems including triaxial ones, the well-known J(J+1) rule of rotationalexcitation energies is derived, within the quantum mechanical many-body theory, without resorting tothe quantization of a rotating classical rigid body. This derivation is extended to the J(J+1)-K2 rule for sidebands with K ̸=0. The present picture of the rotation is robust and can be applied to various shapes orconfigurations, including clusters and molecules. Thus, two long-standing open problems, (i) occurrenceand origins of triaxiality and (ii) quantum many-body derivation of rotational energy, are resolved. Theirpossible relations to the Nambu-Goldstone mode for the symmetry restoration are mentioned, as well asthose to Davydov’s rigid-triaxial-rotor model. Substantial impacts on superheavy nuclei and fission dueto the wide occurrence of triaxial shapes are mentioned.
References[1] T. Otsuka, Y. Tsunoda, N. Shimizu, Y. Utsuno, T. Abe, H. Ueno, arXiv:2303.11299v4 [nucl-th].
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Shape transitions and coexistence in the Sr - Ru isotopes
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The evolution of ground-state shapes usually proceeds smoothly, however for nuclei in the vicinity of
Z = 40 and N = 60 there is an abrupt shape transition (see Refs. [1,2] for reviews). Some recentcalculations, including the state-of-the-art Monte Carlo Shell Model (MCSM) calculations [3,4] andInteracting Boson Model calculations employing the Intertwinded Quantum Phase Transition (IQPT) [5],have been able to reproduce this abrupt change for the Zr isotopes and predict that shape coexistenceoccurs both above and below the criticalN = 60 point. The MCSM calculations also predict multipleshape coexistence in Zr. Moving away from Z = 40, the abruptness of the transition becomes tempered,with an overall smooth evolution observed in Ru, for example [2].Recently, there has been a large number of experimental investigations, using a variety of probes,that are bringing new insights into nuclei in theN = 60 region. Deformed band structures have beenrevealed through detailed γ-ray spectroscopy following β-decay [6,7,8,9] and fission [10,11,12,13]. Coulombexcitation studies have provided important matrix elements and quadrupole moments [14,15,16,17] andhave been complemented by lifetime measurements [18,19,20,21]. Single-nucleon transfer reactions haveprobed the single-particle degrees of freedom in the 94,96Sr isotopes [22,23], and have mapped both theproton and neutron states in the nuclei around 100Mo [24].An overview of our understanding of the structure in the region ofN = 60 for Sr-Ru isotopes will bepresented with a particular emphasis on shape coexistence.References[1] K. Heyde and J.L. Wood, Rev. Mod. Phys. 83 (2011) 1467.[2] P.E. Garrett, M. Zielińska, and E. Clément, Prog. Part. Nucl. Phys. 124 (2022), 103931.[3] T. Otsuka and Y. Tsunoda, J. Phys. G: Nucl. Part. Phys. 43 (2016) 024009.[4] T. Togashi, Y. Tsunoda, T. Otsuka, and N. Shimizu, Phys. Rev. Lett. 117 (2016) 172502.[5] N. Gavrielov, A. Leviatan, and F. Iachello, Phys. Rev. C 105 (2022) 014305.[6] A. Chakraborty et al., Phys. Rev. Lett. 110 (2013) 022504.[7] K. Mashtakov et al., contribution to this meeting (2024).[8] J. Wu et al., Phys. Rev. C 109 (2024) 024314.[9] D. Kalaydjieva et al., contribution to this meeting (2024).[10] W. Urban et al., Phys. Rev. C [96] (2017) 044333.[11] W. Urban et al., Phys. Rev. C 99 (2019) 064325.[12] J. Wiśniewski et al., Phys. Rev. C 108 (2023) 024302.[13] W. Urban et al., Phys. Rev. C 100 (2019) 014319.[14] E. Clément et al., Phys. Rev. Lett. 116 (2016) 022701.[15] N. Marchini et al., to be published (2024).[16] K. Wrzosek-Lipska et al., Phys. Rev. C 86 (2012) 064305.[17] P.E. Garrett et al., Phys. Rev. C 106 (2022) 064307.[18] P. Singh et al., Phys. Rev. Lett. 121 (2018) 192501.[19] V. Karayonchev et al., Phys. Rev. C 102 (2020) 064314.[20] G. Pasqualato et al., E. Phys. J. A59 (2023) 276.[21] J.-M. Regis et al., Phys. Rev. C 95 (2017) 054319.[22] S. Cruz et al., Phys. Lett. B786 (2018) 94.[23] S. Cruz et al., Phys. Rev. C 100 (2019) 054321.[24] S. Freeman et al., Phys. Rev. C 96 (2017) 054325.
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Fission shape isomers (SI) are poorly understood metastable states characterized by a second superde-formed potential energy minimum co-existing with normal deformed states in the low- spin regime [1].Although many such isomers have been observed in the actinide region, our understanding of excitedstates in the second minimum remains very limited. For most SIs, the only available information is theirhalf life, determined via their exclusive decay mode - delayed fission. However, the interesting possibilityof a competing branch of γ back-decay towards normally deformed states opens up as the number ofprotons decreases and the fission barrier becomes harder to penetrate. Characterisation of γ back decayprovides a unique and precise way to determine the parameters of the inner barrier, which play anessential role in constraining the potential energy landscape on the path to fission calculated by theory.Improved knowledge of gamma back-decay and excited states in the secondminimum is now feasible dueto significant advances in the techniques of gamma ray spectroscopy since the first experiments whichwere carried out a few decades ago. Indeed, spectroscopy of several yet-to-be-discovered SI’s in the lightactinide region may now be possible. In this context two experiments were performed to study 236fUand 233fTh using the nu-Ball2/PARIS spectrometer at the ALTO facility of IJC Lab. nu-Ball2 consists of 24High Purity Germanium (HPGe) Clovers and 64 phoswiches (LaBr3/NaI) from the PARIS collaboration [2]and covers more than 90% of the total solid angle. Additionally, a Double-sided Stripped Silicon Detector(DSSD) [3] was used to measure the energies of outgoing light charged particles. The state-of-the art fullydigital FASTER electronics [4] allowed for triggerless data acquisition at high data rates. The exceptionalselectivity of this setup allows us to probe rare decays with sub-microbarn cross sections. This wasachieved by a combination of high efficiency HPGe detectors, charged particle selection, high qualitybeam pulsation, and calorimetry of prompt and delayed energy balances. Here, an overview of thephysics of fission shape isomers will be given and results from the nu-Ball2/PARIS fission shape isomerexperiments will be presented.References[1] P.G. Thirolf, D Habs, Progress in Particle and Nuclear Physics 325 49 (2002) page 325[2] F. Camera and A. Maj et al., The PARIS White Book ISBN 978-83-63542-22-1 (2021)[3] P. Napiorkowski, K. Hadynska-Klek et al. https://www.slcj.uw.edu.pl/en/coulomb-excitation-at-the-warsaw-cyclotron/[4] D. Etasse et al. https://faster.in2p3.fr/
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Investigating the shape coexistence phenomena in 62Ni
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R. Lică1, N. Florea1, R.M. Mărginean1, R.E. Mihai1, A. Coman (Olăcel)1, C.O. Sotty1, L. Stan1, S. Toma1
A. Turturică1, S. Ujeniuc1, S. Leoni2,3, F. Crespi2,3, A. Bracco2,3, G. Benzoni3, S. Bottoni2,3, F. Camera2,3,
G. Ciconali2,3, G. Corbari2,3, B. Million3, O. Wieland3, B. Fornal4, M. Ciemała4, P. Bednarczyk4,
N. Cieplicka-Oryńczak4, Ł. Iskra4, M. Kmiecik4, A. Maj4, M. Matejska-Minda4, M. Sferrazza5,
C. Michelagnoli6, G. Colombi2,3,6, L. Domenichetti6, T. Otsuka7, Y. Tsunoda7 S
1"Horia Hulubei" National Institute for R&D in Physics and Nuclear Engineering, Măgurele, Romania;
2Università degli Studi di Milano, Milano, Italy; 3INFN sez. Milano, Milano, Italy; 4IFJ-PAN, Krakow, Poland;
5Université libre de Bruxelles (ULB), Belgium; 6Institut Laue-Langevin (ILL), Grenoble, France; 7Universityof Tokyo, Tokyo, Japan
We report the progress of our investigation of the excited states in 62Ni in the search for the onset ofshape coexistence in the neutron rich Ni isotopes, based on the predictions of state-of-the-art MonteCarlo shell model (MCSM) calculations [1]. Following our collaboration’s discovery of spherical, oblate, andprolate states within 66Ni [2] and 64Ni [3] utilising the ROSPHERE HPGe array [4], the present investigationrepresents a natural progression.The low-spin structure of the semimagic 62Ni nucleus has been considerably expanded: ten 0+ excitedstates were identified below 6.5 MeV, using the data taken with the FIPPS spectrometer [5] at ILL, in aneutron capture experiment. An extensive decay scheme of the identified 0+ excited states was con-structed from the same data. Additionally, at IFIN-HH, by employing the one-neutron transfer reactioninduced by a 9Be beam on a 61Ni target, at the sub-Coulomb barrier energy of 18 MeV, the lifetimes ofthe first two excited 0+ states were assessed with the plunger method, using the ROSPHERE and theSORCERER solar-cells arrays [6].The extensive experimental information gathered on 62Ni has been compared with MCSM calculationswhich turn out to remarkably describe the complex excitation and decay scheme of this nucleus. Particu-larly, in 62Ni a shape coexistence scenario is expected to appear in the 3.5-6.5 MeV excitation-energyregion, with 0+ states of spherical, oblate and prolate nature, with different degrees of deformation.This work contributes to shed light on the shape coexistence phenomenon and its evolution along the Niisotopic chain.

References[1] Y. Tsunoda et al., Phys. Rev. C 89 (2014) 031301.[2] S. Leoni et al., Phys. Rev. Lett. 118 (2017) 162502.[3] N. Mărginean et al., Phys. Rev. Lett. 125 (2020) 102502.[4] D. Bucurescu et al., Nucl. Instrum. Meth. A 837 (2016) 1-10.[5] C. Michelagnoli et al., EPJ Web of Conferences 193 (2018) 04009.[6] T. Beck et al., Nucl. Instrum. Meth. A 951 (2020) 163090.
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β decay of 100Y studied with GRIFFIN
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A sudden shape transition is observed for the ground states of the nuclei with A≈ 100, appearing sharplyatN = 60 [1]. This unique feature is accompanied by equally dramatic changes in the low-energy spectra,further supporting the large increase in collectivity and suggesting a possible shape-coexistence scenario.Advances with the large-scale Monte-Carlo shell model (MCSM) allowed to successfully reproduce theenergy systematics of the Zr isotopes aroundN = 60 and offered a possible explanation of the observedabrupt shape transition [2]. An inversion of configurations in 98Zr and 100Zr was suggested to appearwith small to no mixing between them due to type-II shell evolution [3]. More precisely, the prolateconfiguration at ≈1 MeV in 98Zr becomes the ground state in 100Zr, while the spherical ground stateof 98Zr corresponds to a yet unobserved 0+4 level in 100Zr expected at excitation energy of about 1.5MeV. Furthermore, the calculations predicted the coexistence of an oblate-deformed 0+2 state and aprolate-deformed 0+3 state.A β-decay study of 100Y was performed at the TRIUMF-ISAC facility to investigate the possible coexistenceof low-energy structures with distinct shapes in 100Zr. Radioactive ion mixture of 100Sr and 100Rb wasdelivered onto a mylar tape in the center of the GRIFFIN spectrometer [4], comprising of 15 large-volume HPGe clover detectors. In addition, seven LaBr3 detectors were used for fast-timing lifetimemeasurements. The large amount of gamma-ray coincidence data allowed to firmly assign the spinsof several key states via gamma-gamma angular correlations, including a number of newly-observedlow-energy excited 0+ states. Selected results will be presented and discussed in the context of theMCSM predictions, including a first report of the 0+4 state and possible members of a collective structurebuilt upon it.Evidence, favoring the reinterpretation of the presumed gamma-band head at 1196 keV [5] as a memberof the deformed structure built on the excited 0+3 state, will be presented. Furthermore, the lifetime ofthe 2+2 state, extracted from the present study via the fast-timing technique, will be reported, putting onfirm ground the shape-coexistence scenario and revealing structural similarities between 100Zr and 98Sr,for which shape-coexistence has been previously established [6].References[1] P.E. Garrett et al., Prog. Part. Nucl. Phys. 124 (2022) 103931.[2] T. Togashi et al., Phys. Rev. Lett. 117 (2016) 172502.[3] T. Otsuka and Y. Tsunoda, 2016 J. Phys. G: Nucl. Part. Phys. 43 024009.[4] A.B. Garnsworthy et al., Nucl. Instrum. Methods Phys. Res. A, 918 (2019), p. 9.[5] W. Urban et al., Phys. Rev. C 100 (2019) 014319.[6] E. Clément et al., Phys. Rev. Lett. 116 (2016) 022701.
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28Si: spherical, oblate, prolate and superdeformed states?
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Even though in the original naive shell-model proposed 75 years ago [1,2] 28Si would correspond to aspherical nucleus because of the 0d5/2 closure, it has been well established for decades that the 28Siground state is deformed with an oblate shape [3]. In addition, another deformed low-lying rotationalbandhead appears at∼ 7MeV excitation energy, in this case associated with a prolate shape. Further-more, some theoretical calculations predict the appearance of superdeformed prolate states at lowexcitation energies about∼ 13MeV [4].In this talk I will present the main results of a study of the shape coexistence in 28Si [5] with the nuclearshell model using numerical diagonalizations [6] complemented with variational calculations basedon the projected generator-coordinate method [7]. The theoretical electric quadrupole moments andtransitions as well as the collective wavefunctions indicate that the standard USDB interaction in the sdshell describes well the ground-state oblate rotational band, but misses the experimental prolate band.Guided by the quasi-SU(3) model, I will argue that the prolate band can be reproduced in the sd shellby reducing the energy of the 0d3/2 orbital, or, alternatively, in the extended sdpf configuration spaceusing the SDPF-NR interaction, which describes well other Si isotopes. Finally, I will address the possibilityof superdeformation in 28Si within the sdpf configuration space.This work is financially supported by MCIN/AEI/10.13039/5011 00011033 from the following grants:PID2020-118758GB-I00, RYC-2017-22781 through the “Ramón y Cajal” program funded by FSE “El FSEinvierte en tu futuro”, CNS2022-135716 funded by the “European Union NextGenerationEU/PRTR”, andCEX2019-000918-M to the “Unit of Excellence María de Maeztu 2020-2023” award to the Institute ofCosmos Sciences; and by the Generalitat de Catalunya, grant 2021SGR01095.

References[1] M. Goeppert Mayer, Phys. Rev. 75 (1949) 1969.[2] O. Haxel et al., Phys. Rev. 75 (1949) 1766.[3] P. M. Endt, Nucl. Phys. A 633 (1998) 1.[4] Y. Taniguchi et al., Phys. Rev. C 80 (2009) 044316.[5] D. Frycz et al., arXiv:2404.14506.[6] E. Caurier et al., Rev. Mod. Phys. 77 (2005) 427.[7] B. Bally et al., Eur. Phys. J. A 57 (2021) 69.
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The presence of shape coexistence and shape evolution in atomic nuclei is a direct consequence of theirnature of finite many-body quantum systems [1]. The investigation of these phenomena, in particularthe mechanisms allowing their occurrence in specific regions of the nuclear chart and their competitionwith other excitation modes, is fundamental for our understanding of the nuclear residual interaction.Among the many experimental techniques to probe the existence of such phenomena in nuclei [2], thehigh selectivity of transfer reactions can be employed to populate a specific set of states of interest inthe final nucleus and study their properties to look for shape coexistence effects.At the INFN Legnaro National Laboratories one-, two- and multi-nucleon transfer reactions at energiesbetween 5 and 10 MeV/u have been recently employed to study shape coexistence and shape evolutionalong the whole nuclear chart, coupling the AGATA γ-ray tracking array to several ancillary detectors,including the PRISMA magnetic spectrometer and different Silicon detector arrays [3]. In the talk prelimi-nary results of selected recent experiments will be presented, together with possible perspectives on theuse of transfer reactions to pursue this kind of studies with the radioactive ion beams delivered in thenear future by SPES at LNL [4].

References[1] H. Heyde and J. L. Wood, Rev. Mod. Phys. 83 (2011) 1467-1521.[2] P. E. Garrett, M. Zieli«ska and E. Clément, Prog. Part. Nucl. Phys. 124 (2022) 103931.[3] J. J. Valiente-Dobón et al., Nucl. Instrum. Methods Phys. Res., A 1049 (2023) 168040.[4] https://www.lnl.infn.it/en/spes-2/
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Shape coexistence in Cd isotopes studiedwith safe and un-safe Coulombexcitation†
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Mid-shell Cd nuclei were traditionally considered as the best examples of vibrational nuclei. Recentstudies that combined detailed γ-ray spectroscopy with sophisticated beyond-mean-field calculationshad suggested [1,2] that the low-lying 0+ states in 110,112Cd possessed prolate, triaxial, and oblate shapeswith rotational-like bands built upon them. If confirmed, this would have major implications on structuralinterpretations of nuclei in the Z= 50 region, and perhaps beyond. Soon afterwards a similar picturewas suggested for 106Cd [3].During the AGATA campaign at GANIL, Coulomb-excitation data were collected as a byproduct of exper-iments performed at near-barrier beam energies. Notably, the analysis of slightly “unsafe” Coulomb-excitation data on 106Cd, collected during an experiment aiming at lifetimemeasurements in 106,108Sn [4],provides information on the collectivity of the presumably oblate structure built on the 0+

3 state [5].We also performed a campaign of low-energy Coulomb-excitation studies of 110Cd. In combination withcomplementary measurements, we seek to firmly establish the shape of the 0+1,2,3 states through theuse of the rotation-invariant sum rules for E2 transitions. Measurements were performed using variousreaction partners: 14N and 32S beams with EAGLE at HIL UW, 60Ni beam with AGATA at LNL and 110Cdbeam on a 208Pb target with GRETINA at ANL. First results on quadrupole deformation parameters forthe 0+1 and 0+2 states including the non-axiality of the ground state in 110Cd, will be discussed in thecontext of beyond mean-field and the General Bohr Hamiltonian approaches. Future perspectives will beoutlined, including a brief overview of Coulomb-excitation studies addressing shape coexistence in theZ∼ 40 – 50 mass region within the ongoing AGATA campaign at LNL.

References[1] P. Garrett et al., Phys. Rev. Lett. 123 (2019) 142502.[2] P. Garrett et al., Phys. Rev. C 101 (2020) 044302.[3] M. Siciliano et al., Phys. Rev. C 104 (2021) 034320.[4] M. Siciliano et al., Phys. Lett. B 806 (2020) 135474.[5] D. Kalaydjieva , PhD thesis, Universite Paris-Saclay, 2023.
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Coulomb excitation of 110Cd studied with AGATA at LNL
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For several decades, stable even-mass Cd isotopes have been considered to be textbook examples ofmultiphonon spherical vibrators [1] based on the excitation energy pattern of their low-lying states. How-ever, a detailed study of 110In β decay and subsequent beyond-mean-field theoretical calculations [2-5]suggested instead the presence of multiple shape coexistence in 110Cd and 112Cd isotopes. To verify thishypothesis complete sets of transitional and diagonal E2 matrix elements, including their relative signs,are needed. This key experimental information can be obtained by applying the low-energy Coulomb-excitation technique [6].Coulomb excitation of 110Cd using a 187-MeV 60Ni beam was performed at National Institute for NuclearPhysics – Legnaro National Laboratories, Italy [7]. This experiment was a part of a broader programfocused on systematic Coulomb-excitation studies of 110Cd initiated at Heavy Ion Laboratory, Universityof Warsaw, with light beams of 32S [5] and 14N ions [8]. The 60Ni + 110Cd experiment was carried out using11 AGATA triple clusters [9,10] and the particle detection array SPIDER [11] to register back-scattered beamions. SPIDER was placed at laboratory angles ranging from 128 to 160 degrees to enhance the probabilityof multistep Coulomb excitation. In total 20 states of both negative and positive parity were populatedup to 3 MeV of excitation energy, including in particular the 0+3 state at 1731 keV. The on-going analysisfocuses on the extraction of the γ-ray intensities from which a set of electromagnetic matrix elementsin 110Cd will be extracted, including quadrupole moments of excited states. This will yield quadrupoledeformation parameters for the 0+2 and 0+3 states, including the non-axiality parameter γ. Details ofthe experiment performed with AGATA at LNL and selected aspects of the Coulomb-excitation dataanalysis will be presented along with the preliminary results.

References[1] R.F. Casten, Nuclear Structure from a Simple Perspective (Oxford Univ. Press 1990)[2] P.E. Garrett et al., Phys. Rev. C 86 (2012) 044304.[3] P.E. Garrett et al., Phys. Rev. C 101 (2020) 044302.[4] P.E. Garrett et al., Phys. Rev. Lett. 123 (2019) 142502.[5] K. Wrzosek-Lipska et al., Acta Phys. Pol. B51 (2020) 789.[6] M. Zielińska, Low-Energy Coulomb Excitation and Nuclear Deformation, in: The Euroschool on ExoticBeams, vol.VI, S.M. Lenzi and D. Cortina-Gil (eds.) Lecture Notes in Physics 1005, pp. 43-86 (Springer,2022)[7] K. Wrzosek-Lipska et al., INFN-LNL-273 (2023), 24.[8] I. Piętka, MSc. thesis, Unversity of Warsaw, Poland (2023)[9] S. Akkoyun et al., Nucl. Instrum. Methods A668 (2012) 26.[10] J.J. Valiente-Dobón et al., Nucl. Instrum. Methods A1049 (2023) 168040.[11] M. Rocchini et al., Nucl. Instrum. Methods A971 (2020) 164030.
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Study of shape coexistence in Sn isotopes around A=110
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In this contribution, we present our investigation of the shape coexistence phenomenon in Sn isotopesaround A=110, by means of γ-ray spectroscopy and lifetime measurements of low-spin states. Recent ob-servation of axially deformed 0+ states in 64,66Ni isotopes [1,2] suggested the possibility of having similarexcitations in the stable Sn isotopes, across the Z = 50 shell gap, due to analogies in the orbital configu-ration. Such hypothesis is corroborated by Monte Carlo Shell Model (MCSM) calculations, performedwith the interaction of Ref. [3], whose potential energy surfaces of 110−118Sn exhibit a well-separatedprolate secondary minimum, as in the Ni case.Experimentally, several excited 0+ states have been observed in even-even 110−118Sn, mainly via particlespectroscopy (e.g. [4,5]), however limited information on their lifetimes is available. To address thisissue, a series of complementary experiments was carried out by our collaboration between LNL andIFIN-HH, employing the ROSPHERE-SORCERER and the AGATA-PRISMA setup, respectively. In particular,
110,112,114Sn were populated by low-energy multi-nucleon transfer reactions and the plunger methodwas applied to determine the lifetimes of excited states. Preliminary results will be compared with MCSMcalculations, giving an insight into the microscopic mechanism leading to the onset of deformation in thisregion.

References[1] N. Marginean et al., Phys. Rev. Lett. 125, (2020) 102502.[2] S. Leoni et al., Phys. Rev. Lett. 118, (2017) 162502.[3] T. Togashi et al., Phys. Rev. Lett. 121, (2018) 062501.[4] P. Guazzoni et al., Phys. Rev. C 85,(2012) 054609.[5] A. Backlin et al., Nuc. Phys. A351, (1981) 490.
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The goal of our program is to provide a reliable reactor anti-neutrino flux determination with sufficientprecision for studies of the fundamental aspects of lepton physics and to improve understanding of theoperation of nuclear reactors and remote monitoring. Beta-decays of reactor fission products createanti-neutrinos emitted together with associated electrons. Our experiments at ORNL’s High Flux IsotopeReactor (HFIR) will obtain the integral anti-neutrino flux through the measurement of integral electronspectra from neutron-irradiated 235U, and later 239Pu and 241Pu. We are aiming in near 1% precision.Presently, two conflicting measurements of integral electron flux exist. Data from the Institute Laue-Langevin (ILL) 57 MW research reactor (Grenoble, France) were obtained at 4 MW and released in the1980s [1,2] The results from the Kurchatov Institute (KI, Moscow, Russia), obtained with a neutron fluxup to 7 × 106 n/s/cm2, were released in 2021 [3]. These data sets are not consistent with each otherand therefore do not allow for conclusion on the potential new sterile neutrinos that may cause thedeficit of observed anti-neutrinos, the so-called Reactor Anti-neutrino Anomaly (RAA), see [4-6]. Ourproject will use the most powerful US research reactor, 85 MW HFIR and its neutron flux, which exceedsby an order of magnitude the ILL and KI studies. Our U/Pu materials have a purity near 99%, while ILLhad 93% 235UO2. The electron energy resolution of our Si-Ge telescopes discriminating gammas fromelectrons is 7 keV at 1 MeV [7]. This is nearly 17 times better than the KI scintillator and near the ILLdetection resolution. Our electron spectra will be measured directly near the source over the entireenergy range, while in the ILL experiments, the magnetic fields had to be adjusted and corrected for thedifferent energy bins of electrons in the complex spectrometer. Digital data acquisition of Si-Ge signalsis capable to process high rates (over 10 kHz) and will reduce dead time and pile-up effects present inprevious studies. The energy range of measured electron spectra above 10 MeV will match the recentresults of direct anti-neutrino counting at the Daya Bay experiment.We will use HFIR fast pneumatic transfers, moving the samples irradiated near the reactor core to theadjacent detection laboratory, as well as the external neutron beam line CG-1A allowing for longer quasi-equilibrium measurements at 107 n/s/cm2.

References[1] F. von Feilitzsch, A. A. Hahn, and K. Schreckenbach, Phys. Lett. B 118, 162 (1982).[2] K. Schreckenbach et al., Phys. Lett. 160B, 325 (1985).[3] V. I. Kopeikin, M. Skorokhvatov, and O. Titov, Phys. Rev. D 104, L071301 (2021).[4] T. A. Mueller et al., Phys. Rev. C 83, 054615 (2011).[5] G. Mention et al., Phys. Rev. D 83, 073006 (2011).[6] P. Huber, Phys. Rev. C 84, 024617 (2011).[7] P. Quirin for MIRION Technologies (data by M. Lipoglavsek, Josef Stefan Institute, Slovenia).
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The SPES project (Selective Production of Exotic Species) at LNL (Laboratori Nazionali di Legnaro) aims atthe realization of an accelerator facility for research in the fields of Fundamental Physics and Interdisci-plinary Physics with a major part dedicated to Research and Development of innovative radioisotopesfor medical diagnostics and therapies. The status of the project will be given as well as the plans for itscompletion.
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Research activities at CENS and status of RAON
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The low energy accelerator part of the RI beam accelerator facility called RAON delivered a stable 40Arbeam for users this summer. One of the experimental facilities called KoBRA is expected to carry outnuclear structure and nuclear astrophysics experiments in the early phase of RAON. The Center for ExoticNuclear Studies (CENS) at IBS (Institute for Basic Science) was established about 5 years ago to carry outexperiments using stable and RI beams at facilities abroad as well as RAON. Many detector systems andexperimental devices are being developed by CENS. Research activities at CENS and status of RAON willbe introduced.

90



The SHEXI Concept: SuperHeavy Element X-ray Identification
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In this talk, a concept for the next generation of efficient, large-area detection systems at the focal planeof heavy-ion separators such as SHELS [1,2,3] or S3 (Super Separator Spectrometer) [4] will be presented.The objective is to develop a state-of-the-art instrument sensitive to L X-rays (20 - 30 keV) of Superheavyelements. Characteristic X-rays are a fingerprint of the atomic number of a nucleus since the X-ray energyis proportional to the atomic charge Z. The proposed set-up will have sufficient energy resolution todistinguish neighbouring elements and thus unambiguously identify the atomic number of the newlydiscovered superheavy elements. The complete system is expected to offer ten times higher detectionefficiency and a twentyfold improvement in intrinsic resolution compared to SIRIUS [5] at the energies ofinterest.
References[1] A.V. Yeremin et al., EPJ Web of Conference 85 (2015) 00065[2] K. Rezynkina et al., Acta Physica Polonica B 46 (2015) 623-626.[3] A. Popeko et al., Nucl. Instr. and Meth. B: B 376 (2016) 140-143[4] F. Déchery, et al., Nucl. Instr. and Meth. B 376 (2016) 125-130[5] K. Hauschild, SIRIUS Technical Meeting, GANIL 20/X/2016
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DIAMANT at HIL — the NEEDI setup
I. Kuti
on behalf of the DIAMANT and NEEDLE collaborations S

HUN-REN ATOMKI, Debrecen, Hungary
In order to enhance the efficiency of the identification of reaction channels produced via proton oralpha-particle emission the DIAMANT light-charged-particle detector [1-2] was connected to the EAGLEand NEDA [3-5] detector systems for the first time during its commissioning. The combination of thethree detector arrays – NEEDI – has been already used in four experiments during two physics campaignsat HIL.DIAMANT is a light-charged-particle detector system, designed partly and operated by the HUN-RENInstitute for Nuclear Research (HUN-REN ATOMKI, Debrecen, Hungary). Over the past decades, DIAMANThas been effectively integrated with large γ-detector arrays, contributing to various physics projects[6-9]. Recently, the front-end electronics and the mechanical structure of DIAMANT was extensivelyredesigned, the latter allowing for partial- or full-geometry configurations, also employing a pass-throughtarget loader.DIAMANT at HIL includes sixty-four CsI scintillators which are mounted on a flexible PCB around thetarget, and eight detectors on a separate part located further downstream. The signal processing isentirely digital and carried out in NUMEXO2 units [10], using custom firmware. The particle discriminationprocess is carried out in the FPGA units of NUMEXO2.Two experiments in 2023 and two in 2024 were performed successfully [11] with the NEEDI setup, andthree more are scheduled. Performance of the setup during these experiments, also foresight of en-hancements of the NEEDI array will be presented in this contribution.This work was supported by the National Research, Development and Innovation Fund of Hungary (NK-FIH), financed by the project with contract no. TKP2021-NKTA-42 and under the K18 funding scheme withprojects no. K128947 and no. K147010. I.K. acknowledge the support of the International Visegrad Fundunder project no. 62320200.

References[1] J. Sheurer et al., NIM A 385 (1997) 501.[2] J. Gál et al., NIM A 516 (2004) 502[3] J.J. Valiente-Dobòn et al., NIM A 927 (2019) 81[4] G. Jaworski et al., Acta Phys. Pol. 50(3) (2019) 585[5] J. Mierzejewski et al., NIM A 659 (2011) 84[6] J. Timár et al., Phys. Rev. Lett. 122 (2019) 062501[7] B. Cederwall et al., Nature 469 (2010) 68[8] A. Ertoprak et al., The European Physical Journal A volume 56 (2020) 291[9] B. Cederwall et al., Phys. Rev. Lett. 124 (2020) 062501[10] F.J. Egea-Canet et al., IEEE Trans. Nucl. Sci. 62 (3) (2015) 1056[11] M. Palacz et al., HIL Annual Report 2023, in prep.
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Spectroscopy of superheavy nuclei with ANSWERS at TASCA
P. Mosat1, J. Khuyagbaatar1, A. Yakushev1, R. A. Cantemir1, Ch. E. Düllmann1,2,3, E. Jäger1, J. Krier1,
N. Kurz1, B. Schausten1 S
1 GSI Helmholtzzentrum für Schwerionenforschung, Darmstadt, 64291, Germany; 2 Johannes Gutenberg-Universität Mainz, Mainz, 55099, Germany; 3 Helmholtz - Institut Mainz, Mainz, 55099, Germany
The stability of superheavy nuclei (Z ≥ 104) depends strongly on the arrangement of their nucleons inthe nuclear shells. The study of the radioactive decay of these nuclei is essential for exploring the under-lying nuclear structure. Currently, superheavy nuclei can only be produced in heavy-ion-induced fusionreactions with small cross sections, which limits the use of various common experimental techniques fornuclear decay spectroscopy. The implantation/correlation technique is presently the main method usedfor performing nuclear decay spectroscopy experiments with superheavy nuclei [1]. However, despitebeing the state-of-the-art, this technique has certain disadvantages that limit comprehensive measure-ments of radioactive decays, such as a detailed study of alpha-decay fine structure and fission-fragmentmass distributions.A complementary experimental technique for nuclear spectroscopy, named Adsorption-based NuclearSpectroscopy Without Evaporation Residue Signal (ANSWERS), was developed in the SHE Chemistrydepartment at GSI Darmstadt, Germany, in 2020 [2]. The ANSWERS setup was commissioned offline with219Rn and its decay products. The results showed great potential of ANSWERS for measuring low-energyinternal-conversion electrons originating from low-lying excited states, which are barely measurable inimplantation-based setups.The first online campaign with ANSWERS was focused on No isotopes, produced at the gas-filled recoilseparator TASCA.In this talk, ANSWERS will be presented with its commissioning results, including newly obtained spectro-scopic data on the alpha-decay fine structure of 253No.We are grateful for GSI’s the Experimental Electronics department and Target Lab for their continuoussupport of the experimental program at TASCA. We acknowledge the ion-source and UNILAC staff forproviding the stable and high intensity 48Ca beam. The results are based on the experiment U308, whichwas performed at the beam line X8/TASCA at the GSI Helmholtzzentrum für Schwerionenforschung,Darmstadt (Germany) in the frame of FAIR Phase-0.

References[1] S. Hofmann, G. Münzenberg, Rev. Mod. Phys. 72 (2000) 733.[2] J. Khuyagbaatar, A. Yakushev, et al., to be published.
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Collinear laser spectroscopy of U isotopes at IGISOL
A. Raggio 1, M. Block 2,3,4, P. Campbell 5, B. Cheal 6, Ch. E. Düllmann 2,3,4, R. de Groote 7, Á. Koszorús 7,
I. D. Moore 1, I. Pohjalainen 1, L. E. Reed 2, D. Renisch2, J. Warbinek 8 S
1 Department of Physics, University of Jyväskylä, Finland; 2 Department Chemie - Standort TRIGA, Jo-hannes Gutenberg - Universität Mainz, Germany; 3 GSI Helmholtzzentrum für Schwerionenforschung,Darmstadt, Germany; 4 Helmoltz Institute Mainz, Mainz, Germany; 5 Department of Physics and As-tronomy, University of Manchester, Manchester M13 9PL, United Kingdom; 6 Department of Physics,University of Liverpool, Liverpool L69 7ZE, United Kingdom; 7 Instituut voor Kern- en Stralingsfysica, KULeuven, Leuven, Belgium; 8 Experimental Physics Department, CERN, CH1211, Geneva 23, Switzerland
Actinide elements present a wide spectrum of nuclear structure phenomena, and have been the focus ofseveral research programs aimed at developing a detailed picture of this region of the nuclear chart. Forexample, the region presents two unique low-lying isomeric states, 229Th and 235U, the former of whichis considered in the development of a nuclear-based metrology time standard [1]. In addition, theoreticalmodels have predicted the emergence of pronounced reflection-asymmetric (octupole deformed) shapesmoving towards more neutron-deficient isotopes [2].Within this context, laser spectroscopic techniques act as a bridge between nuclear and atomic physics,providing access to information including the evolution of mean-square charge radii through the mea-surement of isotopic shifts in atomic transitions, in addition to nuclear magnetic dipole and electricquadrupole moments via the measurement of hyperfine structure [3].Within the LISA (Laser Ionization and Spectroscopy of Actinides) framework, a research program aimedtowards the study of the nuclear structure of light actinide elements has been implemented at theIGISOL facility [4], at the University of Jyväskylä. High-resolution collinear laser spectroscopy on naturalU isotopes has been performed on 10 transitions in the singly charged ion. New information on atomichyperfine parameters in addition to high precision isotopic shifts has been produced. In parallel, thedevelopment of a gas-cell based production method of a 235mU isomeric beam has been carried out, withthe final aim of performing a collinear laser spectroscopy measurement of the low lying 76-eV isomer.This contribution presents the results of these studies and the continuous development of the collinearspectroscopy setup at the IGISOL facility. The latter includes upgrades of the light collection region andthe use of ultra-short time bunches to further increase the sensitivity of the technique.This project has received funding from the EU Horizon 2020 research and innovation programme undergrant agreement no. 861198-LISA-H2020-MSCA-ITN-2019 as well as from the Academy of Finland underproject number 339245.

References[1] E. Peik et al., Europhysics Letters 61 (2003) 181.[2] Y. Cao et al., Physical Review C 102 (2020) 024311.[3] X. Yang et al., Progress in Particle and Nuclear Physics 129 (2020) 104005.[4] I. D. Moore et al. Hyperfine Interactions 223 (2014) 17-62.
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Shedding Light on Neutron Lifetime Puzzle via the New UnexpectedResult of the Two-Body Decay of Neutrons
Eugene Oks S

Physics Department, 380 Duncan Drive, Auburn University, Auburn, AL 36849, USA
The discrepancy between the averagemeasured lifetime of trapped ultracold neutrons τtrap = (877.75±
0.28stat + 0.22/− 0.16syst) s, this being the latest value from Gonzalez et al (2021), and the averagebeam measured lifetime of neutrons (τbeam = 888.0± 2.0 s) remains unresolved up to now. In 1990Green and Thomson brought up the two-body decay of neutrons (the decay into a hydrogen atom andantineutrino) into consideration. However, the Branching Ratio (BR) for this process, known at that time,was 4× 10−6, thus lacking over 3 orders of magnitude for the quantitative explanation of the neutronlifetime puzzle. In the present paper we bring to the attention of the research community that with theallowance for the second solution of Dirac equation for hydrogen atoms (whose existence is evidenced byfour different types of atomic/molecular experiments and by astrophysical observations), the theoreticalBR is increased by a factor of 3300: the theoretical BR becomes (1.3 ± 0.3)%. This is in the excellentagreement with “experimental” BR = (1.15± 0.27)% required for reconciling the above τtrap and τbeam.Thus, it seems that the above two-body decay of neutrons in the beam experiments (that count only theprotons) solves the neutron lifetime puzzle completely. I also show that the two-body decay of neutronshas profound cosmological implications. Namely, it is the mechanism by which neutron stars are slowlybut continuously producing baryonic dark matter – in the form of hydrogen atoms, corresponding to thesecond solution of Dirac equation (the atoms having only the s-states, so that due to the selection rulesthey practically do not couple to the electromagnetic radiation) – and this process goes on at the presenttime as well.
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Search for Beyond Standard Model physics at the ESS in Lund
A. Kozela for the HIBEAM/NNBAR collaboration S

Institute of Nuclear Physics in Kraków, Poland
Substantial progress in the quality of cold neutron beams, expected with approaching commissioning ofEuropean Spallation Source (ESS) in Lund, Sweden, creates a unique opportunity to set new limits onmanybeyond Standard Model processes, addressing the most basic questions of contemporary fundamentalphysics, like matter-antimatter asymmetry of the universe, or Dark Matter problem. A collection ofmeasurements is proposed by international HIBEAM/NNBAR collaboration [1], with the ultimate goalto search for the first signature of Baryon Number Violation process or to improve the current limit ofexperimental sensitivity to neutron-antineutron oscillation by three orders of magnitude. As a first steptowards large scale experimental facility, required to accomplish this goal, a small scale setup will becreated and applied for the search of axion or axion-like-particles. The application of a new experimentalprinciple should allow for an improvement for sensitivity to axion coupling strength to the neutron spinby more than three orders of magnitude, for a wide range of proposed axion masses.

References[1] A. Addazi et al., J. Phys G: Nucl. Part.Phys 48 (2021) 070501.

96



Search for a neutron dark decay in 6He
H. Savajols1, M. Le Joubioux1, W. Mittig2,3, X. Fléchard4, L. Hayen4,5 S
1 Grand Accélérateur National d’Ions Lourds (GANIL), CEA/DRF-CNRS/IN2P3, Bd. Henri Becquerel, 14076Caen, France; 2 Facility for Rare Isotope Beams, Michigan State University, East Lansing, Michigan 48824,USA; 3 Department of Physics and Astronomy, Michigan State University, East Lansing, Michigan 48824,USA; 4 Université de Caen Normandie, ENSICAEN, CNRS/IN2P3, LPC Caen UMR6534, F-14000 Caen,France; 5 Department of Physics, North Carolina State University, Raleigh, 27607 North Carolina, USA
Neutron dark decays have been suggested as a solution to the discrepancy between bottle and beamexperiments, providing a dark matter candidate that can be searched for in halo nuclei. The free neutronin the final state following the decay of 6He into 4He+ n + χ provides an exceptionally clean detectionsignature when combined with a high efficiency neutron detector. We will report on on the results of anexperiment performed at GANIL using the unique neutron detector TETRA and the high-intensity 6He+beam. A search for a coincident neutron signal resulted in an upper limit on a dark decay branching ratioof Brχ ≤ 4.0 × 10−10 (95% C.L.). Using the dark neutron decay model proposed originally by Fornaland Grinstein [1], we translate this into an upper bound on a dark neutron branching ratio ofO(10−5),improving over global constraints by one to several orders of magnitude depending onmχ [2].

References[1] B. Fornal and and B. Grinstein, Phys. Rev. Lett. 120 (2018) 191801.[2] L. Lejoubioux et al., Phys. Rev. Lett. 132 (2024) 132501.
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Isospin Symmetry Breaking Studied with Nucleon Knockout Reactions
R. Yajzey1,2∗, M.A. Bentley2, E.C. Simpson3, T. Haylett2, S. Uthayakumaar2, D. Bazin4,5, J. Belarge4,
P.C. Bender4, P.J. Davies2, B. Elman4,5, A. Gade4,5, H. Iwasaki4,5, D. Kahl6, N. Kobayashi4, S.M. Lenzi7,
B. Longfellow4,5, S. J. Lonsdale6, E. Lunderberg4,5, L. Morris2, D.R. Napoli8, X. Pereira-Lopez2,
J.A. Tostevin9, F. Recchia4,7, R. Wadsworth2, D. Weisshaar4 S
1 Jazan University, Jazan, Saudi Arabia; 2 University of York, York, United Kingdom; 3 The AustralianNational University, Canberra, Australia; 4 National Superconducting Cyclotron Laboratory, Michigan,USA; 5 Michigan State University, Michigan, USA; 6 University of Edinburgh, Edinburgh, United Kingdom;
7 Dipartimento di Fisica e Astronomia dell’Università and INFN, Sezione di Padova, Padova, Italy; 8 INFN,Laboratori Nazionali di Legnaro, Legnaro, Italy; 9 University of Surrey, Surrey, United Kingdom; ∗ speaker
The concept of isospin symmetry in nuclear physics is rooted in the exchange symmetry that existsbetween protons and neutrons. This symmetry serves as a valuable method in comprehending thestructure of nuclei on both sides of the N = Z line. Moreover, it provides a means to extrapolatethe behavior of nuclei near the proton-drip line. Examining Isobaric Analogue States (IASs) provides anavenue for investigating interactions that have the potential to break isospin symmetry [1]. The techniqueof mirrored one-nucleon knockout reactions was applied, in which the Tz = ±2mirror pair, 48Fe/48Tiwere populated via one-neutron/one-proton knockout from the secondary beams 49Fe/49V, respectively.Isospin symmetry is investigated by analyzing mirror energy differences (MED) within the f7/2 shell,focusing on mirror nuclei with T = 2, A = 48. MED in this mass region are shown to be especially sensi-tive to excitations out of the shell, presenting a stringent test of the shell-model approach. Additionally,data obtained from analogous reactions have the potential to contribute to discussions regarding thesuppression of spectroscopic strength in knockout reactions [2]. The experiment was conducted at theNational Superconducting Cyclotron Facility (NSCL) using the A1900 separator and the S800 spectrographto discover novel excited states in the exotic, proton-rich nucleus 48Fe (Tz =−2) [3]. The mirror nucleiof interest were produced via mirrored one-nucleon knockout reactions, where the radioactive beamswere selected by the A1900 fragment separator and then directed onto a 9Be target. The resulting γ-rayswere detected by the tracking array, GRETINA. The results from the analysis of A = 48 will be presented,including a new level scheme of the proton-rich nucleus 48Fe, a mirror-energy difference analysis, andthe latest theoretical predictions. In addition, the results of inclusive and exclusive one-nucleon removalcross sections for the populated states in the 48Ti/48Fe mirror pair will be discussed and compared withresults from reaction-model calculations.

References[1] M. A. Bentley and S. M. Lenzi, Progress in Particle and Nuclear Physics 59 (2007) pp.497-561.[2] J. A. Tostevin and A. Gade, Phys. Rev. C 90 (2014) pp. 1-4.[3] R. Yajzey, M. A. Bentley et al., Phys. Lett. B 823 (2021) pp. 136757.
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Persistent vibrational structure and symmetry in 110−116Cd
A. Leviatan S

Racah Institute of Physics, The Hebrew University, Jerusalem 91904, Israel
The cadmium isotopes (Z = 48) since long have been considered as textbook examples of spherical-vibrator nuclei and U(5) dynamical symmetry. On the other hand, detailed studies, using complemen-tary spectroscopic methods, have provided evidence for marked deviations from such a structuralparadigm [1,2]. Previous attempts to explain the observed discrepancies in E2 decays relied on strongmixing between vibrational and intruder states and ultimately proved unsuccessful. Two approacheshave been proposed to address these unexpected findings. The first questions the spherical-vibrationalcharacter of the 110,112Cd isotopes, replacing it with multiple shape coexistence of states in deformedbands, a view qualitatively supported by a beyond-mean-field calculation with the Gogny D1S energydensity functional [3,4]. A second approach is based on the recognition that the reported deviationsfrom a spherical-vibrator behavior show up in selected non-yrast states, while most states retain theirvibrational character. In the terminology of symmetry, this implies that the symmetry in question isbroken only in a subset of states, hence is partial [5]. Such a U(5) partial dynamical symmetry (PDS)approach was applied to 110Cd [6].In the present contribution, we show that the empirical data in 110−116Cd is consistent with a vibrationalinterpretation and good U(5) symmetry for the majority of low-lying normal states, coexisting with asingle deformed γ-soft band of intruder states. The observed deviations from this paradigm are properlytreated by an Hamiltonian with U(5) PDS acting in the sector of normal states, which are weakly coupledto SO(6)-like intruder states [7]. The results demonstrate the relevance of the U(5) PDS notion to thisseries of isotopes.This work was done in collaboration with J.E. García-Ramos (Huelva), N. Gavrielov and P. Van Isacker(GANIL).

References[1] P. E. Garrett, K. L. Green and J. L. Wood, Phys. Rev. C 78 (2008) 044307.[2] P. E. Garrett, J. Bangay, A. Diaz Varela, G. C. Ball et al., Phys. Rev. C 86 (2012) 044304.[3] P. E. Garrett, T. R. Rodríguez, A. D. Varela et al., Phys. Rev. Lett. 123 (2019) 142502.[4] P. E. Garrett, T. R. Rodríguez, A. Diaz Varela et al., Phys. Rev. C 101 (2020) 044302.[5] A. Leviatan, Prog. Part. Nucl. Phys. 66 (2011) 93.[6] A. Leviatan, N. Gavrielov, J. E. García-Ramos and P. Van Isacker, Phys. Rev. C 98 (2018) 031302(R).[7] N. Gavrielov, J. E. García-Ramos, P. Van Isacker and A. Leviatan, Phys. Rev. C 108 (2023) L031305.
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The quadrupole moment of the first 2+ state and the B(E2) value of the
4+ to 2+ transition in 110Sn from safe Coulomb excitation
J. Cederkall1, J. Park2, A. Lopez1, K. Wrzosek-Lipska3 and J. Iwanicki3

for the IS562 collaboration S
1 Lund university; 2 Institute for Basic Science; 3 Heavy Ion Laboratory
The observed deviation between the experimental B(E2) values for the excitation of the first 2+ -state inthe light even-even Sn isotopes and the corresponding theoretical prediction has lacked a satisfactoryexplanation since the first B(E2) measurements were carried out for these isotopes now more than10 years ago [1-3]. In relatively recent work [4] it has been suggested that additional experimentalinformation regarding the quadrupole moment of the 2+ - state may shed further light on this issue.Such measurements have, however, presented a significant experimental challenge, not least for thecomparatively low-intensity radioactive beams of semi-magic nuclei that are of interest in this case.In this presentation we will give the first results for the quadrupole moment, Q(2+1 ), including its sign andmagnitude, in 110Sn from a safe-energy Coulomb excitation experiment, using a 110Sn beam at 4.4 MeV/uon a 4-mg/cm2 206Pb target, at HIE-ISOLDE, CERN. The emitted gamma rays were detected using theMiniball HPGe spectrometer. In addition, the lifetimes of the 2+1 and 4+1 states were investigated using anindependent method where the observed line shape is used in combination with a GEANT4 simulation.The method will be detailed, and the new results will be compared to theory.

References[1] J. Cederkall et al., Phys. Rev. Lett. 98, 172501 (2007).[2] A. Ekstrom et al. Phys. Rev. Lett. 101, 1 (2008).[3] C. Vaman et al., Phys. Rev. Lett. 99, 162501 (2007).[4] T. Togashi et al., Phys. Rev. Lett. 121, 052601 (2018).
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Measurement of double alpha decay of 224Ra at the FRS Ion Catcher
H.Wilsenach3,6, M. Simonov3,12, L. Heitz9,13, T. Dickel2,3, M. P. Reiter1, D. Amanbayev3,12, S. Ayet8,2,1,
T. Davinson1, O. Hall1, E. Khan13, D. J. Morrissey4, I. Pohjalainen2, C. Theisen9, N. Tortorelli2,5,
L. Varga1,2, J. Yu2, J. Zhao2, S. Beck2, J. Bergmann3, Z. Ge2, H. Geissel2,3, C. Hornung2, N. Kalantar-
Nayestanaki10, G. Kripko-Koncz3,12, I.Mardor6,7, M.Narang10,2,W. R. Plaß2,3, C. Scheidenberger2,3,12,
S. K. Singh2, A. State11, M. Vandebrouck9, P. J. Woods1, FRS Ion Catcher Collaboration S
1School of Physics and Astronomy, University of Edinburgh, Edinburgh, EH9 3FD, UK; 2GSI Helmholtzzen-trum für Schwerionenforschung GmbH, 64291 Darmstadt, Germany; 3II. Physikalisches Institut, Justus-Liebig-Universität Gießen, 35392 Gießen, Germany; 4Dept. of Chemistry, Michigan State University, EastLansing, Michigan, USA 48824; 5Ludwig-Maximilians-Universität München, Germany; 6School of Physicsand Astronomy, Tel Aviv University, 6997801 Tel Aviv, Israel; 7Soreq Nuclear Research Center, 81800 Yavne,Israel; 8University Valencia, 46010 Valencia, Spain; 9Irfu, CEA, Université Paris-Saclay, 91191 Gif-sur-Yvette,France; 10Nuclear Energy Group, ESRIG, University of Groningen, Zernikelaan 25, 9747 AA, Groningen, theNetherlands; 11Extreme Light Infrastructure-Nuclear Physics (ELI-NP), ‘Horia Hulubei’ National Institutefor R&D in Physics and Nuclear Engineering, Str. Reactorului 30, 077125 Bucharest-Măgurele, Romania;
12Helmholtz Research Academy Hesse for FAIR (HFHF), GSI Helmholtz Center for Heavy Ion Research,Gießen, 35392, Germany; 13IJCLab, Université Paris-Saclay, CNRS/IN2P3, 91405 Orsay Cedex, France
In nature, two particles of the same type are emitted together in various decays. Double beta decay,double gamma decay, and simultaneous emission of two protons or two neutrons have been observed.Double alpha decay has been predicted but never observed due to its expected small branching ratio.Recent work by F. Mercier et al. [1] and J. Zhao et al. [2] predicted that not only is the symmetrical doublealpha decay more probable than the decay via the emission of 8Be [3], but also that the branching ratioshould be accessible by current measurement techniques (BR ∼ 3× 10−8 [2] for 224Ra).An experiment to measure this branching ratio was performed at the FRS Ion Catcher [4] at GSI, utilisingthe thermalisation of 228Th alpha recoils in the cryogenic stopping cell (CSC). After extraction from theCSC, the 224Ra2+ ions were transported and filtered using a system of radio-frequency quadrupoles(RFQs), resulting in a pure beam of 224Ra2+. The 224Ra beam was then implanted in a 10 µg/cm2 carbonfoil in the centre of a decay apparatus based on two double-sided silicon strip detectors (DSSD) thatrecorded the position, the time and the energy of each alpha particle. Since the experiment was donewith a radioactive source instead of a nuclear reaction at an accelerator, data-taking over a long periodwas possible, and more than 109 224Ra decays were observed.This talk will focus on the design and setup of the experiment, including Monte Carlo simulations, andwill conclude with some preliminary results.

References
[1] F. Mercier et al., Phys. Rev. Lett. 127 (2021) 012501[2] J. Zhao et al., Phys. Rev. C 107 (2023) 034311[3] V. I. Tretyak, National Academy of Sciences of Ukraine, 22 (2021) 2, 12[4] L. Varga et al. NIM A 1063 (2024) 169252
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Candidates for three-quasiparticle high-K isomers in even-oddFm-Ds 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 NationalCentre for Nuclear Research, Pasteura 7, 02-093 Warsaw, Poland
During my presentation, I will discuss our preliminary findings from the search for candidates for three-quasiparticle (3-q.p.) high-K isomers in the range of even-odd Fm-Ds nuclei with N=141-147. Theseinvestigations serve as a follow-up to our recent study, which focused on odd-even Md-Rg nuclei [1]. Thesignificant axially symmetric deformation predicted in this region, both in the ground and excited states,establishes K as a "good quantum number." The experimental observation of isomers such as 253,255No[2,3] and 255,257Rf [4,5] offers the chance to compare our results with empirical data. Additionally,the progressively growing number of spectroscopic studies in this area gives hope for validating ourpredictions in the near future.Our analysis is performed within the macroscopic-microscopic approach based on the Yukawa-plus-exponential macroscopic energy [6] and the deformed Woods-Saxon single-particle potential [7]. Allparameters of the model, well-tested during many years in the region of the heaviest nuclei, are keptunchanged. Energies for ground-states and 2π1ν 3-q.p configurations are found by minimization withrespect to four axially- and reflection-symmetric deformations. These are: β2, β4, β6, and β8 in thetraditional expansion of the nuclear radius vector into a series of spherical harmonics. The criterion forselecting candidates is based on the search for exceptionally low-lying high-K 3-q.p configurations. Themore precise determination of whether a candidate would be a true isomer in the context of hinderedelectromagnetic decay seems almost impossible at the current state of the theory.

References[1] P. Jachimowicz, M. Kowal, and J. Skalski, Phys. Rev. C 108 (2023) 064309.[2] A. Lopez-Martens et al., Nucl. Phys. A 852 (2011) 15.[3] A. Bronis et al., Phys. Rev. C 106 (2022) 014602.[4] J. Khuyagbaatar et al., Nucl. Phys. A 994 (2020) 121662.[5] J. Rissanen et al., Phys. Rev. C 88 (2013) 044313.[6] H. J. Krappe, J. R. Nix, and A. J. Sierk, Phys. Rev. C 20 (1979) 992.[7] S. Ćwiok et al., Comput. Phys. Commun. 46 (1987) 379.
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Probing the N=152 neutron shell gap by laser spectroscopy of fermiumisotopes
J.Warbinek1,2,3,∗, E. Rickert1,2,3, SebastianRaeder1,3, ThomasAlbrecht-Schönzart4, BrankicaAndelic1,3,5,
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Understanding the extremes of nuclear structure and determining the limits of nuclear stability is aforefront topic in nuclear physics research [1]. The very existence of nuclei with proton numbers Z ≥100is only due to quantum-mechanical shell effects, stabilizing them against spontaneous fission, and alsoimpacting their shape and size. With recent mass measurements, the long-known shell gap atN = 152[2] and the corresponding enhancement in nuclear stability in a region of strong prolate deformationcould be confirmed [3,4]. Yet, the information on nuclear structure characteristics in the realm of theheaviest elements remains scarce due to limited production capabilities and challenging predictions bystate-of-the-art nuclear models.Laser spectroscopy constitutes a powerful tool to extract information on the nuclear shell structure,expressed in ground-state properties as the mean-square charge radius, the nuclear spin and moments[5,6]. The application of this method to the heaviest actinide elements and beyond however remainschallenging, due to atom-at-a-time production yields, short half-lives and sparse to yet non-establishedinformation on atomic levels. The recent experimental identification of atomic states in nobelium(Z = 102) with the RADRIS method constitutes a gateway to new laser spectroscopy studies in thisregion [7].Recent advancements towards new production schemes and an increased sensitivity of the RADRISmethod allowed the first on-line laser spectroscopy investigations of fermium (Fm, Z = 100) isotopes. Bycombining on-line and off-line laser spectroscopy techniques and various production methods, isotope
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shifts in an atomic transition were determined for eight isotopes ranging from the accelerator-produced
245Fm to the reactor-bred 257Fm. The investigated chain spanning over both sides of the weak deformedshell gap atN = 152 allowed probing its imprint on changes in the mean-square charge radii.In this contribution, the experimental results, interpreted by several nuclear DFTmodels, will be discussed.A diminishing impact of the shell gap on this observable was identified, contrary to observations inlighter nuclei and to the clear imprint found in other observables as nuclear binding energies [3]. Theseobservations will trigger new developments in theoretical models which will eventually improve theirpredictive power in the heavy elements for further and more sensitive nuclear structure effects.
References[1] O. Smits et al., Nat. Rev. Phys. 6 (2024) 86-98.[2] L. Buskirk et al., Phys. Rev. C 109 (2024) 044311.[3] E. Minaya Ramirez et al., Science 337 (2012) 1207-1210.[4] C. Theisen et al., Nucl. Phys. A 944 (2015) 333-375.[5] X. Yang et al., Prog. Part. Nucl. Phys. 129 (2022) 104005.[6] M. Block et al., Prog. Part. Nucl. Phys. 116 (2021) 103834.[7] M. Laatiaoui et al., Nature 538 (2016) 495-498.
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Quo vadis SHE?Where do we go? – Where can we go?
D. Ackermann
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GANIL, CEA/DRF-CNRS/IN2P3, 14076 Caen, France
When Marie Skłodowska-Curie extracted, from uranium ore in pitchblende, the chemical elementspolonium (Z = 84) and radium (Z = 88) at the end of the 19th century, the first elements in the gapbetween the heaviest stable isotopes 208Pb (and the extremely long-lived 209Bi) and the primordialnuclides 234Th and 235,238U, she started a race which is still now, after more than a century in the focusof scientific activities worldwide. Now the gaps between uranium and bismuth are filled and the Segréchart of nuclei has been extended up to Z= 118 (oganesson). Beyond the sheer discovery or synthesis ofnew chemical elements, more and more details on the atomic and nuclear properties of those exoticnuclear matter objects are being revealed. We start to gather more and more information on propertieslike exotic deformations, metastability, single-particle configurations and decay mode competition atthe edge of stability, prone to guide the scientific community towards the long sought-for “island ofenhanced stability”.
New experimental techniques, including atomic physics methods and successful developments of ac-celerator technology, providing highest beam intensities, nurture the hope to extend the experimentalactivities substantially, towards even higher atomic numbers as well as to the borders in terms of proton-neutron ratio. The promising prospects encouraged substantial efforts, financial and in man power, whichare invested to upgrade existing facilities and to construct new installations all over the globe, in France,Russia, Japan, Germany, the USA and China. In my presentation I will follow the story of superheavyelement research in its historical context starting from the very early days end of the 18-hundreds,through the 20th century with the discovery and synthesis in the various phases [1] often connectedwith surprising stories, up the recent findings in the second millennium. I will try to illustrate thosestate-of-the-art findings of the last decades, providing a glimpse of the fascinating physics expected inthe region of enhanced stability which we hope to finally reach in the decade(s) to come.
References[1] D. Ackermann and Ch. Theisen, Phys. Scripta 92, (2017) 083002.
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Collectivity from first principles
Anna E. McCoy1, Patrick J. Fasano1, Mark A. Caprio
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The beryllium isotopic chain is a microcosm of collective phenomena including rotational dynamics,shape coexistence, parity inversion and intruder states. These phenomena emerge in ab initio no-coreshell model (NCSM) calculations for which the only input is the inter-nucleon interaction [1,2,3]. With theNCSM predictions in reasonable agreement with experiment, we now have access to the underlying wavefunctions, which allows us to probe correlations and symmetries that give rise to collective behavior. In thistalk, I highlight emergent rotational bands in 10−14Be and delve into the emergence of an approximateElliott SU(3) symmetry associated with nuclear rotations and deformations. I will also discuss the impactof collectivity on effective single particle structure.
References[1] M. A. Caprio et al., Bulg. J. Phys. 49 (2022)057066.[2] M. A. Caprio et al., Eur. Phys. J. A 56 (2020) 120.[3] P. Maris et al., Phys. Rev. C 91 (2015) 014310.
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Advances in Charge-Exchange Reactions with Rare Isotope Beams
R.G.T. Zegers1,2
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2 Facility for Rare Isotope Beams, Michigan State University, East Lansing, USA
Over the past two decades significant advances in the development of charge-exchange experiments withrare-isotope beams have been made. They include two types: i) experiments in which the rare-isotopebeams contain the nuclei to be probed, such as in the (p,n) charge-exchange experiments in inversekinematics, and ii) experiments in which the rare-isotope beams serve as the probe, such as the (t,3He)charge-exchange reaction in forward kinematics.
Very recently, the first type of charge-exchange experiments has been complemented by the (d,2He)reaction, which utilizes an active-target time-projection chamber, for detecting the two protons of the
2He system, and a magnetic spectrograph, for collecting the residual particles from the reaction. Atpresent, this new tool is the only one available for measuring β+ Gamow-Teller strengths in neutron-richunstable nuclei for the purpose of constraining electron-capture rates of importance for astrophysicalscenarios. In the first successful experiment, the 14O(d,2He) and 13N(d,2He) reactions were studied.
For the second type of charge-exchange experiments, new heavy-ion probes can be utilized to isolatespecific spin-isospin responses that are otherwise difficult to disentangle. For example, the (10Be,10B)reaction, in combination with in-beam γ-ray spectroscopy from photons emitted by the excited 10Bnucleus, can be utilized to isolate separately, in one experiment, the∆S = 0 and∆S = 1 responses.This is particularly useful for identifying isovector (spin-transfer) giant monopole resonances, whichprovide important insights into the bulk isovector properties of nuclear matter.
Both types of experiments benefit strongly fromhigh-intensity rare-isotope beams available at current andfuture state-of-the-art rare-isotope beam facilities. In this presentation, an overview of recent advancesof, and opportunities with charge-exchange reactions with rare-isotope beams will be provided.
This work is supported by the US National Science Foundation PHY-2209429, “Windows on the Universe:Nuclear Astrophysics at FRIB"
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News on masses of rare isotopes
V. Manea1
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1Université Paris-Saclay, CNRS/IN2P3, IJCLab, 91405 Orsay, France
Masses of rare isotopes are among the primary observables driving the exploration of nuclear structuretowards the limits of the nuclear chart [1]. Although providing a single experimental input for mostnuclei, with the addition of only some isomeric states, the atomic mass represents via its trends withproton and neutron number a key benchmark of nuclear models and an important indicator of structuralevolution. In recent years, mass-measurement techniques deployed at different radioactive ion-beamfacilities have made enormous progress in sensitivity and resolution to cope with even lower productionrates and larger contamination ratios. These developments have allowed new explorations of nuclearshell closures far from stability, with notable advances alongN = 50 andN = 82. Combined efforts atdifferent facilities have also closed in on 78Ni and 100Sn, while important progress has been made acrossthe nuclear chart in the measurement of low lying isomeric states. This contribution will present recentadvances in the mass measurement of rare isotopes, including some highlight results. Current directionsof research and a few perspectives for studies with exotic isotopes will also be discussed.
References[1] T. Yamaguchi, H. Koura, Yu. A. Litvinov, M. Wang, Prog. Part. Nucl. Phys. 120 (2021) 103882.
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The recoil distance Doppler-shift technique: a valuable method fornuclear structure studies far from the valley of stability
Christoph Fransen1, Andrey Blazhev1, Felix Dunkel1, Jan Jolie1, Casper-David Lakenbrink1, Claus Müller-
Gatermann2, Richard Novak1, Franziskus von Spee1 S
1 Institute for Nuclear Physics, University of Cologne; 2 Argonne National Laboratory, Lemont, Illinois,USA;
Besides the level schemes, absolute transition strengths between excited states yield fundamentalinformation on nuclear structure. The determination of the latter from level lifetimes measured with therecoil distance Doppler-shift (RDDS) technique employing so-called plunger devices [1] has been in thefocus of our Cologne group since many years. The RDDS technique provides a very valuable method forthe determination of lifetimes in the picosecond range.
In this presentation, special emphasis is paid to the evolution of the shell structure and collectivity inexotic nuclei derived from investigations with the RDDS technique. We concentrate on the study of (i)shape coexistence in neutron deficient nuclei in the A=180 region and a structural change towards veryneutron deficient nuclei that is not understood so far from theory, (ii) neutron rich nuclei in the A=40-50region with respect to the evolution and possible weakening of the N=28 shell closure, (iii) search forshape coexistence in Te isotopes around neutron midshell (N=66).
We will also give a brief overview of the latest developments of the RDDS technique. This includes boththe realization of the new sophisticated spectrometer CATHEDRAL at Cologne for lifetime measurementsand the application of the RDDS technique for very different recoil velocities of the reaction productsranging from few percent of the speed of light up to relativistic conditions with v/c ≈ 60%. The related,newly developed plunger devices designed for the use at different facilities, including the state-of-the-artradioactive beam facility FRIB and at FAIR in the future, are also presented.
Funded by the German Research Foundation DFG, grant Nos. FR 3276/2-1, FR 3276/3-1 and INST 216/988-1FUGG.
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B(E2) measurements of heavyN = Z nuclei at FRIB
M.A. Bentley1, R. Taniuchi1, R. Wadsworth1, E21034 FRIB Collaboration2 S
1 School of Physics, Engineering and Technology, University of York, Heslington, York YO10 5DD, UnitedKingdom; 2 Collaboration team for FRIB experiment E21034, April 2023
The latest results on the measurement, at FRIB, of theB(E2) for the decay of the first excited state in
N = Z 88Ru will be presented. This is the heaviestN = Z system for which such a measurement hasbeen made.
Crucial questions remain unanswered in the heaviest accessible region ofN = Z nuclei, where both theneutron and proton Fermi levels are locatedwell inside the g 9

2
region. The details of how collectivity varies

forN = Z nuclei between 56Ni and 100Sn, and the location, and extent, of the maximum collectivitypresents a demanding test of our best nuclear-structure models - see e.g. [1]. The reduced transitionprobability B(E2 : 2+1 → 0+1 ) remains one of the most sensitive probes of quadrupole collectivityand can provide an indication of nuclear deformation. To date the heaviestN = Z systems, for which
B(E2 : 2+1 → 0+1 ) have been measured, are 78Y (odd-odd) and 80Zr (even-even) [2]. The resultsdemonstrate the presence of rapidly changing nuclear collectivity with the addition of nucleons beyondmass 70. This work also highlighted an apparent staggering between the B(E2 : 2+1 → 0+1 ) valuesconnecting T = 0 states in even-evenN = Z nuclei and T = 1 states in odd-oddN = Z nuclei - thelatter being systematically smaller than the former. A second issue of much contemporary significancein this region is whether N = Z nuclei are likely to show clear evidence for isoscalar (T = 0, J > 0)np-pairing correlations [3]. A measurement of theB(E2 : 2+1 → 0+1 ) can potentially shed light on theseissues. For example, calculations [4] suggest that T = 0 np pairing plays an important role in both theevolution of the moments of inertia in theN = Z nucleus 88Ru and the absolute value of the predicted
B(E2 : 2+1 → 0+1 ). Indeed, the structure of the 88Ru yrast band exhibits a delayed rotational alignment[5] which has been interpreted in terms of the presence of such isoscalar np pairing.
The experiment was performed in April 2023 at FRIB. A 250 MeV/u 124Xe beam was used to producefragmentation beams of 88Tc and 89Ru, separated using the new ARIS spectrometer at FRIB. Final frag-ments were identified using the S800 spectrometer, with γ rays recorded using GRETINA. The TRIPLEXplunger device was utilised in order to determine the lifetimes, and henceB(E2 : 2+1 → 0+1 ) values, fortheN = Z nuclei 88Ru and odd-odd 86Tc. The first results for the measuredB(E2 : 2+1 → 0+1 )s will bepresented and compared with state-of-the-art shell-model and DFT calculations.
References[1] K. Kaneko, Y. Sun and T. Mizusak, Phys. Rev. C 97 (2021) 054326.[2] R. D. O.Llewellyn, M. A. Bentley, R. Wadsworth et al, Phys. Rev. Lett. 124, (2020) 152501.[3] S. Frauendorf and A.O. Macchiavelli, Prog. in Part. and Nucl. Phys. 78, (2014) 24.[4] K. Kaneko et al, Nucl. Phys. A, 957, (2017) 144-153.[5] B. Cederwall et al., Phys. Rev. Lett. 124, (2020) 062501.
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Nuclear Structure at Finite Temperature and the Electric Dipole Oscilla-tions: overview and open problems
Angela Bracco
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Dipartimento di Fisica Università di Milano, INFN sez. Milano and Centro Fermi (Roma)
Relevant aspects of the research concerning the Giant Dipole Resonances (GDR) built on excited statesare reviewed. The extensive experimental and theoretical work done on the gamma decay of the GDRin hot rotating nuclei has allowed to investigate the properties of nuclear matter at finite temperatureand how the damping mechanisms of this collective vibration evolve with temperature and angularmomentum. The general finding is that the intrinsic width is not affected by the temperature. Anotherquantity found to be independent of temperature is the Coulomb mixing of states with different isospinvalues. This resulted in specific experiments in which the GDR decay was able to probe the isospin mixing,particularly in the mass region 60-80. Experiments presently being made and/or planned concern thesearch for the pygmy resonance at finite temperature and the gamma decay of the GDR of very heavyfissioning nuclei and in nuclei at extreme deformations (superdeformed, hyperdeformed and Jacobitypes). These issues will be briefly discussed in view of the new experiments which are needed to pindown the effects of extreme deformations on the GDR response.
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Evidence for a toroidal electric dipole mode in nuclei
P. von Neumann-Cosel
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Institut für Kernphysik, Technische Universität Darmstadt, Germany
A toroidal electric dipole resonance has been predicted as generic feature of nuclei like the isovector andisoscalar giant dipole resonances. I present first experimental evidence for a low-energy toroidal electricdipole mode in the nucleus 58Ni based on a combined analysis of high-resolution (p,p′), (γ, γ′) and (e,e′)experiments [1]. Large transverse electron scattering form factors are identified as a unique signature ofthe toroidal nature of E1 transitions [2]. Although 58Ni is a nucleus withN ≈ Z, these results might bearimportant implications for the nature of the pygmy dipole resonance (PDR) in heavy nuclei with neutronexcess [3]. The toroidal excitations carry the same experimental signatures as the states forming the PDR:large isovector response (on the scale of low-energy E1 strength), strong isoscalar response and largeground-state branching ratios. QRPA models successfully describing the toroidal mode in 58 Ni predictthe PDR in heavy nuclei to be of toroidal nature [4] and also reproduce the specific form of transitiondensities of the PDR associated with neutron skin oscillations [5]. These findings challenge a neutronskin oscillation interpretation of the PDR.

References[1] I. Brandherm et al., arXiv:2404.15906.[2] P. von Neumann-Cosel et al., arXiv:2310.04736.[3] A. Bracco, E.G. Lanza and A. Tamii, Prog. Part. Nucl. Phys.126 (2019) 360.[4] A. Repko et al., Eur. Phys. J. 55 (2019) 242.[5] E.G. Lanza et al., Prog. Part. Nucl. Phys. 126 (2023) 104006.
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Properties of Pygmy Dipole Strength from Theoretical Perspective
N. Paar
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Department of Physics, Faculty of Science, University of Zagreb, Croatia
The study of pygmy dipole strength (PDS) provides crucial insight into the nature of low-energy dipoleexcitations observed in neutron-rich nuclei and predicted in proton-rich nuclei [1]. Their properties havebeen extensively studied due to possibility for the formation of the pygmy dipole resonance (PDR), anexcitation soft mode governed by dominant transitions from weakly bound neutrons. Over the pasttwo decades, a variety of theoretical approaches have been developed and applied in analyses of thePDS (detailed list of references is given in [2]). In particular, these include macroscopic models, shellmodel, and various models based on nuclear energy density functional theory (EDF). Several variants ofnon-relativistic and relativistic EDFs have been employed in derivation of self-consistent quasiparticlerandom phase approximation (QRPA) that in addition to the effective nuclear interaction rooted in theEDF also includes pairing correlations. In addition, further theoretical developments included couplingsto complex configurations, e.g., in the quasiparticle phonon model (QPM), multiphonom models, modelusing the quasiparticle time blocking approximation (QTBA), extended theory of finite Fermi systems(ETFFS), equation of motion phononmethod (EMPM). In this way the insight into fragmenation of the PDShas been achieved, allowingmore reliable comparison with the experimental data [3,4]. At the QRPA level,the nature of the PDS has been explored through the calculation of the transition strengths and moredetailed analysis of the relevant two-quasiparticle contributions contributed to the discussions on thecollective properties of the PDS. The studies of the isotopic and isotone dependence of the PDS allowedadditional insight into the dependence of the PDS transition strength and energy with the neutron excess.The covariance analysis in the EDF framework identified relevant correlations between the observables onthe PDS and various properties of finite nuclei and nuclear matter. Of particular interest are correlationswith the parameters of the symmetry energy, providing potential constraints for neutron-rich nuclearmatter properties and neutron-skin thickness in nuclei [5]. The comprehensive analyses underscore theimportance of theoretical frameworks in elucidating the complex nature of pygmy dipole strength. Avariety of theoretical approaches to the PDS contribute to a deeper understanding of the underlyingnuclear structure mechanisms and offer valuable insights for the experimental studies [3,4].
This contribution is supported by the Croatian Science Foundation under the project Relativistic NuclearMany-Body Theory in the Multimessenger Observation Era (IP-2022-10-7773).
References[1] N. Paar, D. Vretenar, E. Khan, G. Colo, Rep. Progr. Phys. 70 (2007) 691-793.[2] E.G. Lanza, L. Pellegri, A. Vitturi, M.V. Andres, Prog. Part. Nucl. Phys. 129 (2023) 104006[3] A. Bracco, E. G. Lanza, A. Tamii, Prog. Part. Nucl. Phys. 106 (2019) 360-433[4] T. Aumann, Eur. Phys. J. A 55 (2019) 234[5] X. Roca-Maza and N. Paar, Prog. Part. Nucl. Phys. 101 (2018) 96-176

118



Electric dipole response of light nuclei within the CI-SM approach
Oscar Le Noan1, Kamila Sieja1,∗ S
1 IPHC, *speaker
Photo-nuclear reaction rates provide key inputs to various applications of nuclear physics and consistfundamental probes of nuclear structure, from single particle to collective excitations, revealing thenature of complicated nucleonic correlations. Among the excitations of nuclei due to the external field,the E1 dipole response is of particular interest. It is dominated by the Isovector Giant Dipole Resonance(IVGDR) understood as a relative oscillation of protons against the neutrons. In neutron-rich nuclei theneutron-excess is believed to oscillate against the proton-neutron core, leading to low-lying E1 strengthknown as the Pygmy Dipole Resonance (PDR). The knowledge of the PDR serves to probe the neutron-skinthickness, constrain the nuclear symmetry energy and the properties of neutron stars.
In this contribution we will present systematic calculations of E1 dipole response of sd-shell nuclei withinthe Configuration-Interaction Shell Model approach, performed for the PANDORA project [1]. Further wewill focus on the nature of the low-lying PDR strength as obtained in the present theoretical framework andanswer the question about the collectivity of the PDR mode. Finally, the recently observed phenomenonof redistribution of the PDR strength with excitation energy of the initial state [2] will be examined.
References[1] A. Taami et al., PANDORA project: photo-nuclear reactions below A=60, Eur.Phys.J.A 59 (2023) 9, 208.[2] K. Sieja, Brink-Axel hypothesis in the pygmy-dipole resonance region, Eur. Phys. J. A 59 (2023) 147.

119



Recent studies of nuclear collective excitations within the Equation ofmotion phonon method
F. Knapp1, G. De Gregorio2,3, P. Veselý4, N. Lo Iudice5 S
1Institute of Particle and Nuclear Physics, Faculty of Mathematics and Physics, Charles University, Prague,Czech Republic; 2Dipartimento di Matematica e Fisica, Università degli Studi della Campania "LuigiVanvitelli", Caserta, Italy; 3Istituto Nazionale di Fisica Nucleare, Napoli, Italy; 4Nuclear Physics Institute,Czech Academy of Sciences, Řež, Czech Republic; 5Dipartimento di Fisica, Università di Napoli Federico II,Napoli, Italy
The Equation of motion phonon method (EMPM) is a microscopic approach that is especially suitable fordescribing fine structures in nuclear spectra in spherical medium-heavy and heavy nuclei, in particular,its collective features such as giant and Pygmy dipole resonances.
Recently, we have addressed the issue of spurious states that arise in microscopic calculations that gobeyond the one-phonon picture within methods like Second Random Phase Approximation (SRPA) [1,2].We have suggested an orthogonalization procedure to cure this issue to eliminate spurious states withinthe EMPM. Furthermore, we have demonstrated the importance of such treatment for an accuratedescription of the low-energy part of strength functions of all multipolarities [3]. This method, adopted inEMPM, allows for spurious-free calculations of light systems, where spurious center-of-mass motion canspoil the calculations significantly. We have used the proposed orthogonalizationmethod in a recent studyof light nucleus 8He, in the calculations of spectra and dipole response in the model space encompassingup to the three-phonon states employing modern nucleon-nucleon potentials [4].
In this contribution, we review the latest advancements in EMPM, showcasing its efficacy in portrayingcollective excitations in spherical medium-heavy and heavy nuclei, particularly when paired with chiralnucleon potentials commonly used in modern ab initio investigations.
References[1] G. De Gregorio et al., Phys. Lett. B 821 (2021) 136636.[2] G. De Gregorio et al., Phys. Rev. C 105 (2022) 024326.[3] F. Knapp et al., Phys. Rev. C 107 (2023) 024316.[4] G. De Gregorio et al., Phys. Rev. C 108 (2023) 0243161.

120



Pygmy or not Pygmy – an experimentalist’s point of view‡
Andreas Zilges1, Katharina Haller1, Florian Kluwig1, Markus Müllenmeister1, Miriam Müscher1,
Deniz Savran2, Tanja Schüttler1, Michael Weinert1

Invited talk

1 University of Cologne, Germany
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All matter in the universe is constantly bombarded by photons from the lowest to the highest energies.Typically, photonswith energies in the range of hundreds of keV to severalMeV can induce photoexcitationand photodisintegration of atomic nuclei [1]. The interaction is governed by the nuclear electromagneticdipole response. The highest cross sections are observed in the energy region of the isovector GiantDipole Resonance (GDR) in the 10 MeV to 20 MeV range. However, since most of the photons comefrom a Planck photon bath, the reaction rate can be dominated by much smaller cross sections at lowerenergies.
A concentration of electric dipole strength commonly referred to as “Pygmy Dipole Resonance” (PDR)has been found in various nuclei [2,3]. Many models predict a correlation of the PDR with the neutronskin, i.e., one expects an increase of the low-lying E1 strength in exotic, neutron-rich systems. However,our knowledge about the structure of the low-lying electric dipole strength and its evolution is still ratherlimited. The key for to a better understanding is the combination of results from various complementaryexperiments.
The talk will present the advantages and limitations of different probes and show some recent results.
References[1] A. Zilges et al., Prog. Part. Nucl. Phys. 122 (2022) 103903.[2] A. Bracco, E.G. Lanza, and A. Tamii, Prog. Part. Nucl. Phys. 106 (2019) 360.[3] D. Savran, T. Aumann, and A. Zilges, Prog. Part. Nucl. Phys. 70 (2013) 210.

‡Supported by the DFG (ZI510/10-1)
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Accessing the single-particle structure of the PDR§
M. Spieker1, A.L. Conley1, D. Houlihan1, B. Kelly1
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In atomic nuclei, the term pygmy dipole resonance (PDR) has been commonly used for the electricdipole (E1) strength around and below the neutron-separation energy. It has been shown that the PDRstrength strongly impacts neutron-captures rates in the s- and r-process, which synthesize the majority ofheavy elements in our universe. A precise understanding of the PDR’s microscopic structure is essentialto pin down how it contributes to the gamma-ray strength function (γSF) often used to calculate theneutron-capture rates. In fact, the different responses to isovector and isoscalar probes highlighted thecomplex structure of the PDR and emphasized that different underlying structures would indeed need tobe disentangled experimentally if stringent comparisons to microscopic models wanted to be made.Featuring our recent study of 208Pb [1] and 62Ni [2], I will present how the neutron one-particleone- holestructure of the PDR can be studied with high-resolutionmagnetic spectrographs. The data on 208Pb wereobtained from (d, p) one-neutron transfer and resonant proton scattering experiments performed at theQ3D spectrograph of the Maier-Leibnitz Laboratory in Garching, Germany, while the data on 62Ni weremeasured at Florida State University with the Super-Enge Split-Pole Spectrograph. In this contribution,the new data will be briefly compared to the large suite of complementary, experimental data availablefor 208Pb highlighting how we established (d, p) as an additional, valuable, experimental probe to studythe PDR and its collectivity. Besides the single-particle character of the states, different features of the (d,p) strength distributions will be discussed for 208Pb and 62Ni.To highlight future possibilities, I will also briefly present first results from a new experimental setuprecently commissioned at the Super-Enge Split-Pole Spectrograph at Florida State University for particle-γcoincidence experiments [3] and highlight the value other particle transfer reactions could add to studyingthe microscopic structure of the PDR.References[1]M. Spieker, A. Heusler, B. A. Brown, T. Faestermann, R. Hertenberger, G. Potel, M. Scheck, N. Tsoneva, M.Weinert, H.-F. Wirth, and A. Zilges, Accessing the Single-Particle Structure of the Pygmy Dipole Resonancein 208Pb, Phys. Rev. Lett. 125, 102503 (2020).[2] M. Spieker, L. T. Baby, A. L. Conley, B. Kelly, M. Müscher, R. Renom, T. Schüttler, and A. Zilges, Ex-perimental study of excited states of 62Ni via one-neutron (d, p) transfer up to the neutron-separationthreshold and characteristics of the pygmy dipole resonance states , Phys. Rev. C 108, 014311 (2023).[3] A.L. Conley, B. Kelly, M. Spieker, R. Aggarwal, S. Ajayi, L. Baby, S. Baker, C. Benetti, I. Conroy, P. Cottle, I.D’Amato, P. DeRosa, J. Esparza, S. Genty, K. Hanselman, I. Hay, M. Heinze, D. Houlihan, M. Khawaja, P.Kielb, A. Kuchera, G. McCann, A. Morelock, E. Lopez-Saavedra, R. Renom, L. Riley, G. Ryan, A. Sandrik,V. Sitaraman, E. Temanson, M. Wheeler, C. Wibisono, and I. Wiedenhöver, The CeBrA demonstrator forparticle-γ coincidence experiments at the FSU Super-Enge Split-Pole Spectrograph, Nuclear Instrumentsand Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and AssociatedEquipment 1058, 168827 (2024).

§This work was supported by the National Science Foundation under Grant No. PHY-2012522 (WoU-MMA: Studies of NuclearStructure and Nuclear Astrophysics) and by Florida State University.
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Extra Yield below the Giant Dipole Resonance under extreme condi-tions
O. Wieland1
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1 INFN sezione di Milano, Via Celoria 16, 20133 Milano, Italy
After the discovery and first measurements of the pygmy dipole resonance state, especially in exoticnuclei, a new question rised up, if this kind of phenomena can also be built in a nucleous at finitetemperature and high angular momentum. Theory predicted an increase of the PDR strength withincreasing temperature and therefore also a substantial impact in hot nuclear astrophysical processes.Here first pioneering measurements, done at IFIN ELI-NP, in the Ni chain will be shown that reveald anextra Yield below the giant dipole resonance at finite temperature in the Ni isotopes with hight N/Zratio.
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Search for PDR and ISGQR in A≃60 and A = 120 mass regions
A. Giaz1, F.C.L. Crespi1,2, O.Wieland1, M. Kmiecik3, M. Ciemała3, A. Bracco1,2, F. Camera1,2, A.Maj3,
P. Bednarczyk3, G. Benzoni1, S. Bottoni1,2, S. Brambilla1, A. Dey4, B. Fornal3, J. Grȩbosz3, K. Hadyńska-
Klȩk5,M.N. Harakeh6, C. Hiver4, A. Krasznahorkay7, S. Leoni1,2,M. Lewitowicz8,M. Luciani1,2, J. Łukasik3,
I.Matea4, M.Matejska-Minda3, K.Mazurek3, B.Million1, P.Miriot9, P. Napiorkowski5, P. Pawłowski3,
B. Sowicki3, G. Spina1,2, D. Stramaccioni10,11, A. Tamii12, B.Wasilewska13, J.Wilson4, M. Ziȩbliński3,
A. Zilges13 S
1 INFN Sezione di Milano, Milano, Italy; 2 Universitá degli studi di Milano, Milano, Italy; 3 IFJ PANKrakow, Krakow, Poland; 4 IJCLab, Orsay, France; 5 SLCJ UW, Warsaw, Poland; 6 University of Gröningen,Gröeningen, Netherlands; 7 ATOMKI, Debrecen, Hungary; 8 GANIL, Caen, France; 9 CEA Saclay, Saclay,France; 10 INFN sezione di Legnaro, Leganro, Italy; 11 Universitá degli studi di Padova, Padova, Italy;
12 RCNP, Osaka, Japan; 13 IKP, Cologne, German
Measurements of the γ decay from states above the neutron threshold in 120Sn, 62Ni and 58Ni wereperformed at the Cyclotron Centre Bronowice (CCB) in Krakow, Poland.The experiment on 120Sn aims to study the Iso-Scalar Giant Quadrupole Resonance (ISGQR). The experi-ment on 62Ni and 58Ni, instead, aims to investigate the low-energy part of the E1 response, denoted asPygmy Dipole Resonance (PDR).Little is known in the literature about gamma decay of the ISGQR. Indeed, up to now, measurementswere carried out only for the 208Pb nucleus [1-2]. To better understand this phenomenon, we choose andinvestigate another nucleus in different mass region, namely 120Sn.The PDR experiment aims to increase the systematic dependence on neutron excess in nickel isotopes. Itis part of a campaign of PDR experiments including various complementary measurements carried out atdifferent accelerators and setups. In another experiments [3], we are searching for the possible survivalof pygmy states at finite temperature in 62Ni and 58Ni. PDR measurements in Ni isotopes at T = 0MeVbecome important to have a better insight into the evolution of the pygmy with nuclear temperature.The setup installed at the CCB Krakow, used for both experiments, is composed of a large scatteringchamber with the 30 KRATTA triple telescopes (with a segmented plastic scintillator in front for a bettertime resolution) [4], four large volume (3.5" × 8") LaBr3: Ce detectors and 2 PARIS (9 single detectors)clusters. In the case of the PDR experiment, the setup also includes an extra 8 PARIS detectors aroundthe two PARIS clusters.The performances and characteristics of the experimental setup together with the first near-line resultsfor both experiments will be described.
References[1] B. Wasilewska et al., Phys. Rev. C 105 (2022) 014310.[2] J.R. Beene et al., Phys. Rev. C 39 (1989) 1307.[3] O. Wieland et al., Il nuovo cimento C, COMEX7 proceedings, 2 (2024) 24.[4] J. Łukasisk et al., Nucl. Instr. and Meth. A 709 (2013) 120-128.
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Study of the Pygmy Dipole Resonance using neutron inelastic scatteringat GANIL-SPIRAL2/NFS
Périne Miriot-Jaubert1, Diane Doré1, Iolanda Matea2, Marine Vandebrouck1,
MONSTER collaboration and PARIS collaboration S
1 CEA Saclay / IRFU / DPhN; 2 IJCLab, Orsay
The Giant Dipole Resonance is a collective excitation mode of the nucleus that exhausts most of thedipole excitation strength. But additionnal low lying dipole strength has been observed in neutron-richnuclei, called the Pygmy Dipole Resonance (PDR). Both experimental and theoretical studies [1,2,3] havebeen performed on the PDR, which is often described as the oscillation of a neutron skin against asymmetrical neutron-proton core. The study of the PDR is interesting in many ways: it allows to constrainthe symmetry energy (a term in the nuclear equation of state that drives the neutron skin and thedescription of nuclear matter in neutron stars) [4], and predictions show that this mode can play a keyrole in the astrophysical r-process [5]. However no coherent description on the nature of the PDR hasbeen achieved yet.
In this context, the study of the PDR using a new probe, the neutron inelastic scattering reaction (n,n′γ),has been proposed. The high-intensity proton beam of the SPIRAL2 accelerator at GANIL [6], and the NFS(Neutron For Science) facility [7] have made this study possible. The experiment to study the PDR in 140Cevia the (n,n′γ) reaction was performed in Sept 2022. The new generation multi-detector PARIS [8,9] hasbeen used for the detection of the γ from the deexcitation of the PDR, and MONSTER modules [10] wereset for the scattered neutrons detection.
The characterization of the PARIS and MONSTER detectors and results on the elastic scattering will bepresented, as well as preliminary results on the (n,n′γ) channel.
References[1] D. Savran, T. Aumann, A. Zilges, Prog. Part. Nucl. Phys. 70, (2013) 210-245[2] A. Bracco, E.G. Lanza, A. Tamii, Prog. Part. Nucl. Phys. 106, (2019) 360-433[3] E. G. Lanza, L. Pellegri, A. Vitturi, M. V. Andrés, Prog. Part. Nucl. Phys. 129, (2023) 104006[4] A. Carbone et al., Phys. Rev. C 81, (2010) 041301(R)[5] S. Goriely, E. Khan, M. Samyn, Nucl. Phys. A 739, (2004) 331-352[6] A. K. Orduz et al., Phys. Rev. Accel. Beams, 25 (2022)[7] X. Ledoux et al., Eur. Phys. J. A, 57 (2021)[8] A. Maj et al., Acta Phys. Pol. B40, (2009) 565[9] F. Camera and A. Maj, PARIS White Book (2021) http://rifj.ifj.edu.pl/handle/item/333.[10] A. R. Garcia et al., JINST 7, C05012 (2012)
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Gamma above the neutron threshold perspectives at ELI-NP¶
P.-A. Söderström1, A. Kuşoğlu1,2, A. Gavrilescu1,M. Brezeanu1, R.A. Guţoiu1, D.L. Balabanski1
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1 Extreme Light Infrastructure-Nuclear Physics (ELI-NP)/Horia Hulubei National Institute for Physics andNuclear Engineering (IFIN-HH), Str. Reactorului 30, Măgurele 077125, Romania
2 Department of Physics, Faculty of Science, Istanbul University, Vezneciler/Fatih, 34134, Istanbul, Turkey
The Extreme Light Infrastructure – Nuclear Physics (ELI-NP) facility [1] is a major European nuclear physicsinfrastructure aiming at providing users with high-intensity laser beamlines delivering 100 TW, 1 PW, and10 PW of laser power on target from the high-power laser system (HPLS), as well as high-brilliance γ-raybeams with energy up to 20 MeV and a very narrow bandwidth from the Variable Energy Gamma-ray(VEGA) system. The HPLS is operational, providing beam time for internal and external users, while theVEGA system is still under implementation.
The scientific focus of the VEGA system will cover a broad range of topics from nuclear astrophysics toapplications to basic science. One of the exciting directions of the latter is the studies of the nuclearproperties in the continuum and quasi-continuum that manifests as large amplitude resonances like thegiant dipole-resonance (GDR) and the pygmy dipole resonance (PDR). For studies of the states in theseregions, the ELI Gamma Above Neutron Threshold (ELIGANT) [2,3,4] instrumentation has been developedfor high-efficiency detection of high-energy γ rays as well as neutron detectors with good efficienciescovering the entire energy range from thermal up to tens of MeV. The ELIGANT instrumentation is theperfect tool for the study of collective nuclear dipole excitations, including the γ-ray and neutron decaybranchings from the GDR, the properties of the PDR around the neutron separation energy, and the γ-raystrength functions (γSFs), its functional form and universality, across the nuclear chart.
In this contribution, we will give an overview of the current status of the ELIGANT project within thecontext of the γ-ray beams foreseen to be provided by the VEGA system at ELI-NP.
References[1] K. A. Tanaka et al., Matter Radiat. Extremes 5 (2020) 024402.[2] F. Camera et al., Rom. Rep. Phys. 68 (2016) S539.[3] M. Krzysiek et al., Nucl. Instrum. Meth. A 916 (2019) 257.[4] P.-A. Söderström et al., Nucl. Instrum. Meth. A 1027 (2022) 166171.

¶PAS, AG and DLB acknowledge the support from the Ministry of Research, Innovation and Digitization, CNCS - UEFISCDI, projectnumber PN-III-P4-PCE-2021-0595, within PNCDI III. AK, MB, and RAG acknowledge the support of the Romanian Ministry ofResearch and Innovation under research contract PN 23 21 01 06.
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Light-by-light scattering in ultraperipheral heavy ion collisions – newpossibilities
Antoni Szczurek
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We discuss possible future studies of photon-photon (light-by-light) scattering using planned FoCal andALICE 3 detectors. We include different mechanisms of γγ → γγ scattering such as double-hadronicphoton fluctuations, t/u-channel neutral pion exchange or resonance excitations (γγ → R) and de-excitation (R → γγ). The broad range of (pseudo)rapidities and lower cuts on transverse momentaopen a necessity to consider not only dominant box contributions but also other subleading contribu-tions. Here we include low mass resonant R = π0, η, η′ contributions. The resonance contributionsgive intermediate photon transverse momenta. However, these contributions can be eliminated byimposing windows on di-photon invariant mass. We study and quantify individual box contributions(leptonic, quarkish). The electron/positron boxes dominate at lowMγγ < 1 GeV di-photon invariantmasses. The PbPb→PbPbγγ cross section is calculated within equivalent photon approximation in theimpact parameter space. Several differential distributions are presented and discussed. We considerfour different kinematic regions. We predict cross section in the (mb-b) range for typical ALICE 3 cuts, afew orders of magnitude larger than for the current ATLAS or CMS experiments. We also consider thetwo-π0 background which can, in principle, be eliminated at the new kinematical range of the ALICE 3measurements by imposing dedicated cuts on di-photon transverse momentum and/or so-called vectorasymmetry.
We discuss also possible new contributions due to exotic resonances and inelastic processes. In thesecond case we consider coupling of photons to constituents of nucleus - protons or neutrons. Weinclude both elastic and inelastic transitions on the nucleon level. The inelastic contributions to thenuclear cross section are quantified for invariant mass and rapidity distance distributions.
The presentation will be partially based on:
P. Jucha, M. Kłusek-Gawenda and A. Szczurek, “Light-by-light scattering in ultraperipheral collisions ofheavy ions at two future detectors”, Phys. Rev. D109 (2024) 014004.
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Effects of beyondmeanfield approximation and tensor forces onGamow-Teller and β decay of magic nuclei
Hiroyuki Sagawa1,2, M. J. Yang3, C. L. Bai3, H. Q. Zhang4
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3 College of Physics, Sichuan University, Chengdu 610065, China; 4China Institute of Atomic Energy,Beijing 102413, China
The self-consistent Hartree-Fock (HF)+subtracted second random phase approximation (SSRPA) calcula-tions based on the Skyrme energy density functions (EDFs) are pperformed for the Gamow-Teller (GT)excitations of four closed shell nuclei 48Ca, 90Zr, 132Sn, and 208Pb to study the systematic trend of SSRPAon the description of GT strength distributions with respect to the excitation energy and the width [1].We apply also the SSRPA model including tensor force to the decay half-lives in magic and semi-magicnuclei, 34Si, 68,78Ni and 132Sn with Skyrme EDFs. The inclusion of the two particle-two hole (2p-2h)configurations in the SSRPA model shifts low-lying GT states downwards. It leads to an increase of the
β decay phase space, which ensures the half-lives of the four nuclei are finite and reduces the β decayhalf-lives dramatically. The effect of tensor interaction on the β decay half-life in SSRPA model is alsopointed out to change largely the half-lives by about one to two orders of magnitude with respect to theones obtained without tensor force [2]. We further studt magnetic dipole (M1) transitions of magic nucleito disentangle the role of triplet-even and triplet-odd tensor forces in the spin-isospin excitations [3].
References[1] M. J. Yang, C. L. Bai, H. Sagawa, and H. Q. Zhang, Phys. Rev. C 106, 014319 (2022).[2] M. J. Yang, H. Sagawa, C. L. Bai, and H. Q. Zhang, Phys. Rev. C 107, 014325 (2023).[3] M. J. Yang, H. Sagawa, C. L. Bai, and H. Q. Zhang, to be published (2024).
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Nuclear level densities and γ-ray strength functions of 152,154Sm
L. Bell1, S. Siem 1, A.C. Larsen1, V.W. Ingeberg1 S
1 Department of Physics, University of Oslo, N-0316 Oslo, Norway
The samarium isotopic chain is one of the best choices to study the evolution of the nuclear level density(NLD) and γ-ray strength function (γSF) as a function of deformation. This chain starts at the nearspherical and stable 144Sm, which has a magic number of 82 neutrons, to the well deformed isotopeof 154Sm. This isotopic chain has many stable isotopes which makes it one of the few isotopic chainswhich we can study at stable beam facilities, like the Oslo Cyclotron Laboratory. This gives us a uniqueopportunity to investigate how the NLD and γSF evolve with deformation and increasing mass.
In 2018, an experiment was carried out at the Oslo Cyclotron Laboratory in which 15 and 16 MeV protonbeams were irradiated on targets of 152Sm and 154Sm, respectively. This allows for the study of the
152Sm(p, p′γ)152Sm and 154Sm(p, p′γ)154Sm reactions. In this work, the Oslo method is used to analyzethe above mentioned data sets to simultaneously extract the NLD and γSF. The results from theseexperiments will be discussed with a specific focus on the scissors resonance.
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Two-center harmonic oscillator basis: alpha clustering and symmetricfission as Proof-of-Principle calculations
Adrian Sanchez Fernandez1, Jacek Dobaczewski1,2, Xuwei Sun1, Herlik Wibowo1 S
1 School of Physics, Engineering and Technology, University of York, Heslington, York YO10 5DD, UnitedKingdom 2 Institute of Theoretical Physics, Faculty of Physics, University of Warsaw, ul. Pasteura 5,PL-02-093 Warsaw, Poland
Fission is one of the most challenging processes to describe in nuclear physics. Contrary to most of thenuclear properties, which can be explained in terms of a small set of valence nucleons, in fission all theparticles are involved. To link the properties of the nascent fragments with the structure of the initialcompound nucleus, it seems adequate to consider the two-centre harmonic oscillator basis to build themany-body wave functions. Even though there are some existing results computed with that approach,in the self-consistent calculations the axial symmetry was so far preserved, which appears as a limitationfor describing more complex phenomena (such as angular momentum generation in fission fragments).

Total energy of 24Mg in function of the quadrupole moment, using two-center (TCHO) and one-center(OCHO) HO bases, with a different maximum num- ber of shells included.

In this work, we present the first results based on symmetry-unrestricted two-center harmonic oscillator(HO) bases implemented in the density functional solver HFODDwithin the SkyrmeHartree-Fock approach.Furthermore, the exact direct and exchange terms of the Coulomb interaction have been implementedand tested in the two-center setting. The separation between fragments and their deformations areexplored in two Proof-of-Principle calculations: 8Be as an alpha cluster and the symmetric fission of 24Mg.In both cases, describing nuclei as molecular compounds made of smaller fragments captures the physicsof the systems more easily than in the usual one-center HO methods, even when a small number of theHO shells are considered. An analysis of the fission path of 24Mg sets the underpinning for future, morecomplex, calculations, where the asymmetric fission and odd-mass nuclei will be taken into account.
This work was partially supported by the STFC Grant No. ST/W005832/1, ST/P003885/1 and ST/V001035/1.We acknowledge the CSC-IT Center for Science Ltd., Finland, for the allocation of computational resources.This project was partly undertaken on the Viking Cluster, which is a high-performance computing facilityprovided by the University of York. We are grateful for computational support from the University of York
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High-Performance Computing service, Viking and the Research Computing team.
References[1] N. Schunck and L. M. Robledo, Rep. Prog. Phys. 79 (2016) 1163011.[2] J. Dobaczewski (2019), arXiv:1910.03924.[3] M. Bender et al., J. Phys. G: Nucl. Part. Phys. 47 (2020) 113002.[4] J.F. Berger and D. Gogny, Nuclear Physics A 333 (1980) 302-332.[5] M.H. Zhou et al. (2023), arXiv:2311.06177,[6] J.N. Wilson et al., Nature 590 (2021) 566570.[7] J. Dobaczewski et al., J. Phys. G: Nucl. Part. Phys. 48 (2021) 102001; and to be published
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Selfconsistent study of ternary fission of (super)heavy nuclei
Y. Jaganathen, J. Skalski* S

National Centre for Nuclear Research, Pasteura 7, 02-093 Warsaw, Poland; *speaker
Tripartition is a rare outcome of actinide fission. Most frequently the additional fragment is alpha particle,but in rare cases it can be a heavier light fragment. For a long time a low-energy fission mode intothree fragments of comparable size, called a genuine (or true) ternary fission, was speculated upon andsearched for, but its existence still remains elusive. Recent experiments in Dubna suggested the genuineternary fission mode in the spontaneous fission of 252Cf and in the neutron-induced fission of 235U,see reviews [1,2]. With two detected fragments close to 68,72Ni and 132Sn, the third, undetected one(supposedly due to its small velocity), should be Ca (or Si for 235U). The unexpectedly large frequency of2 – 5×10−4 per binary decay for this channel was deduced from data. A number of calculations usingthe microscopic-macroscopic (MM) method, mostly within a schematic three-cluster model, and somemore advanced like the three-center MMmodel [3], suggest that these observations resulted from thecollinear tripartition process. Apart from its experimental status in actinides, a possible ternary fissionof superheavy nuclei is an open problem which deserves a study. Up to now, as in the actinides, it wasstudied within the more or less restricted MMmodels, see e.g. [4,5].
One usually assumes that ternary fission is a sequential process in which the secondary fission of theheavier primary fragment occurs thanks to a large elongation and two constrictions developed in the heavyparent nucleus prior to the first scission. Thus, one has to map energy landscapes for such configurationsof heavy systems which are excited with respect to normal fission valleys. We present the approachbased on the Hartree-Fock+BCS method with the Skyrme-type interaction. In application to tripartition itseems to present a few advantages over the MMmethod. In particular, it allows to find energy minimaunder relevant constraints without assuming a priori deformation parameters. However, a creation ofminimally restrictive constraints in selfconsistent calculations is a nontrivial practical problem. We obtainenergy surfaces for collinear configurations in actinides and for collinear and equatorial ones in somesuperheavy nuclei. We infer the secondary barriers for ternary fission which are by a few MeV higherthan the standard barriers for binary fission. Then we consider an interplay of overdamped dynamicsand barrier penetration to estimate the probability of ternary fission.
References[1] Yu. V. Pyatkov et al., Phys. Rev. C 96 (2017) 064606.[2] W. von Oertzen, and A. K. Nasirov, Eur. J. Phys. A 56 (2020) 299.[3] A. V. Karpov, Phys. Rev. C 94, (2016) 064615.[4] H. Schultheis, and R. Schultheis, Phys. Lett B 49 (1974) 423.[5] V. I. Zagrebayev, A. V. Karpov, and W. Greiner, Phys. Rev. C 81 (2010) 044608.
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30 years of ion beams from the Warsaw Cyclotron - a good beginning
Paweł Napiorkowski
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The „Nuclear Physics News” in 1994 reported: „New facility is born. It has been a good season for Polishheavy ion physicists and for Warsaw champagne dealers, as well. At the end of November 1993, thestocks of champagne were depleted after the first successful acceleration of 32 MeV 20Ne2+ beam inthe Warsaw Heavy Ion Cyclotron[. . . ]”.
Since then, the world and the Heavy Ion Laboratory at the University of Warsaw have changed. Today,the Warsaw U-200P cyclotron delivers beams of heavy ions for experiments conducted by internationalexperimental teams with the ICARE, EAGLE, and NEDA setups. Research opportunities offered by the HILinfrastructure are not limited to nuclear spectroscopy only, but also extend to radiobiology, materialsstudies and medical applications. A selection of results obtained in this European transnational accessfacility located in the centre of Poland and plans for the very near future will be presented.
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Physics Opportunities at Ultra-High Spin
M. A. Riley
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The next generation Ge γ-ray tracking arrays [1], GRETA [2,3,4] in the US and AGATA [5,6] in Europe, withtheir high efficiency, good peak-to-background ratio, and excellent energy and position resolution, offerextraordinary discovery potential for the future. They are also incredibly versatile devices ideally suitedto a broad range of experiments at both radioactive beam (fast-fragmentation and reaccelerated) andstable beam facilities. One area of particular interest, as they approach their full 4π capability in thecoming years, is the response of atomic nuclei at the limits of spin and deformation. Such studies deeplyprobe the competing modes of nuclear excitation and the rich variety of shapes that occur. Fascinatingand often surprising new aspects of nuclei have been revealed through the decades, with many longstanding mysteries still to be understood. This presentation will discuss some of the physics opportunitiesusing these exciting new spectrometers at ultra-high spin.

References[1] I.Y. Lee and J. Simpson, Nucl. Phys. News 20(4), 23 (2010).[2]M. Deleplanque, I. Lee, K. Vetter, G. Schmid, F. Stephens, R. Clark, R. Diamond, P. Fallon, A.Macchiavelli,Nucl. Instr. and Meth. A 430(23), 292310 (1999).[3] I.Y. Lee, R. Clark, M. Cromaz, M. Deleplanque, M. Descovich, R. Diamond, P. Fallon, A. Macchiavelli, F.Stephens, D. Ward, Nucl. Phys. A 746, 255 (2004).[4] GRETA White Paper, 2014,
https://drive.google.com/file/d/1Yd63o8VGzKNXSiBvorBlgaD26TF73NEB/view[5] A. Bracco, E. Clement, A. Gadea, W. Korten, S. Leoni, J. Simpson, Eur. Phys. J. A 59, 243 (2023).[6] W. Korten, et al., Eur. Phys. J. A 56(5), 137 (2020).
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The complex interplay between pairing modes and spin in deformed
N ∼ Z nuclei
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The character of nuclear superfluidity and the isospin modes of nucleonic pair correlations is a long-standing problem of large interest in nuclear structure physics. The approximate isospin symmetry ofnuclear forces implies the possible existence of a new and unique, isoscalar (T = 0), pairing modein nuclei with equal or nearly equal numbers of neutrons and protons that remains unresolved. Thepresence of an isoscalar pairing condensate would lead to dramatic changes in the level energies andlifetimes of nuclear states and might even change the “textbook” ground-state properties we are usedto for even-Z, even-N nuclides, such as the normal spin-parity 0+. There are various experimentalapproaches to gauging whether this exotic pairing mode is embedded in the ground-state or excited-statenucleonic correlations or not [1]. In deformedN ∼ Z systems the differentiated influence of collectiverotational angular momentum on the isovector and presumed isoscalar pairing modes may becomeaccessible, albeit experimentally extremely challenging, in the heaviest self-conjugate nuclei wheresuch correlations are expected to be most favored. Useful observables in this respect can be obtainedfrom precision measurements of yrast level energies in order to search for perturbations in the normalisovector-pairing induced backbending patterns. Lifetime measurements for such states are also key toinvestigating possible effects of enhanced isoscalar np correlations the since increasedB(E2) strengthis an expected result of such correlations. Intermediate-angular momentum states in heavy N ∼ Znuclei such as 88Ru are becoming accessible with advances in instrumentation, most notably the newgeneration of γ-ray tracking arrays. The spectrum of yrast states in the self-conjugate nucleus 88Ru wasmeasured up to angular momentum I = 12ℏ [2] using the Advanced Gamma Tracking Array (AGATA)spectrometer [3] operated in conjunction with ancillary detectors for charged particles and neutrons.The observed γ-ray cascade established the sequence of low-lying excited states as a rotational-like bandstructure exhibiting a band crossing at a rotational frequency notably exceeding conventional theoreticalprojections involving isovector pairing. This deviation from standard theoretical predictions is furtheraccentuated when compared with experimental observations in the neighboring odd-mass nuclideslike 87Tc [4]. In these systems the opposite trend in rotational alignments, i.e. a decrease in alignmentfrequency and interaction strength between the low-lying yrast band members and the aligned structure,has been observed [4]. The effect may result from the strong spin-aligned np pairing interaction favoringa triplet configuration based on the coupling between a rotation-aligned np pair and the odd valencenucleon of similar single-particle parentage. While an increased band crossing frequency and interactionstrength between the g-band and S-band in deformed even-Z, even-N , N = Z nuclei is in line withsome predictions of theoretical calculations extended to include isoscalar pairing there are so far lessclear predictions for odd-mass systems where isovector pair correlations are partially blocked.
References[1] S. Frauendorf and A.O. Macchiavelli, Prog. Part. Nucl. Phys. 78 (2014) 24.[2] B. Cederwall, X. Liu Phys. Rev. Lett. 124 (2020) 062501.[3] S. Akkoyun, S. et al., Nucl. Instr. Meth. in Phys. Res. A 668 (2012) 26.[4] X. Liu, B. Cederwall et al., Phys. Rev. C 104 (2021) L021302.
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Different manifestations of oblate rotation in nuclei
Costel Petrache1
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An extremely regular rotational band that extends to a spin of about 75/2 and an excitation energy of
≈4.5 MeV above yrast at the highest spins has been recently observed in 137Nd, and interpreted to bebuilt on oblate shape. A similar sequence was also identified in 136Nd extending up to spin (39−) and
≈2.5 MeV above yrast at the highest spins. In 126Xe two bands were observed up to spin 56 and 4 MeVabove yrast, reaching the terminating states at close to spherical shapes. Such bands are interestingbecause they are highly excited at very high spin, where the number of states per MeV are several ordersof magnitude higher than close to the yrast line. They survive as long cascades of discrete transitions in avery hotE∗− I region where the bands are expected to be completely damped, which is in contradictionwith the present understanding of the nuclear structure at high temperature. Cranked mean-fieldcalculations of the Nilsson-Strutinsky type suggests normal-deformed oblate shape for the band of 137Ndand triaxial for the band of 136Nd and 126Xe. However, an alternative interpretation assuming muchhigher band-head spin (+ 13ℏ) and higher deformation (similar to that of the highly-deformed band) hasbeen recently proposed for the band of 137Nd. The pro and contra of the different interpretations willbe presented. Solid evidence of a band consisting of two nearly degenerate rotational bands consistingon E2 transitions and inter-connected byM1 transitions was also identified in 119Cs, and interpretedas built on oblate shape. These new experimental results and their interpretation in terms of oblaterotation will be discussed.
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Probing nuclear deformation in the vicinity of 40Ca and 56Ni
K. Hadyńska-Klȩk1
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The concept of magic numbers constitutes a cornerstone of nuclear physics research. Over the past fewdecades, it has been well established that closed-shell nuclei exhibit spherical shapes in their groundstates. However, as nucleons are added to or removed from complete shells, they tend to deform themicroscopic mass distribution. Studies of deformed shapes are of key importance for the advancementof nuclear structure physics, especially the origin of the observed enhanced deformation in the vicinityof doubly-magic mass nuclei.The observation of super-deformed structures (SD) at relatively low excitation energy in the mass A∼40around doubly-magic Z=N=20 40Ca nucleus [1], is one of the most important discoveries of modernnuclear physics. Remarkably, the observed SD structures in these lighter nuclei are even less well under-stood than in heavier regions. Due to the vast reduction of nucleons involved and therefore complexitycompared to heavy nuclei, A∼40 constitutes an ideal ground for investigating exotic structures withinvarious theoretical frameworks. Recently, the electromagnetic structure of the nucleus 42Ca with theadvanced AGATA γ-ray tracking array was studied [2]. It was shown, for the first time, that it is possibleto probe SD structures with Coulomb excitation. This work also provided the first direct experimentalevidence for non-axially symmetric or triaxial SD shapes in the A∼40 neighborhood. The experimentalstudies of the deformation in this region are ongoing, aiming at investigating the origin of the emergingSD structures coexisting with the normally deformed bands in the Ar-Ca-Ti isotopes.Going more north-east from 40Ca, the nickel isotopes offer a unique laboratory to investigate shapeevolution in the vicinity of another doubly-magic N=Z nucleus, 56Ni (Z=N=28), which should exhibit similarstructural properties to those observed in the Z=N=20 region. Indeed, observation of the SD structureswas reported also in 56Ni, explained as the result ofmp −mh excitations like in the case of 40Ca [3].However, recently the questions on the validity of Z/N=28 as a good magic number have been broughtup triggering the discussion on the deformation in the nickel region, including the signatures of shapecoexistence. Microscopic and collective properties in the vicinity of 56Ni shall be evaluated with the dedi-cated measurements of the deformation and the neighboring nuclei. To this end, the Coulomb excitationstudies focused on the structure of 58,60,62Ni isotopes are currently undertaken. These, together withthe recent findings from the γ-ray and electron spectroscopy measurements reporting the unexpectedlylarge E0 transition strengths for the 2+2 →2+1 transitions of 58,60,62Ni [4], shall bring crucial informationenabling the further discussion on the magical properties of Ni isotopes.In this talk I will present the recent results from the measurements designed to approach the well-deformed structures in Ca and Ni isotopes using the Coulomb excitation method, performed at the INFNLNL and IJC Lab, and the comparison with the state-of-the-art theoretical calculations.

References[1] E. Ideguchi et al., Phys. Rev. Lett. 87, 222501 (2001)[2] K. Hadyńska-Klȩk et al., Phys. Rev. Lett. 117, 062501 (2016) and K. Hadyńska-Klȩk et al., Phys. Rev. C97,024326 (2018)[3] D. Rudolph et al., Phys. Rev. Lett. 82, 3763 (1999)[4] L.J. Evitts et al., Phys. Lett. B 779, 396 (2018).
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Anomalous B4/2 ratio in the yrast band of 167Os
Irene Zanon1,∗, Bo Cederwall2, Maria Doncel1 S
1 Stockholm University; 2 Royal Institute of Technology KTH; ∗ speaker
Spectroscopic properties of exotic nuclei are powerful tools to obtain a better insight on the evolutionof nuclear structure far from the stability. Mid-shell nuclei are expected to exhibit collective behaviourwhich is typically reflected in the observation of low excitation energies of the first excited states and hightransition probabilities. Moreover, the collectivity is expected to increase with the spin, causing both the
R4/2 = EX(4+)/EX(2+) to be higher than 2 and theB4/2 = B(E2; 4+ → 2+)/B(E2; 2+ → 0+) tobe higher than the unit. However, an increasing number of mid-shell nuclei had been found to present a
B4/2 < 1. This has already been observed in two neutron-deficient regions, one located close to the
Z = 50 shell closure and one in the rare-earth region. In particular, the osmium isotopic chain presentscases both in even-even nuclei, such as 168,170Os, and one in an even-odd nucleus, 169Os, where theB4/2ratio has been redefined asB(E2; 21/2+ → 17/2+)/B(E2; 17/2+ → 13/2+). According to theory, thisanomaly could only be explained by a change from collective to seniority-like regimes or by phenomenasuch as shape coexistence. However, this change in structure has not been predicted by theory in theosmium isotopic chain, which remains an open question. In this context, lifetime measurements of theexcited states of these nuclei can provide a meaningful insight on the structure of the low-lying bands.An experiment aimed at measuring lifetimes in 167Os was performed at the Accelerator Laboratoryof Jyväskylä (Finland), where the nucleus of interest was populated in a fusion-evaporation reaction.The selection of the channel was performed using the alpha-recoil tagging technique and the gammarays emitted by the recoil were detected using the Jurogam3 array. The lifetimes were extracted usingthe Recoil Distance Doppler Shift method. From the measured lifetimes, it was possible to extract thereduced transition probabilities of the low-lying states and theB4/2 ratio. The experimental results werethen compared to potential energy surface calculations in order to shed light on the influence of theunpaired neutron. In this contribution, a summary of the performed experiment, the new results andthe comparison with theory are presented.
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Multiple chiral doublet bands in 104Rh
A. Krakó1,2, D. Sohler1, J. Timár1, I. Kuti 1, Q. B. Chen3, S. Q. Zhang4, J. Meng4, K. Starosta5, T. Koike6,
E. S. Paul7, D. B. Fossan8, C. Vaman8 S
1 HUN-REN Institute for Nuclear Research, HUN-REN ATOMKI, Debrecen, Hungary; 2 University of Debre-cen Doctoral School of Physics, Debrecen, Hungary; 3 Department of Physics, East China Normal University,Shanghai, China; 4 State Key Laboratory of Physics and Technology, School of Physics, Peking University,Beijing, China; 5 Department of Chemistry, Simon Fraser University, Burnaby, British Columbia, Canada; 6Graduate School of Science, Tohoku University, Sendai, Japan; 7 Department of Physics, University ofLiverpool, Liverpool, United Kingdom; 8 Department of Physics and Astronomy, SUNY, Stony Brook, NewYork, USA
Chiral rotation has been found in many triaxial nuclei in the A ∼ 80, 100, 130, and 190 mass regions [1].Observation of chiral bands also in odd-mass nuclei suggests that chiral geometry can be robust againstthe change of configuration. This raises the possibility of having multiple pairs of chiral doublet bands ina single nucleus with different configurations. During the last decade the phenomenon of multiple chiralbands has been observed in several odd-mass, odd-odd and even-even nuclei in the chirality regions.However, in theA ∼ 100mass region it has only been reported in odd-mass nuclei, for example in 103Rh[2].In order to search for multiple chiral structure in odd-odd nulcei with A ∼ 100 we studied the medium-and high-spin negative parity bands in 104Rh through the 96Zr(11B,3n) reaction at a beam energy of40 MeV using the Gammasphere spectrometer. Beside the already known chiral doublet structure [3],two new negative-parity bands have been identified [4]. The observed properties of the four bands andtheir interpretation will be presented.

References[1] B. W. Xiong, Y. Y. Wang, Atomic Data and Nuclear Data Tables 125 (2019) 193.[2] I. Kuti et al., Phys. Rev. Lett. 113 (2014) 032501.[3] C. Vaman et al., Phys. Rev. Lett. 92 (2004) 032501.[4] A. Krakó et al., submitted to Phys. Lett. B.
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Poland in FAIR
Piotr Salabura

Invited talk

Institute of Physics, Jagiellonian University of Cracow, Poland
FAIR- Facility for Antiproton and Ion Research- is one of the largest accelerator-driven research centers inEurope with an ambitious multidisciplinary scientific program. The first stage of FAIR, currently underconstruction with completion aimed in 2028, is focused on atomic physics and applications, nuclearphysics with radioactive beams, studies of compressed baryon matter and hadron properties. It offersmany world-leading research opportunities.
Polish physicists, led by Prof. Reinhard Kulessa and Prof. Zbigniew Majka, were one of the initiatorsof FAIR. Poland is currently a shareholder, making significant contributions to both experiments andaccelerator devices. The presentation, dedicated to the memory of these distinguished FAIR mentorsin Poland who passed away this year, will focus on Polish contributions to the FAIR infrastructure andresearch.
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Special Lecture
From uNclear to NuclearHow nuclear science contributes to our society
T.E. Cocolios1, C. Vandevoorde2

Invited talk

1 KU Leuven, Instituut voor Kern- en Stralingsfysica, Leuven, Belgium
2 Biophysics Department, GSI Helmholtzzentrum für Schwerionenforschung, Darmstadt, Germany
Nuclear science is a field of research addressing the properties of the constituents of matter at the heartof the atom. From the quarks to nuclear reactions in stars, nuclear science is driven by the passion of itscommunities and the research funding they secure, mostly from tax-payers. But some may wonder whatreturns does society gain from this investment.Besides the evident developments related to the nuclear energy sector, nuclear science has direct impactin the medical sector, and in particular in the treatment of some of the most challenging forms of cancer,as well as in space exploration, in better understanding the climate, in heritage science, and manymore fields. Some of these applications are directly driven by nuclear science while some other areserendipitous findings that have created domains of their own.In this contribution, some examples of exciting applications of nuclear science will be presented, showinghow nuclear scientists are actively contributing to answering challenges of our society as summarized bythe United Nations with the Sustainable Development Goals.

Figure 4: Illustration of the 17 Sustainable Development Goals of the United Nations. Nuclear sciencecontributes actively to improving our society by answering the call to all of these SDGs.
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P-01. Projctile fragmantation reactions properties and their applica-tions
A. Pawełkiewicz1, V. Charviakova2, Z. Patyk2 P - 01

1 Wrocław University of Science and Technology, Wrocław, Poland
2 National Center for Nuclear Research, Warsaw, Poland
During the last decades, projectile fragmentation and separation at high energies has become one ofthe most important methods for the production of exotic nuclei. Production and separation of suchspecies can be performed for example at energies of around 500 to 1000 A MeV at the SIS/FRS facility[1] at GSI in Darmstadt, Germany. At RIKEN in Wako, Japan, operates the RIBF facility with the BigRIPSseparator [2]. The main advantage of high-energy projectile fragmentation as a production method liesin the fact that very clean fragment beams can be produced. Also, the high energies allow unambiguousevent-by-event isotope identification of the fragments. In principle, projectile fragmentation leads toall nuclei which can be generated by the removal of nucleons from the projectile, i.e., they can rangefrom isotopes of the element of the projectile down to protons. However, the production cross-sectionsstrongly decrease with the increasing number of removed nucleons. Therefore, all proposed and plannedexperiments should rely on good estimates of fragmentation cross sections. Choice of the appropriateprimary beam and target are also important in order to increase the production rates of rare exoticnuclei. To predict fragmentation cross sections the universal analytical formula, called EPAX [3, 4], wasused . This formula allows to calculate the yields from fragmenting in the range of projectile massesbetween about 40 to 209. In particular, the formula tries to take properly into account the influence ofthe projectile proton or neutron excess onto the neutron-to-proton ratio of the fragments. The crosssections are assumed to be energy independent, which seems to be supported by most of the measureddata. To determine how to produce the isotope of interest, the behavior of the production cross sectionof fragments with proton and neutron numbers (Z, N) was calculated for the primary beams 124Xe, 209Bi,and 238U, with the target 9Be, which are commonly used in the SIS/FRS facility at GSI-FAIR. The behaviorof the maximum cross section on the nuclear chart (Z, N) indicates that the individual paths for eachprojectile divide into two parts: the "asymptotic" line, which for lighter nuclei overlaps with the path ofstability, and beyond. It is important that the "asymptotic" fragment path is common to all projectiles,with each fragment striving for it after losing approximately 4 protons and near 20 neutrons. Therefore,how a particular isotope is produced depends on its location relative to this "asymptotic" path. Thoselying on the asymptotic can be produced in various ways using different projectiles. Those lying "beyondasymptotic" can be obtained using only a few projectiles. Hence, the selected projectile should be closein Z and N to the region of the isotope of interest. The calculations show that selecting the target canincrease the cross-section by two to three times. When choosing the thickness and the target, it is alsoimportant to take into account the absorption and secondary reactions occurring within. The calculationsallow for selecting the appropriate target thickness, which increases the production rate of the isotopeof interest.
References[1] H. Geissel et al., Nucl. Instr. Meth. in Phys. Res. B 70 (1992) 286.[2] T. Kubo et al., Nucl. Instr. Meth. in Phys. Res B 204 (2003) 97.[3] K. Sümmerer et al., Phys. Rev. C 61 (2000) 034607.
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P-02. Theo4Exp for EURO-LABS Live Demonstration
M. Rodríguez-Gallardo1, G. Colò2,3, I. Dedes4, J. Dudek5, A. Gaamouci4, I. Moumene2,3,

and C. T. Muñoz-Chimbo6 P - 02

1 Departamento de FAMN, Universidad de Sevilla, Apartado 1065, E-41080 Seville, Spain 2 Dipartimentodi Fisica “Aldo Pontremoli”, Università degli Studi di Milano, Via Celoria 16, 20133 Milano, Italy 3 INFN,Sezione di Milano, Via Celoria 16, 20133 Milano, Italy 4 Institute of Nuclear Physics Polish Academy ofSciences, PL-31 342 Kraków, Poland 5 Université de Strasbourg, CNRS, IPHCUMR 7178, F-67 000 Strasbourg,France 6 Fundación de Investigación de la Universidad de Sevilla, Av. Reina Mercedes 4C, E-41012 Seville,Spain
Theo4Exp1 is a virtual infrastructure which provides theoretical tools within the EURO-LABS2 project. Itis aimed mainly at experimental nuclear physicists to enable them standard but advanced calculationshelpful in data interpretation, favouring collaboration between theorists and experimentalists. It isdesigned as an open access platform, where key computer codes, as well as results of calculations, havebeen made accessible to the community. It includes three different platforms:

• MeanField4Exp3 hosted by IFJ PAN in Cracow,
• Reaction4Exp4 hosted by University of Seville, and
• Structure4Exp5 hosted by University of Milan.

During the poster session we will show how each of the three platforms works, offering assistance anddiscussions to the interested users.

———————
1 https://institucional.us.es/theo4exp/
2 https://web.infn.it/EURO-LABS/
3 https://institucional.us.es/theo4exp/meanfield4exp.html
4 https://institucional.us.es/theo4exp/reaction4exp.html
5 https://institucional.us.es/theo4exp/structure4exp.html
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P-03. Medium spin states in the 87Se isotope produced in neutroninduced fission of 233U and 235U targets
K. Gajewska1, Ł.W. Iskra1, B. Fornal1, S. Leoni2,3, C.Michelangoli4, S. Bottoni2,3, N. Cieplicka-Oryńczak1,
G. Colombi2,4, C. Costache5, F. C. L. Crespi2,3, J. Dudouet6, M. Jentschel4, F. Kandzia4, Y. H. Kim4,
U. Köster4, R. Lica5, N. Mărginean5, R. Mărginean5, C. Mihai5, R. E. Mihai5, C. R. Nita5, S. Pascu5,

E. Ruiz-Martinez4, and A. Turturica5 P - 03

1 Institute of Nuclear Physics, PAN, 31-342 Kraków, Poland
2 INFN sezione di Milano via Celoria 16, 20133, Milano, Italy
3 Dipartimento di Fisica, Universitá degli Studi di Milano, I - 20133 Milano, Italy
4 ILL, 71 Avenue des Martyrs, 38042 Grenoble CEDEX 9, France
5 Horia Hulubei National Institute of Physics and Nuclear Engineering (IFIN-HH), Bucharest, Romania
6 Université Lyon 1, CNRS/IN2P3, IPN-Lyon, F-69622 Villeurbanne, France
The exploration of the nuclear chart portion located northeast of the doubly magic 78Ni isotope servesas a testing ground for various theoretical approaches based on the shell model. The study of thoseclosed-shell nuclei has been a central activity of experimental and theoretical groups around the worldfor many years, however, only recently, R. Taniuchi et al. [1] confirmed the double-magic character of 78Ni.The authors also indicated the breakdown of the N= 50 and Z= 28 magic numbers beyond 78Ni, causedby competition with deformed structures, which aligns with recent large-scale shell-model calculations[2]. These results further strengthen the interest in studying the region in proximity to the 78Ni isotopeto seek a deeper understanding of the general properties of atomic nuclei.In this context, the Se isotopic chain, located six protons away from the closed shell, shows a clearcompetition between configurations associated with different shapes. Moreover, in 86Se, a possible 3+state has been suggested [3], pointing to an onset of γ collectivity. Our goal is to study the Se isotopicchain northeast of the doubly magic 78Ni isotope. In this contribution, a new level scheme of 87Se will behighlighted, in which up to now only three γ transitions were known [4].The neutron-rich 87Se isotope has been produced in the fission of a 233U and 235U active targets inducedby thermal neutrons from the reactor at Institut Laue-Langevin. The level scheme up to an excitation en-ergy of 3.5 MeV has been established based on multi-fold γ-ray coincidence relationships measured withthe new highly efficient HPGe array - FIPPS [5]. The analysis, based on the cross-coincidence technique,revealed seven new γ transitions together with their relative intensities. Additionally, spin assignmentsfor low-lying states have been proposed based on the inspection of angular correlations between emitted
γ rays. The results indicate the presence of the E3 transition, 11/2− → 5/2

+, encouraging the searchfor similar E3 excitations in neighboring even Se isotopes.

References[1] R. Taniuchi et al., Nature 569, 53-58 (2019).[2] F. Nowacki et al., Phys. Rev. Lett. 117, 272501 (2016).[3] T. Materna et al., Phys. Rev. C 92, 034305 (2015).[4] T. Rząca - Urban et al., Phys. Rev. C 88, 034302 (2013).[5] C. Michelagnoli et al., EPJ 193, 04009 (2018).
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P-04. Investigation of electron emission processes in light ion fusionreactions at extremely low energies using GEANT4 Monte-Carlo simula-tions
Gokul Das H1, R. Dubey1, K. Czerski1, M. Kaczmarski1, A. Kowalska2, N. Targosz-Sleczka1,
and M. Valat1 P - 04

1 FInstitute of Physics, University of Szczecin, Szczecin, Poland
2 Institute of Mathematics, Physics and Chemistry, Maritime University of Szczecin, Szczecin, Poland
The charged particle-induced nuclear reaction cross-sections decrease exponentially as the energy fallswell below the Coulomb barrier. But, in contrast to reactions involving bare nuclei, studies conductedon nuclear reactions in metallic environments showed a strong enhancement of cross sections as theprojectile energy decreased. This effect was first observed in the 2H(d,p)3H and 2H(d,n)4He [1] reactionsand later confirmed with other reactions such as 6,7Li(d,α)4,5He and 6,7Li(p,α)3,4He [2] in various metallicenvironments. This experimentally observed enhancement of reaction cross-sections has primarily beenattributed to the electron screening effect in metallic environments.In addition to the electron screening effect, the presence of a 0+ threshold resonance at 23.85 MeV wassuggested as another reason for the increased reaction cross-section in low-energy DD fusion reactions[3]. This resonance can potentially change the branching ratio of the DD reactions at extremely lowdeuteron energies. In this case, the total resonance width is dominated by the e−e+ internal pair creationpartial width [4]. This was recently confirmed in the experiments conducted at the Ultra High Vacuumaccelerator facility at the University of Szczecin [5].Thiswork presents the experimental techniques used for the detection of high-energy e−e+ pairs resultingfrom the decay of the 0+ threshold resonance. Thin Silicon Surface Barrier (SSB) detectors of varyingthickness were used for this purpose. The detector response functions for fusion products, particularlyhigh-energy electrons, were simulated using the GEANT4Monte Carlo code. These simulations were thencompared with the experimental spectrum obtained from silicon detectors. Contributions to the detectorresponse function from different scattering processes involving experimental setup components wereidentified through simulations [6]. Additionally, probabilities of potentially competing electron conversionchannels were also investigated. This methodology remains reliable for investigating potentially weakreaction branches in other light nuclear reactions as well, particularly where narrow resonances cansignificantly alter branching ratios at extremely low energies.The study is part of the CleanHME project. This project has received funding from the European Union’sHorizon 2020 research and innovation program under grant agreement No. 951974.
References[1] F. Raiola et al., Eur. Phys. J. A 377 (2002) 13.[2] J. Cruz et al., Phys. Lett. B 624 (2005) 181.[3] K. Czerski et al., Europhys. Lett. 22001 (2016) 113.[4] K. Czerski et al., Phys. Rev. C (Letters) L011601 (2022) 106.[5] K. Czerski et al., Phys. Rev. C (Letters) L021601 (2024) 109.[6] H.Gokul Das et al., Measurement, 114392 (2024) 228.
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P-05. Extracting isomeric yield ratios of fission fragments
H. S. Haug1, D. Gjestvang1, S. Siem1, J. N. Wilson2, A. Al-Adili3, Z. Gao3,

and nu-ball collaboration P -05

1 Department of Physics, University of Oslo, N-0316 Oslo, Norway; 2 Université Paris-Saclay, CNRS/IN2P3,IJC Laboratory, Orsay, France; 3 Department of Physics and Astronomy, Uppsala University, Uppsala 75120,Sweden
In nuclear fission, a heavy nucleus splits and the fission fragments emerge spinning [2]. The isomeric yieldratio (IYR) i.e. the population frequency of an isomer, is know to be sensitive to the angular momentumof the fragment. Measuring the IYR can therefore give information about the initial sate of the fissionfragments.This work uses a technique to reach short lived isomeric states where the IYR has not been measuredbefore [1]. We study the IYR of the 52ns isomer in 130Sn, extracted for the fissoning system 238U(n,f) attwo different energies, as well as the 511ns isomer in 135Te extracted for the fissoning systems 232Th(n,f)and 238U(n,f) at two different energies. From looking at how the different fissoning systems affect theIYR, we get more knowledge about what impact the angular momentum generation. The fission codeGEF is used in combination with the nuclear decay code TALYS to find the fragment angular momentumfrom the IYR.

References[1] D. Gjestvang et al., Phys. Rev C, 108 (2023) 064602.[2] Wilson, J. N. et al., Nature (London) 590 (2021) 566-570.
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P-06. Effect of neutron transfer on the nuclear fusion using microscopicnuclear potential
Nishu Jain1, M. Bhuyan2,Raj Kumar1 P - 06

1 Department of Physics and Materials Science, Thapar Institute of Engineering and Technology, Patiala-147004, Punjab, India; 2 Center for Theoretical and Computational Physics, Department of Physics, Facultyof Science, University of Malaya, Kuala Lumpur-50603, Malaysia
The effect of neutron transfer degrees of freedom on the heavy-ion fusion cross-sections has beeninvestigated using the coupled channel (CC) code CCFULL [1,2]. The microscopic nuclear interactionpotential and the densities of interacting nuclei used in the CC calculations are obtained for the relativisticmean-field approach using NL3∗ parameter set [3]. We have considered the 18O-induced reactions,namely, 18O + 148Nd and 18O + 150Sm with positive Q-values and for which experimental fusion cross-section is available [4,5] around the Coulomb barrier. It is evident from the results that the microscopicR3Y nucleon-nucleon (NN) potential with intrinsic degrees of freedom is superior to the Woods-Saxonpotential, particularly at energies below the barrier. Therefore in the next step, we employ relativisticmean-field formalism to provide the prediction for the unknown 18O-induced reaction, i.e., 18O + 150Nd,
18O + 154Sm as well. The significant role of positive Q-value neutron transfer in enhancing the sub-barrierfusion cross-section is observed for the 18O + 148Nd reaction with R3Y NN potential. However, the effectof the corresponding transfer channel for the cases of other considered reactions is comparatively lesspronounced.
Thiswork has been supported by the Science Engineering Research Board (SERB) FileNo. CRG/2021/001229,Sao Paulo Research Foundation (FAPESP)Grant 2017/05660-0, and FOSTECT ProjectNo. FOSTECT.2019B.04.
References[1] M. Dasgupta et al., Annu. Rev. Nucl. Part. Sci. 48 (1998) 401.[2] K. Hagino et al., Comput. Phys. Commun. 123 (1999) 143.[3] M. Bhuyan and R. Kumar, Phys. Rev. C 98 (2018) 054610.[4] R. Broda et al., Nucl. Phys. A 248 (1975) 356.[5] R. J. Charity Nucl. Phys. A, 457 (1986) 441.
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P-07. Exploring Ternary Decay of 252Cf Nucleus: Charge and Mass Dis-persion through Collective Clusterization
Chahat Jindal1, Manoj K. Sharma1 P - 07

1 Department of Physics and Material Science Thapar Institute of Engineering and Technology, Patiala-147004, Punjab, India
The spontaneous disintegration of unstable nuclei, encompasses various decay modes, including binaryand ternary fission. Heavy-mass nuclei often exhibit these decay processes, with binary fission beingthe most prevalent. In the past few decades, numerous attempts [1] have been made to explore thebinary emission from the radioactive nuclei. Ternary fission, involving the simultaneous emission of threefragments is relatively rare phenomenon in comparison to binary decay. Ternary fission can occur asequatorial cluster tripartition (ECT) or collinear cluster tripartition (CCT) depending on the direction ofthe emitted third fragment with respect to the fission axis. The spontaneous emission of four fragmentswas observed experimentally for 252Cf nucleus [2], where light charge particles (isotopes of hydrogen(H), helium (He), lithium (Li), boron (B), carbon (C), nitrogen (N), oxygen (O), fluorine (F), neon (Ne),sodium (Na), aluminum (Al), magnesium (Mg)) are detected. Many experimental and theoretical [3]studies emphasize the observation of alpha particles as the predominant third fragment in ternary fission.The main reason for this radioactive splitting is the shell closure effect associated with the daughternucleus [4]. Hence, it will be of interest to explore the fragmentation behavior of such decay modes andmake a comparative analysis of the probable fragmentation pattern.Numerous theoretical models are introduced to explore fission dynamics based on different nuclearproperties. The quantum mechanical fragmentation theory is successfully employed to address binaryand other competing ground-state decay modes such as ternary fission, cluster radioactivity, quaternaryfission etc. It works out in terms of the mass/charge asymmetry coordinates and relative separation.In the present work, an effort is made to understand the ternary fission of 252Cf nucleus including acomparative analysis of charge and mass distribution.
References[1] A. Sandulescu et al. , Phys. Rev. C 57, (1998) 2321.[2] M. Mutterer, Yu. N. Kopatch, Heavy Ion Phys. 18, (2003) 393-398.[3] K. Manimaram et al., Phys. Rev. C 79, (2009) 024610.[4] D.N. Poenaru, R.A. Gherghescu, W. Greiner, Nucl. Phys. A 747, (2005) 182.
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P-08. Study of collectivity and shape coexistence in A∼ 120 nuclei closeto the proton drip-line
Praveen M Jodidar P - 08

Universitè Paris-Saclay, CNRS/IN2P3 IJCLab
The phenomenon of shape-coexistence is established in several regions of the nuclear chart. It corre-sponds to the existence of more than two distinct geometrical shapes at similar excitation energies.Experimentally, one of the ways to study this phenomenon is through the gamma-spectroscopy, byidentifying the structures built on coexisting minima with different shapes and study their properties.This method becomes challenging particularly when studying the neutron deficient isotopes due to thelow cross-sections for the formation of these isotopes with the available stable beams. Also, even if theseisotopes are formed, they can have very short half-lives. Thus, this requires an in-beam spectroscopy orthe use of very fast separation techniques.In the present work, our focus is on studying the collectivity and shape-coexistence in the neutron defi-cient isotopes of I, Cs, Ba, and La by in-beam gamma- spectroscopy and recoil decay tagging techniques.In an experiment performed with JUROGAM3+MARA at Jyvaskyla, Finland, using the 64Zn beam on athin 58Ni target, we were able to identify new bands and transitions in 114I, 117Cs, 118,120Ba and 120La.In addition to intensity measurements, spins and parities of the states com- posing these structures havebeen obtained by measurements of angular distri- butions, angular correlations, and polarization of mostof the intra- or inter- band gamma transitions. As well, the properties of these structures (transitionsprobabilities: B(M1)/B(E2), B(E2)in/B(E2)out, B(E1)out/B(E2)in; rotational properties: J(1) and J(2) mo-ments of inertia, single-particle spin alignments) have been also extracted and interpreted within theframework of undergoing theoretical studies.During this talk I will mainly present the new results obtained for the 117Cs, 114I and 120La isotopes.

153



P-09. Photon-induced neutron, proton and alpha evaporation fromheavy nucleus
P. Jucha1, K. Mazurek1, A.Szczurek1, M. Kłusek-Gawenda1, M.Ciemała1 P - 09
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In ultraperipheral heavy-ion collisions (UPCs) at the Large Hadron Collider (LHC), Pb nuclei are excitedthrough interactions induced by strong electromagnetic fields. The expected excitation energy couldreach 140 MeV, which leads to the subsequent emission of various particles, including neutrons, protons,and alpha particles.To accurately describe photon-induced deexcitation processes, we have developed two novel approaches.The first method utilizes the Heavy Ion Phase Space Exploration (HIPSE) model [1] to simulate pre-equilibrium emissions and to estimate the excitation energy of the remaining nucleus. Our secondapproach introduces a new technique for modeling the excitation energy of the nucleus. This methodconsists of a two-component function to represent the distribution in excitation energy more precisely,accounting for the energy loss due to the interaction between photon and quasi-deuteron. Both ofthese modeling techniques were integrated with the results produced by the GEMINI++ generator [2],which implements the Hauser-Feshbach formalism [3] to simulate the statistical decay of excited nuclei.Utilizing these approaches, we have calculated the cross sections for the emission of neutrons, protons,and alpha particles resulting from UPC events.Our results were compared with experimental data from the ALICE group [4] and with results of theRELDIS model [5].

References[1] D. Lacroix, A. Van Lauwe, D. Durand Phys. Rev. C 69 (2003) 054604[2] R. J. Charity, Phys. Rev. C 82 (2010) 014610.[3] W. Hauser, H. Feshbach, Phys. Rev. 87 (1952) 366–373[4] S. Acharya et al. (ALICE Collaboration), Phys. Rev. C 107 (2023) 064902[5] I. A. Pshenichnov, Phys. Part. Nucl. 42 (2011) 215.
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P-10. 40Ar Beam Commissioning of KoBRA for RI Beam Production atRAON*
D.G. Kim1, K. Tshoo1, S.J. Pyeun1, K. Lee1, C. Akers1, M. Kwag1, M. Kim1, C. Son1, J.C. Kim1, D.S. Ahn2,
J. Hwang2, M.J. Kim2, C.Y. Park2,3, E. Kim1, G.H. Oh1, C. Ham1, D. Kwak1, C.S. Lee1, T. Shin1, S. Lee1,
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4 Department of Nuclear Engineering, Seoul National University, Seoul 08826, Korea
A multi-purpose experimental instrument, called KoBRA (Korea Broad acceptance Recoil spec- trometerand Apparatus), was constructed at the Institute for Rare Isotope Science (IRIS), as a part of the RAONfacility in Korea [1-3]. Stable or rare isotope (RI) beams can be produced using Electron Cyclotron Reso-nance (ECR) ion sources or the Isotope Separation On-Line (ISOL) system at RAON, and these beams canbe delivered to KoBRA at energies of 1 – 40 MeV/u via the SuperConducting Linear accelerator 3 (SCL3),respectively.KoBRA has been in the beam commissioning phase since May 2023, and completed its beam commis-sioning using 16 MeV/u 40Ar. The production target of graphite was used, and secondary RI beams wereproduced from the reaction 40Ar+ 12C. The primary beam was found by energy straggling with target,and this beam was rejected from the detection system by tilting at about 50 mrad and stopping at abeam collimator.The initial particle identification was performed by means of ∆E–ToF method, and the nuclei from
N = Z − 1 to N = Z + 3 line were observed. The magnetic rigidity (Bρ) was set for the N = Znuclei of 10B, and determined by B-field measurement of two dipole magnets with NMR probes. Themomentum acceptance (∆p/p) was confined to 0.2% by a momentum slit. One silicon detector and twoParallel Plate Avalanche Counters (PPACs) [4] were used for∆E and ToF measurement. The Z calibrationand ToF offset were validated withN = Z andN = Z + 1 nuclei up to Z = 9.
25Ne and nearby nuclei up to Z = 13 was observed and identified by means ofBρ−∆E− ToF method.The momentum acceptance was set to 8%, and the particleBρ was analyzed by position measurementwith one large area PPACs at dispersive focal plane F1. The mass-to-charge ratio A/Q of the producednuclei was deduced from the ToF andBρmeasurements. The A/Q resolution was found to be 0.6% for
25Ne, and an improvement is expected by using plastic scintillation detectors for ToF measurement.KoBRA has plans for a series of nuclear physics experiments, including cross sectionmeasurement throughRI beam production, as well as optical parameter measurements for 40Ar at various low energies, utilizingthe variable energy capabilities of the SCL3. A transport test of RI beam produced via the ISOL system isscheduled. These efforts are expected to enable comprehensive and distinct researches in RI physics atRAON in the near future.References[1] K. Tshoo et al., NIMB 317 (2013) 242-247.[2] K. Tshoo et al., NIMB 376 (2016) 188-193.[3] K. Tshoo et al., NIMB 541 (2023) 56-60.[4] C. Akers et al., NIMA 910 (2018) 49-53.
*This work was supported by the Institute for Basic Science (IBS-I001-01) and the National Research Foundation of Korea (NRF)funded by the Ministry of Science and ICT (2013M7A1A1075764), Republic of Korea.
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P-11. Negative-parity high-spin structure of 105Pd
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Transitional nuclei in theA ∼ 100mass region are known to have triaxial shapes leading to the appearanceof exotic phenomena such as the chiral twin bands, and the nuclear wobblingmotion. Indeed, appearanceof chiral twin bands has been observed in several odd-odd and odd-mass Rh and Ag nuclei around 105Pd[1], and nuclear wobbling motion has been observed recently in 105Pd [2], confirming the triaxiallydeformed shapes of these nuclei.To search for the possible two-phonon wobbling band and chiral structures negative parity medium- andhigh-spin bands of 105Pd have been studied via the 96Zr(13C,4n) reaction at incident energies of 51 and58 MeV, using the Euroball IV γ-ray spectrometer coupled with the Diamant charged particle array. Newbands have been observed and the previously reported bands have been extended to higher energiesand spins. The obtained experimental results and their interpretation will be presented.
References[1] B. W. Xiong, Y. Y. Wang, Atomic Data and Nuclear Data Tables 125 (2019) 193.[2] J. Timár et al., Phys. Rev. Lett. 122 (2019) 062501.
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P-12. Study of fusion and transfer reactions in 7Li+ 205Tl system
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The complete fusion (CF), incomplete fusion (ICF), and neutron transfer (1n stripping, 2n stripping, and1n pickup) cross sections for 7Li+ 205Tl system were measured at energies around the coulomb barrierby online γ-ray detection technique. The experimental CF cross sections were found to be suppressedat above barrier energies compared to one dimensional barrier penetration model (1DBPM) as well ascoupled channel calculations. The suppression observed in CF cross sections is found to be commensuratewith the measured total ICF cross sections. Among ICF cross sections, t-capture is found to be dominantthan α-capture at all the measured energies. Along with the present data, we have also considered theliterature data with 7Li projectile and a systematic of CF, ICF and TF is developed. Neutron transfer (1nstripping, 2n stripping, and 1n pickup) cross sections were also extracted from the data and comparedwith Coupled reaction channel (CRC) calculations. The cumulative sum of all measured observables CF,ICF, and one neutron transfer cross sections were found to match with the estimated reaction crosssections. Available data on neutron transfer with 7Li projectile was also compared and an approximateuniversal trend of cross section was observed. Details of the measurement and results will be discussedin the conference.
References[1] V. V. Parkar et al., Phys. Rev. C 109 (2024) 014610.[2] Prasanna M. et al., to be submitted to Phys. Rev. C.[3] V. V. Parkar et al., Phys. Rev. C 104 (2021) 054603.[4] V. Jha, V. V. Parkar, S. Kailas, Phys. Rep. 845 (2020) 1.
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P-13. Ancillary detectors for the EAGLE array - new opportunities tostudy nuclear structure at HIL UW
M. Matejska-Minda1, P. Bednarczyk1, M. Ciemała1, N. Cieplicka-Oryńczak1, I. Dedes1, D. Duda1,
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1 The Henryk Niewodniczański Institute of Nuclear Physics Polish Academy of Sciences, Kraków
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In-beam nuclear spectroscopy based on fusion evaporation reactions with light and heavy ions has beenone of the major tools in nuclear structure research and is one of the richest resources of various datafor nuclear structure investigations. At bombarding energies not too high above the Coulomb barrier,the fusion evaporation reactions are usually dominant, with a cross-section of about 0.1 - 1 barn. Toperform detailed spectroscopic studies, it is necessary to make an identification and selection of γ-raysfrom the desired, often rarely occurring evaporation residues. Due to that, we have constructed theRecoil Filter Detector (RFD), which measures evaporation residues in coincidence with γ-rays detected ina germanium array, for details see [1]. The previous RFD campaigns at EUROBALL IV in Strasbourg and atGASP in LNL Legnaro demonstrated that the RFD in conjunction with those Ge-arrays was a powerful toolfor spectroscopic studies both in light and heavy nuclei regions [1–5].Thanks to European cooperation GAMMAPOOL, the HPGe gamma-ray detectors forming the EAGLE array[6] are available in Poland at HIL UW. Coupling the RFD with the EAGLE array on the Warsaw cyclotronU-200P beam-line at the HIL UW will open new possibilities for the laboratory, allowing for efficientin-beam spectroscopic investigations of nuclei in light, medium, and heavy mass regions. Furthermore,an additional advantage of the EAGLE+RFD setup is the possibility of coupling to other ancillary particledetectors such as NEDA [7-9] and DIAMANT [10-11] or the high energy γ-ray calorimeter PARIS [12].In this contribution, we will present the scientific objectives of this experimental setup, possibilities toperform the experiments and prospects for new and innovative measurements using RFD coupled to theEAGLE spectrometer.References[1] W. Męczyński et al., NIM A 580, 1310 (2007).[2] P. Bednarczyk et al., Eur. Phys. J A 20, 45 (2004).[3] M. Lach et al., Eur Phys J. A 16, 309 (2003).[4] D. Rodrigues et al., Phys. Rev C 92, 024323 (2015).[5] M. Matejska-Minda et al., Phys. Rev C 100, 054330 (2019).[6] J.Mierzejewski et al., NIM A, 659, 84 (2011).[7] NEDA Collaboration NIM A 927, 81 (2019).[8] G. Jaworski et al., Acta Phys. Pol. B Proc. Suppl. 16, 4-A36 (2023).[9] G. Jaworski et al., Acta Phys. Pol. B Proc. Suppl. 17, 3-A12 (2024).[10] I. Kuti et al., Acta Phys. Pol. B Proc. Suppl. 17, 3-A13 (2024).[11] J. Sheurer et al., NIM A 385, 501 (1997).[12] A. Maj et al., Acta Phys. Pol. B 40, 565 (2009).
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P-14. Generator coordinate method with basis optimization
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The generator coordinate method (GCM) has been a well-known method to describe nuclear collectivemotions [1]. In GCM, one a priori specifies collective degrees of freedom (collective coordinates), such asnuclear deformations, and superposes many Slater determinants (SDs) within the selected collective sub-space. However, there always exists arbitrariness in this approach in the choice of collective coordinates,for which one has to rely on empirical and phenomenological assumption. With such choice, it is nottrivial whether the collective motion of interest can be optimally described (See e.g., [2-3]). Therefore, adescription of the collective motion without pre-set collective coordinates is desirable in order not tomiss important degrees of freedom.In this contribution, we present a new extension of GCM in which both the basis SDs and the weightfunctions are optimized according to the variational principle [4]. With such simultaneous optimizationof the basis states, one does not have to specify beforehand the relevant collective degrees of freedomcovered by the set of basis SDs. In this presentation, we will show results for sd-shell nuclei with theSkyrme energy functional. We will show that the optimized bases correspond to excited states along acollective path, unlike the conventional GCM which superposes only the local ground states. This impliesthat a collective coordinate for large amplitude collective motions is determined in a much more complexway than what has been assumed so far.
References[1] P. Ring and P. Schuck, The Nuclear Many-Body Problem (Springer, 1980).[2] N. Hizawa, K. Hagino and K. Yoshida, Phys. Rev. C 103, (2021) 034313.[3] N. Hizawa, K. Hagino and K. Yoshida, Phys. Rev. C 105, (2022) 064302.[4] M. Matsumoto, Y. Tanimura and K. Hagino, Phys. Rev. C 108, (2023) L051302.

159
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Neutron-deficient nuclei in the lead region are excellent subjects for studying various interesting phenom-ena of nuclear structure and radioactive decay. One of them is the shape coexistence [1] which is wellestablished for example in even-even mercury and platinum nuclei. This phenomenon occurs when twoor more different types of deformation coexist at low excitation energy within the same nucleus. Exoticnuclei in this region have been extensively studied using various experimental techniques, including
β-delayed γ-ray spectroscopy, which allows us to identify and study levels in the daughter nucleus up torelatively high excitation energy. Since β decay is sensitive to the change of nuclear structure betweenthe mother nucleus and the populated state, this method can be used to determine properties of excitedlevels, such as nuclear spin.In this contribution, we will report on the investigation of excited levels in 182Pt, which is one of thenuclei from this part of the nuclear chart. The experiment was performed at the ISOLDE facility at CERN[2], where the states in 182Pt were populated in the EC/β+ decay of 182Au. This isotope was produced ina proton-induced spallation of a thick uranium target. Gold atoms were selectively ionised using laserionisation by RILIS [3] and mass separated to obtain a high-purity 182Au ion beam. The measurement ofits β decay was performed at the ISOLDE Decay Station (IDS) [4] with four HPGe Clover detectors for γ-and X-ray and detection.Collected statistics was over an order of magnitude higher compared to the previous study [5], whichallowed us to significantly expand the information on excited levels in 182Pt using the prompt γ-γ coinci-dence technique. We confirmed the previously known level scheme [5] and added over 220 new γ-raytransitions and about 80 new levels, expanding it up to∼3.7MeV in the excitation energy. Moreover,we evaluated the β-decay feeding intensities into levels in 182Pt and calculated corresponding log ftvalues for the first time for this β decay. Out of all observed direct β-decay feeding, about 35% leads tonewly observed states, which reduces the influence of the Pandemonium effect for our extended levelscheme. The log ft values for 2+ and 3+ states show a good agreement with the allowed β decay of the2+ ground state in 182Au [6]. Additionally, log ft values will be used to estimate the spin and parity oflevels, for which they are not known.
References[1] K. Heyde and J. L. Wood, Rev. Mod. Phys. 83 (2011) 1467.[2] R. Catheral et al., J. Phys. G: Nucl. Part. Phys. 44 (2017) 094002.[3] V. Fedosseev et al., J. Phys. G: Nucl. Part. Phys. 44 (2017) 084002.[4] ISOLDE Decay Station website. https://isolde-ids.web.cern.ch/.[5] P. M. Davidson et al., Nucl. Phys. A 657 (1999) 219.[6] R. D. Harding et al., Phys. Rev. C 102 (2020) 024312.
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The gSPEC project [1] aims at measuring nuclear g-factors of isomeric states in nuclei produced afterfission and fragmentation reactions at the GSI/FAIR accelerator facility and may cover nuclei over theentire nuclear chart. The phase gSPEC-0 is already started. Its is composed of the state-of-the-art HPGedetectors (DEGAS or a new gDEGAS type) for gamma-ray spectroscopy, set of ancillary detectors, and anelectromagnet, delivering a static magnetic field for the g-factor measurements.Monte-Carlo simulations of the entire setup are conducted using the Geant4 framework [2] for the setuppreparation and tests. Details as the efficiency and feasibility of various DEGAS detector configurations forgSPEC-0 are thoroughly studied [3]. The simulation covers different aspects of the g-factor measurementsfor the different gSPEC configurations. These can be compared to first in beam tests to be conductedin 2024 at GSI, offering the possibility of testing detectors and their associated electronics under realexperimental conditions. The presentation will focus on first results from these studies.
References[1] R. Lozeva et al., Hyp. Int. 240 (2019) 55.[2] S. Agostinelli et al., Nucl. Instr. Meth. Phys. Res. A 506 (2003) 250.[3] V. Piau et al., submitted to Nucl. Instr. Meth. Phys. Res. A (2024).
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In addition to complete fusion (CF) of weakly bound heavy ions at low energies, incomplete fusion (ICF)may also occur, in which the projectile breaks apart and partially fuses with the target nucleus [1, 2]. Otherdirect reaction processes, such as the transfer of particles or a cluster, the collective excitation of theprojectile and/or the target, etc., may also compete with and impact the fusion process. 9Be is a weaklybound nucleus and may break up via different channels, viz. n + α + α (EBU = 1.57 MeV) or n + 8Be (EBU= 1.67 MeV) or α + 5He (EBU = 2.31 MeV). In order to understand the fusion dynamics of 9Be, the 93Nbtargets of thickness (1.4 - 2.1 mg/cm2) backed by Al foils (1.5 - 1.9 mg/cm2 thickness) were arranged in astack and bombarded with 9Be beam. The cross sections of the populated residues have been measuredusing the γ-spectrometry method. The measured cross sections of 99mRh produced through the 3nchannel have been compared with the theoretical estimations from EMPIRE3.2.3 utilizing three differentlevel density models: Gilbert-CameronModel (GCM), Generalized SuperfluidModel (GSM), and EnhancedGeneralized SuperfluidModel (EGSM). EMPIRE is based on the Hauser-Feshbach formalism for compoundemission and the Exciton model for pre-compound emission. The EMPIRE calculations employing theGC level density model reproduced the data quite accurately for 99mRh, 3n channel residue. Therefore,EMPIRE(GC) was chosen for the analysis in other channels. An enhancement in the measured crosssections of αxn emission channels (Σσαxn) is observed compared to the theoretically calculated CFcross sections. It could be due to the possible contribution of ICF in producing 95Tc and 96Tc above CFthrough α3n and α2n channels, respectively.It has been claimed that 95gTc and 96gTc could replace the popular medical radioisotope 99mTc, eventhough the γ-ray intensities and decay rates of 96gTc and 95gTc are lower than those of 99mTc [3]. In thiswork, we have also investigated the production yields of 95gTc and 96gTc within 21-46 MeV energy andthe time evolution of yield compared to other concurrently produced nuclei, details of which will bediscussed during the conference.The research fellowships from DST-INSPIRE (IF180078) and MHRD, Government of India, are gratefullyacknowledged. We also thank our colleagues from the TASISPEC Lab, IIT Roorkee, for their support.

References[1] L. F. Canto et al., Phys. Rep. 424 (2006) 1.[2] R. Prajapat et al., Phys. Rev. C 103 (2021) 034620.[3] T. Hayakawa et al., Heliyon 4 (2018) e00497.
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The emission of the pre-equilibrium particles during nuclear collisions at moderate beam energies isstill an open question. This influences the properties of the compound nucleus but also changes theinterpretation of the quasi-fission process.A systematic analysis of the data obtained by the FAZIA collaboration [1] during a recent experiment witha neutron rich projectile is presented. The full range of charged particles detected in the experimentis within the limit of isotopic resolution of the FAZIA detector. Quasi-projectile (QP) fragments weredetected in majority thanks to the forward angular acceptance of the experimental setup which wasconfirmed by introducing cuts based on the HIPSE event generator calculations.The main goal was to compare the experimental results with the HIPSE simulations after introducingthese cuts to investigate the influence of the n-rich entrance channel on the QP fragment properties.More specifically, the lowering of N/Z of QP fragments with beam energy was found to be present sincethe initial phase of the reaction. Thus, pre-equilibrium emissions might be a possible candidate to explainsuch an effect [2].Acknowledgements: Project partially financed by the COPIGAL framework (Project No. 4).

References[1] The FAZIA Collaboration website, http://fazia.in2p3.fr/[2] S. Upadhyaya et al. https://arxiv.org/abs/2402.09289, accepted to EPJA.
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Fusion excitation function measurements require well defined and stable experimental geometry. Itincludes the beam position on the target changing during the beam energy adjustments. In fusionreactions, the angular distribution of the fusion products is centered around the beam axis at a verynarrow angle [1]. To minimize the instabilities during our measurements at the Heavy Ion Laboratory(HIL), a system that enables the online monitoring of beam position at the target has been developed.The array consists of four Silicon Carbide (SiC) detectors placed at small forward angles downstream ofthe target. These SiC counters detect the elastically scattered projectiles (Rutherford scattering).The radiation damage of the Si detector placed at a small angle is substantial, so we decided to use SiliconCarbide (SiC) detectors, owing to their extraordinary hardness to radiation damage [2, 3]. The detectorsupport allows the monitors to be set at angles in the range of 8 - 15 degrees and the distance to thetarget from 10 to 15 cm. At this geometry, we are sensitive to∼ 0.1 degree of beam position changes.This beam monitoring system has been successfully tested at HIL [4, 5] in experiments aimed at verifyingthe device’s ability to precisely determine even small displacements in the beam position.More details about the setup and the results of the test experiments will be presented in this contribution.

References[1] J.X. Wei et al., Nucl. Inst. and Meth. A 306 (1991) 557.[2] S. Tudisco et al., European Physical Journal Web of Conferences 227 (2020) 01017.[3] A. Benyagoub and A. Audren, Nucl. Inst. and Meth. B267 (2009) 1255-1258.[4] E. Piasecki et al., HIL Annual Report (2021) 25-27.[5] G. Colucci et al., HIL Annual Report (2022) 60-62.
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P-20. Shellmodel based description of band-like structures in 63,65,67Zn
Yashraj1,2, U. S. Ghosh1, R. P. Singh1, B. R. Behra2 P - 20

1 Inter University Accelerator Centre, Aruna Asaf Ali Marg, New Delhi - 110067, INDIA; 2 Department ofPhysics, Panjab University, Chandigarh - 160014, INDIA
Various nuclear structure phenomena, such as magnetic rotational bands, super-deformed bands, bandtermination, and the evolution of shape and collectivity, have been observed in different isotopes ofNi [1], Zn [2], Ga [3] and Ge [4] in the vicinity of A ≈ 60. This region corresponds to nuclei where thenumber of protons and neutrons is slightly above that of the closed shell (N = Z = 28) 56Ni isotope. Here,the 1f5/2, 2p3/2 and 2p1/2 orbitals primarily contribute to the single-particle structure at low spin, whilecollectivity at intermediate and high spin emerges due to the involvement of the intruder 1g9/2 orbital.The energy systematics of the various states forming band-like structures in odd 63,65,67Zn indicate apotential decrease in excitation energy as the number of neutrons increases. This might be attributedto an increase in paired neutrons with an increase in A. Theoretical calculations for positive-parityand positive-signature bands suggest a change in the shape from oblate to prolate (with considerabledeformation, β2 ≈ 0.2) for 63,65Zn from low to high rotational frequency. The observed decay schemeat intermediate and high spin suggests a competition between single-particle and collective modes ofexcitation [2]. However, the lack of lifetime data makes it more difficult to conclude about the natureadequately without ambiguity. Therefore, information regarding the B(E2) values is very crucial forunderstanding the intermediate and high spin yrast, as well as non-yrast band-like structures in the oddZn isotopes. In this context, the shell-model, within an appropriate model space, proves effective inyielding promising outcomes. With the aid of model-based calculations, it is intriguing to delve into theprecise structure of these isotopes in order to comprehend the microscopic structure and observe theeffects of various orbitals on the structure.Shell model calculations have been performed using KSHELL code [5] in f5/2pg9/2 model space, employingtwo different interactions, viz., jun45pn [6] and jj44bpn [7]. These calculations aim to investigate theobserved band-like structures in the odd 63,65,67Zn isotopes. Calculated energy values of the excitedstates are compared with the experimental data, showing good agreement at low and intermediateexcitation energies. The probability of occupation for valence protons and neutrons has been computedwithin the fpgmodel space. Regarding the origin of angular momentum for individual states, detailedconfigurations have been calculated using both the interactions, and a comprehensive discussion on thefindings will be presented. Furthermore, B(E2) values are calculated for different band-like structures,revealing a decrease in collectivity with increasing angular momentum, based on calculations with boththe interactions.References[1] D. A. Torres et al., Phys. Rev. C 78 (2008) 054318; Soumik Bhattacharya et al., Phys. Rev. C 107 (2023)054311; M. Albers et al., Phys. Rev. C 94 (2016) 034301.[2] C. E. Svensson et al., Phys. Rev. Lett. 82 (1999) 3400; U. S. Ghosh et al., Phys. Rev. C 100 (2019)034314; B. Mukherjee et al., Phys. Rev. C 64 (2001) 024304; A. D. Ayangeakaa et al., Phys. Rev. C 105(2022) 054315.[3] I. Dankó et al., Phys. Rev. C 59 (1999) 1956; M. Weiszflog et al., Eur. Phys. J. A 11 (2001) 25; U. S. Ghosh
et al., Phys. Rev. C 102 (2020) 024328.[4] U. Hermkens et al., Phys. Rev. C 59 (1995) 1783; A. P. de Lima et al., Phys. Rev. C 23 (1981) 213; L.Chaturvedi et al., Phys. Rev. C 43 (1991) 2541.
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P-21. Thermonuclear reaction rate of 57Cu(p, γ)58Zn in rp-process
M. Zhang1, X. Xu1, Y. M. Xing1, S. Q. Hou1 P - 21

1 CAS Key Laboratory of High Precision Nuclear Spectroscopy, Institute of Modern Physics, ChineseAcademy of Sciences, Lanzhou, China
The thermonuclear reaction rate of 57Cu(p, γ)58Zn, which depends exponentially on the neutron-deficient nuclide 58Zn mass, is of great importance to understand how the rp-process proceed beyondthe 56Ni waiting point in type-I X-ray bursts. So far the uncertainty of 57Cu(p, γ)58Zn reaction rate isdominated by the 50 keV uncertainty of the proton separation energy (Sp) of 58Zn [1,2] propagated fromits mass [3], which was determined indirectly by measuring theQ value of a double charge-exchange reac-tion 58Ni(π+, π−)58Zn nearly 40 years ago [4]. Recently, We directly measured the mass of 58Zn by using
Bρ-defined isochronous mass spectrometry [5], resulting in a more precise proton separation energyof Sp(

58Zn) = 2227(36) keV. With this new Sp value, the thermonuclear rate of the 57Cu(p, γ)58Znreaction has been reevaluated to be higher than the most recently published rate [2] by a factor of up to3 in the temperature range of 0.2 GK≲ T ≲ 1.5 GK. The new rate is used to investigate its astrophysicalimpact via one-zone post-processing type-I X-ray burst calculations. It shows that the updated rateand new Sp(
58Zn) value result in noticeable abundance variations for nuclei with A = 56-59 and a re-duction inA = 57 abundance by up to 20.7%, comparedwith the results using the recently published rate.

References[1] C. Langer et al., Phys. Rev. Lett. 113 (2014) 032502.[2] Y. H. Lam et al., The Astrophysical Journal 929 (2022) 73.[3] M. Wang et al., Chinese Physics C 45 (2021) 030003.[4] K. K. Seth et al., Physics Letters B 173 (1986) 397.[5] M. Wang et al., Phys. Rev. Lett. 130 (2023) 192501.
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