Call for Pre-proposals for IDATEN

The IDATEN (International Detector Assembly for fast-Timing measurements of Exotic Nuclei) collaboration has been launched at the RI Beam Factory (RIBF) in the RIKEN Nishina Center (RNC). We herein solicit pre-proposals for nuclear-physics experiments at RIBF with the use of the IDATEN experimental setup. 

This project has been realized thanks to the collaboration with FATIMA (FAst TIMing Array) in UK and KHALA (Korea High-resolution Array of LABr3(Ce)) in South Korea. The main body of the IDATEN detector assembly consists of 84 units of cerium-doped lanthanum bromide: LaBr3(Ce) scintillators arising from a combination of 36 FATIMA-type detectors (Φ1.5”×2”-length crystal each) and 48 KHALA-type detectors (Φ1.5”×1.5”-length crystal each). With this detector configuration, γ-ray full-energy-peak efficiencies of about 20, 9, and 5 % are expected for 100-, 500-, and 1000-keV γ rays, respectively. In addition to the LaBr3(Ce) detectors, two Clover-type HPGe detectors will be installed to monitor γ-ray energy spectra with high resolution and to disentangle complex decay spectra by gating on a specific γ ray measured in coincidence with the LaBr3(Ce) detectors. These γ-ray detectors will be arranged around a modified version of the WAS3ABi (Wide-range Active Silicon-Strip Stopper Array for Beta and ion detection) active stopper system, which comprises several layers of double-sided silicon-strip detectors and fast-timing plastic scintillator detectors in a close-packed geometry, at the end of the BigRIPS-ZeroDegree spectrometer (F11). The new IDATEN array has a capability to measure the lifetimes of excited states in the picosecond range by means of electronic fast-timing β-γ and γ-γ coincidence methods. For more details about the IDATEN project, please refer to the construction proposal embedded below.



The purpose of collecting pre-proposals is to confirm the feasibility of the proposed experiments and to coordinate submission of real proposals to the forthcoming PAC meeting at RIBF so that overlaps between proposals can be avoided. Those who are interested in conducting an experiment as part of the IDATEN collaboration are required to send a pre-proposal via Google Forms (https://forms.gle/1M23mJCKhRHBRaeX9) by May 31 in 2022. All the proponents are invited to the collaboration workshop, which will be held from July 6 to 8, to present the contents of the pre-proposal. In the workshop, we will also discuss how to organize research groups for each of the real proposals based on the physics interest and common setting of the primary/secondary beams. Due to the still uncertain situation on the pandemic, a video link via Zoom will be prepared for the workshop participants. Detailed information about the dedicated workshop will be carried later.

We are looking forward to your contribution to the IDATEN project.

With best regards,

Hiroshi Watanabe
Patrick H. Regan
Byul Moon
Shunji Nishimura
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Proposal for Nuclear Physics Experiment at RI Beam Factory 
(RIBF NP-PAC-22, 2021) 


 


Title of Experiment Fast-timing γ-ray spectroscopy of exotic nuclei at RIBF 


Category 


[ x ] NP experiment [  ] Detector R&D [ x ] Construction 


[  ] Update proposal   (Experimental Program:  NP      –         )  


[  ]  Re-evaluation   (Experimental Program:  NP      –         ) 


Experimental  


Devices 


[  ] GARIS           [  ] RIPS [  ] CRIB [  ] KISS 


[ x ] BigRIPS [ x ] Zero Degree     [  ] SHARAQ [  ] OEDO 


[  ] RI Ring [  ] SAMURAI  


Detectors [  ] DALI2           [  ] GRAPE  


 


Spokesperson (Only one person, Multiple spokespersons not accepted) :   


Name Hiroshi Watanabe 


Institution Beihang University / RIKEN Nishina Center 


Title of position Professor / Visiting Fellow 


Address 37 XueYuan Rd., Haidian District, Beijing, China 


Tel +86-18210358550 Fax  


Email hiroshi@ribf.riken.jp 


 


Co-Spokesperson (If any) :   


Name Patrick H. Regan 


Institution National Physical Laboratory / University of Surrey 


Title of position Professor 


Address Guildford, GU2 7XH, UK 


Tel +44-07906-029-608 Fax  


Email p.regan@surrey.ac.uk  


 


Name Byul Moon 


Institution Center for Exotic Nuclear Studies, Institute for Basic Science 


Title of position Young Scientist Fellowship 


Address 55 Expo-ro, Daejeon, Republic of Korea 


Tel +82-42-878-9612 Fax  


Email mb0316@ibs.re.kr  


 


In-House Contact Person (If any) : 


Name Shunji Nishimura 


Institution RIKEN Nishina Center 


Title of position Senior Researcher 


Address 2-1 Hirosawa, Wako, Saitama 351-0198, Japan  


Tel +81-48-462-1111 Fax  


Email nishimu@ribf.riken.jp  
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Beam Time Request Summary: 


Please indicate requested beam times of TUser–Tuning & TUser–Data Run only.  TBigRIPS and Total times will be 


given by RIKEN. 


Total  


Beam Time 


TBigRIPS : 


Tuning time with BigRIPS for secondary 
beam settings 
 


(User Support Office use only)  


Days  


TUser–Tuning :  


Tuning time for users’ own equipment and/or 
detectors using primary / secondary beams 
 


0.5 Days 


TUser–Data Run :  


Beam-time for data runs 
 


0.5 days 


TOTAL 


(User Support Office use only)  


days  


 


Beam summary  


Primary Beam: 


Particle 238U Energy 345 (E/A MeV) Intensity 70 (pnA) 


 


Secondary Beams: 


RI Beams Beam-on-Target Time for DATA RUN 


Isotope 
Energy 


 (E/A MeV) 


Rate of 


Isotope (/s) 


Total Beam Rate 


@ F3 (/s) 
Days 


128Cd 220 101 9.3×103 0.5 


     


     


     


     


Fill each row for each BigRIPS setting, with objective isotope, its energy, rate, and 


total beam rate which cannot exceed 107/s in BigRIPS due to radiation regulation. 
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Keywords: 


[  ] New isotope search 


[ x ] Lifetime measurement 


[  ] Mass measurement 


[  ] Superheavy element 


[ x ] β-γ spectroscopy 


[  ] In-beam γ-ray spectroscopy  


 [  ] 2+
1 study 


[  ] Nucleosynthesis   


  [  ] r process [  ] rp process 


[ x ] Nuclear structure 


around [  ] 32Mg [  ] 42Si [ x ] 78Ni 


 [ x ] 100Sn [ x ] 132Sn [ x ] Others ( see Appendix ) 


[  ] Nuclear reaction 


[ x ] Shell evolution 


[  ] Nuclear moment 


[  ] Spin-isospin excitation 


[  ] Nuclear force 


[  ] Nuclear equation of state 


[  ] Exotic atom 


[ x ] Others ( Shape transition/coexistence                                              ) 


 


Readiness 


Estimated date ready to run the experiment 


1st half of FY2023 (test experiment) 


2nd half of FY2023 or 1st half of FY2024 (physics 


experiments that will be proposed in the future NP-PAC) 


Dates which should be excluded, if any None 


 


 


Summary of Experiments 


The purpose of this construction proposal is to build a highly efficient fast-timing γ-ray spectrometer at the 


RIBF facility by combining the FATIMA and KHALA LaBr3(Ce) detectors. The new array, called as IDATEN 


(International Detector Assembly for fast-Timing measurements of Exotic Nuclei), is capable of measuring 


lifetimes in the picosecond range by means of electronic fast-timing β-γ and γ-γ coincidence methods, thereby 


can provide more information on the nuclear structure of exotic nuclei far off stability, which remain hard to 


reach at other RI-beam facilities. A full-energy peak efficiency of 8 % is expected for a 500-keV γ ray with 72 


LaBr3(Ce) detectors. We envisage that beamtime campaigns using the IDATEN setup will be conducted in 


2023-2024. 







Your proposal should be sent to User Support Office (UserSupportOffice@ribf.riken.jp) 


 


List of Collaborators (including spokesperson) 


Name Institution Country of location Title or position 


S. Ahn IBS South Korea Senior Research Fellow 


H. Baba RNC Japan Team Leader 


S. Bae IBS South Korea Postdoc 


A. Banerjee GSI Germany Postdoc 


G. Bartram U. of Surrey UK Ph. D student 


G. Benzoni INFN Milano Italy Professor 


A. Bruce U. of Brighton UK Professor 


M. Chishti U. of Surrey UK Postdoc 


Y. Cho SNU South Korea Ph. D. Student 


S. Choi SNU South Korea Professor 


M. Górska GSI Germany Professor 


S. Jazrawi U. of Surrey UK Ph. D student 


J. Ha U. of Padova Italy Postdoc 


K. Hahn IBS South Korea Director 


B. Hong Korea U. South Korea Professor 


J. Hwang IBS South Korea Postdoc 


Y. Jang Korea U. South Korea Ph. D student 


Y. Kim ILL France Instrument Scientists 


J. Lee Korea U. South Korea Ph. D student 


G.S. Li IMP China Researcher 


X.Y. Liu IMP China Ph. D student 


Z. Liu IMP China Professor 


B. Moon IBS South Korea Young Scientist Fellowship 


C.B. Moon IBS South Korea Professor 


A.I. Morales CSIS Valencia Spain Postdoc 


S. Nishimura RNC Japan Senior Researcher 


J. Park IBS South Korea Postdoc 


S. Pascu U. of Surrey UK Postdoc 


V.H. Phong RNC Japan Postdoc 


Z. Podolyak U. of Surrey UK Professor 


P.H. Regan U. of Surrey/NPL UK Professor 


M. Rudigier TU Darmstadt Germany Postdoc 


H. Sakurai RNC Japan Director 


R. Shearman NPL UK Higher Research Scientist 


Y. Son SNU South Korea Ph. D. Student 


B.H. Sun Beihang U. China Professor 


H. Watanabe Beihang U./RNC China/Japan Professor/Visiting Fellow 


Q.B. Zeng IMP China Ph. D student 


G.X. Zhang U. of Padova Italy Postdoc 
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Detailed Description of the proposed experiment 


 


1 Motivation 


 Nuclear decay spectroscopy refers to an experimental technique to investigate the decay properties of 


radioactive isotopes (RIs) at rest by measuring the energy, timing, multiplicity, and anisotropy of the emitted 


radiations, i.e., α, β, γ rays, conversion electron, neutron, proton, etc. One can obtain a variety of information 


such as the (de)excitation energy, lifetime, spin, and parity of nuclear levels from decay spectroscopic studies, 


taking advantage of experimental equipment optimized for the observable of interest. In particular, the lifetime 


of an excited state, which undergoes an electromagnetic transition with a given energy and multipolarity, is 


one of the most important observables in nuclear structure studies. The reduced transition probability that can 


be derived from the measured lifetime depends on (the overlap between) the wave functions of the initial and 


final states, thereby shedding light on the underlying nuclear structure aspects such as collective and single-


particle motion. Thus, the lifetime measurements for nuclear excited levels can provide a good testing ground 


for theoretical nuclear structure models.  


 The advent of RIBF in RIKEN Nishina Center has opened up fascinating opportunities for decay 


spectroscopic studies of exotic nuclides far off the valley of stability after having started its operation in 2007 


as the first 3rd-generation in-flight separator facility [T. Motobayashi, H. Sakurai, Prog. Theor. Exp. Phys. 2012, 


03C001 (2012)]. During the period between 2012 and 2016, about 440 species of rare isotopes, which lie in 


previously hard-to-reach regions on the chart of nuclides, have been explored by means of β- and isomeric-


decay spectroscopy in the so-called EURICA (EUroball-RIKEN Cluster Array) project with more than 100 


days of data taking [S. Nishimura, Nucl. Phys. News Int. 22, 38 (2012)]. Exploiting a highly efficient γ-ray 


spectrometer consisting of 12 EUROBALL-Cluster high-purity germanium (HPGe) detectors, in conjunction 


with state-of-the-art active stopper systems and the world’s strongest RI beams delivered through the BigRIPS 


in-flight separator, we have obtained new physics phenomena and insights into nuclear structure, as well as 


fundamental information on the unstable nuclei that are crucial for understanding the stellar processes, which 


determine the abundance of stable nuclides in the universe. A list of publications achieved from EURICA can 


be found in the EURICA webpage [http://ribf.riken.jp/EURICA/].  


The EURICA HPGe detectors have operated with an excellent energy resolution, allowing for unambiguous 


determination of the excitation energy of excited states by measuring the energy of deexcitation γ rays with 


high precision. However, the slow time response being characteristic of semiconductor detectors made the 


original EURICA setup unsuitable for the measurement of level lifetimes shorter than a few tens of 


nanoseconds. As such, with the aim of measuring short lifetimes in the sub-nanosecond regime using the 


technique of delayed coincidence electronic fast timing (EFT) in combination with fast-response scintillator 


detectors, 18 LaBr3(Ce) detectors (Φ1.5” × 2”-length crystal each), which were developed for the UK-FATIMA 


(FAst TIMing Array) project, have been installed into three vacant slots in the EURICA support frame, and also 


the WAS3ABi active stopper system was modified so as to sandwich three DSSSDs between two plastic 


scintillators (referred to as β-plastics) with a thickness of 2 mm, in the EURICA experimental campaign in 2013. 


This tentative implementation of the fast-timing detectors has succeeded in measuring the lifetimes of the 2+
1 


states in 104,106Zr [F. Browne et al., Phys. Lett. B 750, 448 (2015)] and 106,108,110Mo [J. Ha et al., Phys. Rev. C 


101, 044311 (2020)] and the 6+
1 state in 72Ni [A.I. Morales et al., Phys. Rev. C 93, 034328 (2016)], leading to 


a future prospect for decay spectroscopic studies at RIBF with the use of an optimum setup for fast-timing 


lifetime measurements. With this construction proposal, we aim to build the world’s most efficient LaBr3(Ce)-


based fast-timing γ-ray spectrometer by combining 36 FATIMA-type detectors and the newly developed 


KHALA (Korea High-resolution Array of LABr3(Ce)) array, which consists of 36 units of Φ1.5” × 1.5”-length 


detectors. The IDATEN (International Detector Assembly for fast-Timing measurements of Exotic Nuclei) 


collaboration will expand the research capability of nuclear decay spectroscopy at RIBF. 


 


2 Research interests 


 


Lifetime range to be measured 


The lifetime measurements can provide unique opportunities to pin down some “structural anomalies” that 


remain unsolved by the measurement of excitation energies due to its higher sensitivity to the intrinsic nuclear 


structure than the level energy. Various experimental techniques to measure the lifetime of an excited state 
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are indicated on top of the left panel of Fig. 


1. We aim at measuring the mean lifetimes 


in the 10 ps – 10 ns range by means of 


EFT β-γ and γ-γ coincidence techniques 


with the IDATEN setup. It is to be noted that 


the method of EFT is applicable to the 


lifetime regime that is hard to be covered 


by DSAM, and therefore can overlap with 


other complementary techniques, such as 


RDM and Coulomb excitation. 


The left panels of Fig. 1 show the variation 


of lifetimes with transition energy 


(calculated with A = 128, Z = 48 and 


corrected for internal conversion) for given 


reduced transition probabilities, between 


which, as demonstrated in the right panels, 


majority of E1, M1, and E2 transitions 


measured to date for A ≧ 40 intervene. It 


can be found from Fig. 1 that the following 


incidents take place within the 10 ps – 10 


ns range (highlighted in yellow): 


 


◼ Strongly enhanced (~100 W.u.) E2 


transitions with an energy of 400 keV 


or lower, which occur as 2+
1→0+


1 in 


even-even well deformed nuclei in 


medium-heavy mass regions, 


◼ Moderately enhanced (~30 W.u.) E2 


transitions with energies in the 300~600 keV range, which occur as 2+
1→0+


1 in even-even vibrational 


nuclei in medium-heavy mass regions, 


◼ Hindered (10-2 – 1 W.u.) E2 transitions with energies in the 300~1000 keV range, which are likely to 


occur between the same seniority multiplet members in single closed-shell nuclei and as 0+
2→2+


1 


between states having different shapes, 


◼ Highly hindered (10-4 – 10-2 W.u.) M1 transitions, which occur between single-particle states of different 


ℓ (ℓ-forbidden) in the closed-shell regions, 


◼ Hindered (10-6 – 10-5 W.u.) E1 transitions with energies of the order of several hundreds of keV, which 


occur between states with ΔK = 1 or 2 (K-forbidden) in well-deformed nuclei, 


◼ Enhanced (10-4 – 10-2 W.u.) E1 transitions with energies of a few hundreds of keV, which occur between 


the yrast positive- and negative-parity states in reflection asymmetric nuclei. 


 


Physics cases 


The research territory on the chart of nuclides has been dramatically expanded both towards the proton-rich 


and neutron-rich frontiers with the advent of RIBF, the world’s currently best facility for rare isotope science. 


Further development in the intensity of primary beams in recent years enables unprecedented studies of 


exotic nuclei by decay spectroscopy. The lifetime measurements for nuclear excited states at RIBF can 


provide more opportunities to obtain in-depth information on nuclear structure far off stability, such as the 


evolution of shell structures that can lead to new and/or lost magic numbers, the effect of weak binding and 


pairing in highly diffused neutron/proton densities, the emergence of stable oblate, triaxial, and higher-order 


deformations at low excitation energy. The transition probabilities that can be derived from the measured 


lifetimes will be compared with predictions of various microscopic nuclear structure models, and thus 


employed to test the model dependent intrinsic nuclear structure. A list of nuclear levels that are considered 


being studied as part of the IDATEN project is given in Appendix. Some specific examples of the physics 


cases are described below: 


 


Fig. 1: Left: Transition energy in keV versus mean lifetime for E1, M1, 


and E2 multipolarities calculated with the assumption that the decay 


takes place with a single transition in 128Cd (Z = 48) with a given reduced 


transition probability in Weisskopf units as indicated. Time ranges, to 


which different methods of direct lifetime measurement are applicable, 


are indicated on top of the figure; doppler-shift attenuation method 


(DSAM); recoil distance method (RDM); electronic fast timing (EFT); 


electric slow timing (EST). Right: Distributions of B(E1), B(M1), and 


B(E2) measured to date for A ≧ 40. 
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⚫ Nature of the shell closures at the magic numbers 28, 50, 82; robust or quenched? 


One of the controversial topics in nuclear structure studies is whether, or to what extent, the spherical shell 


closures at the conventional magic numbers 28, 50, 82, (and 126) are quenched, as observed for the lighter 


ones, such as 8 and 20, when moving away from stability in heavier mass regions. This issue is also of 


particular importance for modeling the explosive neutron-capture nucleosynthesis processes. Below 132Sn82, 


the recent mass measurements for neutron-rich Cd isotopes exhibited a significant reduction of the N = 82 


shell gap, also highlighting the doubly magic nature of 132Sn [D. Atanasov et al., Phys. Rev. Lett. 115, 232501 


(2015); V. Manea et al., Phys. Rev. Lett. 124, 092502 (2020)]. On the other hand, spectroscopic studies of the 


N = 82 nuclei, 130Cd [A. Jungclaus et al., Phys. Rev. Lett. 99, 132501 (2007)] and 128Pd [H. Watanabe et al., 


Phys. Rev. Lett. 111, 152501 (2013)], indicated that the N = 82 shell closure remains robust, so that the level 


sequences below the 8+ isomeric state can be interpreted in terms of the seniority-two coupling in the proton 


g9/2 subshell. An experimental challenge is to measure the lifetime of the 6+ and 4+ states in these neutron-rich 


semi-magic nuclei in order to verify the conservation of seniority, which is likely to be sensitive to the robustness 


of the underlying N = 82 shell closure.  


The remnants of the strong seniority states should be visible when coupled to proton-neutron configurations. 


Based on this assumption the 8+ and 10+ states in 128Cd, which has two proton holes and two neutron holes 


relative to 132Sn, are expected to have a longer lifetime than the neighboring spin yrast states. The lifetime 


measurement of intermediate states in the nuclei of this type below the known isomers (e.g., 10+ with T1/2 = 


3.56 μs in 128Cd [L. Cáceres et al. Phys. Rev. C 79, 011301(R) (2009)]) is therefore of high interest. The 


generalized approach to this phenomenon and comparison of this region to the 100Sn region where protons 


and neutrons occupy the same orbitals is serving for deeper understanding of nucleon-nucleon force. 


The lifetime measurement of the 2+
1 states in the N = 80 isotones, 128Cd and 126Pd, is also within the scope 


of this project. For Z > 50, the 2+
1 energies in Te and Xe isotopes gradually increase as the neutron number 


increases towards N = 82, implying smooth structural evolution from vibrational nature to the spherical shape. 


Being different from the Z > 50 nuclei, the systematic behavior of the 2+
1 levels in the neutron-rich Cd isotopes 


is somewhat unusual; the 2+
1 energy is 6 keV lower in 128Cd80 than in 126Cd78, followed by a sudden increase 


in excitation energy in 130Cd82. Such an irregularity of the 2+
1 energies is not so apparent in the systematics of 


the Pd chain as in the Cd case. More specific information on the 2+
1 state, such as a transition matrix element 


that can be derived from the lifetime, is highly demanded to clarify the origin of the anomalous trend of the 


energy systematics approaching N = 82. 


The 2+
1 level energy in even-even 50Sn isotopes beyond the neutron shell closure N = 82 is considerably 


lower than that with N < 82. This energy difference is interpreted in terms of the different pairing features 


between the neutron sub-shell orbitals located above and below the N = 82 gap. The near constancy of the 


observed energies for the 6+
1, 4+


1, and 2+
1 levels in 134,136,138Sn84,86,88 is superficially characteristic of a simple 


seniority scheme with neutrons in the 1f7/2 orbital. However, the experimental B(E2;6+
1→4+


1) value in 136Sn 


significantly deviates from the expectation of the simple seniority scheme [G. S. Simpson et al., Phys. Rev. 


Lett. 113, 132502 (2014)]. This discrepancy between the observation and theoretical prediction could be 


compensated by reducing the ν1f27/2 matrix elements. The modification of this kind is considered to cause 


mixing between seniority-two and -four components in the 4+
1 state due to a reduction of the neutron pairing 


strength. To confirm the hypothesis of seniority mixing and the underlying reduction of neutron pairing beyond 


N = 82, we will propose to measure the lifetime of the 4+
1 state in 136,138Sn. 


A similar modification could be also applied to the case of 138Te86 to reproduce the measured 2+ excitation 


energy [B. Moon et al., Phys. Rev. C 103, 034320 (2021)]. Moreover, 136Te84 has garnered attention due to 


its system with a proton pair and a neutron pair outside the doubly closed core 132Sn. Various Coulomb 


excitation experiments have been performed to reveal special pairing nature occurring in this nucleus for many 


times after an observation of the anomalously suppressed B(E2) value which suggested the neutron 


dominance in the wave function [D. C. Radford et al., Phys. Rev. Lett. 88, 222501 (2002); J. M. Allmond et al., 


Phys. Rev. Lett. 118, 092503 (2017); V. Vaquero et al., Phys. Rev. C 99, 034306 (2019)]. The fast-timing 


measurements have been recently carried out for Te isotopes from mass number 134 to 138 [G. Hafner et 


al., Phys. Rev. C 103, 034317 (2021)]. Even though lifetimes of several states have been measured for the 


first time, the large uncertainties could not still skim the shed in the wave functions to reveal the pairing nature. 


Therefore, it is encouraged to measure the lifetimes of the excited states in 136,138Te to pin down the special 
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configuration which gives rise to the reduction in the 2+
1 excitation energies. 


78Ni50 is one of the landmark nuclides at the RIBF facility. The results of the first spectroscopic study of 78Ni 


indicated its doubly magic nature, as well as the coexistence of competing spherical and deformed 


configurations [R. Taniuchi et al., Nature 569, 53 (2019)]. Here, we aim at measuring the B(E2) value for the 


6+
1→4+


1 transition following the decay from the 8+
1 isomer in 76Ni48 [C. Mazzocchi et al., Phys. Lett. B 622, 45 


(2005)], which correspond to a double-hole system relative to the 78Ni core, to investigate the effect of core 


excitation on the seniority scheme that is dominated by neutrons in the g9/2 orbital. In addition, the B(M1) value 


for the 3/2-
1→5/2-


1 “ℓ-forbidden” transition in 77Cu48 is sensitive to the wave function (i.e., configuration mixing) 


and to an effective M1 operator that includes the effect of core polarization and meson exchange current 


corrections, thus can serve as a stringent benchmark for testing microscopic models in the vicinity of 78Ni.  


The nuclear properties of neutron-rich nuclei near the mass number A=80 region has been shown to be very 


important to understand interesting phenomena, such as shape coexistence near closed shells [A. Gottardo 


et al., Phys. Rev. Lett. 116, 182501 (2016)] as well as to reduce a significant uncertainty of the final 


abundances in the rapid neutron capture process (r-process) [R. Surman et al., AIP Advances 4, 041008 


(2014) and S. Ahn et al., Phys. Rev. C 100, 044613 (2019)]. The changes in excitation energy of intruder 


states along an isotopic or isotonic chain with a single particle or hole coupled to the semi-magic core are an 


indicator of the change of shell structure. The lifetime of low-lying states in the N = 49 isotones, 81Ge and 83Se, 


including 5/2+, 1/2- and 3/2+ states are particularly of interest to confirm the assignment of the intruder states. 


Furthermore, the lifetime measurement for 79Zn49 will also provide the systematic information of the shape 


coexistence approaching Z = 28. 


 


⚫ Nuclear shape evolution in the regions of large quadrupole deformation 


Nuclear shape evolution is one of the most intriguing topics in nuclear physics to understand the many-body 


quantum physics. It is known that sudden shape transitions from spherical to prolate deformed shapes take 


place at N = 60 in neutron-rich Kr, Sr, and Zr isotopes with A ~ 100, and at N = 90 in lanthanide nuclei, such 


as Nd, Sm, Gd, Dy, and Er, around A = 150-160. In general, low-energy properties of well deformed nuclei are 


expected to vary smoothly with increasing the number of valence protons or neutrons towards the mid-shell 


regions. For 60Nd isotopes, however, an anomalous behavior could be found in the B(E2; 0+→2+) values with 


a sudden drop at 154Nd94. This value with a large error bar was observed in 1973 and conspicuously 


contradicts to the aspects in the neighboring nuclides. Therefore, it is of great interest to measure the B(E2) 


values in more neutron-rich Nd isotopes to understand some structural changes that underlie the nuclear 


shape evolution. In the neutron-rich A ~ 100 region, there are little experimental results of electromagnetic 


transition strengths for 38Sr isotopes with N > 60, for which multiple energy minima at oblate and prolate 


deformation in the potential energy surface were predicted from covariant density functional theory [J. Xiang 


et al. NPA 873 (2012) 1-16]. In addition to previously reported lifetimes of the 21
+ levels in 100,102Sr62,64, the 


lifetime measurements for the 41
+ and higher-spin states are necessary to pin down the predicted prolate-


oblate shape coexistence in this complex mid-shell region. Identification of the previously unknown excited 


states in 104Sr66 and their lifetimes are also within the scope of this project. 


Experimental studies of neutron-rich even-even 66Dy isotopes [P.-A. Soderstrom et al., Phys. Lett. B 762, 


404 (2016); H. Watanabe et al., Phys. Lett. B 760, 641 (2016); G.X. Zhang et al., Phys. Lett. B 799, 135036 


(2019)] have generated considerable interest because, despite the theoretically predicted gradual change in 


quadrupole collectivity as a function of the neutron number [C.E. Vargas et al., Eur. Phys. J. A 49, 1 (2013)], 


there remains unanswered questions about the observed energy systematics of the low-lying states. For 


instance, there are some irregularities in the systematics of the 21
+ energies with local minima at N = 98 and 


N = 104. Such an irregular behavior in the energy systematics has been discussed in terms of deformed sub-


shell closures that can stabilize the nuclear deformation, but left unclear. It is foreseen that the measurement 


of the B(E2) values in the ground-state rotational bands in 168,170,172Dy102,104,106 will be crucial for understanding 


the underlying mechanism of the structural anomaly in this doubly mid-shell region. 


 


⚫ Prolate-to-oblate shape transition via triaxiality, and higher-order deformations 


One of the key aspects of atomic nuclei is that a variety of geometrical shapes manifest themselves 


depending on the configurations of the constituent protons and neutrons in the shell orbitals. The neutron-rich 


Hf-W-Os-Pt-Hg region is characterized by the presence of nuclei with different shapes in their ground states, 
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such as prolate, oblate, triaxial and spherical. The lighter isotopes are prolate deformed, and by adding more 


and more neutrons the shape becomes oblate. As the N=126 closed shell is approached the nuclei become 


spherical. In the prolate-oblate transition region, the nuclei can be described by a potential with similar energy 


minima corresponding to prolate and oblate shapes. The exact place where the shape transition is predicted 


depends on the details of the theoretical calculations [P. Sarriguren et al., Phys. Rev. C 77, 064322 (2008)]. 


The nature of the shape transition depends on the element. For nuclei like 70Yb and 72Hf a sudden shape 


change is expected from well deformed prolate to oblate shape as more and more neutrons are added. In 


this case triaxiality plays little role. In 74W isotopes a transitional region with high γ (triaxial) deformation or 


softness (depending on the theoretical calculation) is expected, centered on 190W116 [Zs. Podolyak et al., Phys. 


Lett. B 491, 225 (2000); P.M. Walker, F.R. Xu, Phys. Lett. B 635, 286 (2006)]. Here we propose to quantify the 


collectivity in a number of neutron-rich nuclei by measuring the lifetime of the yrast 2+ state. This will include 


the 186,188Hf114,116 nuclei, where 188Hf at N = 116 is expected to be the transitional nucleus between prolate 186Hf 


and oblate 190Hf. Presently not even the 2+ energy is known in these nuclei. The determination of the B(E2) 


transition strength in 192W118 will provide information on the role of triaxiality in this isotopic chain. 


A similar type of shape transition from prolate, via γ-soft, to oblate shapes is suggested to take place at N = 


68 in neutron-rich Zr-Mo-Ru nuclides around A = 110. One of the surprises the research comes across in this 


shape-transitional region is the emergence of a long-lived isomeric state at relatively high excitation energy (≳ 


2 MeV) in 108Zr68 [T. Sumikama et al., Phys. Rev. Lett. 106 (2011) 202501; D. Kameda et al., Phys. Rev. C 86 


(2012) 054319]. This isomeric state is predicted to have Kπ = 4- with a neutron two-quasiparticle configuration 


by the configuration-constrained potential-energy-surface calculation [Y. Shi et al., Phys. Rev. C 85 (2012) 


027307.], but its nature remains to be fixed experimentally. More information on the excited level structure, 


such as the lifetime of the lower-lying levels to which the isomer decays, will be necessary to pin down the 


complicated structure of 108Zr, which is located at the boundary between the regions of predicted prolate and 


oblate deformations. 


Concerning higher-order deformation, the question of how the degree of reflection asymmetry evolves 


beyond 144,146Ba88,90, for which direct evidence of octupole deformation was confirmed by multistep Coulomb 


excitation [B. Bucher et al., Phys. Rev. Lett. 116, 112503 (2016), Phys. Rev. Lett. 118, 152504 (2017)], remains 


not fully understood due mainly to insufficient information on electric dipole (E1) and octupole (E3) transition 


probabilities between the yrast positive- and negative-parity states in more neutron-rich 56Ba isotopes. The 


previous lifetime measurements for the first 1- and 3- states in 144,146Ba revealed that the E1 moments drop 


abruptly by more than one order of magnitude between these nuclei [H. Mach et al., Phys. Rev. C 41, R2469 


(1990)]. Such an irregularity of the E1 moments was associated with changes in the neutron occupancy of 


high-j, low-K orbitals located near the Fermi level, which are also sensitive to quadrupole deformation that is 


expected to be enhanced beyond N = 90. The lifetime measurements for the first 1- and 3- states in 148,150Ba92,94 


and beyond will provide a stringent benchmark for testing microscopic nuclear models to clarify the interplay 


between the quadrupole and octupole degrees of freedom in this neutron-rich region. 


 


⚫ Physics in the N ≈ Z nuclides around 100Sn 


The degree of seniority breaking, configuration mixing, proton-neutron alignment and core excitation of 


neutrons and protons in the g9/2 orbitals is a probe of the robustness of the N = Z = 50 shell closures. The 


distortion of the seniority scheme due to proton-neutron interactions is expected to be the most prevalent in 


self-conjugate nuclei and neighboring N ~ Z species, where T = 1 np pairing is influential. For even-Z, N = 50 


isotones below 100Sn, the half-lives of 8+ seniority isomers and 6+ and 4+ intermediate seniority states were 


measured for 92Mo, 94Ru, 96Pd and 98Cd. The first B(E2) measurements of the 4+ to 2+ transitions in even-A 


nuclei, as well as (17/2+) to (13/2+) transitions in odd-A nuclei below 100Sn, were addressed in DESPEC and 


AGATA campaigns in Europe. In 96Cd with N = Z = 48, in addition to the beta-decaying 16+ spin-gap isomer, 


a mid-spin isomer and its gamma-ray decay cascade featuring 8 excited states and 9 transitions were 


observed [P. J. Davies et al., Phys Rev. C 99, 021302(R) (2019)]. However, the order of the γ rays in the level 


scheme of 96Cd is mainly guided by energy matching to excited states derived from shell model (SM) 


calculations. Timing measurements of the γ rays in the cascade would address both the placements of at 


least some of the transitions in the level scheme and the first measurement of B(E2) values, which can then 


be compared with the latest theoretical predictions. In addition, and most importantly, the lifetime of the 8+ in 
96Cd states which is the remnant of a single pair of 2 neutron holes, or 2 proton holes stretched coupling yields 
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information on its wave function and therefore on proton-neutron interaction strength. Similarly, towards the 


lower part of the g9/2 shell yet not known high spin isomers are expected of which decays populate a broad 


range of states providing an opportunity to measure their lifetimes. These lifetimes yield information for a 


further description of shape transition from spherical nuclei to deformed in this region of nuclei. 


 


3 Experimental equipment 


 


IDATEN detector setup 


 The IDATEN detector assembly, which will be 


placed at the end of the BigRIPS-ZeroDegree 


spectrometer (F11), consists of 72 LaBr3(Ce) 


scintillator detectors, two Clover-type HPGe 


detectors, and an active stopper system being 


composed of several layers of double-sided 


silicon-strip detector (DSSSD) sandwiched 


between 2-mm-thick plastic scintillators 


(referred to as β-plastic) in a closed-pack 


geometry. A conceptual drawing of the IDATEN 


array is shown in the upper panel of Fig. 2. 


 The core of the IDATEN array comprises the 


LaBr3(Ce) detectors from the FATIMA and 


KHALA projects with 36 units each. (There may 


be a possibility of including more detectors of 


this kind from other institutes/countries.) The 


energy resolution of detectors which use 


LaBr3(Ce) as scintillation material is among the 


best of this type of detectors due to the high light 


yield achieved with this material. The size of 


crystals and the PMT assemblies are 


determined to provide an excellent timing 


resolution of detectors for EFT coincidence 


measurements. The characteristics of the 


FATIMA and KHALA LaBr3(Ce) detectors are 


summarized in Table. 1. Figures 3 and 4 show 


the variation of energy resolution with γ-ray energy and time difference spectra of consecutive γ-γ cascades 


measured with the FATIMA and KHALA arrays, respectively. Both the energy and time resolutions (in FWHM) 


are comparable between the two systems.  


The γ-ray detection efficiency of the 72 LaBr3(Ce) detectors is estimated using the NPTool simulation 


package [A. Matta et al., JPG 43, 045113 (2016)]. Assuming that all the detectors are located at 17 cm from 


the array center, where three DSSSDs and two β-plastics lie inside an aluminum chamber having 10 cm × 10 


cm × 13 cm dimensions, the full-energy-peak efficiency of the IDATEN array is estimated to be about 8 % for 


a 500-keV γ ray (see the lower panel of Fig. 2). Thanks to the increase of the number of detector pairs, the γ-


γ coincidence efficiencies of the IDATEN LaBr3(Ce) detectors will be about 4 times larger than those only 


either with the FATIMA or with the KHALA array. 


In addition to the LaBr3(Ce) detectors, two Clover-type HPGe detectors will be installed at 90° with respect 


to the beam direction on the horizontal plane. The HPGe detectors can serve not only to monitor γ-ray energy 


spectra with high resolution, but to disentangle complex decay spectra by gating on a specific γ ray measured 


in coincidence with the LaBr3(Ce) detectors. The γ-ray FEP efficiency of two Clover-type HPGe detectors (with 


the add-back treatment) is estimated to be 2.5 % at 500 keV by the NPTool simulation.  


For EFT β-γ coincidence measurements, plastic scintillators (called β-plastics) with a thickness of 2 mm 


(BICRON BC418) will be installed in front and behind the DSSSDs in a close geometry. β rays that eject out 


of the DSSSDs are detected by the β-plastics with a fast response. Based on experience gained from the 


EURICA experiments in 2013, the detection efficiency of the β-plastics is expected to be 50 % or higher. 


 


 


Fig. 2: Top: Conceptual design of the IDATEN array. The FATIMA- 


and KHALA-type LaBr3(Ce) detectors are colored in blue and red, 


respectively. Clover-type HPGe detectors are shown in gray. 


Bottom: Simulated γ-ray full-energy-peak efficiency of the IDATEN 


array with 72 detectors place at 17 cm from the array center. 
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Table. 1: Characteristics of the FATIMA [M. Rudigier et al., Nucl. Instr. Meth. A 969, 163967 (2020)] and KHALA [B. Moon, 


private communication] LaBr3(Ce) detectors. 


 FATIMA KHALA 


Number of detectors 36 36 


LaBr3(Ce) crystal size Φ1.5” × 2”-length Φ1.5” × 1.5”-length 


PMT R9779 R13408 


Energy resolution 3.4 % @779 keV 3.3 % @662 keV 


Time resolution in FWHM 


(γ-γ coincidence) 


334.3(4) ps @1332-1173 keV 


(32 detectors w/ 60Co) 


335(1) ps @511-511 keV 


(12 detectors w/ 22Na) 


Passive Pb shield Optional No 


Owners U. of Surrey, U. of Brighton Korea U. 


 


Data acquisition and electronics 


 For data acquisition (DAQ) of the LaBr3(Ce) detectors and β-plastics, VME-based fast digital electronics will 


be used for the timing and energy measurements. The timing signal is digitized using a constant fraction 


discriminator (CAEN V812 CFD), and the logic output is treated by a muti-hit time-to-digital converter (CAEN 


V1290 TDC), which can measure time resolutions with a 25 ps precision. The energy signal is fed to the 


digitizer module (CAEN V1751), with a sampling rate of 1GS/second. The VME modules are integrated in the 


customized GSI Multi Branch System (MBS) readout system. The RIBF has experience with using MBS 


during the EURICA campaigns. In addition, usage of the TAMEX front-end module, which is a 16-channel 


dual edge FPGA-based TDC module developed at GSI, is another possible option. During an experiment 


with RI beam implantation, the fast-timing DAQ system will be synchronized with other independent DAQ 


systems, which are dedicated to the focal plane detectors in the BigRIPS separator and to the active stopper 


system (+ HPGe detectors), respectively, by a common time-stamping system, Logic Unit for Programmable 


Operation (LUPO). 


 


4 Methodology for EFT lifetime measurement 


 


 


Fig. 3: Energy resolution as a function of γ-ray energy (top) 


and time distribution (bottom) measured with 34 FATIMA 


LaBr3(Ce) detectors [M. Rudigier et al., Nucl. Instr. Meth. A 


969, 163967 (2020)]. 


 


 


Fig. 4: Same as Fig. 3 with 12 KHALA LaBr3(Ce) 


detectors [B. Moon, private communication]. 


152Eu source data


22Na source data
511 keV - 511 keV


FW HM = 335(1) ps
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The lifetime measurement by the EFT technique relies 


on the measurement of time difference spectra between 


the β-ray and subsequent γ-ray detection (β-γ), or 


between the detection of two successive γ rays (γ-γ), 


interconnecting the excited state of interest with a given 


mean lifetime τ (= T1/2/ln2). In the present setup, β and γ 


rays will be detected by the β-plastics and LaBr3(Ce) 


detectors, respectively. It should be noted that feeding 


from higher-lying levels needs to be considered in the 


analysis of β-γ time difference, while that is not the case 


with the γ-γ coincidence method by gating on the 


corresponding γ-ray energy peaks (and with 


background subtraction with a gate on the nearby 


regions).  


 Assuming that there is no background contribution, the 


time difference spectrum can be described as a convolution of a Gaussian distribution with an exponential 


function at a slope of 1/τ. Figure 5 shows simulated time spectra for τ = 30, 100, and 500 ps with 50, 500, and 


5000 events. The full width at half maximum (FWHM) of the symmetric Gaussian function is assumed to be 


335 ps, as measured with the FATIMA and KHALA detectors. Lifetimes that are comparable to or longer than 


the FWHM can be extracted from a fit to the slope of the exponential decay curve, while the centroid shift 


method [Z. Bay, Physics Review 77, 419 (1950)] is used to determine lifetimes of the order of several tens of 


picoseconds, much shorter than the detector time resolution. The statistical uncertainties of the centroid shift, 


δτ, divided by the mean lifetime, of the simulated time difference spectra are plotted as a function of the number 


of events in Fig. 6. For τ = 50 ps, for instance, it can be found that about 1000 coincidence events are required 


to determine the lifetime with an accuracy of 10 %. 


  


5 Simulation of γ-ray energy spectra 


 Simulations of γ-ray energy spectra with the IDATEN array, consisting of 72 LaBr3(Ce) detectors, two clover-


type HPGe detectors, three DSSSDs, and two β-plastics, are performed using the NPTool package. The 


energy dependent energy resolution of the LaBr3(Ce) detectors (see Figs. 3 and 4) are considered in the 


simulation. A simulation package for a given isomeric decay is ready for use. As an example, γ rays deexciting 


the (8+) isomer in 76Ni are simulated in Fig. 7. We plan to prepare for simulation of β-delayed γ-ray spectra to 


 


Fig. 5: Simulated time spectra and associated fits by a symmetric Gaussian function convoluted with an 


exponential decay curve. The detector time resolution is assumed to be 335 ps in FWHM. 


 


Fig. 6: Estimation of accuracy of the centroid shift method. 


The detector time resolution is assumed to be 335 ps in 


FWHM. 
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check the feasibility of physics proposals for β-decay 


related studies. 


 


6 Logistics 


 The detector supporting frame will be designed and 


manufactured to fit into the F11 area, where the height 


of the beam line is 2 m. We can have some help with the 


mechanical design from the Daresbury experts in UK. 


The readout electronics (digitizers, trigger modules, 


CFD, TDC, VME crates, etc.) and high-voltage power 


supply modules are available from the FATIMA 


collaboration, while digitizers for the KHALA detectors 


need to be purchased. At the F11 area, uninterruptible power supply (UPS), automatic voltage regulator (AVR), 


noise-cutting electrical transformer, cabling, and liquid nitrogen filling system for HPGe detectors, are available 


as infrastructure, since they have been already prepared for the EURICA campaign. Thus, the necessary 


costs will include the mechanical designing and manufacturing the support structure (~4,000k JPY), the 


digitizer modules for the KHALA detectors (~8,400k JPY), the shipment of the detectors and electronics from 


UK and South Korea (~700k JPY), and travel support (~2,000k JPY) that will be necessary for setting up the 


array. 


 


7 Beam time request for test measurements 


 For debugging the system using implantation of 


secondary RI beams, we require a 1-day beam time. In 
128Cd, there are three known isomeric states with half-


lives of 12 ns, 270 ns, and 3.56 μs, and the mean lifetime 


of the 2+
1 state is predicted to be around 30 ps by model 


calculations. Therefore, this nucleus is suitable for 


testing time response of the IDATEN detector system 


with various lifetime ranges. 128Cd will be produced via 


in-flight fission of a 345-MeV/u 238U beam with an 


intensity of 70 pnA incident on a Be target (4-mm thick). 


Under the condition that the total implantation rate at F11 


is suppressed to around 200 cps for test 


measurements, the intensity of the 128Cd secondary beam is estimated to be 101 cps using the LISE++ code. 


The first half a day will be dedicated to tuning and checking the system, and during the remaining beam time 


the test data will be accumulated to make sure the stability of the detectors and DAQ system against a long 


data run. Figure 8 shows simulated LaBr3(Ce) energy spectra for the decay of the 3.56-μs, 10+ isomeric state 


in 128Cd with 0.5-days data taking (15 % isomeric ratio is assumed based on the result from EURICA). 


 


8 Project time scale 


 The collaboration already had a consensus with the owners of the FATIMA and KHALA detectors about 


hosting their equipment at RIBF in 2023 and 2024. (Coordination of timeline with GSI will be needed for the 


FATIMA array in 2024.) Following this construction proposal, we will fix the mechanical design of the support 


structure through the discussion among the collaboration. In early 2022, Expression of Interest (EOI) to 


perform experiments using this array will be collected from the RIBF users. Based on the collected EOI, we 


will organize a workshop in spring 2022 to discuss the physics proposals, which will be submitted to the NP-


PAC meeting in 2022. We will establish Steering Board to coordinate the physics proposals in the collaboration. 


In the 1st half of FY2023, we will perform a test experiment proposed in this construction proposal and fix bugs 


in the system. It is envisaged to perform the approved experiments in the 2nd half of FY2023 or in the 1st half 


of FY2024. 


  


 


Fig. 8: Simulated LaBr3(Ce) energy spectra with isomeric 


decay γ rays in 128Cd. 


 


Fig. 7: Simulated LaBr3(Ce) energy spectrum with 


isomeric decay γ rays in 76Ni. 
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Appendix: Nuclear levels of current interest for physics proposals with the IDATEN array. 


 


 


Nucleus Jπ Eγ [keV] Parent state (T1/2) 
76Ni48 6+ 354(→4+) 76Ni isomer; 8+ (590 ns) 
77Cu48 3/2- 293(→5/2-) 77Ni β decay; 9/2+ (159 ms) 
79Zn49 5/2+ 983(→9/2+) 79Cu β decay; 5/2- (241 ms) 


81Ge49 


1/2- 


5/2+ 


3/2+ 


216(→1/2+) 


711(→9/2+) 


530/562? 


81Ga β decay; 5/2- (1.23 s) 


83Se49
 


1/2- 


5/2+ 


311(→1/2+) 


582(→9/2+) 
83As β decay; 5/2- (13.4 s) 


92Mo50 4+ 773(→2+) 92Mo isomer; 8+ (160 ns) 
94Ru50 4+ 756(→2+) 94Ru isomer; 8+ (71 μs) 
94Pd48 8+ 324(→6+) 94Pd isomer; 14+ (495 ns) 
96Cd48 <10+ 300-500 96Cd isomer; (200 ns) 
98Cd50 4+ 688(→2+) 98Cd isomer; 8+ (165 ns) 
102Sn52


 4+ 497(→2+) 102Sn isomer; 6+ (400 ns) 


100Sr62
 4+ 287(→2+) 100Rb β decay; 4- (52 ms) 


102Sr64
 


2+ 


4+ 


126(→0+) 


285(→2+) 
102Rb β decay; 4+ (37 ms) 


104Sr66
 2+ ~120(→0+) 104Rb β decay; (~12 ms) 


108Zr68
 


2+ 


2+
γ 


174(→0+) 


410/584? 
108Zr isomer; 6- (550 ns) 


126Pd80 2+ 693(→0+) 126Pd isomer; 7- (440 ns) 


128Pd82
 


4+ 


6+ 


504(→2+) 


260(→4+) 
128Pd isomer; 8+ (5.8 μs) 


128Cd80
 2+ 646(→0+) 128Cd isomer; 10+ (3.56 μs) 


130Cd82
 


4+ 


6+ 


538(→2+) 


138(→4+) 
130Cd isomer; 8+ (220 ns) 


136Sn86 
2+ 


4+ 


688(→2+) 


391(→4+) 
136Sn isomer; 6+ (46 ns) 


138Sn88 
2+ 


4+ 


715(→2+) 


461(→4+) 
138Sn isomer; 6+ (210 ns) 


137Sb87 5/2+ 84(→7/2+) 137Sn β decay; 7/2- (238 ms) 
136Te84 2+ 606(→0+) 137Sb β-n decay; 7/2+ (450 ms) 
138Te86 2+ 461(→0+) 138Sb β decay; 3- (348 ms) 


148Ba92
 


1- 


3- 


546(→2+), 687(→0+) 


352(→4+), 633(→2+) 
148Cs β decay; (152 ms) 


150Ba94
 


1- 


3- 


512(→2+), 613(→0+) 


380(→4+), 597(→2+) 
150Cs β decay; (80 ms) 


158Nd98
 


2+ 


4+ 


6+ 


66(→0+) 


152(→2+) 


233(→4+) 


158Nd isomer; 6- (339 ns) 


160Nd100
 


2+ 


4+ 


65(→0+) 


150(→2+) 
160Nd isomer; 4- (1.63 μs) 


168Dy102
 4+ 173(→2+) 168Dy isomer; 4- (0.57 μs) 


170Dy104
 4+ 166(→2+) 170Dy isomer; 6+ (0.99 μs) 


172Dy106
 4+ 175(→2+) 172Dy isomer; 8- (0.71 s) 


186Hf114
 2+ ~110(→0+) 186Lu β decay; (unknown) 


188Hf116
 2+ ~100(→0+) 188Lu β decay; (unknown) 


192W118
 2+ 219(→0+) 192Ta β decay; (2.2 s) 






