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Nuclear Science and Transmutation Research Division

Nuclear Spectroscopy Laborarory

1. Abstract

The research group has conducted nuclear-physics studies utilizing stopped/slowed-down radioactive-isotope (RI) beams mainly
at the RIBF facility. These studies are based on the technique of nuclear spectroscopy such as S-ray-detected NMR (8-NMR), -
PAD (Perturbed Angular Distribution), laser, and Mdssbauer among other methods that takes advantage of intrinsic nuclear properties
such as nuclear spins, electromagnetic moments, and decay modes. In particular, techniques and devices for the production of spin-
controlled RI beams have been developed and combined to the spectroscopic studies, which enable high-sensitivity measurements of
spin precessions/resonances through a change in the angular distribution of radiations. Anomalous nuclear structures and properties
of far unstable nuclei are investigated from thus determined spin-related observables. The group also aims to apply such techniques to
interdisciplinary fields such as fundamental physics and materials science by exploiting nuclear probes.

2. Major Research Subjects
(1) Nuclear spectroscopy utilizing spin-oriented fast RI beams
(2) Nuclear/Atomic laser spectroscopy & SLOWRI R&D
(3) Application of RI probes to materials science
(4) Fundamental physics: Study of symmetry

3. Summary of Research Activity
(1) Nuclear spectroscopy utilizing spin-oriented fast RI beams

Measurements of static electromagnetic nuclear moments over a substantial region of the nuclear chart have been conducted for
structure studies on the nuclei far from the S-decay stability. Utilizing nuclear spin orientation phenomena of Rls created in the
projectile-fragmentation reaction, ground- and excited-state electromagnetic nuclear moments been determined by means of the -
ray-detected nuclear magnetic resonance (8-NMR) and the y-ray time differential perturbed angular distribution (y-TDPAD) methods.
In particular, a new method developed for controlling spin in a system of rare Rls, taking advantage of the mechanism of the two-step
projectile fragmentation reaction combined with the momentum-dispersion matching technique, has been developed and employed
making fully use of world’s highest intensity rare RIBs delivered from BigRIPS for rare isotopes.

(2) Nuclear/Atomic laser spectroscopy & SLOWRI R&D

The group has been conducting system development for nuclear laser spectroscopy from the following two approaches in order
to realize experiments for rare isotopes at RIBF. One is collinear laser spectroscopy for a large variety of elements using slowed-
down RI beams produced via a projectile-fragmentation reaction, which can be achieved only by the universal low-energy RI-beam
delivery system, SLOWRI, under installation in collaboration with the SLOWRI Team. This slowed-down RI-beam scheme enables
to perform high-precision laser spectroscopy even with fast-fragmentation-based RIBs without the elemental limitation problematic
in the ISOL-based RIBs.

The other approach is a new method utilizing superfluid helium (He II) as a stopping medium of energetic RI beams, in which the
characteristic atomic properties of ions surrounded by superfluid helium enables us to perform unique nuclear laser spectroscopy. RI
ions trapped in He II are known to exhibit a characteristic excitation spectrum significantly blue-shifted compared with the emission
one. Consequently, the background derived from the excitation-laser stray light, which often causes serious problems in measurements,
can be drastically reduced.

(3) Application of RI probes to materials science

The application of RI and heavy ion beams as a probe for condensed matter studies is also conducted by the group. The micro-
scopic material dynamics and properties have been investigated through the deduced internal local fields and the spin relaxation of
RI probes based on various spectroscopies utilizing RI probes such as 8-NMR/NQR spectroscopy, Mossbauer spectroscopy, the y-ray
time differential perturbed angular correlation (y-TDPAC) spectroscopy. Furthermore, studies on the control of electrical conductivity
of diamond by boron and nitrogen implantation are ongoing.

Provided that highly spin-polarized RI probes are produced independently of their element properties and doped into a substance
as an impurity, the constituent particle of the substance can be substituted by the same element RI probe without changing the material
structure. This scheme provides a new opportunity for materials-science researches, but a key technology, production of element-
independent highly spin-polarized RI beams, has not yet been achieved. In this subject, the group has conducted R&D studies to
realize an ultra-slow & highly-spin-polarized RI beams, based on the technique of the atomic beam resonance.

(4) Fundamental physics: Study of symmetry

The nuclear spins of stable and unstable isotopes sometimes play important roles in fundamental physics research. New exper-
imental methods and devices have been developed for studies of the violation of time reversal symmetry (T-violation) using spin-
polarized nuclei. These experiments aim to detect the small frequency shift in the spin precession arising from new mechanisms
beyond the Standard Model.
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S. Go (oral), “High-spin states in 33S: the promotion of isoscalar pair at high spin,” 28th International Nuclear Physics Conference
(INPC 2022), Cape Town, South Africa, September 11-16, 2022.

A. Takamine (oral), “Development of the new helium gas catcher and nuclear mass measurements with the new MRTOF-MS behind the
ZeroDegree spectrometer at RIKEN BigRIPS,” The 19th International Conference on Electromagnetic Isotope Separators and Related
Topics (EMIS 2022), Daejeon, Korea, October 3—7, 2022.

M. Tajima (poster), A. Takamine, H. limura, M. Wada, S. Kimura, T. Niwase, P. Schury, A. Schuessler, J. Lassen, and H. Ueno, “Offline
development for collinear laser spectroscopy at the SLOWRI facility,” The 19th International Conference on Electromagnetic Isotope
Separators and Related Topics (EMIS 2022), Daejeon, Korea, October 3-7, 2022.

A. Gladkov (poster), Y. Ishibashi, H. Yamazaki, Y. Ichikawa, A. Takamine, H. Nishibata, K. Asahi, T. Sato, T. Abe, M. Tajima, S. Go,
A. Ozawa, N. Shimizu, T. Fujita, L. C. Tao, T. Egami, D. Tominaga, T. Kawaguchi, M. Sanjo, W. Kobayashi, K. Imamura, Y. Nakamura,
G. Georgiev, J. M. Daugas, and H. Ueno, “-NMR measurements of neutron-rich isotopes for nuclear structure and materials science,”
The 19th International Conference on Electromagnetic Isotope Separators and Related Topics (EMIS 2022), Daejeon, Korea, October
3-7,2022.

P. Schury (oral), D. Kaji, M. Wada, T. Niwase, S. Kimura, H. Koura, H. Miyatake, H. Ishiyama, K. Morimoto, M. Rosenbusch,
A. Takamine, Y. Hirayama, Y. Ito, Y. X. Watanabe, P. Brionnet, and H. Wollnik, “Multi-reflection time-of-flight mass spectroscopy
of superheavy nuclides,” The 19th International Conference on Electromagnetic Isotope Separators and Related Topics (EMIS 2022),
Daejeon, Korea, October 3-7, 2022.

J. Y. Moon (poster), M. Wada, P. Schury, T. Hashimoto, Y. X. Watanabe, Y. Hirayama, M. Rosenbusch, Y. Ito, S. limura, J. Lee,
S. Kimura, Z. Korkulu, H. Miyatake, T. Niwase, A. Takamine, and H. Wollnik, “Construction of the Multi-reflection time-of-flight
mass spectrograph (MRTOF-MS) at RAON,” The 19th International Conference on Electromagnetic Isotope Separators and Related
Topics (EMIS 2022), Daejeon, Korea, October 3-7, 2022.

M. Mukai (oral), “Laser ionization spectroscopy of neutron-rich Ir isotopes and recent works at KISS,” Workshop on Laser Spec-
troscopy/Analysis of Radioactive Isotope and Related Topics, Nagoya, Japan, October 20, 2022.

M. A. Syakuur (poster), A. R. Noviyanti, U. Widyaiswari, T. Saragi, Risdiana, and I. Watanabe, “Sample synthesis of a single phase
Nd,Ru,07,” Asia-Pacific Conference on Condensed Matter Physics 2022 (AC2MP2022), Sendai, Japan & Online (Hybrid), Novem-
ber 21-23, 2022.

M. A. Syakuur (poster), A. R. Noviyanti, A. R. Noviyanti, U. Widyaiswari, T. Saragi, Risdiana, D. P. Sari, H. Sakai, N. Hanasaki, and
I. Watanabe, “Sample synthesis of a single phase Nd,Ru,05,” The 6th International Conference on Functional Materials Science 2022
(ICFMS 2022), Bali, Indonesia & Online (Hybrid), November 29-30, 2022.

T. Otsuka (invited), “Emerging of alpha clustering due to nuclear forces,” Mean-field and Cluster Dynamics in Nuclear Systems 2022
(MCD2022) First Week, Kyoto, Japan & Online (Hybrid), May 9-13, 2022.

T. Otsuka (invited), “Alpha clustering from first principles for Be and C isotopes including the Hoyle state,” 8th Workshop on Level
Density and Gamma Strength, Oslo, Norway, May 9-13, 2022.

T. Otsuka (oral), “New facets of alpha-clustering and deformation towards driplines depicted by nuclear forces,” Mean-field and Cluster
Dynamics in Nuclear Systems 2022 (MCD2022) Third Week, Kyoto, Japan & Online (Hybrid), May 23-27, 2022.

T. Otsuka (invited), “Emerging concepts in nuclear structure based on the shell model,” Symposium “Frontiers in Nuclear Structure
Theory” on the Occasion of the 90th Birthday of Prof. Jan Blomquist, Online, May 23-25, 2022.

T. Otsuka (invited), “Prevailing triaxiality of heavy deformed nuclei,” Shapes and Symmetries in Nuclei: from Experiment to Theory
(SSNET’22), Paris, France, May 30-June 3, 2022.

T. Otsuka (invited), “Structure evolutions towards neutron driplines,” Mean-field and Cluster Dynamics in Nuclear Systems 2022
(MCD2022) Fifth Week, Kyoto, Japan, June 6-10, 2022.

T. Otsuka (invited), “Monopole-quadrupole interplay in nuclear structure and resulting self-organization phenomena,” Mean-field and
Cluster Dynamics in Nuclear Systems 2022 (MCD2022) Sixth Week, Kyoto, Japan & Online (Hybrid), June 13-17, 2022.

T. Otsuka (oral), “What locates neutron driplines?”” Direct Reactions with Exotic Beams 2022 (DREB2022), Santiago de Compostela,
Spain, June 27-July 1, 2022.

T. Otsuka (invited), “Prevailing triaxiality in nuclear shapes,” 55th Zakopane Conference on Nuclear Physics, Zakopane, Poland, August
29-September 2, 2022.

T. Otsuka (invited), “Shell evolution and emerging paradigm changes,” 28th International Nuclear Physics Conference (INPC 2022), Cape
Town, South Africa, September 11-16, 2022.

T. Otsuka (invited), “Prevailing triaxiality in heavy deformed nuclei and possible experimental observation by M1 excitation,” SFB 1245
Annual Workshop, Darmstadt, Germany, October 4-7, 2022.

T. Otsuka (invited), “Knocking out nucleons and alphas to see novel nuclear structures,” REIMEI Workshop “Unveiling Nuclear Shells
and Correlations in Exotic Nuclei through Knockout Reactions,” Darmstadt, Germany, October 10-12, 2022.
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T. Otsuka (invited), “(A) Triaxial ellipsoids probed by the RHC and a possible paradigm change in nuclear structure (B) Progress report on
%Zr and °*Ru,” EMMI Rapid Reaction Task Force (RRTF) “Nuclear physics Confronts Relativistic Collisions of Isobars,” Heidelberg,
Germany, October 12-14, 2022.

T. Otsuka (invited), “Prevailing triaxiality driven by the tensor force,” The 6th Topical Workshop on Modern Aspects in Nuclear Structure
(BORMIO-2023), Bormio, Italy, February 6-11, 2022.

T. Otsuka (invited), “New aspects of nuclear structure (Impacts from modern Shell Model),” INTPART School 2023, Okinawa, Japan,
February 20-March 3, 2023.

[Domestic Conferences/Workshops]
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i, S BIEET, BREKR, MOTE, DHEEZE, YELFER, A. Gladkov, HEFEML, SFEARS, M D b, BEEL, ESIEA,
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70 v FBAfE, 2022 4£ 6 H 10-11 H.
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TERUSASY, TH)I1E—, SREORER, PipEss, RmEE K, BRI, JE—EF, BEFH R, MEER, G. Georgiev, A. Gladkov, SH1E,
WJFEZ, BAME, R. Lozeva, FIHd &, HETH, M. N. Nurhafiza, /NHRE T, {E7KEF, M. Si, K. Stoychev, $iARZE, 37)11#5F,
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MDD, FILE—, JEE%, P. Schury, S. C. Jeong, & RF 1, FEHHBENE, /MIVETEZE, M. Rosenbusch, ¥ 558, fIHES, TMRTOF
LA G DY BB D T2 O ORI TR SR O BA T ), IR 2 2022 ERER S, WL (WIILEERRZE ML » >
2RR),2022 4% 9 H 6-8 H.

k%, M. Rosenbusch, &l 7, FIHEIE, S. Chen, D. Hou, J. Liu, W. Xian, S. Yan, P. Schury, ARKBIK, FEMEBERE, FREHK,
R, NekER, IR, FLE—, SRFEW, S Naimi, BIEH—ER, ERMEZ, NHEEFEET, AIUEE, ARG, Bk,
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YRy 2022 SERKEER SR, ML (WLEERLRZ M L & v > 08 R), 2022 4 9 H 6-8 H.

SRR, /DUEFE, Assié, M., L.Lalanne, O. Sorlin, [#8%, D.Beaumel, Y. Blumenfeld, L. Caceres, de Oliveira F. Santos,
F. Delaunay, F. Flavigny, S.Franchoo, J.Gibelin, Girard-V. Alcindor, J. Guillot, F. Hammache, O.Kamalou, A.Kamenyero,
JeAIf#ER%E, V. Lapoux, A. Lemasson, A. Matta, B. Mauss, P. Morfouace, #1878, X5 B¢, J. Pancin, T. Roger, 25T &, M1,
C. Stodel, and J. -C. Thomas, TFEHFER 8C BT 5 I T —WFEDIIZE ), HARYEAES 2022 SRR, R LT (R LEEERR
ERILF v 0% R), 2022 459 A 6-8 H.

T LB —, mH D b, 44, P. Schury, S. C. Jeong, FEMIERE, /IMIIEHFEIL, M. Rosenbusch, & K, & EFEH, AIHES, TKISS T
DAERIRANY © 24 R IVEFE |, HARYHEYE S 2022 SRS, ML (R ILERRIER L ¥ v > 0%X), 2022 49 A 6-8 H.
FETERERE, 504, SEILE —, M D D, P. Schury, N. Andreyev, 8iF {2, f11Lf#1H, S. C. Jeong, EEF 1, M. Rosenbusch, £ IRk,
MIHGER, THEEEREI X 2HFEMA 22U oF R, HAWEYES 2022 E£EAS, WL @ILEERLRZERILF v > % R),

2022 9 A 6-8 H.

W3 A, PHERSA, A.N. Andreyev, EEHBIEARER, R. Orlandi, ¥XH 72, J. Smallcombe, FEEHA, FHHHEN, FHEFBH, EREETH,
NIGEE, BERFAN, B0, FILE—, S. C. Jeong, MIFD b, FEHEBELE, AR, SEE, [TABA R Bl E % v
722 T BATIRIGDOMSE), HARHEY 2 2022 SERKEEA S, WL (RILEERIAZERILF v >0 %), 2022 4 9 A 6-8 H.

MG, BRI, KIFZR, T2 FHARBERIC X 23 N = 50 AEOE DI, HAYFZES 2022 EMERS, FiLTH
(R L ERRL R 2E R L 3 v > 2% R), 2022 829 A 6-8 H.

P L), TEETHERE 12 DFRANVIRE ), EETINE T 2801 - R - FH - RES VRY U A, fiF K0
BIEMIEREEMIHLE & > 54 > ~N4 7V v FEIfE, 2022 4 12 A 12-13 H.
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-257 -



RIKEN Accel. Prog. Rep. 56 (2023) VI. ORGANIZATION AND ACTIVITIES OF RNC

WREE, TKABSIMEFREREREZERRLGHI 7 5oy ARTFEORS), HAYHEZES 2023 FEFRE, AV 5
A4 >,2023 4E 3 A 22-25 H.

RISk, RIESAEE, it EME, NE2Et, o, B ML, KIEERES, EFEKH, SIEE T, EBHM, WREE, 77 >y
LIRFDKABLRINETRERFERICANT =GB _EME R 7 « VX —DB3E, HARYEYS 2023 FEBARE, V54 >,
2023 4E 3 A 22-25 H.

FIEKH, EEILE, PR ER, FRER, PTEL, ANBEL, KEEEOKES, FEEER, HAER, LORY, SBET, LHEHH,
HRRE, TL—Y—@mH7 7 v AFEEBICAG 2B REICE T 2 REEBEE RSO, HARYEYS 2023 FHZF
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SENRSE, T B —, PERERaR, A K, RIS, BA R, ILARRGA, PRV, 208, AN, LR, B, 7T 50,
MR, FilBfAs, SREAER, EIEE+, FE S, E#—F, TEDM HIE AT 7-REBfE R A ¥ o X — — DA%, HA
YIFREE 2023 EEF KRR, V54 >, 2023 4 3 A 22-25 H.

SHE, BIEE T, BRI, A. Gladkov, SFECKER, MEEM, FHHE, R —2HBEEFA LAY VFEERIETE— 4
AT P LR B R, H A A 2023 EEERE, AV 54 >, 2023 4 3 B 22-25 H.

S, S E, SIEE T, BREK, HOTE, THEEE, &R, A. Gladkov, H B, SFEARR, MH D b, BEZEL, EOILEA,
JIEHCK, PEAIDEA, T0) 11—, JUIEGE, HHEE, LR, MERER, L —¥F —FREEINC X 2 8RB\ U 7 451
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WO DOERHEE BHIE |, ARV E 2023 FEFAE, A 74 >, 2023 3 H 22-25 H.
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71, DAY 2023 SEREFERR, V74 >, 2023 £ 3 A 22-25 H.
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Award

K. Kikuchi (Hosei Univ.), “Optimization of the stopping position of a highly energetic **Rb atoms injected into superfluid helium,” Poster
Award of the 29th International Conference on Low Temperature Physics (LT29), August 23, 2022.

Press Releases
TLRAVY—A: [ZR—=nR—arVPa—& IEH) THZRBOEF—F—JFHEIECEINT VT 7 77 XX —DHE), H
W, BRLRYE, HARE T RFeha R E L 2 ) U — %, 2022 4£ 4 A 27 H.
FEIEE: THHT, C12 JR PO R THHEME RRRIFE A AR, BT T3EH0, 2022 £ 4 H 28 H.

Outreach Activities
79 bV —F: SIEET G, 4 ¥ X Y 2 —F0H Web #5# (B - REZEEMMITA RV b)) TRIEWHEID 2! RS 4 =0 R
SRR RIIHBERIE 92t o~ & — 03BN, 2022 427 H 1 H.
HIAHGEIEHE: TRFBIFZE DI 5ICLToL 6z00 ), B 7 v — X7 v TRIF#E 2022 GEIF, 2022 9 A 12 H).

I A HRESTEEL: “Calculations reveal three helium nuclei lurking inside carbon nuclei,” RIKEN Research (RIKEN, Winter 2022 issue),
p- 14.
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