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The neutron-rich nuclei in "island of inversion” around N=20 have exotic
structure, which is the disappearance of magic number 20 with deformed shape. We have systematically
studied nuclear structure of these nuclei by our unique method which can exactly determine the
spin-parity by the beta decay of spin-polarized nucleus. In order to produce high polarization,
information of hyperfine structure is needed. We developed new laser spectroscopy method to
determine hyperfine structure of atoms of neutron-rich nuclei with beam intensity of < 100 particles
par second. By using this new method, not only hyperfine structure but also the nuclear structure
of the ground state can be investigated. After developing the spin-polarized beam, we can study
nuclear structure of the excited states in neutron-rich nuclei far from beta-stability line.

32Na  32Mg 20



20

“ (island of
inversion)”
1
20
fp
sd
(normal ) fp
intruder
BHRIRH
X~
H 2@< H
—_
RHE  (FiE  REE
180° 0°
B
TRIUMF
2000
Na
10

52+ 0.944 (1/2-) 1.029

(7/2-) 0.461

(5/2-) 0.221
3/2+ 0.050

172+ gs.

5/2+ 2.015 12+ 2.244

(3/2-, 1/2-) 0.942
3/2+ 0.673

SlMg
22Na 2Na *Na 3'Na
B 26Mg (N=16) 22Mg (N=17)
30Mg (N=18) 3:Mg (N=19)
31Mg
2Na 32Mg
2014 TRIUMF
100  %®Na
32Na
2Na  32Mg
32Na
103
2Na
100 TRIUMF
100
100
)
)

)



TRIUMF
Na 40 keV
Na Rb
Na
Rb
kv
Na
Na Rb
04 m
Na
Na
Na
He
Na
Na
Osaka
B-NMR decay spectroscopy
condensed
matter physics
/ ‘ [BNMR
ANaO / 2 Condensed
e Matter
Polarizer il
@ aiﬁt}l' AT i
lon f " ANa”
: Beam ‘ 19m
Na*! [
40 keV / Bmass
i Magnetic coile Turbo pump.

Faraday cup
rl1 0.
a - -
Fluorescence | Deflection
monitor plates

pumping

2000 iter 57)

& Goid head

n

TRIUMF

PMT

(PMT)

330 nm 589 nm
N a
(& 330nm
Na 3s12 Apy3
589 nm
P23
589 nm
330 nm
590 nm 589 nm
330 nm (b)
P23
589
nm
589 nm Na
590 nm
1
nm 589 nm
144 21e
(c) .
(a) (b) o 5 - ':—11@%»
4p1/2,3/2 4p1/2,3/2 1_
3d3/2,52 -1 ’
S$1/2 T
1/2,3/2 g 3p " g
3p/’/ % g 1/2,3/2 g g 8
“Il 2 al |2 "
35172 l 361, L4 351




1 nm

PMT
(© 330 nm
AP35
445 nm
Na
TRIUMF ZNa
2016 4
TRIUMF 34
2017 7
330 nm 590 nm
11
330 nm 589 nm
) 330 nm
3sSy, - 4pPs, D2 589 nm
3pP32,112 > 385y
590 nm
1000
20
590 nm
590 nm 589 nm
1 nm
Rb
Na
Na
ZNa 5000
1.5mwW 3
(& PMT

e (@)
g3 BG : 130cps
(&}
. (b) |
o b Peak2:
§ 155— Peakl : 0.22¢cps ‘
8 0; ’ 0.06cps }\
b i U\QTH: H BG :l,m()l cps. || ﬂrﬂ .
U gt D, MY
-100V  scan voltage of Rb cell [V] 100V
Na €)) (b)
Na
(b)
5000
130 0.016
10"
P/BG Peak1
[3sSy, (F =1) - 3pP3, (FP=0-2)] Peak2 [(F=
2)-(F'=1-3)]
4 14
F=3 Me=-3 -2 -1 0 +1 +2+3 D2
F=1
F=0 o+
51 =2 .
E F=3
2Na F=3,
(1=3/2) Mr=+1
35mW
(a) 2x 10°
2
Peakl  Peak2 2.5 33
P/BG 1.5mW
Peak1 Peak2
1 5
S/N
(b) 35 mW
2x 10°
2 Peakl
Peak2
1.4

S/N 5 8

(F=2,Mg=+2) -~ (F'=3,M¢
=+3)



py0_5034

«f (@) s 7
F. Non-polarized
o 29cps
8 =
wl [ 4 6Cps
o, oo AN e BaFiot P
El ‘ . 5.5¢cps
b | Polarized
P Heps
8o L
SD?JV"‘W_V‘WF,JWJ—'V—F{\» WSCDS 5
-loov scan voltage of Rb cell [V] +ioov
(a) (b)
Peak2
330 nm 4 mW
445 nm 2W
Na
P/BG  Peakl Peak2
0.003 0.005
Na
TRIUMF 5
32N
100 Na
590 nm 589 nm
Peak2
Peak1
B
B
Peak2 Peak1

2018

H. Nishibata, T. Shimoda, A. Odahara, S.
Morimoto, S. Kanaya, A. Yagi, H. Kanaoka,
M.R. Pearson, C.D.P. Levy, M. Kimura,

Shape coexistence in the N = 19 neutron-rich
nucleus *'Mg explored by B-y spectroscopy of
spin-polarized *'Na,

Phys. Lett. B 767 (2017) 81 - 185.
http://dx.doi.org/10.1016/j.physletb.2017.01.049

H. Nishibata, T. Shimoda, A. Odahara, S.
Morimoto, S. Kanaya, A. Yagi, H. Kanaoka,
M.R. Pearson, C.D.P. Levy, M. Kimura,

Shape coexistence in the N=19 neutron-rich
nucleus *'Mg explored by B-y spectroscopy of
spinpolarized *'Na,

RIKEN Accel. Prog. Rep. 50 (2017) 82.

http://www.nishina.riken.jp/researcher/APR/A
PRO50/pdf/82.pdf

M. Pearson C.D. P. Levy
31Mg

2017
2017 9 12-15

S. Kanaya, T. Shimoda, A. Odahara, H.

Nishibata, S. Morimoto, A. Yagi, H. Kanaoka,
T. Kawamura, M. Pearson, C.D.P. Levy,
Spectroscopy of neutron unbound states in
*'Mg and shape coexistence in low excitation
energy region,
Ito International Research Center (IIRC)
Symposium 'Perspectives of the Physics of
Nuclear Structure', July 1-4 (2017) Tokyo,
Japan.

H. Nishibata, T. Shimoda, A. Odahara, S.
Morimoto, S. Kanaya, A. Yagi, H. Kanaoka,
M.R. Pearson, C.D.P. Levy, M. Kimura,

Shape coexistence in neutron-rich *'Mg
investigated by beta-gamma spectroscopy of
spin-polarized *'Na,

The third International Conference on
Advances in Radioactive Isotope Science
(ARIS2017), May 28-June 2 (2017) Colorado,
US.

> > >

> >

, M. Pearson, C.D.P.Levy



2017
3 1720

H. Nishibata, T. Shimoda, A. Odahara, S.
Morimoto, S. Yoshida, A. Yagi, H. Kanaoka, T.
Kawamura, A. Nakahashi, T. Fujiwara, T.
Yoshizumi,

Various structures of the neutron-rich nucleus
Mg investigated by beta-gamma
spectroscopy of spin-polarized *'Na,

The 22nd International Spin Symposium
(SPIN2016), Sep. 25-30 (2016) Illinois, US.

H. Nishibata, T. Shimoda, A. Odahara, S.
Morimoto, S. Yoshida, A. Yagi, H. Kanaoka, T.
Kawamura, A. Nakahashi, T. Fujiwara, T.
Yoshizumi, M. Pearson, C.D.P. Levy,

Various ~Structure In Neutron-rich *'Mg
Studied By Using Spin-polarized *'Na Beam,
The 26th International Nuclear Physics
Conference (INPC2016), Sep. 11-16 (2016)
Adelaide, Australia.

T. Shimoda,

Structure of neutron-rich Mg isotopes studied
in decay spectroscopy of spin-polarized Na
isotopes,

Int. Conf. on HYPERFINE interactions and
their applications (HYPERFINE 2016), July
3-8 (2016) Leuven, Belgium..

A. Odahara,
Shape evolution and shape coexistence studied
with radioactive nuclear beams,
Int. Symp. on Frontier of Gamma-ray
Spectroscopy (Gammal5), Oct. 1-3 (2015)
Osaka, Japan.

H. Nishibata,
Study of exotic structures in neutron-rich *°Mg
and *'Mg by spin-polarized radioactive beam,
Int. Symp. on Frontier of Gamma-ray
Spectroscopy (Gammal5), Oct. 1-3 (2015)
Osaka, Japan.

M. Pearson, C.D.P. Levy
Na
Mg
2015 2015
9 25-28

M. Pearson, C.D.P. Levy

3INa B
31Mg
2015 2015
9 25-28

http://adam.phys.sci.osaka-u.ac.jp/

@
ODAHARA, Atsuko
@
SHIMODA, Tadashi
(©))
MATSUO, Yukari
HATAKEYAMA, Atsushi
(©))

LASSEN Jens ( LASSEN, Jens )
TRIUMF Laser Applications Group Leader

LEVY Phil (LEVY, Phil )
TRIUMF  Resonant Ionization Laser Ion
Source group Senior Scientist

PEARSON Matt ( PEARSON, Matt )
TRIUMF Laser Spectroscopy group Senior
Scientist



