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Cultural Slides : Kyushu University

Kyushu University (7LNK=: “Nine-State” University)
In the past, there are 9 states in Kyushu (currently 7 prefectures)
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Cultural Slides : Kyushu University

Kyushu University (71N KZ: “Nine-State” University)
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Cultural Slides: Tandem accelerator at Kyushu University
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Cultural Slides: Superheavy element research in Kyushu University

Our group is strongly involved in the new element search at RIKEN, Japan
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Excited states in ">*”>Ni were investigated through the 8 decay of "*°Co in an experiment performed at the
National Superconducting Cyclotron Laboratory (NSCL) at Michigan State University (MSU). The experimental
results extended the level scheme of "*Ni to 3.2-MeV excitation energy and provided the experimental informa-

tion on excited states in "°Ni. The S-delayed neutron branching ratio for *Co was obtained. The experimental
results are discussed in comparison with shell-model calculations.
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B- decay
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B-y spectroscopy can characterize low-excited states in nuclei



What can we learn from decay spectroscopy?

60Co standard Gamma-source §
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* Strong branching ratios for allowed transitions (5+—4+) Table of isotopes

How do the excited states and decay properties change in extremely neutron-rich nuclei?

— Accelerator facilities can provide neutron-rich Co nuclei



Introduction : Nuclear Shell Structure

Magic numbers were explained by introducing LS-interaction

S (1963 Novel Prize)
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Krane, Introductory Nuclear Physics



“New” magic number in neutron-rich Ca isotopes

Occurrence of new stability (magic number) at N=34
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Attractive interaction between vf7/2-1if5/2 orbital reduced by removing f7/2 protons



However, there is stronghold magic numbers in 78Ni (Z=28, N=50)

Highly excited 2+ state in 78N
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Spectroscopic data could provide information on the nuclear shell-structure




Frontier of neutron-rich Ni isotopes
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Decay spectroscopy around Ni isotopes

Excited states In Ni isotopes have been extensively studied by beta-gamma spectroscopy
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What have we learned from the decay of Co isotopes?

“Very simplified” shell-structure still explains qualitative decay properties
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MSU/NSCL : Michigan State University, National Superconducting Cyclotron Laboratory

Investigation on beta-decay of 73Co and 7°Co was conducted at MSU/NSCL
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Energy loss in PIN detector (arb.)

Experimental details at MSU/NSCL
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New level scheme for 73Ni In this work

Level scheme was updated up to 3.2 MeV To construct the level scheme...

3C 0O Q, =12.83(76) MeV
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New level scheme for 72Ni In this work

First Report on the first excited state of 7>Ni
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Shell-model calculations to interpret the obtain levels

Shell model calculations
e 40Ca core

* fogpn interaction
Same as ref. A. Spyrou et al., PRL (2016)

3C 0O Q, =12.83(76) MeV
(Pel) . T.=a8(1)ms

ED 1p;,
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Of s,
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IB log ft
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Excitation Energy (MeV)

Excited levels and B(GT) strength distribution

Low-excited states and the B(GT) values were reproduced relatively well in the calculations

Red : Negative parity
Black : Positive parity

4 — — ¢
_T—, e £
——=== 8Co — Ni
- [ P O e =
2 R e
y — h
0 Se—— 1
0 2 4 0 0.05 0.1 0.15 0.2
Spin Calculated B(GT)

Small fragmented allowed transitions
In highly excited states

Strong Gamow-Teller transition
nifs5/2 — vf7/2

— What is the detail of the fragmented transition strength?



Investigation on the relatively high-excited states

Excitation energies and B(GT) were investigated by changing energy difference of f5/2-p3/2 orbital

* Reproduced mutltiple 5/2- states well

W

 Weak energy sensitivity for relative splitting

N
0

* |evel crossing between second and third 5/2-

N

5/2;, A : : :
e Strong variation of B(GT) distributions

o
4

5/2.

-~

Rapid change of configuration was observed

o
t

INn the calculations
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Selectivity of B-decay experiments could state the structural sensitivity with theoretical calculations!



Systematics of level structure in neutron-rich Ni isotopes in calculations

More detailed predicted levels were studied by different interactions
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Systematics of level structure in neutron-rich Ni isotopes in calculations
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What would we expect in the decay of very-neutron-rich 77Co??

77CO

(7/2-)

s

7INI : fpgpn interactions

T1/2 = 13.0 (Ms)

3968 ———

3864 3797 3838

—_——————

Sn ~ 3.2 MeV

e The g.s. of 77Co : (7/2-)
 The g.s. of 77Ni : (9/2+)

The allowed transition dose not occur between the ground states

* Neutron-separation energy Sn = 3240(640) keV
e 5/2- state is not predicted below 4 MeV

The transition strength is above neutron-threshold energy,
may result in the strong neutron emission in the 3-decay




What would we expect in the decay of very-neutron-rich 77Co??

7Co (7/2-)

s

TN : fpgpn

T1/2 = 13.0 (Ms)

The measurement of beta-delayed neutron-emission is important

77Ni : jj44pna

3968 3864

e -

3797 3838

Sn ~ 3.2 MeV

Sn ~ 3.2 MeV

fpgpn predictions

e strong neutron emission

144pna predictions

* High-energy M2 transition

 E2 transition to isomeric states (1/2-)



?

tant

iS impor

-
-
D
-
O
-
-
)
M
D
-

| E -
o,

|ﬂu
=

o

-
©

M

BRIKEN at RIKEN RIBF)

t(

Beta-delayed neutron measurement projec

SHe counter

(n+3He—3H+1H+0.764 MeV)

0
O
o)
>
O
O

PE shield

F11

IC

lon chamber

Beam

Degraders

3He counters




Neutron-time-of flight measurement with 3-y spectroscopy

Neutron-energy spectroscopy with neutron time-of-flight measurements VANDLE

_ f VANDLE (pla scmt ) Implantation detector
— e 3 TOF= tstop'
B:start

neutron:stop

distance

neutron-TOF simulation

;Asum of histograms sum
212000 MeV —— Entries 32964
= U 1 MeV Courtesy of S. Ilyushkin Mean 68.31
1000 — RMS 38.34
800 - . 0.3 MeV
600; |
4002»_ ~
\ 2005“
Ge detector MR R I PO O et e
- 0 20 40 60 80 100 120 140 160 180 200
(Gamma-ray detection) Time(ns)

Developed by University of Tennessee Group



Gamow-Teller transitions could be expected in several nuclel

Ex. Strong neutron emission is expected in 34K decay

54K — 54Cg Shell-model calculations Courtesy R. Grzywacz
fsp — — Qo
P12 — —0— f e
P32 — e
—O0~ pip

e 0
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: 0000 p:p
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0
0 10

Proton Neutron E (MeV)



Intersting works above neutron-separation energies

Intense neutron emission (83.84(GGa) StrOng n-y COmpetition StrOng 1n emission
above Sn energy (79C0o) from 2n unbound states (86.87Ga)
neutron ToF (VANDLE) at ORNL 3
Total Absorption y Spectroscopy (SuN) He counter array (BRIKEN) at RIKEN
Neutron Energy (Mey at MSU/NSCL 100 e

5020 1.0 05
05 RS GRLE Bt EEci E

W
§20 - ~¥— P1n GT+FF (cutoff)

O
400 - (a 83 3 SZn =
( ) Ga S z 100 : =t ~  w | —%— P1n GT+FF (stat.)
300 |- ¢ e S A N c
: . F__Exp - SuN uncertainty| ¢ ‘= - ~@— P1n EXP
0 i) [ [ S I R [ ST , Tic O :
Lo 3 % - - Il --%- P2n GT+FF (cutoff)
L. [ g b A
g 100 > . i & \_ |-#- P2n GT+FF (stat)
-.‘é’ 2 < g Q £ 60f § 9 | —O— P2nEXP
3 &) e =10
m _v.; 40 o —&— P1n QRPA
-t ©
20 5 = ~—¥— P1n QRPA+HF
, s
10 20[ - ~e— P1n EXP
Ul - § 50
o - A > . : 2 ry " - — __A- P
R 50 75 100 . 5 PEnQRRA
ToF, (ns) % 1 2 3 4 5 6 7 8 9 10 < | =¥ P2n QRPA+HF
Energy (MceV) 3 Pon EXP
= 0 i ©
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R. Yokoyama et al., PRC(R) (2019)

Several interesting phenomena have been observed above neutron threshold energies




Summary

e [3-y spectroscopy on neutron-rich 73.75Co at MSU/NSCL
e New excited levels for 73.75N| were obtained

 Fragmented strength distribution was observed in the decay of 3Co —73Ni
 The multiple 5/2- states were investigated via shell-model calculations

* Possibility of strong-neutron emission in some nuclei (77Co, °4K...)
 More accurate mapping of GT transitions in less neutron-rich nuclei is important

 Decay above neutron threshold is now extensively studied

Dziekuje za zaproszenie | Waszg uwage!



