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The nuclear landscape .

[l stable nuclei
[] observed nuclei -
[] unknown nuclei (predicted)

e How robustisthe shell structure and thus
N the magic numbersin atomicnuclei?

> — Shell structure as a fingerprint of the
stronginteraction
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Shape coexistence -

e Statescharacterised by different shapes

_ _ A. Andreyev et al., Nature 405 (2000) 430
appearat low excitation energy

e Example: n-deficient Pb region
186pp triple-shape coexistence
Hg nuclei: “parabolicintrusion” at mid-shell
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Data: NNDGC, figure courtesy of L. Gaffney
Original figure in R. Julin et al., J. Phys. G 27 (2001) R109
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A coordinated experimental (and theoretical) effort

182T| 182 Hg 186Pb 190PO
0+

h.s.
|.s.

0+
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A coordinated experimental (and theoretical) effort
182T| 182 Hg 186pb 190p0

0+

gt

h.s. Ground state properties
RS Mass measurements (direct, a decay)
O+ — Laser spectroscopy

d<r2> [fm?]
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Neutron Number N

T. Cocolios etal. PRL106 (2011) 052503
H. De Witte et al., PRL98(2007) 112502
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A coordinated experimental (and theoretical) effort .~
1827 182 Hg 186pp 190po
0+

In-beam spectroscopy

J. Pakarinen et al.,
PRC75 (2007) 014302
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RS Mass measurements (direct, a decay)
o+ Laser spectroscopy
T.Grahn et al. ‘E ' Ra
PRC80 (2009) 014324 = %
4+ A 4 p h
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A coordinated experimental (and theoretical) effort

1827

182Hg

In-beam spectroscopy
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186pp

J. Pakarinen et al.,

PRC75 (2007) 014302

190po

0+

o decay

A. Andreyev et al.
Nature 405 (2000) 430

Ground state properties
Mass measurements (direct, a decay)
Laser spectroscopy
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A coordinated experimental (and theoretical) effort

1827 182 Hg 186pp 190po

0+

In-beam spectroscopy

J. Pakarinen etal., a decay
PRC75 (2007) 014302 A. Andreyev et al.
Nature 405 (2000) 430
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A coordinated experimental (and theoretical) effort
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A coordinated experimental (and theoretical) effort

1827

182Hg

In-beam spectroscopy
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Coulex N.Bree & A. Petts
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PRC75 (2007) 014302
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One, two-nucleon transfer
and other reactions
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ISOLDE at CERN -

r

F
gt
_

e 1.4 GeV protons
fragmentation + spallation +fission

e The largest range of radioactiveion
beams inthe world

.
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ISOLDE at CERN -
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What do we know about ®8Ni

23 ns8+—4208
6+ 209 3999

Recent experimental work

e J. Elseviers et al., submitted 68N | 851
e F. Flavigny et al., PRC91 (2015) 034310

e S. Suchyta et al., PRC 89 (2013) 021301R

e F. Recchiaetal., PRC88(2013) 041302R

® R.Broda et al., PRC 86 (2012) 064312

e C.J. Chiaraetal.,, PRC86(2012) 041304R Three O* states
e A. Dijon et al.,, PRC 85(2012) 031301R

3405 (4%)

and two 2+ states | Y. i3 B \ ¢
below 2.8 MeV

Crucial information

® Precise measurement of 0*, energy
Since 1982: 1770(30) keV from 79Zn(*4C,160)®8Ni
Now: 1603.5(3) keV

e Two transitions feeding0*, (1139 and 2420 keV) | 0@or|

® Firm aSSign ment of several Spin/pa rities Level scheme from F. Recchia et al.
PRC 88 (2013) 041302R

PP!(511)
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Monte-Carlo Shell-Model calculations f
Y. Tsunoda et al., PRC 89 (2014) 031301R

e Full pf+gy, +ds/, for both neutronsand protons

5 | (a) calc. . (b) exp. ]
g* 6 —
6" 7 gt
4 |- 4 — 6 6T— 77— " [ T T T 1 T T T
4 2_ ") g)_ N 5 g} (a) proton ] 1 L (b) neutron i
20— 5| 4— @)— = & :
3 - + 5 + — E 3 7._ - 3 t ®) -
S 00— 2 5—— = fs 712
(7] o+ = 6 - - b= 5/- -
= 27—
= + = L 4 b E
x 2F 22— - S
w O+ O+ "C-G‘ 4 = - - -
o L
1F . 3 ’
8 fs/3
- [)j/’)l - -
0 = 0+_ 0+_ - 0 I é /L
spherical oblate prolate negative| positive negative + + +
shape shape shape parity |parity parity O] 02 03
68 \: )+ ! 68 Ny: () + ' 68 \T: )+ ' 8.0
150F(a) " Ni 0, L(b) ™" Ni 0, 4 F(c) " Nioy 4
7.0
—_ - . 6.0
= <[4 50
= <
O» 50- I ) i i ;::6 40
/ Z [ 3.0
i 3
0 | il \!l = g a3 | & 2-0
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Aiming at complete spectroscopy f

IS504 PhD thesis J. Elseviers
e Nature of O+ states
in 8N
e Conf. mixing
of 0*; and 0%,

66Ni(t, p) 8N

351/2

2d5/2

189, @

2py; @ @

1fs/, —eooooe—

2p3p; ‘Z.Z'

1f7; -eeeeeeee— —sesesese—

JT Vv
68Ni
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Aiming at complete spectroscopy

tiog
e
_

IS504 PhD thesis J. Elseviers IS467 PRC 91 (2015) 034310

e Nature of O+ states
in 8N

e Conf. mixing
of 0*; and 0%,

e Revised decay scheme
® (-y-EO coincidences

e 2*to 0" connections

B-decay of

66Ni(t, p) 5N low-spin e Exp.B(E2) ratios
68Co isomer
351/2
2ds), (2% 4164
@ (2% 4026
184,
@ @ P 2743
2p1/ Py 0 A 4 2511
1fs/ — = p \ 2t A 4 ‘l' 2033
. ) + ®6Ni(d,p)*’Ni e B B
I ns
11 —sesesese —ssesesse J. Diriken et al., PLB 736, 533 (2014) R T T
Tt v J. Diriken et al., PRC 91, 054321 (2015) _
68\i *Ni
| \\ J
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1IS467: from °8Mn to ¢8Ni F. Flavigny et al., PRC 91 (2015) 034310
6ON1:  |6TNI:  |62n1: [ 63N1: | B4NI: | 65NI: | 66NI: | 67NI: 68np:*leony: *| 7onp: ¥ B-decay
7 =928 | Ni |”Ni ["Ni |®Ni ["Ni |”Ni |”Ni |”Ni Ni |”Ni Ni + studied at LISOL
stable stable stable | 100(2)y stable 2.52h | 546(3)h| 21(1)s R 29(2)s 11.4(3)s | 6.0(3)s 0O studied at ISOLDE
* * * * *
57 ®Co |*"Co [®*Co |®Co |*Co |®Co " |®*Co”|"Co " |I®Co |”Co"| “Co
1925d  [1.650(5)h | 1.50(4)m | 27.4(5)s | 0.30(3)s | 1.20(6)s | 0.18(1)s [329(28)ms 0.23(3) s | 0.27(5)s | 119(6)ms
* * *
26 “Fe |°Fe [*Fe |®Fe |*Fe |*Fe |®Fe " |“Fe "|*Fe |®Fe | “Fe
15E6a | 5.98(6)m | 68(2)s | 6.1(6)s | 2.0(2)s [1.07(12)s [830(80)ms|411(32)msfi 32(39)ms]| 0.17(3)s |94(17) ms
o5 “Mn **"Mn |®*Mn [®*Mn |*Mn |[®*Mn “Mn [*Mn
0.28(2)s §623(10)ms{671(5) ms| 0.29(2)s | 90(4) ms | 88(4) ms| 66(4) ms| 47(2) ms f 28(4) ms | 14(4) ms

N= 35 36 37 38 39 40 41 42 43 44 45

p—

Tape °
‘system"/',\\ \
Pure Mn source (RILIS) . |

. \ %a S plastic B= =
Implantation69 ms — decay 2.2 s - B\ 2 detectors

B-y detection setup

In 8Co: 2 isomers
7~ T,,=0.23(3) s

+ Q+ — . v
(1%,3%) Ti2= 1.6(3) s e MINIBALL: 5.8% photo-peak efficiency at 1.332 MeV

e 3 plastic detectors: 50% beta efficiency
e Polyethylene-borax-lead-brass shielding
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B'Y coincidences F. Flavigny et al., PRC 91 (2015) 034310 e

Low background (shielding)
Laser ionisation (RILIS)

Mass separation (HRS)
Time condition:tg—typin [350,2200] ms

-> Clean %8Co low-spin spectrum

600 = ~
— o i %10 0 ®8Fe decay o ®8Gadecay ¢ °’Fe decay *
500 —
> = % 68Co decay ~ © '3fldecay & 7Co decay
X 400
- —0 O
w300 0
£ o n
200 |
8 — . )A? ] ** o o *
100 F | w ‘ ol X
— foeakd | X
N = A “W'" AL S LA rﬂ'wil i
0 200 400 600 800 1000 1200 1400 1600 1800 2000

E(keV)
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Feeding of 0*, state in 58Ni : B-y-EO coincidences Ve

F. Flavigny et al., PRC91 (2015) 034310

68Co Time difference: t; -ty
1,6(3) s B 160F
140F

Top view:

T,,,= 235(23) ns

------------------------------ 2+ — 2743 120¢
100F
Y (1139 keV) .

Counts /100 ns

O+ 1604 60;
270(5) ns :
(5) E (55% conv. e, 20F
o+ 45% pair cr.) Qb b

. 0 100 200 300 400 500 600 700 800 900
Ni Time (ns)

Coincident y rays

oF

511 : 2421 B-y-EO coincidences (590 events)

N
[$)]
T

Counts / 4 keV

3 e Highly selective signal
- el AL L e 1139 and 2421 keV feeding 0+,

Energy (keV)

e E(0*,) =1603.6(6) keV in agreement
with recent results

Counts / 2 keV
on

| ()]

o

0 200 400 600 800 1000 1200 1400
Energy (keV)
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B(EZ) ratios F. Flavigny et al., PRC 91 (2015) 034310
. _ -
From experiment: 5 . § S :5 > B(EZ, 2; - 1+)
29 MRSV M — 4164 R = N "
) T 4026 B(E2,2; —0))
< 111
= (I
L K9 S o, 11
o §_v ™M Ly 1] o743
0’ = l.——. — , TL-251 e 2% strongly connected to 0%,
v o~ (|
2 Ivl T ! ! : 2033 Rexp <17, Rinps = 12, Ryesm = 4
11
y V1 1604
o7 ! e 2*, > 0*; stronger than 2*, > 0%
270(5) -
pr=15 103 ; Rexp < 9:10%, Rinps mcsm= 2200
1 1
o - N 0 e 03478 keV to 2%
| theoretical Ty, very different
jﬁ (©) ®Ni 0y L (e) ®Ni 2,
~[f 60 o 2+3 and 2+4
MCSM  [|* Qualitative agreement for (2+,)
A B Significant discrepancies for (2*3)
150 1 Fo ®nio; P @ ®nizf
N’E‘ 100F , \
S oﬁ ﬁ%? | ‘ﬁ%} _ Y. Tsunoda et al., PRC 89 (2014) 031301R
0 0 IlOO IZOOA 300 0 I100 :éObn 300 0 ;00 2'00f‘ 300
Qy (fm?) Qy (fm?) Qq(fm?)
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|5504: 66Ni(t,p) at REX‘ISO LDE PhD of Jytte Elseviers (KU Leuven) i

T-ReX

V. Bildstein et al, EPJA 48 (2012) 85

e Resolution =1-6 deg
e AE-E for PID
® £ = 60%

\ S

Miniball

N. Warr et al, EPJA 49 (2013) 40

e 24 HPGe

e 6-fold segmented
e c=8% @ 1.3 MeV
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'Y’s and coincidences PhD of Jytte Elseviers (KU Leuven)
{ Energy of all Cluster, rough doppler corrected prompt with protons (no pID 11) ] O
Lo ~
> - oos_-r'@.o. 28491 0.86 ms
3 B 1 I\gt
S —— 2, — 0,"2033keV @ d=o 27438
E F =~
g 2," — 0,* 2744keV Mﬂ: QS 25119
10 (| e
' a3
2+ W v &0 203419
D
' N 1604
| e o | L BRum
e e e 000 ' ’H ‘HMH ”Hm” HH ; ;
1 |
S 0+ Y v v 0.0
2 68N j
= 8000
w>s
g 6000 ( )
(& ® Few 7y’s to ground state
= 4000
= ; L ..
3 2000 ] 3 e No P-Y-Y coincidences
L ‘ GSCU deCay 21+ - 01+ \ J
0 ¥ 3
N I PEREE R REP PTG S PR
0 500 1000 1500 2000 2500 3000
Gamma Energy [keV]
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__..l!-:--.
POpUIBtlon Of 0t states PhD of Jytte Elseviers (KU Leuven) Z
07 0% 27 0% 235-
> 25000 ‘ }_}
?20000 > u :
& Qo r ] P — protons
o — H :
15000 o 50: / —— prompt p-y
%) - P
- S 40F P
10000_— 8 — H
5000 — 30:_ i :f
S B 20
¥in® - 2
o
So_ o 10F l D
S- R4S 28491 0.86 ms - M%WJ
NI -
IN'\\O—) [, [olblliod o Mrrﬁnnr‘an L | [h Ir:J-LL:—Ln n. ol
]z . 0 1 2 3 _ 4
oT Excitation Energy “Ni [MeV]
L r \
— EQ e Population of 0%, : 5.4(11)% of g.s.
O+ , < 12700 276 ns o .
. l. e Upperlimits (<4%) on population
l I + +
o+ W v v 00 of 03 and 2%,
\
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“NiO®®

B-decay 0OO®

Calculation of cross sections

PhD of Jytte Elseviers (KU Leuven)

e Two-neutron overlap amplitudes
from MCSM (T. Otsuka)
pf+gy,,+ds,, both protonsand neutrons

neutron - occupation numbers - protons

6 £ @Nushell g o ~2
C 52 OMCSM 1 E qor
5 Anes & F ;’ I
Fa LS Bhicem 38 [
=L ~ 4% S1f
© r O] 'E |
Sk R Al | = |
8258'~' Piz 522 %; A
L W g |
0: 5/2 A =‘_: 0: O0
0% 03 271 1 2 1
fs/2 P3/2 P1/2 89/2
®6Ni gs|4.53 3.34 1.07 1.06
68Ni gs|5.19 +0.66| 3.59 +0.25|1.73 +0.66| 1.49 +0.43
68Nj 0%, 5.01 +0.48| 3.44 +0.10|1.14 +0.07| 2.41 +1.35
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Outlook | - HELIOS

e
g

In-jet laser spectroscopy

e Strongreduction of broadening
effects
— improved resolution
Proof-of-principle:2*>Ac at LISOL oo

o New dedicated |aserfa Clllty Gas Cell Heavy Element Laser lonization Spectroscopy - HELIOS

n Guid :

at the IKS, KU Leuven RF?;ZO_fent :ECEIG K
Towards the heaviest elements 0% Bwa= 6 mm

e To beinstalled at SPIRAL2 « Extraction RFQ B
in GANIL, France S 7

IC Advanced Grant
25 Piet Van Duppen

Riccardo Raabe (KU Leuven)

Acceleration
region

pumping
barrier

Lasers

| Extraction
RFQ
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Outlook Il - SpecMAT

Transfer reactions with very weak beams

amplification

e Active target: Time-projection chamber
where detection gasis the target

e Magneticfield parallel to beam direction
to confine emitted particles

e Arrayof y-raydetectors within thefield
LaBr3 preferred for best compromise
efficiency/resolution

( )

e High luminosity

e Large dynamic range
e High resolution

_® Versatile

: l‘C Consolidator Grant
© RR

KU LEUVEN
Gent 18/05/2016
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Summary

o~
=~

e Study of nuclei far from stability reveals details of the underlying
nucleon-nucleoninteraction

e Link collective properties (deformation) with single-particle structure

e Use all spectroscopicprobesavailable
Nuclear reactions are becomingavailable at present
and forthcomingfacilities

e Firstresultsin Niregion
Pb region is the next step

e Strongsupportfrom (andto)theoryis necessary
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Characterization of the low-lying 0* and 2+ states in %Ni via 8 decay of the low-spin *®Co isomer
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Type-Il shell evolution

T. Otsuka and Y. Tsunoda, JPG 43 (2016) 024009

e Type-lshell evolution:
number of nucleonsin

=

neutron

(b)

neutron

neutron

e
oo ] e -
.'“O O
o e
TR

neutron

differentisotopes (a)

e Type-ll shell evolution: |J/c====
occupancies withinthe |,
same nucleus proton

e From Ni to n-deficient
Pb region...
we need information  |*”
on energy gaps!

f712
— nucleon-transfer
measurements

ha/2

Fermienergy _

hi11/2
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What do we know about %8Ni

‘ﬂr““-.
351/2 —
Zd5/2 E ' - Zn
184/ @ § F N
(40) (40) s
2pyp r'y
1f5), —eoo000—
2p3p o000
(28] (28) osf
1f7, -eeeeeeee— -secssese—
J‘E V %4. ! .3I6I ! I3I8. ’ .4|0. I I4I2I ! .414. ! I4I5I ’ .418. ! I5IO. ’ .52 %4‘ ! I3IGI ! I3I3I ! I4IOI ’ .4[2. ! .4I4. ! .4I6. ! I4I8. ! .510. ’ .52
68 N i Number of neutrons Number of neutrons
? 5470\ isotopes ——
8 L 4
7 L
e %8Ni: High E(2*;), low B(E2,2*=>0%) 5 6
2 st
e No signature ofshell closure fromS,, ‘2;“;
2_
e |n fact, ratherweak N =40 gap A
0= 26 28 30 2 N3'4 36 38 40 42
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Calculation of cross sections
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PhD of Jytte Elseviers (K& Leuven)

Transfer Q@ @@

e Two-neutron overlap amplitudes %
e}
from MCSM (T. Otsuka) E
G
pf+gy/,+ds,, both protonsandneutrons g
-00.01-
neutron - occupation numbers - protons
+
6 £ @Nushel g (o) ".2 —_ ! 02
H 512 OMcsm 1~ F a r 7
=5 AINPS 1 F CZ_m | s
giﬁ! Py :— °F 9 Nushell 8 [ E:Ez 0.1
-_§3E_ _: g gl- 2
© QO E | o}
%Z— @ A E = oot
8258'~' Piz : z %i L
1H Eﬁ_ E 8 . . . .
OE ds/p A =‘E £ OO_ 1 "
071 03 27 1 2 ﬁﬁ %‘fﬁ' 21
£
- N g 0.1 +{“ % "}f
e Agreementfor 0%, , states g
i © 0.01
- the 0%, stateis populated by neutrons s
transferred mainlyacross N= 40
\. J 2I0 4I0 6I0 8I0 1(I)0 12IO 1;'0 1é0 180

Bc.m. (degrees)
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Large-scale Shell-Model calculations

LNPS interaction s. Lenzi et al., PRC 82 (2010) 054301
e “8Cacore, mpf—vpfgy,ds/, todescribe Fe and Cr
e Evolutionofthe neutronsingle particle states:
ESPE difference gg/,-ds/, at ®3Ni: =1.6 MeV (N=50 gap size)
(27) 4164
(27) 4026 B(E2,down) values in e2fm?*
g+ 27 11 03 2863 "dominant proton configuration
2 2743 o+} 2629 M)n + (4p4h)’ has exactly two f7/2 protons less
o* 2511 B =0.4 (prolate) than the ground state"
. 56(12) 168 41
? 203 z 1 1989 "The 0*, and 0", states "are
o* 1604 : e
. (2p2h + OpOh)V characterized by "similar proton
0 «=P=
108 B =-0.16 (oblate) occupancies with leading Op-Oh
) ) 000h + 202h) (neutron) configuration for the 0%,
0 0 0 0 (0p p2h) ground state and 2p-2h (neutron)
Exp LNPS configurations for the 0*,."
68N}
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ISOLDE

1.4 GeV protons
from PS booster
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Calculation of cross sections

PhD of Jytte Elseviers (K& Leuven)

e Structureinformation

from NUSHELL (A. Brown)

V- f5/2,03/2,01/2,89/2» Model space
=> two-neutron overlap amplitudes

e FRESCO: direct + sequential paths

neutron - occupation numbers - protons

6 @ Nushell— ’72
C 512 OMCSM 3 v L
Asz—M 2
ZF ; . @Nushell &
R — e OMcsM <
c _ﬁ;\jﬁ e ALNPS 3 O
23k O_: o1
S F . !
32k n A z
8 Ea's' P2 E 312,
g e o |
0: 5/2 ! =‘: O0
07 03 23
fs/2 P3/2 P1/2 89/2
66N gs|4.53 3.34 1.07 1.06
68N gs{5.19 +0.66| 3.59 +0.25(1.73 +0.66| 1.49 +0.43
68N 0% 5.01 +0.48| 3.44 +0.10|1.14 +0.07| 2.41 +1.35

[mb/sr]
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—— Direct Transfer pfg
- —— Direct + Sequential pfg

+ —— Direct Transfer pfg
2 1 -—— Direct + Sequential pfg
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Revised decay scheme F. Flavigny et al., PRC 91 (20181 034310

(27)
68 &A
T,n=16(3)s .
Co QLIZ: 11.540(150) MeV ¢ New:
< Pn>2.9(4) % . . . .
8% logh So Missed Feeding = 42(10) % e 710 keV Intensity (clean, no hlgh spm)
20 600, 5es 57742 e 1139 and 2421 keV placement
2 . xR .
1(1) _6.6(5) T2 5513.7
e Removed 694 keV (after B-delayed n)
SS8sa e 814 keV intensity—5~ isomer
1) 63y, @ gg;g; 4164.2 + )= 0
;(;) 2.;&% £§$§@ 4025.6 ¢ Irel(0 2 9 0 1) 19(8) %0
1) 726 gl\ §§§§ _ 34051
2() 692, (3 N O . . .
2(1) 652 14_‘)_\ L e— 7 ) ® Upper IlmltS:
2() 692, (4) F_%éqgégim
0(1) 0.00), 5 532N T 28472
10(;) 632), 2° TTTeg 2742.6 ® Ire|(0+390+2) < 2(1)%
o) O.O(O)> 0" *;A 2511.1
52 e | ,(0%>0°
19(4) 61(1), 2 S 2033.0 rel( 39 2) < 4(1)%
P + +
26) 7165), 0 2 1603.6 ¢ Irel(o 390 1)
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Pa rtiCIE SpECt ra PhD of Jytte Elseviers (& Leuven)

| Particle energy as detected vs. 9 |
> Y T 16 . > 25000
£ 22000 O Elastic w = Proton gated
1= — —
"> 20000 — 3H Elastic >
o =
] = 5 20000
g 18000 — e 10?
w - w
16000 F
14000 — 10 15000~
12000 (t,p) Ecx= 0 MeV
10000 s - 10000 L 10
8000 10 -
6000 -
4000— i 5000 —
2000 : - . 1
b .||i|.|, 7".’ T T S T R RN ST R
80 100 120 140 1 20 40 60 80 o
. din® din
1H Elastic (t,p) E.,= 6 MeV
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Coulex 182-188Hg

e Coulomb excitation:
nature of quadrupole deformation
mixing of states with different structure

N. Bree, PRL 112, 162701 (2014)

MINIBALL
e Clarifythose Hg isotopes:
No mixing between 0* states
Mixing of 2* states (EO strengths)

182Hg

2,85 MeV/u

) . r 112¢d
o 182:188Hg 3t REX-ISOLDE (PhD thesis N. Bree) tzg;;/cjz@‘
30004+ 12" ! | 800 - + +
o " VA S 12 ,g* - : 2,— 0, 182Hg
2500 PR . 3 + B 600 [
6
= 2000} ' o pp g 400 I_ "2Cd
z ° 77 2 UL Ka(Hg) (2,-0))
5 1500f - 2 S i
& . N © / /o0 ' - + -
2 1000} 2 S, T s 4 118 200 - | K (Ho) 44— 2 2, 0] {
' * ﬁqﬁii (] Sl ..L. e
| - . ' 200 400 600
| <
N U A energy [keV]
174 178 182 186 190 194 198 202 206
Mass number A
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Shape coexistence in n-deficient Pb region

e Radii Hg:  Thomas Day Goodacre, later this evening
e Coulex: - Kasia Wrzosek-Lipska, Friday evening
e 182-188Hg: N, Bree, PRL 112, 162701 (2014)
~ . ™
25 pemme =y 15 15 e 0, slightlyoblate
'_‘20 IBM: 0+, 7 0% ¥ |20 T QW OF o g gy 1
2 s +BMF:°+1O 0205 & W * o .|| ® 0% more deformed (prolate?)
-~ o % v lne E
§ 'Lo IS L R % [1% %'1°°? | | ® The 2* changes character!
B \d v o%® 15 15 ...
- v S I 2 2 e Small mixingin the g.s. keeps
182 184 186 188 182 184 186 188
Mass number, A Mass number, A E(2+) and B(EZ) constant
. y,
4+ 1125 + + 1165 67 Y o
A ¥ o o 4 1086 o0i 6+ os3 v A 1080 m a2=20%
- ai=7% 4+
552 % gt —
..... L, , “4_7°—‘Z‘+ 616 608 621 2 592
SR Py SAPTETA & AN et
548 534
36
0+ | ad=92% ’ 0t ! —9‘/01
A=182 A=184 A=188
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Measurements

1.4 GeV PROTONS
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__“ll-:--‘.
New aspects of the interaction Ve
e Tensorinteraction (only if S=1) .
(a) C) (b)
.< .>, j j>’ ] <
(attraction ] (repuision ] jl ——
4 spin O wave function of relative motion |
proton neutron
T. Otsuka et al., PRL 95 (2005) 232502
— T. Otsuka et al., PRL 105 (2010) 032501
* 3-body forces _._::%_ o 4f
uaocore[ —e 000 g
—‘-.— >
ED 0
8+
5 5 5 9 4l
%‘ ds 0] e R . g 4
= 0 ._‘\ .......... (| e 0 "’TL"’."_"_"_'_"_"_""L;'f”_",': Z
:%l 5 ods2 = T'\:‘:f:- S oof7/e - f‘.‘ 5 0go2 = ':S’D-S- g NN +3N (4) \::~ == NN”N(NZLG)*\‘ -
w 1s1/2 = ' 1p3/2 = P 1as2 - 99 [ TTTNN “1TrRNTN® I
-10 “« — 10 - e O L - Lo PN SN TR N TN T SN NN NN T S B
8 14 16 20 28 32 40 50 56 8 14 16 20 8 14 16 20
Neutron number Neutron number Neutron number Neutron Number (V) Neutron Number (V)

K. Sieja & F. Nowacki, PRC 85 (2012) 051301(R)
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Shell evolution and deformation

PHYSICAL REVIEW C 89, 031301(R) (2014)

Novel shape evolution in exotic Ni isotopes and configuration-dependent shell structure

Yusuke Tsunoda,' Takaharu Otsuka,"%3 Noritaka Shimizu,> Michio Honma,* and Yutaka Utsuno’
'Department of Physics, University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
2Center for Nuclear Study, University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
3National Superconducting Cyclotron Laboratory, Michigan State University, East Lansing, Michigan 48824, USA
4Center for Mathematical Sciences, University of Aizu, Ikki-machi, Aizu-Wakamatsu, Fukushima 965-8580, Japan
3Advanced Science Research Center, Japan Atomic Energy Agency, Tokai, Ibaraki 319-1195, Japan
(Received 19 September 2013; revised manuscript received 25 November 2013; published 17 March 2014)

L | | 4L L] | |
K (a) proton JL (b) neutron

\f.//, = “Type 1I” shell evolution
[ - 17 72 . . -
°T 1 - 1 | ® Deformation caninduce changesin

occupancy...

Occupation number

fs/37

o 0 05

68Ni

e which, through the tensorinteraction,
modifies the gaps between shells

[ S

Shape coexistence and nature of 0* states
K. Heyde & J. Wood, Rev. Mod. Phys. 83 (2011) 1467
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