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Shape of atomic nuclel

R(6,¢) = Ro{1l + Za,Y1,(6,9) }

Atomic nuclei:
Finite qguantum many-body system

— shell effect
Shell effect drives macroscopic shape
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Experimental £(2+) on midshell nuclei

* E(2+) relates to deformation max. at N~102, Z~64 predicted
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Hexadecupole deformation

<NnA|r*Y,,|NnA> for 1h,, ), Nilsson diagram for proton with
orbitals with deformed HO. deformed WS.
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* Large n,are responsible * When B, ~ 0.3, Z=60 (Nd) will have large

hexadecupole moment

Sep. 13, 2016 INPC 2016 at Adelaide, Australia 5



Hexadecupole deformation

Comparison of theoretical B, values for N=100 isotopes
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* Theoretical predictions on unstable nuclei differ in theories
Experimental investigations are necessary
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Production of neutron-rich nuclel at RIBF

e Rl scateing with SCRIT * 5 accelerators for 345 MeV/u 238U

beam
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* Particle separation and
identification at BigRIPS
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Detector setups

Setup at F11

y-ray
F11 chamber

Plastic
RI Beam |J counter |
| l|>|l<li Bﬂray
— Al degrader DSSSD

Cluster (;Se
(EURICA)

* isomer and B-y measurement
 EURICA (Euroball Riken cluster array) with 84 Ge crystals
e fory-ray energies of isomer and B decay
 WAS3ABI (Double sided Silicon strip detectors)
» for position correlation between beam implantation and B-ray emission
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Experimental results

Z N 0 0 0 /] 0) 0F 0 08 ale N0 ) N ) ()] () .
* @G.s. band systematics
= 159H0 IGDHO 161H0 162H0 163H0 164H0 165H0 166H0 16?Ho 168H0 169Ho l?DHO 1?2Ho AX Known isomer 9 quadrupole
>
66 158D‘y‘ 159D‘y‘ 160D‘y‘ IEIDV 162D‘y’ 163D‘y‘ 164D‘y‘ 165D‘y‘ 166D‘y‘ 168D‘y‘ 1?1D‘y’ (Tl/Z 100 nS) . Isomers in N_loo and
A -
G 15?Tb 158Tb 159Tb 160Tb 161Tb 162Tb 163Tb 164—I-b 169Tb l?DTb x New |Somer N_98 isotones
5/ ISGGd 15?Gd ISSGd ISQGd 16[}Gd 1ﬁlGd 1636d 16?Gd 1GSGd 1696d 9 hexadecupole
155 156 157 158 159 160 161 162 165 166 167 168 Ax NO lsomer
G Eu Eu Eu Eu Eu Eu Eu Eu Eu Eu Eu Eu .
(>10%implant)
154 155 156 157 158 159 160 163 164 165 166 17
G Sm Sm Sm Sm Sm Sm Sm Sm Sm Sm Sm| ~'Sm
AX | Octupole band
A = 153Pm 154Pm 155Pm 156Pm 15?Pm B0 =F 160Pm 61 162Pm 163Pm 164Pm 165Pm 166Pm
@ 50 152Nd 153Nd 154Nd 155Nd 156Nd 15?Nd 2 ] s X 60 1 161Nd 162Nd 163Nd 164Nd AX Stable nuclide
f s 151PI’ 152Pr 153Pr 154Pr 155PI’ 156PI’ B 158Pr 159PI’ IGOPr 161PI’ 162Pr 163Pr
A
9 Q 15[}Ce 151(:e 152Ce 153Ce 154Ce 155CE 156Ce 15?Ce 158Ce 159Ce 160Ce X New B-V
oc
149La 15[}La 151L‘_:1 152La 153La 154La 155La 156'_‘_1I 15}"_&I 158La
v G 1488a 14QBa 15[]Ba 15lBa 15ZBa 1538a 1548& ISSBa ISGBa

Sep. 13, 2016 INPC 2016 at Adelaide, Australia 9



Systematics of g.s. band

Moment of inertia of g.s. band from E(2+) of even-even nuclei
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« Moment of inertia peaks at Z=60 (b)
—> No calculation predicts deformation maximum at Z=60
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Isomers in N=100 isotones:

Energy and timing spectra
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Isomers in N=100 isotones:

| evel schemes

(4-) 1108.0

966 (13/2+7) T, =1.33(9) ps

T, = 0.66(3) ps

357 (13/2-) (4+)
238 (11/2-)
142 (9/2-) 961 177 (2+)
80.2 | 62 (7/2-)
g.s. (5/2-) / /615 O+
161Pm
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High-K isomers at N=100

e Kisomers known in N =100 isotones
170Yb, 168Er

e quasi-particle excitation:
7/2[633]®1/2[521] (Q[NnA])

1/2[651]

5/2[512]
K quantum number

O\ 7/2633]
10& AK=4 isomer

@i 1 [ 2[ 5211

Single particle energy E(s.p.)

@@ 5/2[523]

0.33
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Isomers in N=100 isotones:

Summary of isomer

Nuclide  Ejsomer (keV)  E, (keV)  T,q/2(exp.) (s) By W
170yh 1259 981.1 3.7%x1077 1.6 x 10°
168Fy 1094 830.0 1.1 x107% |29 x 10°
164Gd 1094 854.1 7.1x 1077 2.0 x 10°
163E, 964 674.9 9.1x 1077 |1.2x10°
1625 m 1010 774.5 1.8 x 107° 3.6 x 10°
161Pm New 966 727.5 7.6 x1077 | 1.3 x 10°
160Ngd New 1108 892.8 1.3 x 10°° 4.0 x 10°

* All have 10° order of hindrance AK=4

* Expected same isomer configuration (neutron 2-qp K" = 4°)

known in 179Yb and 1%8Er
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N=100 isomers

A

Excitation Energy (keV)

A

370 ns 3
4-1259 de’b
— . 109 ns 0.58 s ™7 _PsM_ 4-(v7/2[633]Qv1/2[523])
(3)+ 1225 . 4- 1094 (4-) 1094 PSM (4-) 1108 v. C. Yang et al., J. Phys. G 37 (2010)

,,,,,,,,,,,,,,,,,, (41011 1.3 s 085100

(3)+929 (3+)1034 4 o
—— 162G m: ﬂz = 0318, B4 = 0.008
160Nd: B, = 0.332, 8, = 0.032

3+ 896

E(gp) calculation (MeV)
B, = 0.008 B, = 0.032

4+ 278 4+ 264 4+ 254 4+ 240 (4+) 236 (4+) 215

2+ 84 2+ 80 2+ 77 2+ 72 (2+) 71 (2+) 65 1625 103 112
0+ 0+ 0+ 0+ 0+ O+ ' '
170y 168F 166Dy 164Gd 162G m 160N d 160Nd 1.01 1.15

PSM (projected shell model) calculation reproduces the increase
of E(4-) with large hexadecupole deformation in Nd
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Conclusion

 New excited states found by isomer and B-y spectroscopy
 Kisomersin N=100 (K™=4"), N=98 (K"=6") isotones
* Ground band of some even-even nuclei (1°°Ba, **Ce, etc....)
e Systematics of g.s. band
 Moment of inertia peaks at Z=60 (disagree with FRDM, RMF, HFBCS calc.)
 Small pairing correlation due to Z=60 gap may increase the moment of
inertia
 Experimental indications on hexadecupole deformation in Nd (Z=60)
* Energy increase of K"=4" isomers
* Change of isomer configuration (K"=5"to K*=6) in N=98 isotones
* Future perspective
* Half-life measurement
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