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Plan

o Introduction

o Fission isomers – shape isomers.

o Shape coexistence vs. shape isomerism.

o Model predictions of secondary minima in the 
nuclear potential energy surfaces (PES).

o Candidates for deep minima in PES.

o Experiment – exploration of decay from the 
secondary PES minima in 66Ni.

o Summary
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Representation of	potential energy surface
by	two-dimensional contour
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Parametrization of the nuclear shape

In case we consider only quadrupole deformation



Potential energy surface (PES) of a nucleus

two-dimensional contour
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Already in 1953, Hill and Wheeler discussed possible consequences of the existence of two well
separated minima in the potential energy surface for the ground state of the system. 
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1961 - discovery of the first spontaneously
fissioning isomer in 242Am with a half-life 14 msec.

C. M. Polikanov et al., Zh. Eksp. Teor. Fiz. 42, 
1464 (1962) [Sov. Phys.- JETP 15, 1016 (1962)]. 
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Shape isomers in actinides
o HIGH	Potential BARRIER
o Nucleus trapped In	the	second minimum
o Spontaneous fission from	the	second minimum
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TWO EXCEPTIONS



SHAPE	ISOMERS:
o HIGH	Potential BARRIER
o Nucleus trapped In	the	minimum
o very retarded photon decay (107	hindrance)

Can	OTHER	(lighter)	nuclei	exhibit these features ?

g

238U

95%

5%

B(E2)=1.54 x10-7 W.u. !!!



Shape coexistence in atomic nuclei

The status of shape coexistence in nuclei has evolved:
i)   from an exotic rarity (1980’), 

ii)  via the perception that it is a phenomenon which exhibits 
‘‘islands of occurrence’’ (1990’) 

iii) to the current position in which it seems to occur in all 
(but the lightest) nuclei.
.

(appearence of different shapes at low excitation energy)
K.	Heyde and	J.	L.	Wood,	 Rev.	Mod.	Phys.	83,	1467	(2011)
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E.	Clément,	M.	Zielińska	(J.	Iwanicki,	P.	Napiorkowski,	J.	Srebrny,	
K.	Wrzosek-Lipska)	et	al.,		Phys.Rev.	Lett.	116,	022701	(2016)
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66Ni

1989

Hartree-Fock-Bogoliubov Predictions for Shape Isomerism
in Nonfissile Even-Even Nuclei

M. Girod, J. P. Delaroche, D. Gogny, and J. F. Berger, PRL 64 (1989) 2452
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64Cr 66Fe 66Ni 68Ni 72Zn

Energy of second
minimum

Barrier hight

SUPERDEFORMATION AND SHAPE ISOMERISM AT ZERO SPIN
(Microscopic Hartree-Fock plus BCS calculations)

P. Bonche et al., Nucl. Phys. A 500 (1989) 308

Candidates for the presence of deep, 
secondary minima:

66Ni, 68Ni, 190,192Pt, 206,208,210Os, 194,196,214Hg



Macro-Microscospic Model – P. Moeller et al., 2012
Global Calculation Searching for secondary PES minima

Study of  7206  nuclei from A=31 to A=209

Ni

actinides

Number of PES Minima



Global Calculation of Nuclear Shape Isomers
P. Moeller et al., Phys. Rev. Lett. 103, (2009) 212501

Nuclear Shape Isomers
P. Moeller et al., Atomic Data and Nuclear Data Tables 98 (2012) 149

64Ni 68Ni66Ni
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MONTE  CARLO  SHELL MODEL Calculations
Takaharu Otsuka’s Group, Univ. of Tokyo

Detailed	Microscopic	Investigation:
o Wave	functions
o B(El/Ml),	…
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FULL		
pf +	g9/2 +	d5/2
for	both	neutrons	and	protons

State-of-the-art Shell Model calculations 
possible for nuclei with A<100, by 
employing new calculations 
schemes and very powerful 
computing systems.
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64Cr 66Fe 66Ni 68Ni 72Zn
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Predictions of four models

Macro-Microscospic Model	

Microscopic Hartree-Fock plus	BCS	Microscopic Hartree-Fock-Bogoliubov

Monte		Carlo		Shell	Model



Decay Scheme of 66Ni:
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R.	Broda	et	al.,	Phys.	Rev.	C	86,	064312	(2012).
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64Ni(t,p)66Ni

W.	Darcey,	R.	Chapman	and	S.	Hinds
Nuclear Physics A170	(1971)	253
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Our Recent Bucharest Experiment:
18O + 64Ni à 16O + 66Ni     (1 MeV below Coulomb Barrier)
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Z=28 66Ni64Ni
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GRAZING – A. Winter, N. Pollarolo
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Our Recent Bucharest Experiment:
18O + 64Ni à 16O + 66Ni     (1 MeV below Coulomb Barrier)
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We concentrate	on	g-decay
from	0+ states and	perform
lifetime measurement
with	PLUNGER
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18O+64Ni à16O+66Ni
Ebeam = 39 MeV
2n transfer below Coulomb Barrier
at IFIN HH Bucarest
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Perspectives:
precision measurements
o Coulomb Excitation
o Electric Monopole Transition Strength 0+ à 0+ – Electron Spectroscopy
o Search for Off Yrast Stractures – gamma Spectroscopy

e.g. CLUSTER Transfer, Multi-Nucleon Transfer, …



Summary

A shape-isomer-like state has been found in the 66Ni nucleus. 
It is the lightest, ever, atomic nucleus exhibiting a photon 
decay hindered by a nuclear shape change.

Our finding, caught through high resolution gamma-ray 
spectroscopy and a very selective nuclear reaction 
mechanism, shows that shape isomerism is characteristic not 
only for very heavy nuclei. 
This will certainly be helpful for solving a puzzle on the origin 
of nuclear deformation.



University of Milano and INFN sez. Milano, Italy
Institute of Nuclear Physics, PAN, Krakow, Poland
Departement de Physique, Universite libre de Bruxelles, Belgium
IFIN HH, Bucharest, Romania
Center for Nuclear Study, University of Tokyo, Japan
University of Bucharest, Romania
Extreme Light Infrastructure—Nuclear Physics, IFIN-HH, Bucharest, Romania


