
Super	heavy	nuclei:	open	ques3ons	
(from	a	structure	point	of	view…)	

Flerov & Ilyinov  (1986) 



Region	of	Interest	
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Proper3es	of	ma?er	in	extreme	condi3ons	of	mass	&	charge	?	
Limits	of	the	nuclear	chart	?	



The	 heaviest	 nuclei	 owe	 their	 stability	 against	 spontaneous	
fission	to	quantum	shell	effects	

Special	Nuclei	
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Magicity	of	super	heavy	nuclei	

M.	Bender	et	al.,	Phys.	Le?.	B	515	(2001)	42	

Maximal	shell	correc3on	spread	over	a	broad	region	of	N	&	Z	M.	Bender	et	al.,	Phys.	Rev.	C	60	(1999)	034304	

Z	=	114	shell	closure	only	appears	in	models	
which	 overes3mate	 the	 spin-orbit	 spliZng	
in	heavy	nuclei	by	more	than	∼	40%	



Shell	structure	of	SH	nuclei	

Magnitude	of	gaps	in	single	par3cle	
spectra	is	small		
	
	

General	consensus	on	N=184	neutron	gap	
	
Supported	by	increasing	half-lives	of	the	
heaviest	nuclei	with	N	

Yu.Ts.	Oganessian,	et	al.,	Phys.	Rev.	C	87	(2013)	054621		
	

M.	Bender	et	al.,	Phys.	Le?.	B	515	(2001)	42	



Theore3cal	challenge	
-  Large	density	of	states	
-  Strong	Coulomb	field	

Total	spin-orbit	spli3ng	depends	on	the	
loca3on	of	the	radial	wavefunc3ons	

B.	Schuetrumpf	et	al.,	Phys.	Rev.	C	96	(2017)	024306	

S.	Raeder	et	la.,	Phys.	Rev.	Le?.		120	(2018)	232503	



Deformed	axial	shapes	
C.F.	Tsang	and	S.G.	Nilsson	Nucl.	Phys.	A	140,	289	(1970)	

Edef	

Qualita3vely	similar	results	in	most	models	



Experimental	shapes	&	sizes	
Atomic	beam	magne3c	resonance:	
	

254mEs:	Qs(2+)	=	3.7(5)	b												
	!Q0	=	12.9(1.6)	b	
253Es:	Qs(gs:7/2+)	=	6.7(8)	b							
!Q0	=	14.3(1.7)	b	
L.S. Goodman et al., Phys. Rev. A 11 (1975) 499"

Coulex	with	α-par3cles:	
	

252Cf:	B(E2)	"	=	16.7(1.1)	e2b2				
!Q0	=	12.9(0.4)	b	
J.L.C.	Ford	et	al.,	Phys.	Rev.	Le?.	27	(1971)	1232		

Laser	spectroscopy:	
	

253No	Qs(gs:9/2)=	5.9(1.4)(0.9)	b		
!Q0	=	10.8(2.6)(1.6)	b	
S.	Raeder	et	la.,	Phys.	Rev.	Le?.		120	(2018)	232503	
	

	

12%	central	depression	in	charge	density	predicted	



Spectroscopic	informa3on	

Ch.	Theisen	et	al.,	Nucl.	Phys.	A	944	(2015)	333	



Deformed	shell	structure	from	fine	
structure	α-decay	spectroscopy	

T.L.	Khoo,	private	comm.	

Single	par3cle	energies	extracted	
from	quasipar3cle	energies	in	
247,249Bk,	251Es	&	247Cm,	251Cf	
	

Origin	of	the	deficiencies	of	DFTs	?	

Single-par3cle	nature	of	observed	
states	?	
	
Evolu3on	with	Z	&	N	?	
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Dynamic	proper3es	
P.T.	Greenlees,	Phys.	Rev.	Le?.	109	(2012)	012501	

Magnitude	of	ℑ	sensi3ve	
to	pairing		
	
Sensi3vity	to	the	presence	
of	high	j	orbitals	at	the	
Fermi	surface	

Predicted	backbends	just	above	
the	current	observa3onal	limit		
	
Alignment	blocking	in	odd	nuclei	
	



Conclusions	&	perspec3ves	
More	&	more	detailed	data	is	clearly	needed	to	benchmark	theories	(Z	
&	N	evolu3on	is	crucial)	
	
What	relevant	(model	independent)	observables	are	there	to	compare	
with	theory	or/and	constrain	theory	with?	
	
Combined	prompt	&	decay	spectroscopy	can	give	more	informa3on:	
decay	modes	and	branching	ra3os,	isomers,	resonances,	fission	
barriers,…	
	
Impact	of	correla3ons	(excita3on	spectra,	masses,	transi3on	
strengths….)	needs	to	be	inves3gated	
	
		


