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Extremely elongated shape of light N=Z nuclei
Exploring	α	linear-chain	states:

Experimentally	
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Freer	(1995),	Curtis	et	al.	(2013)	

Theoretically	
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Z.X.	Ren,	S.Q.	Zhang,	P.W.	Zhao,	N.	Itagaki,	J.A.	Marohn	and	J.	Meng,		

Sci.	Chi.Phys.Mech.Astr.	62,	112062(2019)

Exploring		elongated	shape	inspired	by	α	linear-chain

Nilsson	Strutinsky	Method	:	Leander	and	Larsson	(1975)	
Skyrme	Hartree	Fock	:	Flocard,	Heenen,	Krieger	and	Weiss	(1984)	
Beyond	mean	field	:	Bender	and	Heenen(2003)

Finding	out	rod-shaped	solution	in	full	3D	cranked	Skyrme	DFT

T.	Ichikawa,	J.A.	Maruhn,	N.	Itagaki,	and	S.	Okubo,	Phys.	Rev.	Lett.	107,	112501	(2011)

Calculations	with	DFT	framework



Rod shaped solutions in DFT:
Ichikawa	et.	al.	
Skyrme	density	functional.

16O
Yao	et.	al.	
covariant	density	functional.



Rod shaped solutions in DFT
Iwata	et.	al.	
Skyrme	density	functional.

24Mg
C	isotopes

Zhao	et.	al.	
covariant	density	functional.



Nucleon Localization Measure

For	uniform	nuclear	matter,	

and	derivative	is	0,	therefore		

If	a	certain	region	is	occupied	by	a	

wavefunction	with	specific	qσ,		
⇨	A	typical	example	is	(0s)4	state

Reinhard,Maruhn,Umar,and	Oberacker,	Phys.	Rev.	C	83,034312(2011)

Can	be	regarded	as	a	
necessary	condition	to	an	
alpha	clustering	state



Rod solutions for 12C~32S

open	circle	:	quasi-stable	solution	
filled	circle	:	stable	solution		

Tsunenori	Inakura	and	Shoujirou	Mizutori,	
Phys.	Rev.	C	98,	044312	(2018)



Nucleon localization measure at high spin
ωrot	=	1.0MeV	

12C 16O 32S



The potential model.
Rod-Shaped	potentialCranked
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Indexing the solutions.
Basis	states

Solutions	of	the	1-dim	hamiltonian
Solutions	of	the	2-dm	H.O.potential

The	basis	states	are	labeled	as		

The	routhians	are	also	labeled	by	these	index	of	the	main	component	at	ω=0.

here

The	single	particle	levels	at	ω=0	are	also	labeled	by	these	index.



Nilsson Diagram
Rod	potential(κ=0.09)
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Density distribution of the nuclei

ωrot=	
0.05ω

ωrot=	
0.15ω

ωrot=	
0.20ω

ωrot=	
0.10ω

ωrot=	
0.00ω

R=1.5	,N=8	(SD) R=3.5,	N=4	(rod)

ωrot=	
0.05ω

ωrot=	
0.15ω

ωrot=	
0.20ω

ωrot=	
0.10ω

ωrot=	
0.00ω

-10

-5

 0

 5

 10

-2 0 2

a) b) c) d) e)

y (i)

z 
(i

)

-2 0 2

a) b) c) d) e)

y (i)
-2 0 2

a) b) c) d) e)

y (i)
-2 0 2

a) b) c) d) e)

y (i)
-2 0 2

a) b) c) d) e)

y (i)

-10

-5

 0

 5

 10

-2 0 2

a) b) c) d) e)

y (i)

z 
(i

)
-2 0 2

a) b) c) d) e)

y (i)
-2 0 2

a) b) c) d) e)

y (i)
-2 0 2

a) b) c) d) e)

y (i)
-2 0 2

a) b) c) d) e)

y (i)

The	structure	looks	changing The	structure	looks	stable
~3.25MeV ~5.17MeV



Wave functions
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(	Integrated	over	x-axis)
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Components of the wave functions of [330]1/2(-i)

In the superdeformed states, 
alignment is caused by the admixture
of [321]3/2 and eventually [312]5/2 

In rod states, component of [330]1/2	
remains the largest and admixture of 
other levels than N=3 levels are 
important

Rod(SD)



|< i | Jx | [330]1/2>|2

couplings	to	[321]3/2	and	
[330]1/2	are	dominant	
Δe([330]1/2-[321]3/2)	
is	very	small.

Coupling	to	[321]3/2	and	
[330]1/2		are	large.	
Δe([330]1/2-[321]3/2)	
is	small.	

Couplings	to	other	levels	are	
sizable.	
Δe([330]1/2-[321]3/2)	
is	very	large.	

Selection	rule	of	the	solutions	of	axial	symmetric	oscillator	potential

Essential	feature	:	 Not	valid	for	flat	bottom	
Potential
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Angular momentum of each levels
R=1.5	,N=8	(SD) R=3.5,	N=4	(rod)
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Angular momentum of each levels
CSHF	16O Potential	model
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Current density
R=1.5	,N=8	(SD) R=3.5,	N=4	(rod)

To	extract	characteristics	
define	fraction	of	the	residual	current	

<latexit sha1_base64="v3dGGu6FIRFaV+xq1g/mY9g2ERM="></latexit>

Residual	current	is	the	difference		
between	current	and	rigid	body	current	
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Nucleon Localization Measure
R=1.5	,N=8	(SD) R=3.5,	N=4	(rod)
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Conclusion
Very	elongated	shape	hinders	the	selection	rule	of	jx	

Reduce	the	coupling	by	rotation	within	“f7/2	partners”.	
The	level	emerged	from	[330]1/2	acquires	the	angular	
momentum	by	coupling	with	other	levels	than	“f7/2	partners”.	
It	reserves	[330]1/2	as	the	major	component.

Due	to	the	above	features,	rotational	frequency	dependence	is	
very	small	in	the	rod	nuclei.	

<Jx>	of	all	single-particle	levels	increase	smoothly	as	
increasing	rotational	frequency.	
Very	small	deviation	of	current	density	from	the	rigid	one.	
Keeping	very	large	nucleon	localization	measure	at	high	
rotational	frequency.


