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Short introduction      
   
Islands of Inversion and the Nilsson Model

Particle Rotor Model 101
  Application to 29F

The structure of 25F  and its core
   RIBF (p,2p) 
   NSCL p-KO
   The PRM view
   The PVC view

A first look at odd-odd   28,30F

Summary       
 

Outline
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A driving question in nuclear physics 

Evolution of shell structure and collectivity in exotic nuclei
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A driving question in nuclear physics 

Evolution of shell structure and collectivity in exotic nuclei

Much evidence has been obtained for the existence of deformed 
ground states, and a good understanding of the physical mechanism 
behind the inversion.
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A driving question in nuclear physics 

Evolution of shell structure and collectivity in exotic nuclei
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Dl=Dj=2
à Quadrupole   
     Correlations

20

Ne Ca

Y.Utsuno et al PRC 60 (1999) 011301(R)

Role of the π d5/2- ν d3/2 
interaction

N=20 shell gap

H = Esp+GP+P + xQ.Q

d5/2           | s1/2|   d3/2 

A. Poves and J. Retamosa, Phys. Lett. B 184, 311 (1987).
E. K. Warburton, J. A. Becker, and B. A. Brown, Phys. Rev. C41, 1147 (1990).
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The cases of 25,29F
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Structure of 29F
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How about the deformed shell model ?

Much evidence has been obtained for the existence of 
deformed ground states
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Structure of 29F

PRM
Hamiltonian

Hc/DEK<< 1 Hc/DEK >> 1

Particle plus Rotor Model 101 

Particle Rotor Coriolis coupling
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Nilsson levels

Hc/DEK  ~ 3 > 1

DEK~ e2hw0~ 1 MeV 

Hc~ j.wrot~ 3 Mev

Decoupled band? 
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Structure of 29F: Geometry

A.O. Macchiavelli, H. L. Crawford, et al. Physics Letters B 775 (2017) 160–162 
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Structure of 29F: Geometry

A.O. Macchiavelli, H. L. Crawford, et al. Physics Letters B 775 (2017) 160–162 
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Structure of 29F:  PRM Solution

PRM

NP1712-RIBF164 (H.Crawford, Coulomb excitation of 29F)

Structure of 29F:  PRM Solution
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Structure of 29F:  Decoupled Band

Full sd PRM calculation Pure decoupled d5/2 band

Structure of 29F:  Decoupled Band
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Structure of 25F and its effective 24O core
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NSCL
MoNA

RIKEN

24O(p,p’)

GSI  FRS   

24O at 920 MeV/A

26F   85 MeV/A  
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The 0d5/2 proton knockout from 25F populates the 24O ground state with a smaller 
probability than the 24O excited states. This result indicates that the oxygen core of 25F 
is considerably different from 24Ogs and has a larger overlap with the excited states of 
24O. The change in the neutron-shell structure due to the 0d5/2 proton may be 
responsible for the small overlap between 25F and 24Ogs 

A comparison with the shell model calculations indicates that the USDB, SFO, and 
SFPD-MU interactions are insufficient to reproduce the present results. A stronger 
tensor force or other mechanism such as the 3N force effects, or both, might be needed 
to explain the experimental results. More experimental and theoretical studies are
necessary to clarify the mechanism for the change in the core of neutron-rich fluorine
from the ground state of oxygen isotopes.

Structure of 25F and its effective 24O core
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Dl=3

24O

σ = 4.3(6) 𝑚𝑏 σ𝑠𝑝 = 15.7 𝑚𝑏 𝑆𝑒𝑥𝑝 = 0.27 4 𝟎. 𝟓𝟔 𝟏𝟓 𝐜𝐨𝐫𝐫𝐞𝐜𝐭𝐞𝐝

Proton Knockout at NSCL l=2  à  d5/2

21-25F
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25F in the PRM

Experiment              
Theory

The effective 24O core in 25F can be 
interpreted as a slightly deformed rotor with:

 E2+ (core) ≈ 3.2 MeV and  e2 ≈ 0.15,
 

“24O” 
Zs. Vajta et al., Phys. Rev. C 89, 054323 (2014).
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25F in the PRM

Experiment              
TheoryZs. Vajta et al., Phys. Rev. C 89, 054323 (2014).

Furthermore, in 26F * the 1+ ground and 4+ isomeric 
states can be associated with the antiparallel and 
parallel couplings of the odd neutron in the d3/2 
Nilsson multiplet to the structure of  25F. 

The former,  favored by the Gallagher-Moszkowski 
rule gives 1+ as the lowest state and the latter a 4+ as 
the bandhead of a doubly decoupled band.

* A. Lepailleur et al., Phys. Rev. Lett. 110, 082502 (2013)
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2+

Ki=W Kf=0

(-1p)  à la Nilsson

ZAN          Z-1(A-1)N

[Nn3L]Wp

|[Nn3L]Wp>

4+

0+

Cjl,W
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Nilsson Spectroscopic Factors

Single nucleon knockout Nilsson 
amplitudes

B. Elbek and P. Tjom, 
Advances in Nucl. Phys. Vol 3, 259 (1969)

sp

Core 
overlap

BCS 
occupations
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Spectroscopic factors

PRM 

Following:     T. Takemasa, M. Sakagami, and M. Sano, Phys. Rev. Lett. 29, 133 
(1979).
                       T. Takemasa, Comput. Phys. Commun. 36, 79 (1985).

No 
Quenching
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A Particle vibration coupling view

= 0.6
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A first look at 28,30F
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A first look at 28,30F

Neutron plus 28O*
p3/2  decoupled band

Pre
lim
ina
ry
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PRM

4-,1-,2-,3-

0- - 6-

Doubly 
decoupled 
band Yrast

28F pd5/2 x np3/2

No residual Vpn

Pre
lim
ina
ry
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Summary
The low-lying structure of 25,29F can be understood in terms of the rotation-aligned coupling limit of the
PRM. Coriolis coupling on the d5/2 proton Nilsson multiplet gives rise to a decoupled band with a 5/2+ 
bandhead. 

Calculated proton spectroscopic factors for the 25F(5/2+)(−1p) 24O reaction are in agreement with the 
experimental data.  The observed  fragmentation of the d5/2 strength is due to both deformation and a core 
overlap.

The Nilsson plus PRM picture suggests that the extra proton with a dominant component in the down-
sloping [220] ½  level polarizes 24,28O and stabilizes its dynamic deformation.  Thus, the effective core in 25F 
(29F) can be interpreted as a slightly deformed rotor with E2+ (core) ≈ 3.2 MeV (2.5MeV) and e2 ≈ 0.15, 
compared to the real doubly magic 24O (28O) with E2+ ≈ 4.7 MeV (??) and weak vibrational quadrupole 
collectivity.

Electromagnetic observables for the three lowest experimental levels, obtained in the PRM, suggest that 
Coulomb excitation experiments will shed further light on the validity of our interpretation.

Two-qp plus rotor model calculations of 28,30F are in progress.  Inclusion of residual Vpn next
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Merci !


