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The Core of 25F in the rotational model
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Much evidence has been obtained for the existence of deformed ground states,
and a good understanding of the physical mechanism behind the inversion.





V (1, 2) ≈Gδ(θ12 )+V2P2 (θ12 )

Short-range (Pairing )  +    long-range (Quadrupole)

G ≈ 20MeV / A V ≈ 50MeV / A2
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H = Esp+GP+P + xQ.QA delicate balance between the 
monopole field and correlations.

For many body configurations the single-particle energy scale plays a major role 



Evolution of Shell Structure and CollectivityN=20 shell gap
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Evolution of Shell Structure and Collectivity

H = Esp+GP+P + xQ.Q

20

Ne Ca

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

Dl=Dj=2  
à Quadrupole

Correlations

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

N=20 shell gap

d5/2 | s1/2|   d3/2 
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Harmonic Oscillator Shell Closures

O. Sorlin and M. Porquet, Prog. Part.Nucl. Phys. 61, 602 (2008).



How about the deformed shell model ?



Nilsson Model
• Anisotropic harmonic oscillator potential
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•Without spin-orbit and l2 term the Nilsson energy levels are given by:
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• In addition to the principal oscillator number N and its component n3 the 
Nilsson quantum numbers are L=lz, S=sz, W=L+S=jz and parity p=(-1)l.

• Nilsson levels are labeled: [Nn3L]Wp

S. G. Nilsson, Dan. Mat. Fys. Medd 16, 29 (1955).



Nilsson Diagram
• The effects of deformation
can be seen in the diagram.

• Each spherical level labeled
by N(lj) at e=0, is split into
(2j+1)/2 levels with

.,...,
2
3,

2
1 j±±±=W

• The remaining degeneracy
means that each level can
accommodate two nucleons.

• Orbits with lower W are
shifted downwards for e>0 (prolate) 
and upwards for e<0 (oblate).

Deformed Mean Field
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The Particle plus Rotor Hamiltonian 





Kerman, A. K., 1956, Dan. Mat. Fys. Medd. 30, No. 15.

The first study



Deformation aligned
Strongly coupled

Rotation aligned
Decoupled

I=K, K+1,  ...

Coupling Limits



Structure of 29F



Structure of 29F



The Nilsson view



Structure of 29F: Geometry

AOM et al. Physics Letters B 775 (2017) 160–162 



Structure of 29F:  PRM Solution

PRM



Structure of 29F:  Decoupled Band
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Direct reactions

Structure 

Reaction
DWBA
Eikonal
DWIA 



Direct reactions

Sum rules

Macfarlane, M. H., and French, J. B. (1960), Rev. Mod. Phys. 32, 567.





NSCL
MoNA

RIKEN

24O(p,p’)
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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.



Proton Knockout at NSCL

α

25F
α

α α α

24O*
α

α α

α
α

9Be

γ
E16022:    M.D. Jones, H. L. Crawford, et al.



24O L=2  à d5/2

σ = 5.14 𝑚𝑏

Proton Knockout at NSCL
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σ𝑠𝑝 = 17 𝑚𝑏 𝑆 = 0.30 (5)





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).



25F in the PRM

Experiment              Theory
Zs. 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)



Spectroscopic factors

PRM 

Nilsson amplitudes 
Core overlap



Spectroscopic factors

Following:     T. Takemasa, M. Sakagami, and M. Sano, Phys. Rev. Lett. 29, 133 (1979).
T. Takemasa, Comput. Phys. Commun. 36, 79 (1985).
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**Not Quenching ??

**



Further studies ?



Summary and conclusions
The low-lying structure of 25F 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 24O and stabilizes its
dynamic deformation. Thus, the effective core in 25F can be interpreted as a
slightly deformed rotor with E2+ (core) ≈ 3.2 MeV and e2 ≈ 0.15, compared to the
real doubly magic 24O with E2+ ≈ 4.7 MeV and weak vibrational quadrupole
collectivity.

Electromagnetic observables for the three lowest experimental levels, obtained in
the PRM, suggest that measurements of the magnetic and quadrupole
moments of the 5/2+ state as well as Coulomb excitation will shed further light on
the validity of our interpretation.




