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Assumptions of the SHF modelAssumptions of the SHF model



SkyrmeSkyrme force potentialforce potential

Central term Non-local term Spin-orbit termDensity dependent term



SkyrmeSkyrme--HartreeHartree--FockFock modelmodel

Nucleon densityKinetic densitySpin density



Pairing correlationsPairing correlations

((BCSBCS))

Two nucleons coupled to a total 

angular momentum of 0



Pairing correlations IIPairing correlations II

((BCSBCS))
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Pairing correlations IIPairing correlations II

((BCSBCS))



Taking into account the twoTaking into account the two--body tensor body tensor 

interactioninteraction
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For S waves the contribution of the 
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Stancu, Brink and Flocard, Phys. Lett. 68B, 108 (1977) 



Taking into account the tensor term into the Taking into account the tensor term into the 

SkrmeSkrme--HartreeHartree--FockFock modelmodel
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HartreeHartree--FockFock equationsequations

………………………



Taking into account the tensor term into the Taking into account the tensor term into the 

HartreeHartree--FockFock model IImodel II
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Experimental clues for the shell structure Experimental clues for the shell structure 

evolution close to the drip linesevolution close to the drip lines

T. Otsuka, T. Suzuki, R Fujimoto, H. Grawe, and Y. Akaishi, 
Physical Review Letters 95 (2005), 232502.
T. Otsuka, R Fujimoto, Y. Utsuno, B. A. Brown, M Honma, and T. Mizusaki, 
Physical Review Letters 87 (2001), 082502.



Experimental clues for the shell structure Experimental clues for the shell structure 

evolution close to the drip linesevolution close to the drip lines

� Shrinking of 1 MeV of the

N=28 gap for 42Si ( starting 

B. Bastin and et al., Physical Review Letters 99 (2007), 022503.

N=28 gap for 42Si ( starting 

value of about 4.8 MeV for 
48Ca).

� Shrinking of the proton sd

orbital of 1.94 MeV for 42Si in 

comparison to 34Si

L. Gaudefroy and et al., Physical Review Letters 97 (2006), 092501



ResultsResults::

Z=14

Bastin et al. – expected shrinkage of 

the d splitting: 1.94 MeV

1d5/2 -1d3/2

Without Tensor term With tensor term



ResultsResults::

N=28

1f7/2 – 2p3/2

DT, H. Liang, N. V. Giai, and C. Stoyanov
Phys. Rev. C 77, 054316 (2008)

Bastin et al. expected reduction of the 

gap in Si: 1.2MeV

Gaudefroy et al. – observed reduction 

of the gap in Ar 330keV

1f7/2 – 2p3/2



ResultsResults::

Z=50, N=82

Z=50 N=82

J.P. Schiffer, et al., Phys. Rev. Lett. 92 (2004) 162501



Giant Dipole ResonanceGiant Dipole Resonance

� High frequency, collective excitation of the nuclei

�Their basic features depend on the bulk structure

�Their characteristics change slowly with the mass number

�Their energy is situated well above the one particle separation energy 

(10-20 МеV)(10-20 МеV)

�Their width is about 2.5 – 6 MeV

�The effective cross section may be described well by the following 

Lorentz type distribution formula.



Pygmy Dipole ResonancePygmy Dipole Resonance

� It is an effect  from structural changes when one goes further 

towards the drip lines

� Appearance of a diffused surface – the skin

�The energy of the Pygmy Dipole Resonance is a function of the 

collectivity and the energy of the Giant Dipole Resonancecollectivity and the energy of the Giant Dipole Resonance



QuasiparticleQuasiparticle Random Phase Random Phase 

ApproximationApproximation

((QRPAQRPA))

Landau-Migdal representation of the residual force 

Linking to the Skyrme parameters



QRPAQRPA

HamiltonianHamiltonian



Results for the isotopic chain ZResults for the isotopic chain Z=50:=50:

RootMeanSquareRootMeanSquare radiiradii



Results for the isotopic chainResults for the isotopic chain ZZ=50:=50:

Energy of the Giant Dipole ResonanceEnergy of the Giant Dipole Resonance



Results for the isotopic chainResults for the isotopic chain ZZ=50:=50:

Evolution of the dipole excitations with the Evolution of the dipole excitations with the 

mass numbermass number



Results for the isotopic chainResults for the isotopic chain ZZ=50:=50:

Transitional densitiesTransitional densities



Results for the isotopic chain ZResults for the isotopic chain Z=50:=50:

Transitional densitiesTransitional densities



Results for the isotopic chain ZResults for the isotopic chain Z=50:=50:

Transition densitiesTransition densities

1. Transitional densities for 

excitations below 10 

МeV;

2. Transitional densities for 2. Transitional densities for 

excitations belonging to 

the Giant Dipole 

Resonance;

3. Excitations of a mixed 

type.



Results for the isotopic chain ZResults for the isotopic chain Z=50:=50:

First 2First 2++ excited stateexcited state

Motivation:
In recent experiments [1-4]
the E2 strengths have been
measured in the neutron
deficient 106-112Sn isotopes.
Using different models [5-8]
a lot of theoretical effort was

[1] A. Banu et al., Phys. Rev. C 72, 061305(R) (2005).
[2] J. Cederkall, A. Ekstrom, C. Fahlander, A. M. Hurst, M. 
Hjorth-Jensen, F. Ames, A. Banu, P. A. Butler, T. 
Davinson, U. Datta Pramanik, et al., Phys. Rev. Lett. 98, 
172501 (2007)
[3] C. Vaman, C. Andreoiu, D. Bazin, A. Becerril, B. A. 
Brown, C. M. Campbell, A. Chester, J. M. Cook, D. C.    
Dinca, A. Gade, et al. Phys. Rev. Lett. 99, 162501 (2007).
[4] A. Ekstrom, J. Cederkall, C. Fahlander, M. Hjorth-
Jensen, F. Ames, P. A. Butler, T. Davinson, J. Eberth, F. 
Fincke, A.Gorgen et al. Phys. Rev. Lett, 101, 012502 

(2008)[5] V. Zelevinsky. and A. Volya, Nucl. Phys., A752, 
325c (2005)
[6] A. Ansari, Phys. Lett., B623, 37 (2005)
[7] I. Talmi, Nucl. Phys. A172, 1 (1971).
[8] J.R. Beene et al, Nucl. Phys. A746, 417c (2004).
[9] Nguyen Van Giai, Ch. Stoyanov, V.V.Voronov, Phys 
Rev C57. 1204 (1998)
[10] V. G. Soloviev, Theory of atomic nuclei : 
Quasiparticles and Phonons (Institute of Physics 
Publishing, Bristol, 1992).

a lot of theoretical effort was
devoted in order to
understand the effect of
different aspects of the
nuclear structure on the
B(E2,g.s.→21

+) strength in
the tin chain. We try to
describe the effect of the
pairing on the E2 strength in
these nuclei, and compare to
the experimental results.



Mixed symmetry states in the framework of a microscopic model:

21
+ oscillations of the proton and neutron 

systems in phase;
(isoscalar vibrations)(isoscalar vibrations)

(Fully Symmetric State)
-----------------------------------------------------------------

22
+ oscillations out-of-phase;

(isovector ) vbrations of protons and neutrons

(Mixed Symmetry State)

A. A.Faessler, R. Nojarov, Phys. Lett., B166, 367 (1986)
B. R. Nojarov, A. Faessler, J. Phys. G, 13, 337 (1987)
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First excitation – np collective, isoscalar

Second excitation – np collective, isovector

Energies of the two-quasi-

particle states for the first

2+ excitation



134Xe

134Xe

136Ba

138Ce

138Ce



The effect of the different 

Skyrme forces on the single 

particle scheme (138Ce)
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QPM Results for 136Be 

and138Ce

QPM versus experimental
strengths of E2 and M1
transitions. The E2
strengths are given instrengths are given in
W.u. for 138Ce, and in e2b2

for 136Ba. The M1
strengths are
in µN

2.



1) Expanding our QPM calculations towards other N=80 isotones; looking into N=78 

and N=84 isotones.

2) A self consistent description (starting from Skyrme type force) in the QPM model.

3) Including particle-vibration coupling.

4) Constructing a new QRPA code, and extending the one we have.




