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Scientific motivation: drigine nuclei
Gamowstates, Berggren completeness relation
Gamowquastparticle states and HFB densities
Applications: Nickel chain and one proton emittgssherical)
POschtTeller-Ginocchio(PTG) basis for loosely bound systems
Resonant structure with PTG basis
Applications: Nickel chain (spherical)

Zirconium and Magnesium (deformed)
Conclusion and perspectives
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Limits of nuclear
existence

Ab initio
few-body
calculations

0 fiy Shell Towards a unified
Model description of the nucleus

MNo-Core Shell Model
G-matrix

January 25th, 2007 Second LACMEFESJUSTIPEN Workshop  Nicolas Michel

3




-~

~

\_

* GeorgGamow: a decay

G.A. Gamow Zs f. Phys51(1928) 20452(1928) 510

e Definition:

vl

vl

/
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* Radial integral calculation complex scaling

* Analytic continuation integralindependenof R and

/
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Choice of contou

arpitrary

narrow

broad
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* Berggren completeness relati@dn) :
T. BerggrenNucl. Phys. A109 (1967) 205

e Continuumdiscretization

/
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* HFB equations:

* Complex particle and pairing densities:

\ e HF associated bound and narrow resonant statlisagrete sum/
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* Bound, resonant states:
S matrix poles => outgoing wave function behavior

/
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e Scattering states:

u(r): incoming and outgoing components
v(r): outgoingwave function behavior

\_ /
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* Normalization:
S-matrix poles complex scaling

Scattering state®irac delta normalization

\Continuumdiscretization

v
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e Two-basis method

Basisgenerated byh partof HFB hamiltonian || G

B. Gall et al., Z. PhysA348 183 (1994)

e HFB matrix structure:

kDiaqonaIizatiomf HFB matrix inGamowHF basis

/
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e Considered nuclef*Ni, 8Ni, 88Ni, 9ONi

* |nteraction and space:
Skyrmeinteraction:Sly4,E_ .= 60MeV, : 0 10

* |nterest:Resonant structumdrectly put in HFB basis

\_

R.,= 20 fm,k ., = 4 fntt, N_ (1)) = 100 for GHF basis.

January 25th, 2007 Second LACMEFESJUSTIPEN Workshop  Nicolas Michel

14




\_

/

January 25th, 2007 Second LACMEFESJUSTIPEN Workshop  Nicolas Michel

15



\_

/

January 25th, 2007 Second LACMEFESJUSTIPEN Workshop  Nicolas Michel

16



\_

/

January 25th, 2007 Second LACMEFESJUSTIPEN Workshop  Nicolas Michel

17



\_

/

January 25th, 2007 Second LACMEFESJUSTIPEN Workshop  Nicolas Michel

18



\_

/

January 25th, 2007 Second LACMEFESJUSTIPEN Workshop  Nicolas Michel

19



\_

v

January 25th, 2007 Second LACMEFESJUSTIPEN Workshop  Nicolas Michel

20



\_

/

January 25th, 2007 Second LACMEFESJUSTIPEN Workshop  Nicolas Michel

21



\_

/

January 25th, 2007 Second LACMEFESJUSTIPEN Workshop  Nicolas Michel

22



\_

/

January 25th, 2007 Second LACMEFESJUSTIPEN Workshop  Nicolas Michel

23



\_

/

January 25th, 2007 Second LACMEFESJUSTIPEN Workshop  Nicolas Michel

24



4 h

#

* Simple caset®Bi. Pairing forneutrons onlyprotons ~GamowHF

Imaginary parof HF proton potentiaiemoved.
Realbound statesositive widthfor resonant states

Sly4 interaction, pairing window of @deV

o 18Bi: HFB/Skyrme E =2.720MeV, =9.228 161keV (Ohy,)
ExperimentalS, = 1.540MeV, ~ 10" keV (phys. RevLett, 76 (1996) 59

°\Proton emittersFit of densityfunctionalswith respect tadesonans.p Ievels/
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e GamowHF(B) basis:

Advantagesgoodasymptoticssmoothly varying continuums
Inconvenientscomplex arithmeticlong calculations

Weakly bound systemseal continuoushasessufficient

PTG basisresonancereplaced byound states

Smooth continuumfor all partial waves
Weakly bound systenasymptoticavell described

\_

RealGamowHF basisproblematicdue toresonant structun@ continuum

No resonant staia (l,j) partial waveHankelCoulomb functions

/
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Submitted to Phys. Rev. C
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- PTG

\ r (fm) Submitted to Phys. Rev%
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---- PTG p
---- 1 PTG n
— : Boxp
— : Boxn

\ r (fm) r (fm) Submitted to Phys. Ry/

January 25th, 2007 Second LACMEFESJUSTIPEN Workshop  Nicolas Michel 29




January 25th, 2007 Second LACMEFESJUSTIPEN Workshop  Nicolas Michel 30



4 h

* HFB expansions witbamowand PTG bases:
Precise tool to studgripline heavy nuclei
Continuum fully taken into account
PTG basis neaoptimal for weakly bound systems

* First applications
Nickel chain close to neutraripline
Proton emitter without proton pairing®Bi
Deformed nuclei with Mg and Zprolateand oblate deformation

* Conclusions and perspectives
k Weakly bound nucleifast and stable method with PTG basis /

Problems remain for unbound nuclel
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