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GamowGamow statesstates

•• GeorgGeorg GamowGamow : : αα decay decay 
G.A. G.A. GamowGamow, Zs f. Phys. , Zs f. Phys. 5151 (1928) 204; (1928) 204; 5252 (1928) 510(1928) 510

•• DefinitionDefinition ::
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Complex scaling methodComplex scaling method

•• Radial integral calculationRadial integral calculation : : complex scalingcomplex scaling

•• Analytic continuationAnalytic continuation : integral : integral independentindependent of R and of R and θθ
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GamowGamow states locationstates location

Choice of contourChoice of contour
arbitraryarbitrary

narrownarrow

broadbroad
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Completeness relations with Completeness relations with 
GamowGamow states states 

•• Berggren completeness relationBerggren completeness relation ((l,jl,j) : ) : 
T. Berggren, T. Berggren, NuclNucl. Phys. A . Phys. A 109109, (1967) 205, (1967) 205

•• Completeness beyond Hilbert spaceCompleteness beyond Hilbert space

•• Continuum Continuum discretizationdiscretization ::
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GamowGamow HFB definitionHFB definition
•• Complex scaling of densitiesComplex scaling of densities

•• ProblemProblem : Scattering states cannot be calculated in general:: Scattering states cannot be calculated in general:

•• Solution:Solution: Cut functions for potentials          Cut functions for potentials          
Potentials vanish quickly on the real axisPotentials vanish quickly on the real axis
HankelHankel/Coulomb wave functions for complex scaling/Coulomb wave functions for complex scaling
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GamowGamow HFB spaceHFB space

HF HF boundbound, resonant , resonant 

bound (bound (λλ < 0)< 0)
resonant (resonant (λλ > 0)> 0)
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Densities with Densities with GamowGamow HFBHFB
•• Complex particle and pairing densities:Complex particle and pairing densities:

•• HF associated bound and narrow resonant states in HF associated bound and narrow resonant states in discrete sumdiscrete sum
•• Smoothly varying continuumSmoothly varying continuum
•• Much smaller continuum contributionsMuch smaller continuum contributions
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GamowGamow
quasiquasi--particle states (1)particle states (1)

•• QuasiQuasi--particlesparticles : bound, resonant and scattering states: bound, resonant and scattering states

•• Bound, resonant states:Bound, resonant states:
S matrix poles => outgoing wave function behavior S matrix poles => outgoing wave function behavior 
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GamowGamow
quasiquasi--particle states (2)particle states (2)

•• Scattering states:Scattering states:

u(r):u(r): incoming and outgoing componentsincoming and outgoing components
v(r):v(r): outgoingoutgoing wave function behavior wave function behavior 
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GamowGamow
quasiquasi--particle states (3)particle states (3)

•• Matching conditions:Matching conditions:

(1) : u(r), (1) : u(r), uu’’(r(r) continue) continue

(2) : v(r), (2) : v(r), vv’’(r(r) continue) continue

(3) : u(r) continue (3) : u(r) continue v(r) continuev(r) continue
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GamowGamow
quasiquasi--particle states (4)particle states (4)

•• Matching constants:Matching constants:
SS--matrix polesmatrix poles:: (1)(1)--(2)(2)--(3) (3) 3 constants:3 constants:

Scattering statesScattering states:: No box => energy E No box => energy E fixedfixed
(1) always verified(1) always verified
(2)(2)--(3) (3) 2 constants:2 constants:

•• Method of resolution:Method of resolution:
(2,3)(2,3)--dimensional Newton methoddimensional Newton method
Very good starting points Very good starting points essentialessential
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GamowGamow
quasiquasi--particle states (5)particle states (5)

•• Normalization:Normalization:
SS--matrix polesmatrix poles:: complex scalingcomplex scaling

Scattering statesScattering states:: DiracDirac delta normalizationdelta normalization

Continuum Continuum discretizationdiscretization::
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Numerical treatment of Numerical treatment of 
GamowGamow HFB (1)HFB (1)

•• SelfSelf--consistent procedureconsistent procedure:  :  

(1) (1) HF with HO basisHF with HO basis : zero: zero--thth order order ph potentialph potential
(2) (2) BCS on HF/HOBCS on HF/HO : zero: zero--thth order order pp potentialpp potential andand λλ
(3) (3) HFB with HO basisHFB with HO basis: : nearly exactnearly exact potentialspotentials

localizationlocalization of quasiof quasi--particle resonancesparticle resonances
(4) (4) GamowGamow--HFB in coordinate spaceHFB in coordinate space
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Numerical treatment of Numerical treatment of 
GamowGamow HFB (2)HFB (2)

•• Matching conditions:Matching conditions:

•• 4x4 determinant : zero at bound states4x4 determinant : zero at bound states
•• Similar conditions for scattering states Similar conditions for scattering states 
•• But: determinant not zero for resonant statesBut: determinant not zero for resonant states
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Numerical treatment of Numerical treatment of 
GamowGamow HFB (3)HFB (3)

•• QuasiQuasi--particles Sparticles S--matrix poles: one small componentmatrix poles: one small component
No pairing approximation to localize pole energiesNo pairing approximation to localize pole energies

•• QuasiQuasi--particles Sparticles S--matrix poles: no small componentmatrix poles: no small component
Bisection with 4x4 determinant to find energy (e ~ |Bisection with 4x4 determinant to find energy (e ~ |λλ||))

•• QuasiQuasi--particles scattering states:particles scattering states: no energy matchingno energy matching
•• Constants from 4x4 determinant conditionsConstants from 4x4 determinant conditions
•• Refinement with Refinement with JostJost functions Newton methodfunctions Newton method
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Description of Nickel Description of Nickel 
calculationscalculations

•• Considered nuclei:Considered nuclei: 8282Ni, Ni, 8484Ni, Ni, 8686Ni (Ni (8888Ni unbound)Ni unbound)

•• Interaction and space:Interaction and space:
SkyrmeSkyrme interaction Sly4interaction Sly4
EEcutcut = 60 = 60 MeVMeV, l: 0 , l: 0 →→ 20 (10 for box calculations)20 (10 for box calculations)
GamowGamow states for l states for l ≤≤ 5, HO states for l 5, HO states for l ≥≥ 66
Comparison with box and full HO calculationsComparison with box and full HO calculations

•• Interest:Interest: Pairing energy decreases without box treatmentPairing energy decreases without box treatment
M. M. GrassoGrasso et al., Phys. Rev. C, et al., Phys. Rev. C, 6464 (064321)(064321)

•• Preliminary calculations:Preliminary calculations:
All new codeAll new code
Complex contour dependence, spurious imaginary partComplex contour dependence, spurious imaginary part
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Conclusion and perspectivesConclusion and perspectives

•• GamowGamow HFB model:HFB model:
Necessary tool to study Necessary tool to study driplinedripline heavy nucleiheavy nuclei
Demands new theoretical and computational methodsDemands new theoretical and computational methods
Calculations not stable: method not yet fully operationalCalculations not stable: method not yet fully operational

•• First applicationsFirst applications
Nickel chain close to neutron Nickel chain close to neutron driplinedripline
Pairing componentsPairing components::
smaller with smaller with GamowGamow HFB than with box treatmentHFB than with box treatment

•• Very preliminary results:Very preliminary results:
More precise calculations neededMore precise calculations needed
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