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Outline

1. The framework: the Gamow Shell Model
2. The quantified GSM effective interaction
3. Applications

o Correlation densities
o Excited spectra

4. How to improve the interaction with different experimental data

5. Summary and outlook
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The Framework: The Gamow Shell Model it waarewics v oszicaak . vete

v

Open-quantum system extension of the
traditional Shell Model

v

HO — finite-depth potential:
o \Woods-Saxon
o« Gamow Hartree Fock

v

S.p. states, solutions of the one-body radial
Schrodinger equation:
((0+1) 2u

Wiy (1) = | =g+ U () = K| tags (r)

U(r) = Vigs(r) + Vo (1)l - §+ Ua(r)

v

Specific boundary conditions:
« Bound states, resonances: Unei (1) ~ CLHS (n,kr), 1 — 400
« Scattering states (continuum): ux;(r) ~ Co H, (n,kr) + C_H, (n,kr), r— +00
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The Framework: The Gamow Shell Model it waarewics v oszicaak . vete

Im[k]A
» Both correlations and continuum effects are é O
treated on the same footing (Berggren ensemble) g | u% 0+ /+’“’“> ik — 1
» Discretization of the contours — large basis 2|1
r—— e
» GSM-Cluster orbital shell model (COSM) L. A
Hamiltonian: A A N
Decaying states
o ; [2'% ' U(Z)] ' z'<jZ=1 [VTES (Z’]) + M., ] T. Berggren, Nucl. Phys. A 109, 265 (1968)

» Translational invariance, but approximate antisymmetry in the laboratory frame
» Exact treatment of the Coulomb interaction

» Diagonalization of H gives the A-body bound states + resonances
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The Interaction for p-nuclel ¥ deganathen, i et N Michl J Nerrevics ) Pozaf

>

4He core modeled by a

Woods-Saxon + spin-orbit + Coulomb s-p-d-f s-p-d-f
Opiz =—O—O— — O e
» Configuration space: psdf Opsz  —@—@—O—O— —@—0-0—0—
. Ops3/2, Op12 and/or 1s1/2, Ods2 resonances
. . Osip =————— —_— -
. S, p, d and f scattering continua, kmax = 2.0 fm-
Protons Neutrons

. 4 nucleons in the continuum

v

Effective finite-range NN potential
- Gaussian-like with central + spin-orbit + tensor + Coulomb channels

- Based on H. Furutani, H. Horiuchi, and R. Tamagaki, Prog. Theor. Phys. 62, 981 (1979)
- 7 parameters adjusted to the He, Li, Be chain ground-state energies + chosen excited states

v

Statistical study to compute uncertainties and correlations
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The zeroth order NN potential ¥R e ey poreas

2F 39- 4
LT ©
Of--=-==--=-< A L LR LR E LD
L §+ L e 312
Al Nucleus State E Eexp I Cexp
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4L e 11 chain °He 2 0.938 0.824 168 113(20)
= v "He 3/27 —0578 —0.528 178  150(20)
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o 10k (I 6L j 1t 3724 —3.699
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L : °Li 3/27  —16.677  —17.046
16 Li Be 0" 1.390 1.371 21 92(6)
17k P hain "Be 3/2° —8.977 —9.305
sk : *Be 0t —28.572  —28.204 0 0.0056(3)
- "Be 3/27 —=30.230  —29.870
2k P Ve 9Be 1/2%  —27.747 —28.186 0 217(10)
0 Be
29k h .
30k 3/;,‘_‘. * chain
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A
e r.m.s. deviation of 250 keV
« s,p,d fshells « Good starting point for detailed structural and reaction
e 4 nucleons in the continuum (converged calculations) studies
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The zeroth order NN potential

> Parameters » Singular values (eigenvalues of the normalized
Hessian matrix)
Parameter Value
S=1, T=1 _32+220 -
n Sn ‘/'Cll ‘/CIO VCOO ‘/'601 VLl,Sl’ V’I}1 V/_%O
contral S=1,T=0 -51x10 1 243] 000 082 —003 053 000 000 023
S=0.T=0 213+66 2 430 000 —049 —0.02 0.85 000 —001 —0.19
3 706 —0.04 —0.16 079 005 0.04 —0.07 0.58
S=0, T=1 56+05 4 394 002 —025 —0.61 001 —009 —0.04 0.75
, ) 5 057| =023 —0.02 —0.09 000 097 —00l 004
spin-orbit | S=1, T=1 -540 £1240 6 020 0.65 —0.03 004 00l 016 074 0.6
51 T=1 1912795 7 012 073 001 000 000 016 —0.66 —0.04
tensor
S=1,T=0 -14.2 =71

« Four parameters completely govern the optimization!
e The three remaining parameters are sloppy, i.e. unconstrained by the chosen set of experimental data
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Applications - Correlation Densities
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Predictions - Energy Spectra with uncertainties

» A=7 nuclei: » Helium chain
A
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» Good overall agreement for the energies and the widths for the A=7 nuclei,
» But large uncertainties in the He chain which come from the sloppiness of the T=1 parameters.
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How to improve the interaction?

» How can we better constrain the parameters / add more correlations?

. Experimental data of different kinds:
- charge/matter radii,

- EM moments...

. Energies of high-lying states which:
- can be described in the valence space
-+ are simple (from a SM point of view)
- and not too embedded in the continuum (close to particle emission thresholds).
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The 21.47-MeV M4 resonant excitation in 13C

» Super-pure stretched coupling between Ops2 and Odsy2 (ongoing theoretical analysis):

1 - 21.47 |
B + n 3.370=— 15957 "B + p
2.723 N N BN S —
_.—1p1/2 (2)—[40] \\Ill/ 15.11
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» See N. Cieplicka-Orynczak's talk tomorrow on the proposed experiment at the Cyclotron
Centre Bronowice (CCB) in Krakow.

(Picture courtesy of N. Cieplicka-Oryriczak)
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Summary and Outlook

» - Within the Gamow Shell Model, we currently have:
« a well-optimized interaction for p-nuclei
« a code which can calculate all observables (within the GSM framework).

» To improve the interaction, we need for exotic states:
« experimental data of different kinds (charge/matter radii, EM moments...)
» stretched / simple high-lying states.

» Qutlook: a GSM interaction for sd-nuclei (A > 16):

 Local interaction for small chains of nuclei (on-going collaboration with the Milano group on
the O chain, and possible collaboration with the Legnaro group)

« Global interaction, if there is a high interest...
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Summary and Outlook

» - Within the Gamow Shell Model, we currently have:
« a well-optimized interaction for p-nuclei
« a code which can calculate all observables (within the GSM framework).

» To improve the interaction, we need with respect to exotic states:
« experimental data of different kinds (charge/matter radii, EM moments...)
- stretched states.

» Qutlook: a GSM interaction for sd-nuclei (A > 16):

 Local interaction for small chains of nuclei (on-going collaboration with the Milano group on
the O chain, and possible collaboration with the Legnaro group)

« Global interaction, if there is a high interest...
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V=V.+ Vs + Vi + Veou.

3
Vo(r) = Y V" (WI'+ BIP, — H'P;
" ~MIPPy) e ()
2
Vis(r) = L-8 Y VL (Wr, — HILPy) e Pis™ (6
=1

3
Vo(r) = Sij > Vit (Wi — HpPy) rPe” P57 (7)
n=1

where r = r;; stands for the distance between the nucle-
ons ¢ and j, L is the relative orbital angular momentum,
S = (O'Z + a'j)/2, Sij = 3(0’, . ’/A‘)(O'j : f) — 0; - 0y, and
P, and P; are spin and isospin exchange operators, respec-

In order to be applied in the present GSM formalism, the

interaction is rewritten in terms of the spin-isospin projectors
IIsr [51, 52]:

Ve(r) = VI oA (I + VO £29(r) o
+ V2O £ (g + V' )Mo,  (8)

Vis(r) = (L-8) Vig fus(r)Ts, )

Ve(r) = Si; [Vo' fo! () + Va0 £20(r)Ile ], (10)




