Collective properties of stable even-even Cd isotopes
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Motivation

1. Vibrations, rotations or something more general?
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On the robustness of surface vibrational modes: case studies in the Cd region
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Motivation cont.

2. Treatment of pairing and particle number conservation, going beyond BCS?
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A perturbative microscopic approach
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The Bohr Hamiltonian

Hamiltonian
HGBH(;B e Q) v1b + Trol +V
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Tra(B,y, ) = % DR JBy) = 4By(B,y)B sin’(y - 2mk/3)
. w = ByB,, — B}: r=B.B,B,
Collective variables 3, y, Euler angles Q
Bcosy = Dqo, qo ={Qo) = (X3 —r])

Bsiny = V3Dgo, g2 =(Qx) = (S} —»])
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Microscopic formulas from the ATDHFB theory

Simplest (most approximate) version
Vibrational mass parameters for constrained HFB calculations
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Thouless-Valatin correction, factor 1.3
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Microscopic calculations

Even-even 06-116Cd isotopes
The Skyrme interaction, Slll parameters
Seniority (constant G) pairing interaction

Two variants of the pairing strength (g; = G;/(11 + N;), i = n,p)
G, G,
old 171 16.5
new 16.1 17.5

E,, = min v/(e; — )? + A?

Experimental gap from the 5-point mass formula
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106-116Cd, Potential energy
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106-116Gd, energy levels
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106-116Gd, energy levels, cont

T T T T T T T - T T T T T T T T T T
EMev] | ® E[MeV. . ] s E[MeV]
eVl n 03 mth Mev) 0. uth Mev] - 3 uth
25 F b 25 F b 25 F |
™ - exp m exp - m exp
20F s - E 20 F e . w1 20 F .\'_'\'\k__. E
a
15 F | 15 F | 15 F |
10 4 10 F 4 10 F E|
05 F 4 05 F 4 05 F E|
L L L L L L L L L L L L L L L L L L
106 108 110 112 114 116 106 108 110 112 114 116 106 108 110 112 114 116
A A A

T T T T ™ —
= th new pair
E[MeV] X
! zl E 4 o thoold pair
o mexp
20fF ® o E|
= a
15 F H—‘i\u\l\—l q
10 F E
05 F E
L L L L L L
106 108 10 112 14 116

Two variants of pairing

18th NPW, Kazimierz, Sept 2011 9/15



106-116Cq, B(E2) transition probabilities
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Diagonal matrix elements of the Q% operator
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Higher Tamm-Dancoff Approximation

1. Mean-field (HF+BCS) calculations — one particle basis

2. Many-particle basis built from m particle-hole states (for protons and neutrons)

3. Diagonalization of the ¢ residual interaction in the many-particle basis

States with a good particle number
Density matrix p;; = (®la; a,|®) — v?

Sum 3; u;v; for the HF+BCS solution
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HTDA, potential energy

198Cd, HTDA 110Cd, HTDA
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HTDA, mass parameters

How to get mass parameters in the HTDA?

1. More fundamental theory (TD HTDA)
2. Analogy with ATDHFB, density matrix p;; — viz, what about quasiparticle

energies
Upvy = Ak/zE[\
Ak — Z_/ u,vj<k]-€|Vresl]]_>

3. Schematic estimations
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Conclusions

» The Bohr Hamiltonian is flexible enough to describe quadrupole dynamics
even in the region near to closed shell nuclei

» The Cd region is an interesting field for testing extensions of the present
approach (to explain e.g. low lying 0* levels, improper A dependence of
some energy levels)

18th NPW, Kazimierz, Sept 2011 15/15



