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Outline of the talk
Goals: For all even-even nuclei

• Octupole correlation energy (masses)
• Energy of negative parity excitations
• Transition probabilities to the g.s.

Methodology+Results

• Axially symmetric mean field with Gogny.
• Parity symmetry restoration
• Configuration mixing (GCM)

Work in progress

• Coupling to quadrupole
• Transition probabilities in spherical systems



Quadrupole versus Octupole
Quadrupole correlations

• L = 2 and π = +1
• Break spherical symmetry
• Present in all mid-shell nuclei
• Correlation energies as large

as 20 to 30 MeV
• First excited state 2+

(vibrational or deformed)

Octupole correlations

• L = 3 and π = −1
• Break reflection symmetry
• Present in just a handful of

nuclei
• Correlation energies around 1

MeV
• First excited state 1−

(deformed) 3− vibrational



Most of the results from
L.M. Robledo and G.F. Bertsch, Phys. Rev C84, 054302 (2011)
and unpublished work in collaboration with G.F. Bertsch



Mean field

1 Axially symmetric HFB with constraints in Q30, etc
2 Performant second order gradient solver
3 Finite range Gogny (D1S, D1M, etc)



Mean field (Global)

1 A few octupole deformed
nuclei

2 Correlation energies ≈ 1 MeV
3 Favored by ∆l = 3 interactions

close to Fermi surface
4 Z, N ≈ 40, 56, 90, 136



Parity Projection

1 Parity broken when Q30 6= 0
2 |Ψπ〉 = Nπ(1 + πΠ̂)|ϕ〉

+
3 Density dependent force requires ”mixed density”

prescription
4 Restricted VAP (RVAP): each |Ψπ〉 has a different intrinsic

state, the one minimizing Eπ



Parity projection (Global)

1 Every nucleus gains energy
(dynamical octupole correlations)

2 Correlation energies ≈ 1.5 MeV
3 Zero for octupole deformed nuclei
4 Relevant for masses



• Excitation energy of lowest negative parity state (1− or 3−)

∆E = E+(Q3(+))− E−(Q3(−)

Remember, axial symmetry and only K = 0 states
• B(E1) and B(E3) transition probabilities with rotational

formula

B(E3,3− → 0+) =
e2

4π
〈Ψ−|Q̂3

1 + tz
2
|Ψ+〉2.

Valid for deformed nuclei.
For spherical nuclei multiply by 2L + 1.

Comparison with experiment similar to the one of the GCM



Generator coordinator method

1 Octupole fluctuations around RVAP minima
2 |Ψσ〉 =

∫
dQ30 fσ(Q30)|ϕ(Q30〉

fσ(Q30) even (odd) under Q30 → −Q30

3 Parity projection corresponds to f (Q30) = δ((Q30)− (Q′30))

4 Density dependent force requires ”mixed density”
prescription

5 Computationally intensive
6 gσ(β3) =

∫
dβ′3N 1/2(β3, β

′
3)fσ(β′3)



GCM (Global)

1 Every nucleus gains energy
(dynamical octupole correlations)

2 Correlation energies ≈ 1.5 MeV
3 Non trivial behavior with N or Z
4 Relevant for masses



Results

Nucleus E− (MeV) W (E3)
Exp. Present RPA Theory Sph-Def Exp.

20Ne 5.6 6.7 12 Def 13
208Pb 2.6 4.0 3.46 53 Sph 34
158Gd 1.26 1.7 11.6 Def 12
226Ra 0.32 0.16 43 Def 54



Excitation energies

• Theory comes out too high (factor 1.5).
• Experimental data contains K 6= 0 excitations (deformed

nuclei)



B(EL)

• B(E1)s show strong shell effects as a function of N and Z
• Only B(E3)s are shown
• Rotational formula is used
• Wild 64Zn (?)
• Systematic under-prediction, consistent with factor 2L + 1

for spherical nuclei



A curiosity: Alpha Clustering

LHS π = +1 intrinsic state
RHS π = −1 intrinsic state



Limitations and Improvements

1 Axial symmetry (K = 0 only). Deformed nuclei have
several K 6= 0.

2 Coupling to quadrupole
3 Coupling to pairing vibrations
4 Spherical nuclei and RPA (not as severe as for quadrupole)
5 Other constraints:

• Q30 = f (r)Y30
• Momentum operators

6 Rotational formula for transition probabilities



Coupling to quadrupole
Typical example

GCM calculation with Gogny
D1S

Q2-Q3 Q3
E1− (MeV) 4.20 7.20
Ecorr (MeV) 1.63 0.72
B(E3) (Wu) 6.80 Wild

• Effect observed in
several other nuclei

• Computationally
intensive



Transition probabilities

Using angular momentum projected wave functions it is
possible to show

• In the spherical limit B(EL,L→ 0) takes a definite finite
value
|ΨJ〉 = NJPJ |ϕ〉 → p-h excitations

• For B(E3) the value is given by the rotational formula (with
the parity projected wave functions) times 7

• The rotational formula for B(E2) is not valid for β2 less than
0.1 (0.2) in heavy (light) nuclei

• If the rotational formula is not valid everywhere, there are
problems with ”correlated” wave functions (like 5DBH
models)



Transition probabilities

• Results for RVAP parity projection only
• The ”factor 7” effect is clearly seen
• Much better agreement with experiment

In 208Pb the experimental B(E3) is 34 Wu, the unprojected
value is 7.1 and the angular momentum projected is 24 Wu

• Not easy to distinguish both regimes: AMP is required



Summary and conclusions
• Octupole correlations described microscopically with

Gogny for all even-even nuclei
• Essentially the same results for D1S, D1M and D1N
• Systematic deviations with experiment for excitation

energies and transition probabilities
• Some ”wild” results connected with quadrupole softness
• B(E3) require projected wave functions

what next ...

1 AMP transition probabilities for the GCM calculations
2 Explore other constraints to improve excitation energies
3 Explore feasibility of systematic Q2 −Q3 calculations
4 Extend to odd-A nuclei
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