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Milano-Orsay collaboration

• PhD thesis K. Moghrabi, Orsay

• Moghrabi, Grasso, Colò, Van Giai, Beyond Mean-Field
Theories with Zero-Range Effective Interactions: A
Way to Handle the Ultraviolet Divergence, PRL 105,
262501 (2010)

• Moghrabi, Grasso, Roca-Maza, Colò, Second-order equation
of state with the full Skyrme interaction: toward new
effective interactions for beyond mean-field models,
in preparation

• 3 months visitor in IPN Orsay, Marco Brenna. Particle-
vibration coupling models: starting applications to
nuclei



    Mean field for
ground-state nuclear
structure (HF, HFB,..)

     RPA and QRPA for
small-amplitude
oscillations

    Beyond small-
amplitude
oscillations: time-
dependent mean field
for dynamics (TDHF,
TDHFB,…)

    Beyond-mean -
field models
(correlations).

 - Describing
complex phenomena

- Improving the
predictive power



Beyond-mean-field models. Some examples

- Single-particle and collective degrees of freedom are
coupled (generator-coordinate method, particle-vibration coupling,…)

- Single-particle and multi-particle degrees of freedom
are coupled (variational multiparticle-multihole configuration mixing,

second RPA,…)

- Correlations are explicitly included in the ground
state (extensions of RPA and SRPA, generator-coordinate method,

variational multiparticle-multihole configuration mixing,…)



Ground state. Individual degrees
of freedom. Uncorrelated state.
Mean field HF (EDF)

Ground state. Individual degrees
of freedom. Uncorrelated state,
but correlations explicitely in the
functional Kohn-Sham (DFT)

Mean field level but with
quasiparticles. Pairing
correlations are added.
HFB ot HF +BCS

in progress

Dynamical
properties. TDHF

Dynamical properties.

TDDFT

Small amplitude limit.
(Q)RPA (collective
states)

Dynamical properties.
TDHFB

GCM         multiparticle-multihole      ext. RPA

Particle-vibration
coupling

Second
RPA

 
Beyond mean field. More general
ground state (not a simple Slater
determinant)

Beyond mean field. Coupling single-
particle and collective coordinates or
multiparticle configurations



How to handle beyond-
mean-field theories:

two issues

Nuclear physics:
phenomenological

effective  interactions
adjusted at the mean-

field level (double
counting?)

When the interaction
has zero range ->

ultraviolet divergence
in some cases



Some examples:

• Pairing with a zero-range interaction (within the
mean-field approximation)

• Models with particle-vibration coupling (see talk
of Marco Brenna)

• Second RPA (see talk of Danilo Gambacurta)



Some solutions:

• Pairing with a zero-range interaction
(within the mean-field approximation)

Add and substract a quantity easy to handle which has the same divergent
behavior as the divergent quantity of the theory. Pseudopontential method to
extract the regulated part.

- Bruun, Castin, Dum, Burnett, Eur. Phys. J. D 7, 433 (1999)

- Grasso, Urban, PRA 68, 033610 (2003)

- Bulgac, Yu, PRL 88, 042504 (2002)



Grasso, Urban, PRA 68, 033610 (2003)

Diverges as

g is the
coupling
constant of
the delta
interaction.

Pseudopotential
prescription (for a
quantity that diverges
as 1/r for r->0)

The anomalous density diverges
with a zero-range pairing
interaction



Grasso, Urban, PRA 68, 033610 (2003)

Diverges as

g is the
coupling
constant of
the delta
interaction.



HFB
calculation
done with a
Woods-Saxon
potential with
fixed
parameters
corresponding
to the nucleus
110Sn and with
a zero-range
pairing force



Beyond mean-field theories
with zero-range effective

interactions. How to handle
the ultraviolet divergence at

second order ?



… with a momentum cutoff



Skyrme interaction



Mean field

Second-
order
correction

d=(n2-n)/2, n being the level of degeneracy (4 for symmetric nuclear matter)

Symmetric
nuclear
matter; t0-t3
model



Corrected equation of state. Linear
divergence in the momentum cutoff

Moghrabi, Grasso, Colò, Van Giai, Phys. Rev. Lett. 105, 262501 (2010)



Equation of state after the fit

Moghrabi, Grasso, Colò, Van Giai, Phys. Rev. Lett. 105, 262501 (2010)



New parameters for each cutoff

Moghrabi, Grasso, Colò, Van Giai, Phys. Rev. Lett. 105, 262501 (2010)



Extended case. The full Skyrme
interaction and both symmetric and

asymmetric matter
* Analytical study: the divergence is now Λ5 due to
the velocity-dependent terms of the interaction

* Cutoff regularization for both symmetric and
asymmetric matter

* Adjustment of parameters (reference EOS: Sly5)



Three equations of state

Symmetric
matter

Asymmetric
matter

Neutron
matter



Pressure/density and incompressibility



Sets of parameters for each cutoff



Perspectives

• Other renormalization procedures (dimensional
renormalization -> unique set of parameters)

• Applications to finite nuclei

• Particle-vibration coupling models (formal and
numerical work)

• … other beyond-mean-field theories?


