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Landau’s theory of interacting Fermi systems

Deals with weakly excited states in infinite systems of interacting fermions.

Landau’s assumption: the real system may be obtained by an adiabatic switching on of the
interaction.

The change of energy may be written as,
5E = [ dp (p)in(p) + [ dp [ dp'F(p.p ) on(p)on(p)

This expression may be rewritten as,
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Source: L.D.Landau, JETP 3 (1957) 920; 5 (1957) 101 ; 8 (1959) 70



Landau’s theory of interacting Fermi systems

The interaction F can be written as the sum of spin and isospin dependent parts,
Fu.) AN F / F/ / / G / / G/ / / /
(pap)_ (pap)—i_ (pap)T'T - (p,p)O'O' + (p,p)O'O' T -T

The Landau parameters are connected to the collective modes in different
spin-isospin channels.

* Fis connected to isoscalar electric resonance (giant monopole resonance EO)

F’ to isovector electric resonance (giant dipole resonance E1)

G to isoscalar spin-flip resonance (giant spin-flip resonance M1)

* G’ to isovector spin-flip resonance (Gamow-Teller resonance M1)



Migdal’s theory

It is convenient to use the representation basis of single particle states of the shell
model.
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gl are the shell model single particle energies. a, and a," are creation and
annihilation operators
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Migdal obtains a RPA-like equation,
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Source: A.B.Migdal, Theory of Finite Fermi Systems and Application to Atomic Nuclei



Migdal’s theory

The response function is,

6g(l,2)_
503 3) = (13, 24)

The definition of the vertex function is,

1(13,24) = / d5d6 g(1,5)%(53,64) ¢(6,2)
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An equation can be written for the transition

matrix element,
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Skyrme EDF

The Skyrme effective interaction | ~2Sk-_ to (1 + zoPra) Or,r,

is defined as: t1 o (D0 Do\ &
T3 (1 + x1Pr5) (k + JI512) Or 7y
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Spin-orbit term

Py = ( 1+ - 32) is the spin-exchange operator. 6,4,, = 8(r; —r,) . The k stands for the
momentum operator, k,, =-(i/2) (V- V,)

Source: T. H. R. Skyrme, Phil. Mag. 1, 1043 (1956), T. H. R. Skyrme, Nucl. Phys. 9, 615 (1958)



Skyrme EDF e

: : Af = +2 40 +0  +0  +0  +0

The EDF is calculated using, 4= -1 -1 40 40 40 40
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Source: Jeremy Sadoudi — Constraints on the nuclear energy density functional and new possible analytical forms



Calculating the Landau-Migdal parameters

The residual interaction can be written as the second derivative of the energy with
respect to density,
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Calculating the Landau-Migdal parameters
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The Landau-Migdal parameters are identified,
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Conclusion and outlook

We defined the Landau-Migdal formalism for Skyrme interaction,
within which the Landau-Migdal parameters are obtained.

Our aim is to extend our models, not only for Skyrme but also for other
EDF, to derive the Landau-Migdal parameters in different manners and
to compare these results with data obtained experimentally.

We will use Landau-Migdal parameters determined in a reliable way for
predictions of new experiments with the VEGA Gamma beam system at
ELI-NP.

We will use the Landau-Migdal parameters in the calculation of dipole
strength functions for various nuclei.
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