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 An effective theory (ET) is a 
theory which “effectively” 
captures what is physically 
relevant in a given domain.

 The most appropriate description 
of particle interactions in the 
language of quantum field theory 
(QFT) depends on the energy at 
which the interactions are 
studied.

 Objective reductionism 
(Weinberg): the convergence of 
arrows of scientific explanation.

 Emergence (Anderson): at each 
new level of complexity entirely 
new properties appear and the 
understanding of the new 
behaviors requires research 
which I think is as fundamental 
in its nature as any other.

Elena Castellani, physics/0101039G.F. Bertsch, et al., Scidac Review 6, 42 (2007)
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Hydrogen atom perturbed near the center

Relative errors in the S-
wave binding energies 
are plotted versus:
(i) the binding energy for 
the Coulomb theory
(ii) the Coulomb theory 
augmented with a delta 
function in first-order 
perturbation theory
(iii) the non-perturbative 
effective theory through 
a2, and
(iv) the effective theory 
through a4.
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Phase shifts in the low-momentum expansion
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How the nuclear EDF is built?

Energy Density 
Functional (EDF)

Energy Density 

Direct Exchange
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Phenomenological functional generators
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Regularized pseudopotentials
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Regularized pseudopotentials
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Regularized pseudopotentials vs. Gogny

0.005%
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Regularized pseudopotentials vs. Gogny
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Coupling constants of the regularized 
pseudopotentials

L ≈ 700 MeV/c ≈ 3.8 fm-1
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Coupling constants of the regularized 
pseudopotentials in natural units

v2n =f2 L2n V2n for f=35 MeV/(c)3/2
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Skyrme’s three-body interaction
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The density dependence is born
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The density dependence is exploited
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The density dependence causes havoc

J.D. et al., Phys. Rev. C 76, 054315 (2007) D. Tarpanov. et al., to be published

Particle-number 
projection impossible

Strong self interaction 
present
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First density-independent finite-range 
functional generator at a=0.8fm
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Masses of doubly magic nuclei

a=0.8 fm
SV

48Ca 78Ni
132Sn

208Pb40Ca

56Ni
100Sn
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a

Equations of state

finite range

zero range

density-dependent density-independent
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Conclusions

1. We introduced a new class of energy density functionals that 
are based on regularized pseudopotentials. They allow for 
constructing density-independent functional generators. 

2. In our opinion, future prospects for using the proposed 
regularized (pseudo)potentials are high.
a. They may present better convergence properties than 

similar expansions based on the zero-range interactions.
b. They allow for convergent summations of contributions 

from high single-particle momenta,
c. They allow for formulating a consistent expansion in 

terms of the orders of derivatives, with the convergence 
properties gauged against the regularization scale.

d. They allow for consistent beyond-mean field calculations.
3. The regularized pseudopotentials give us a possibility of 

building an order-by-order correctible theory.
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Thank you
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Rayleigh-Ritz Variational Method
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Energy density functional up to N3LO 
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Energy density functional up to N3LO 

B
.G

.C
a

rl
ss

o
n

e
t 

a
l.

, P
h

y
s.

 R
e

v
. C

 7
8

, 0
4

4
3

2
6

 (
2

0
0

8
)

Numbers of local densities

Numbers terms in the EDF

Multiply by a 
factor of 2 for 
isoscalar and 

isovector 
terms

Multiply by a 
factor of 2 for 
isoscalar and 

isovector 
densities
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DME for the Gogny direct energy DME for the Gogny exchange energy

Convergence of the DME

The success and convergence of the DME expansions relies on 
the fact that the finite-range nuclear effective interactions (G-

matrix, Gogny, M3Y,…) are very short-range as compared to the 
spatial variations of nuclear densities. The quasi-local (gradient) 

expansion in nuclei works!
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Pseudopotentials vs. energy density functional
At any order and symmetry, the 

number of terms in the 
pseudopotential is exactly equal 
to the number of the EDF terms

for each isospin.
Therefore, there are always
twice as many EDF terms as 

there are pseudopotential terms
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Continuity equation
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What is the DFT good for?

1) Exact: Minimization of E(Q) gives the exact E and exact Q
2) Impractical: Derivation of E(Q) requires the full 

variation d (bigger effort than to find the exact ground 
state)

3) Inspirational: Can we build useful models E’(Q) of the 
exact E(Q)?

4) Experiment-driven: E’(Q) works better or worse 
depending on the physical input used to build it.

Energy E is a
function(al) of Q
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Pseudopotentials
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Regularized pseudopotentials
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Regularized pseudopotentials vs. Gogny
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Regularized pseudopotentials vs. Gogny
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Equations of state

Gogny D1N
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Equations of state

Skyrme SV
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Equations of state

Regularized 
a=0.8 fm


