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Hartree-Fock Potential
In general we want to solve a problem with Hamiltonian 

 
The irreducible self energy can be written as:

The Hartree-Fock approximation means to eliminate “higher orders” which in 
general depend on energy.



Dispersion Relation
By evaluating the real part, let say at some energy        , one can rewrite the dispersion 
relation as:

F



Efect of dispersion relation

E
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Lehmann representation: 

 Dyson 
equation



Where

Local DOM Potential





Role of Nonlocality
FRPACDBonn  (short range)
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Nonlocal DOM

• For Example:
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PA R A M ET R I ZAT I ON OF T H E P OT EN T I A L S

We provide a detailed description of the DOM func-
tionals in order for the resulting potential to yield a re-
alistic description of the single-particle properties below
the Fermi energy. We use a simple Gaussian nonlocality
in all instances. We restrict the nonlocal contributions to
the HF term and the volume and surface contributions
to the imaginary part of the potential. We write the HF
self-energy term in the following form

ΣH F (r , r
′ ) = Σnl

H F (r , r ′) + δ(r − r ′ ) [VC (r) + V so(r)] ,

with the Coulomb and local spin-orbit contributions.
The nonlocal term is split into a volume and a wine-
bottle shape generating contribution

Σnl
H F (r , r ′) = −V vol

H F (r , r ′ ) + V wb
H F (r , r ′ ),

where the volume term is given by

V vol
H F (r , r ′) = V 0

H F f r̃, rH F , aH F

× [x1H (s;βvol1 ) + (1 −x1)H (s;βvol2 )] , (1)

allowing for two different nonlocalities with different
weight (0 ≤ x1 ≤ 1). We use the notation r̃ = (r + r′ )/2
and s = r − r ′ . The wine bottle (wb) shape producing
Gaussian replaces the surface term of Ref. [1]

V wb
H F (r , r

′ ) = V 0
wb exp −r̃2/ρ2

wb H (s;βwb) . (2)

Non-locality is represented by a Gaussian form

H (s;β) = exp −s2/β2 /(π3/ 2β3).

As usual we employ Woods-Saxon form factors

f(r, ri , ai ) = 1 + exp
r − riA

1/ 3

ai

−1

. (3)

The Coulomb term is obtained from the calculated charge
density and no longer by the potential from a homoge-
neous sphere as in all previous work (see e.g. Ref. [1]).

The local spin-orbit interaction is given by

V so(r) =
mπ c

2

V so
0

1

r

d

dr
f(r, rso, aso) ℓ ·σ , (4)

where ( /mπ c)
2
=2.0 fm2 as in Ref. [1].

The introduction of nonlocality in the imaginary part
of the self-energy is well-founded theoretically both for
long-range correlations [2] as well short-range ones [3].
Its implied ℓ-dependence is essential in reproducing the
correct particle number for protons and neutrons. The
assumed imaginary component of the potential has the
form

Im Σ(r , r ′ , E) = Im Σnl(r , r ′ ;E) + δ(r − r ′ )Wso(r;E).

The nonlocal contribution is represented by

Im Σnl (r , r ′ ;E) = −W vol
0± (E)f r̃; rvol

± ; avol
± H s;β±

vol

+4asur
± W sur

± (E)H s;β±
sur

d

dr̃
f(r̃, rsur

± , asur ), (5)

where the ± notation refers to quantities above (+) and
below (−) the Fermi energy. At energies well removed
from εF , the form of the imaginary volume potential
should not be symmetric about εF as indicated by the ±
notation [3]. While more symmetric about εF , we have
allowed a similar option for the surface absorption that
is also supported by theoretical work reported in Ref. [2].
We include a local spin-orbit contribution with the same
form as in Eq. (4)

Wso(r, E) =
mπ c

2

W so(E)
1

r

d

dr
f(r, rso, aso) ℓ ·σ ,

(6)

using the same geometry parameters as in Eq. (4) follow-
ing Ref. [1]. Allowing for the aforementioned asymmetry
around εF the following form was assumed for the depth
of volume potential [1]

W vol
0± (E) = ∆W±

N M (E) +

⎧
⎨

⎩

0 if |E − εF |< Evol
p±

Avol
±

(|E −εF |−E v ol
p± )

4

(|E −εF |−E v ol
p± )4

+(B v ol
± )4

if |E − εF |> Evol
p± ,

(7)

where ∆W±
N M (E) is the energy-asymmetric correction modeled after nuclear-matter calculations. The asym-
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40Ca Cross section



40Ca Cross sections 
and analyzing power 



The hole spectral function for high 
momenta

Data:(dotted-line)
D. Rohe, Habilitationsschrift 
(University of Basel, 
Basel,2004)

Nonlocal-DOM:(dashed-
dotted)



40Ca Charge Density
Local DOM NonLocal DOM

PRL 112, 162503(2014)PRC 82, 054306(2010)



• Including Asymmetry terms proportional to

• All the parameters kept fixed except the radii (comparing 
to 40Ca)

48Ca Cross section



PRC 83, 064605 (2011)

48Ca Cross sections
localNonlocal



PRC 83, 064605 (2011)

48Ca Cross sections

local

Non local

PRL 112, 162503(2014)



40Ca 48Ca

1s12 0.73 0.63

0d32 0.76 0.69

0f72 0.73 0.63

40Ca 48Ca

1s12 0.76 0.80

0d32 0.78 0.77

0f72 0.71 0.80

protons

neutrons

Spectroscopic Factors



Weak charge

• The electron interacts with the nucleus by exchanging either a photon or Z0 boson.

• Z0 boson has a much larger coupling to the neutron than protons.



48Ca Charge Density

Eur. Phys. J. A (2014) 50: 
48C.J. Horowitz, K.S. Kumar, and R. Michaels

DOM



Spectral Function



Spectral Function

In Practice



Spectral Strength
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PHYSICAL REVIEW C 90, 061603(R) 
(2014)



Spectral Function

PHYSICAL REVIEW C 90, 061603(R) (2014)



• Screened Coulomb

40Ca,p 48Ca,p

Spectral Function 
Phys. Rev. C 41, 2615  (1990)

0s12 0p12 0p32 0f72

0.94 0.93 0.95 0.95
sum rule



Conclusion :

- According to the results, Nonlocal DOM is a reliable candidate to study 
nuclear properties.

-Nonlocality and Dispersion corrections playing an important role to get 
the physics of the system correctly.
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