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I. Introduction

In nuclear physics Fermi liquid theory [1, 2]
was first extended and used by Migdal [3] to
study the properties of both unbound nuclear
matter and Finite nuclei. Most of the ear-
lier nuclear matter calculations which involved
Landau theory were done in a non-relativistic
framework. The relativistic extension of the
FLT was first developed by Baym and Chin
[1] in the context of studying the properties
of dense nuclear matter (DNM). In [1] the au-
thors invoked Walecka model (WM) to calcu-
late various interaction parameters (fpp′) but
did not consider mean fields (MF) for the σ
and ω meson i.e. there the FLPs are cal-
culated perturbatively. Later Matsui revis-
ited the problem in [4] where one starts from
the expression of energy density in presence of
scalar and vector meson MF and takes func-
tional derivatives to determine the FLPs. The
results are qualitatively different than the per-
turbative results as may be seen from [1, 4].
In this work we present the comparative study
of LPs, chemical potential and energy den-
sity obtained perturbatively with mean field
results.

0 1 2 3
ρ/ρ0

600

800

1000

1200

µ(
M

eV
)

Mean field
Perturbative

0 1 2 3
ρ/ρ

0

750

800

850

900

950

1000

E
n

er
g

y
 (

M
eV

)

Mean field
Perturbative

FIG. 1: Chemical potential and energy density

with σ and ω meson exchange in symmetric nu-

clear matter.

∗
Electronic address: kausik.sinp@gmail.com

II. Formalism and LPs
In FLT total energy E of an interacting sys-

tem is the functional of occupation number np

of the quasi-particle states of momentum p [1],

E = E0 +
∑

s

∫

d3p

(2π)3
ε0psδnps +

1

2

∑

ss′
∫

d3p

(2π)3
d3p′

(2π)3
fps,p′s′δnpsδnp′s′ , (1)

where E0 is the ground state energy and s is
the spin index, and the quasi-particle energy
can be written as,

εps = ε0ps +
∑

s′

∫

d3p′

(2π)3
fps,p′s′δnp′s′ , (2)

where ε0ps is the non-interacting single particle
energy.
Since quasi-particles are well defined only

near the Fermi surface, one assumes

εp = µ+ vf (p− pf )
and p ≃ p′ ≃ pf .

}

(3)

Then LPs fls are defined by the Legendre ex-
pansion of fps,p′s′ as [1],

fl =
2l + 1

4

∑

ss′

∫

dΩ

4π
Pl(cos θ)fps,p′s′ (4)

where θ is the angle between p and p′, both
taken to be on the Fermi surface, and the in-
tegration is over all directions of p. We restrict
ourselves for l ≤ 1 i.e. f0 and f1, as higher l
contribution decreases rapidly [1, 4].
The spin averaged scattering amplitude

(fpp′) is given by [1],

fpp′ =
1

4

∑

ss′

M

ε0p

M

ε0p′

Mps,p′s′ . (5)



where the Lorentz invariant matrix Mps,p′s′

consists of the usual direct and exchange am-
plitude, which may be evaluated directly from
the relevant Feynman diagrams.

a. Perturbative calculation

Let us calculate the LPs perturbatively due
to the exchange of scalar and vector mesons
between the nucleons [1]. The direct contri-
bution is given by [1]

f
dir,σ
pp′ = −

g2

σ

m2
σ

M2

ε0pε
0

p′

f
dir,ω
pp′ =

g2

ω

m2
ω

P.P ′

ε0pε
0

p′
,







(6)

With the help of Eq.(4) and Eq.(6), the LPs
become

f
dir,σ
0

= −
g2

σ

m2
σ

M2

ε2
f

f
dir,ω
0

=
g2

ω

m2
ω
,







(7)

f
dir,σ
1

= 0

f
dir,ω
1

= −
g2

ω

m2
ω

p2

f

ε2
f

.

}

(8)

One may now, for the direct contribution plug

in f
dir,σ
pp′ and f

dir,ω
pp′ in Eq.(1) and Eq.(2) to ob-

tain the energy density and the SPE spectrum,
respectively. The SPE spectrum is given by [1]

εdirp = ε0p +
g2ω
m2

ω

ρ−
g2σ
m2

σ

M

ε0p
ns. (9)

Here ρ and ns are the baryon and scalar den-
sity. The energy density for direct contribu-
tion is [1]

Edir = E0 +
1

2

g2ω
m2

ω

ρ2 −
1

2

g2σ
m2

σ

n2

s. (10)

One can derive the chemical potential directly

from Eq.(9) as µ = εp

∣

∣

∣

p=pf

.

b. Mean field results

It is well known that in the MF approxima-
tion, one replaces the mesonic fields by their
vacuum expectation values viz. σ →< σ >=
σ0, ω →< ω >= δµ0ω

µ. In the MF approxi-
mation the energy density can be written as

EMFT =
1

2

g2ω
m2

ω

ρ2 +
1

2

g2σ
m2

σ

n2

s

+
∑

i

ni

√

p2i +M∗2. (11)

In the above equation M∗ denotes the effec-
tive nucleon mass to be determined self consis-
tently [4]. The interaction parameter is given
by [4]

fMFT
pp′ =

g2ω
m2

ω

−
g2σ
m2

σ

M∗2

ε0pε
0

p′

[

1 +
g2σ
m2

σ

ζ(M∗)

]−1

.(12)

ζ(M∗) =
∑

i

ni
p2i

(p2i +M∗2)3/2
(13)

The inverse part of Eq.(12) reduces the mag-
nitude of interaction parameter compared to
what is obtained in absence of the MF Eq.(6).
Using the interaction parameter we can easily
derive the LPs and other quantities, sim-
ilarly as obtained for perturbative calculation.

III. Results and Discussions

In Fig(1) we present the comparative
study of the chemical potential and energy
density obtained perturbatively and with
MF calculation. At low density they tend to
merge, while at higher density MF results
become larger than the perturbative results.
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