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Fermi-liquid view of viscosity in cold and dense nucleon matter
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We develop a framework to calculate transport properties in cold, dense relativistic quasiparticle system
within the Fermi-liquid theory at the mean-field level. Building on our previous study J. Li et al. [Phys. Rev.
C 111, 044904 (2025)], we start from the linearized relativistic Boltzmann equation tailored to quasiparticles
with medium-dependent dispersion relation and implement Landau matching conditions, proving that the bulk
viscosity is manifestly nonnegative. A low-temperature expansion then yields leading-order (T/μ∗) expressions
for the shear (η) and bulk (ζ ) viscosities, where the behavior ζ/η ∝ (T/μ∗)4 in the degenerate regime is found to
be robust against quasiparticle mass correction. We couple the kinetic framework to a Walecka-type mean-field
equation of state and compute η and ζ for cold, dense nucleon matter. The transport properties of nucleonic
matter in the degenerate regime can be relevant for intermediate beam-energy nuclear experiments.
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I. INTRODUCTION

The transport phenomena is of vital importance in the
study of physical systems out of equilibrium and often shows
universal behaviors across orders of magnitude—from the
microscopic relaxation in nuclear collisions to the dissipation
processes in macroscopic astrophysical systems [1–3]. Since
the discovery of the color-deconfined matter of quantum chro-
modynamics (QCD) in ultrarelativistic heavy-ion collisions
[4,5], the precise characterization of its transport properties
has always been a central focus [6]. The understanding of the
nonequilibrium process plays indispensable roles in identi-
fying the partonic degrees of freedom, extracting shear and
bulk viscosity, and constraining the QCD equation of state
of the hot QCD matter from data [7]. Many developments
of the nonequilibrium theory to study the hot QCD rely on
the predominant temperature as the solely relevant energy
scale that determines various microscopic timescales [8–11].
In contrast, transport inside cold and dense nucleonic matter
is governed by quasiparticle excitations near a sharp Fermi
surface, set by the Fermi energy (or Fermi momentum), and
dissipation involving hadronic interactions among the these
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particles [12]. A controlled description of nucleonic transport
is now especially timely.

The compression and excitation of nuclear matter at low
temperature relative to the baryon chemical potential T � μB

can be achieved in intermediate-energy heavy-ion facilities
[13–16], creating a unique environment to study its transport
properties and to pursue hydrodynamic and other collective
behavior in this regime. Furthermore, the search for collec-
tive effects has expanded to include ultraperipheral collisions,
which also requires a precise understanding of transport at
high baryon density [17–19]. Upcoming facilities like the
Electron-Ion Collider (EIC) in the United States [20] and the
proposed Electron-Ion Collider in China (EicC) [21] promise
to probe this cold, dense matter in another way, potentially
allowing us to observe the propagation of shocks through it.
However, interpreting the resulting signals, which are sensi-
tive to density gradients, compressional flows, and entropy
production, presents a significant challenge. Similar mech-
anisms are probed in other low-energy nuclear experiments
where the system remains far from deconfinement yet exhibits
nonequilibrium dynamics on hadronic scales [22–24]. These
considerations underscore the need for a dedicated framework
for nucleonic transport at low temperature. It requires trans-
port coefficients, specifically the shear and bulk viscosity (η
and ζ ), that are not merely phenomenological parameters but
are fundamentally consistent with the symmetries, thermody-
namics, and microscopic interactions of nuclear matter.

Such cold/warm and dense nuclear matter is also realized
in neutron stars and neutron star merger events, where its
transport properties play an important role in stellar cooling
[25–28]. In that context, however, dissipation is dominated
by slow electroweak processes [29,30]. This work aims to

2469-9985/2026/113(6)/064901(8) 064901-1 Published by the American Physical Society

https://orcid.org/0000-0001-7193-7237
https://orcid.org/0000-0002-5630-2388
https://orcid.org/0000-0003-1179-4603
https://ror.org/038t36y30
https://ror.org/02k8cbn47
https://ror.org/03x1jna21
https://ror.org/011xvna82
https://crossmark.crossref.org/dialog/?doi=10.1103/77kj-8v36&domain=pdf&date_stamp=2026-06-04
https://doi.org/10.1103/PhysRevC.111.044904
https://doi.org/10.1103/77kj-8v36
https://creativecommons.org/licenses/by/4.0/


JIANING LI, WEIYAO KE, AND JIN HU PHYSICAL REVIEW C 113, 064901 (2026)

establish the essential link between transport related to nu-
clear experimental observables and the intrinsic properties of
cold, dense nuclear matter. In particular, we focus on strong-
interaction processes acting on short timescales [31], where
many-body scattering near the Fermi surface governs the at-
tenuation of collective modes [32,33].

In our previous work [33], we analyzed cold, dense nu-
cleon matter within a mean-field Fermi-liquid framework and
computed transport coefficients in the Walecka model [34].
That study revealed a gap in the understanding: In a generic
quasiparticle picture, the sign of ζ is not automatically guar-
anteed positive without further constraints. This is because,
in our previous analysis, an appropriate matching condition
for such a quasiparticle fermionic system was not yet fully
established. In the present work, we remedy this limitation by
establishing consistency between transport theory and hydro-
dynamics. Specifically, we develop a general, self-consistent
scheme for dense and cold quasiparticle systems in which ζ

is rigorously non-negative under transparent assumptions tied
to thermodynamic consistency and microscopic reversibil-
ity. Within this framework, the symmetry constraints of the
linearized collision kernel, and their restoration within the
relaxation-time approximation (RTA) treatment, are encoded
in a set of Landau matching conditions. A direct implication
is that in cold Fermi systems, ζ is strongly suppressed at
low temperature, rendering bulk dissipation parametrically
smaller than shear dissipation. We can conclude that the effect
of mean-field dressed mass will not alter the general behavior
of Fermi liquid that ζ/η ∝ (T/μ∗)4 at low temperature.

This paper is organized as follows. In Sec. II A, we for-
mulate the linearized relativistic Boltzmann equation for a
Fermi liquid of quasiparticles and derive the expressions for
η and ζ within the RTA. In Sec. II B, we implement Landau
matching conditions adapted to quasiparticles and prove a
general positivity result for ζ , while Sec. II C develops the
low-temperature expansion scheme. In Sec. III, we apply this
framework to a Walecka-type mean-field equation of state
and present numerical results for cold, dense nucleon matter.
Section IV summarizes the main conclusions and discusses
implications for phenomenology and future directions.

II. TRANSPORT IN FERMI-LIQUID

A. Linearized relativistic Boltzmann equation framework

To investigate the transport properties of a quasifermion
system, we begin with the linearized relativistic Boltzmann
equation,(

∂

∂t
+ p

E∗
p

· ∇x − ∇xE∗
p · ∇p

)
feq(x, p∗) = C[δ f ]. (1)

Here feq(x, p∗) denotes the local equilibrium distribution
function, and C[δ f ] is the corresponding linearized collision
kernel, obtained by expanding the full nonlinear collision
kernel Cfull[ f ] to first order in the deviation δ f around feq.
The nonequilibrium correction δ f (x, p∗) is defined by

f (x, p∗) = feq(x, p∗) + δ f (x, p∗). (2)

The equilibrium distribution takes the Fermi-Dirac form,1

feq(x, p∗) = 1

e(u·p∗−μ∗ )/T + 1
, (3)

where T denotes the temperature, uμ the fluid four-velocity,
μ∗ the effective chemical potential, i.e., the energy required
to add one more particle to the local system. Because of
repulsive part of the mean-field interactions, μ∗ is different
from μ, with the latter being the thermodynamic conjugate
to the particle number density. The mean field interaction
also modifies the quasiparticle dispersion relation to be E∗

p =√
m∗2 + p2 with effective mass m∗ and momentum p, and the

corresponding four-momentum is p∗μ = (E∗
p , p). Both m∗ and

μ∗ are functions of μ.
The nonequilibrium correction associated with a deviation

of μ can be assumed as

δ f = f̃eqφ, (4)

with

f̃eq(x, p∗) ≡ ∂ feq(x, p∗)

∂μ∗ . (5)

The function φ can be decomposed to pieces containing dif-
ferent tensor structure of the flow gradients

φ = φ1 p∗μ p∗ν
σμν − φ2ϑ, (6)

with

σμν = Dμuν + Dνuμ − 2
3
μνϑ, 
μν = gμν − uμuν,

Dμ = 
μν∂
ν, ϑ = ∂ · u, (7)

where we have used the mostly plus metric gμν =
diag(1,−1,−1,−1).

The energy-momentum tensor of the system can be ex-
panded near thermal equilibrium

T μν = −pgμν + (p + ε)uμuν + δT μν
diss, (8)

where p and ε denote pressure and energy density, respec-
tively. To the first order in gradients, the dissipative correction
is

δT μν
diss = ησμν − ζ
μνϑ, (9)

with η and ζ representing shear and bulk viscosities. In kinetic
theory, the same tensor can be expressed with the distribution
function of the quasiparticles

T μν =
∫

p

p∗μ p∗ν

E∗
p

f (x, p∗)

=
∫

p

p∗μ p∗ν

E∗
p

feq(x, p∗) +
∫

p

p∗μ p∗ν

E∗
p

δ f (x, p∗), (10)

with
∫

p = ∫
d3 p/(2π )3. The first term gives the equilibrium

part of the energy-momentum tensor, then the dissipative part

1Throughout this work, we consider a dense fermionic system in
which particle contributions strongly dominate over antiparticles;
antiparticle effects are therefore neglected.
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follows:

δT μν
diss =

∫
p

p∗μ p∗ν

E∗
p

δ f (x, p∗). (11)

Combining Eq. (11) with Eq. (6) in local rest frame, one
obtains the expression for bulk viscosity in kinetic theory:

η = 2

15

∫
p

p4

E∗
p
φ1 f̃eq, ζ = 1

3

∫
p

p2

E∗
p
φ2 f̃eq. (12)

B. Quasiparticle matching condition
for the relaxation-time approximation

In principle, one can obtain the viscosities η and ζ by
inverting Eq. (1) to solve for δ f , thus determining the pertur-
bations φ1 and φ2. However, the linearized version of any valid
collision operator should possesses the following properties:

C
[
a + bμ p∗

μ

] = 0, (13)

for arbitrary constant number a and vector bμ. They are
consequences of particle-number and energy-momentum con-
servation of the microscopic two-body collision processes
[35]. Consequently, 1 and p∗μ constitute zero modes of the
collision operator. Therefore, we can only invert Eq. (1) up to
an arbitrary linear combination of the zero modes. This means
that the same out-of-equilibrium T μν can be decomposed in
multiple ways into equilibrium and dissipative contributions,
i.e., solutions of {φ1, φ2} to Eq. (1) are not necessarily unique
unless a convention is chosen to fix the state. The Landau
matching conditions provide precisely such a prescription.
They require that deviations of the local thermodynamic quan-
tities do not alter the local energy-momentum density or
conserved charge density nμ, i.e.,

uνuμδT μν = 0, uμδnμ = 0. (14)

Correspondingly, they also define the flow velocity uμ via the
energy current uνT μν = ε uμ [36].

For cold and dense fermionic matter, we assume that δ f
arises solely from spacetime variations of μ, while fluctua-
tions of T are neglected. Within the RTA, the collision term
is simplified as C[δ f ] = −δ f /τrel with relaxation time τrel.2

The corresponding particular solutions for the coefficients are
[33]3

φ1(p∗) = τrel

2E∗
p
, φ

par
2 (p∗) = α

E∗
p

[(u · p∗)2γ − m∗2]. (15)

2The RTA does not by itself preserve the zero modes of the lin-
earized collision operator, i.e., breaking Eq. (13). In practice, this
violation is removed by imposing the matching conditions. Equiv-
alently, one may view this as adding counterterms that ensure the
collision operator annihilates the zero modes. The final results are
therefore fully consistent with the symmetries of the microscopic
theory. The implementation will be shown later.

3At low temperature, the entropy contribution is negligible com-
pared with the density effect and is omitted during the formulation.
Further details can be found in Ref. [33].

Here vs denotes the adiabatic speed of sound, and for later use
we define

α = τrel

3
, γ = 1 − 3v2

s

(
1 − m∗

μ∗ κ∗
)

, κ∗ = dm∗

dμ∗ . (16)

Note that φ1 is the unique solution, whereas φ
par
2 denotes a

particular solution of φ2. In other words, the nonuniqueness
induced by the zero modes is associated solely with ζ . This is
because σμν is traceless and thus orthogonal to the conserved
scalar quantities. In the local rest frame, owing to σ0ν = 0
and δi jσi j = 0, the contribution proportional to pi pjσi j in the
isotropic system vanishes in the LL conditions. Thus, the
shear term associated with φ1 always gives zero in the LL
conditions, and the arbitrariness arises only in bulk one.

To obtain the full solution, we supplement the particular
solution by deducting the zero-mode components {1, p∗μ} in
the local rest frame [35],

φ2 = φ
par
2 − a − bE∗

p . (17)

The coefficients a and b are determined uniquely by the Lan-
dau matching conditions in Eq. (14). The deviation of the total
energy density becomes

δT 00 =
∫

p
E∗

pδ f . (18)

Similarly, the deviation of the total single-component con-
served charge number density in the local rest frame is

δn0 =
∫

p
δ f . (19)

For convenience, we define a inner product weighted by f̃eq as

〈X,Y 〉 ≡
∫

p
X (p)Y (p) f̃eq. (20)

Then, the first Landau matching condition, enforcing energy
density conservation in the local rest frame, reads

〈E∗
p , φ2〉 = 0. (21)

The second matching condition, enforcing particle number
conservation, gives

〈1, φ2〉 = 0, (22)

Using Eq. (12), the bulk viscosity can be expressed as

ζ = 1

3
〈Rp, φ2〉, Rp ≡ p2

E∗
p

= E∗
p

2 − m∗2

E∗
p

. (23)

In general, φ2 admits the expansion φ2 = αRp + λ0 + λ1E∗
p .

The Landau mathcing conditions imply that the coefficient
vector λ = (λ0, λ1)T must satisfy

Hλ = −αR, (24)

with Hi j ≡ 〈ψi, ψ j〉 and Ri = 〈ψi,Rp〉 for ψ0 = 1 and
ψ1 = E∗

p . Since H is a Gram matrix of linearly independent
variables, it is invertible [37], and then Eq. (24) always admits
a solution for λ. Combining this with the Landau matching
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FIG. 1. Separation of equilibrium relabeling induced by δμ from
the nonequilibrium correction δ f obtained from the kinetic equation,
where E ′∗

p = √
m∗(μ + δμ) + p2 and μ′∗ = μ∗(μ + δμ).

conditions in Eqs. (21) and (22), the bulk viscosity becomes

ζ = 1

3α
〈(φ2 − λ0 − λ1E∗

p ), φ2〉 = 1

3α

∫
p

f̃eqφ
2
2 � 0, (25)

which is manifestly non-negative.
Finally, we note that the quasiparticle picture differs subtly

from the particle picture. Since both m∗ and μ∗ depend on μ,
an intermediate equilibrium state is established, as illustrated
in Fig. 1. To maintain consistency with hydrodynamics, the
Landau matching conditions still retain the same form as in
the particle picture [38]. Some related discussions can also be
found in Refs. [39,40].

C. Low temperature approximation

For later convenience, we define

S−1 ≡ 〈1, 1/E∗〉, S0 ≡ 〈1, 1〉,
S1 ≡ 〈1, E∗〉, S2 ≡ 〈E∗, E∗〉. (26)

The Landau matching conditions then yield

a = αm∗2



(S2S−1 −S1S0),

b = αγ + αm∗2




(
S2

0 −S1S−1
)
, (27)

with 
 = S2
1 −S2S0.

We apply the Sommerfeld expansion to the equilibrium
distribution in the local rest frame at low temperature [41],4

lim
T →0+

feq ≈ �(μ∗− E∗) −
∞∑

i=1

zi
d2i−1

dE∗2i−1 δ(E∗− μ∗), (28)

with prefactor zi = 2(1 − 21−2i )T 2iζ2i. Here, ζx ≡ ζ (x) is the
Riemann zeta function, �(x) the Heaviside function, and δ(x)
the Dirac delta. Differentiating gives

lim
T →0+

f̃eq ≈ δ(μ∗ − E∗) +
∞∑

i=1

zi
d2i

dE∗2i δ(E
∗ − μ∗), (29)

in agreement with the canonical symmetry of the transport
kernel in the Boltzmann equation at leading order (LO) [32].

4In the Sommerfeld expansion, the lower integration limit is ex-
tended from −μ∗/T to −∞, so the result is asymptotic rather than
exact.

For LO, the viscosities are5

ηLO = p∗ 5
F

30π2μ∗ τrel, ζLO = 8π2m∗ 4 p∗
FT 4

405 μ∗ 5
τrel, (30)

so

ζLO

ηLO
∝

(
T

μ∗

)4

. (31)

Thus, apart from the singular point m∗ = μ∗, the ζ is paramet-
rically negligible compared to η in relativistic cold, degenerate
Fermi liquids, as in the nonrelativistic case [42].

Typically, τrel is proportional to T −2 [33,42–44]. Conse-
quently, as T → 0+ the two viscosities behave in opposite
ways: η diverges while ζ vanishes. Physically, η and ζ

measure resistance to shape and volume deformations, re-
spectively. In the regime near zero temperature, transport
is dominated by states in an infinitesimal shell around the
Fermi surface [32,33]. Owing to the conservations of en-
ergy and conserved charge number, an isotropic compression
or expansion simply rescales the Fermi sphere, producing
no energy dissipation. Since the state still remains on an
equilibrium manifold, the process is reversible and generates
no entropy, hence the bulk channel is inactive and ζ = 0.
On the other hand, for a scale-invariant fluid, ζ is strictly
zero, as enforced by the form of the stress-energy tensor and
the associated Ward identity. A finite ζ , therefore, signals
the breaking of scale invariance in the underlying micro-
scopic theory. In some cases, such a breaking is dynamically
generated by fluctuations beyond a mean-field description
in the nonrelativistic system [45]. These fluctuations are
Pauli-blocked by conservation laws at T = 0. Shear flow,
by contrast, distorts the Fermi sphere into a quadrupolar
anisotropy. Relaxing this anisotropy requires momentum-
randomizing collisions. However, at T = 0, elastic isotropic
scattering is absent, so the relaxation time diverges. In hy-
drodynamics, the entropy production density produced in
shear channel is T ∂μsμ ∼η σμνσμν . With the mean free path
scaling as l∼ p∗

Fτrel/m∗, set by the effective Fermi mo-
mentum p∗

F, we obtain l∝ T −2. Hydrodynamic consistency
then requires the allowed wave numbers to satisfy k �
l−1 ∝ T 2. Hence σμνσμν ∼ (kuμ)2 scales as T 4, and the
entropy production vanishes as T → 0+. This establishes
that bulk dissipation disappears while shear dissipation be-
comes parametrically suppressed at the edge of hydrodynamic
applicability.

III. DENSE NUCLEON MATTER AT LOW TEMPERATURE

In general, one of the key applications of Fermi-liquid
theory is the description of static nucleon matter. In this work,
we adopt the well-known Walecka model [34], in which the
system consists of neutrons (n) and protons (p) interacting

5In the Sommerfeld expansion, because of the μ∗/T dependence
in both the numerators and 
 through a and b, the truncation order
in Eq. (29) does not directly match the order of the viscosity results.
Higher terms must be retained.
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through the exchange of scalar and vector mesons. The La-
grangian density is

LW = LN + Lm + Um. (32)

The nucleonic part reads

LN =
∑

N=n,p

ψ̄N(i/∂ − mN + gσ σ − gω /ω + μBγ0)ψN, (33)

where ψN denotes the nucleon fields. For simplicity, we as-
sume the isospin symmetry, so neutrons and protons share
the same mass mN = 939 MeV and baryon chemical po-
tential μB.6 The scalar meson field σ , with mass mσ =
550 MeV and coupling gσ = 8.69, generates the long-range
attractive interaction, while the vector meson field ωμ,
with mass mω = 783 MeV and coupling gω = 8.65, pro-
vides the short-range repulsion. The mesonic dynamics are
governed by

Lm = 1
2

(
∂μσ∂μσ − m2

σ σ 2
) − 1

4 FμνFμν + 1
2 m2

ωωμωμ. (34)

In addition, an effective self-interaction potential

Um = 1
3κ3mN(gσ σ )3 + 1

4κ4(gσ σ )4, (35)

is introduced to reproduce the empirical saturation properties
of nuclear matter with κ3 = 7.95 × 10−3 and κ4 = 6.95 ×
10−4 [46].

We decompose the meson fields into condensate and fluc-
tuations, σ = σ̄ + δσ and ωμ = ω̄0 + δωμ, and neglect the
fluctuations δσ and δωμ in the mean-field approximation
(MFA). Using the standard imaginary-time path-integral for-
malism [46], the effective thermodynamic potential at finite
temperature is obtained as [46,47]

V̄W(T, μB) = −2p0(T, μ∗
B, m∗

N) + 1
2 m2

σ σ̄ 2 − 1
2 m2

ωω̄2
0 + Ūm,

(36)

where the quasiparticle nucleon mass m∗
N and effective baryon

chemical potential μ∗
B are shifted by the condensates accord-

ing to

m∗
N[σ̄ ] = mN − gσ σ̄ (T, μB),

μ∗
B[ω̄0] = μB − gωω̄0(T, μB), (37)

and Ūm denotes the potential term in MFA.
The pressure of a free fermion species with spin s is

p0(T, μ, m) = 2s + 1

3π2

∫
p

p2

Ep
feq(p, {T, μ, m}). (38)

Minimizing V̄W leads to the MFA gap equations

m2
ωω̄0 − 2gωn0(T, μ∗

B, m∗
N) = 0,

m2
σ σ̄ + ∂Ūm

∂σ̄
− 2gσ ns(T, μ∗

B, m∗
N) = 0, (39)

6In what follows, the effective quasiparticle mass and chemical
potential will be denoted explicitly for nucleons and baryon.

FIG. 2. Input from the mean-field solution at T = 8 MeV.
(a) Quasinucleon mass m∗

N and effective baryon chemical potential
μ∗

B from the gap equations Eq. (39). (b) The response coefficient κ∗

obtained from Eq. (41).

where n0 and ns denote the free particle and scalar densities:

n0(T, μ, m) = (2s + 1)
∫

p
feq(p, {T, μ, m}),

ns(T, μ, m) = (2s + 1)
∫

p

m

Ep
feq(p, {T, μ, m}). (40)

In MFA, the response coefficient κ∗ can be derived as [33]

κ∗ = −gσ

gω

∂2V̄W

∂ω̄0∂σ̄

(
∂2V̄W

∂σ̄ 2

)−1

. (41)

The sign of κ∗ cannot be determined from Eq. (41) alone,
although this ambiguity does not affect the positivity of ζ .
As noted in Ref. [33], the solution of Eq. (39) corresponds
to a saddle point of V̄W, which can yield a nonmonotonic
κ∗ with sign changes and apparent divergences (see Fig. 2).
In fact, at finite density, taking V̄W to be imaginary provides
a refinement that resolves this artifact [48,49]. A detailed
treatment of this point lies beyond the scope of the present
work.

Although the fluctuations δσ and δωμ do not modify the
equation of state at MFA, they obey the same dynamics as
Eq. (34) at O(δσ 2) and mediate nucleon scattering [33]. Thus,
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FIG. 3. Dimensionless viscosities at T = 8 MeV. (a) Shear vis-
cosity η and (b) bulk viscosity ζ , each scaled by the mean-field
enthalpy h̄W and effective Fermi momentum p∗

F, shown versus
μ∗

B/m∗
N. Solid (blue) lines are for LO result calculated from Eq. (30).

Dashed (red) lines are from full calculations using Eqs. (12).

dissipation arises only beyond the strict MFA. At T = 8 MeV,
this temperature is insufficient to induce thermal excitations
[12]. Obtained as the inverse of the LO 2 ↔ 2 scattering rate,
τrel can be parameterized as [33] 7

τrel(x) = 388
x4 − 2.37x3 + 5.44x2 − 5.63x + 1.90

x5 + 2.25x4 − 3.60x2
fm,

(42)

with x = μ∗
B/m∗

N.
For dense matter, the appropriate measure of fluidity is the

enthalpy h rather than the entropy density [50,51]. Within the
Walecka model at MFA, the enthalpy is

h̄W(T, μ∗
B, m∗

N) = p̄W(T, μ∗
B, m∗

N) + ε̄W(T, μ∗
B, m∗

N), (43)

where the pressure and energy density are

p̄W = −V̄W,

ε̄W = 2ε0(T, μ∗
B, m∗

N) + 1
2 m2

σ σ̄ 2 + 1
2 m2

ωω̄2
0 + Ūm, (44)

with the free-fermion energy density

ε0(T, μ, m) = (2s + 1)
∫

p
Ep feq(p, {T, μ, m}). (45)

7A beyond tree-level scattering calculation based on the Brueckner-
Hartree-Fock approach, in which the effective mean free paths
relevant for shear viscosity are calculated, is presented in Ref. [27].

The resulting dimensionless viscosities, rescaled by p∗
F and

ε̄W, are shown in Fig. 3. As anticipated, dissipation in the bulk
channel is negligible compared to the shear channel.

IV. SUMMARY AND OUTLOOK

In this work, we developed a kinetic framework for cold,
dense quasifermion matter. Solving the linearized relativistic
Boltzmann equation within RTA tailored to quasiparticles and
enforcing Landau matching, we fixed zero-mode ambigui-
ties and proved that the bulk viscosity ζ is non-negative. A
low-temperature analysis yielded compact expressions, η ∼
p∗ 5

F τrel/μ
∗ and ζ/η ∝ (T/μ∗)4, establishing that bulk dissi-

pation is parametrically subleading to shear in the degenerate
regime. Coupling the framework to the Walecka model at
mean field, we presented numerical results over densities
relevant to cold, dense nucleon matter, where shear domi-
nates the attenuation of collective motion. We also clarified
that apparent pathologies in the bulk channel are artifacts of
mean-field stationarity (a saddle point of the effective poten-
tial) rather than genuine instabilities of the properly matched
hydrodynamics.

These MFA expressions can also be applied to phases
with quark and gluon degrees of freedom in the cold and
degenerate limit, such as color-superconducting matter [52].
Looking ahead, it will be important to replace the RTA by
microscopic collision integrals that include in-medium scat-
tering and anisotrpic angular structure, to quantify mesonic
fluctuations beyond mean field, and to incorporate isospin
asymmetry [53–56]. To sharpen transport inputs for electron-
nucleus programs, one should also employ more realistic
equations of state and account for the natural deformation
of finite nuclei [57,58]. Finally, cold atom systems offer a
complementary arena in which quasiparticle transport can
be probed under controlled conditions, providing valuable
benchmarks for both hydrodynamic and nonhydrodynamic
aspects of the nuclear case [59–62].
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