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Relaxation of a single-particle excitation in a Fermi system within the diffusion
approximation of kinetic theory
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The time evolution of the Wigner distribution function for a single-particle excitation in a Fermi system was
studied within the framework of the diffusion approximation of kinetic theory by numerically solving a nonlinear
diffusion equation with constant kinetic coefficients. A method was proposed to separate the dissipative processes
into contributions from the relaxation of the single-particle excitation and from the relaxation of the nuclear core,
with a distinct relaxation time introduced for each process. The influence of the diffusion and drift coefficients
on the characteristic relaxation timescale was analyzed. It was found that the resulting relaxation times exhibit a
discrepancy relative to the kinetic coefficient estimates known from previous studies.
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I. INTRODUCTION

The study of relaxation processes in Fermi systems is
one of the key directions in modern theoretical physics, as
these processes determine the time evolution of nonstationary
states, the transport properties of matter, and the mecha-
nisms by which thermodynamic equilibrium is established.
Such processes manifest themselves across a wide range of
phenomena—ifrom the thermalization of excitations in heavy-
ion collisions to the kinetics of collective oscillations in nuclei
and the description of dense nuclear matter in astrophysical
objects.

To describe the evolution of nonstationary states, the
Landau-Vlasov kinetic equation is commonly employed [1].
This approach significantly simplifies the description of the
system; however, the collision integral on the right-hand side
of the equation remains a complicated analytical object that
requires the use of specific approximations. One of these is the
so-called diffusion approximation [2], within which collisions
are represented as effective diffusion and drift processes in
momentum space. This approach makes it possible to study
the relaxation properties of the system in a generalized way
without resorting to a detailed consideration of the micro-
scopic collision mechanism.

The evolution of a Fermi system is determined by the
kinetic coefficients of diffusion and drift that appear in the
diffusion equation. These coefficients govern the intensity of
dissipative processes of both a collective and a single-particle
nature. Knowledge of their magnitudes provides information
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not only about the relaxation time but also about the equi-
librium temperature of the system. For example, in Ref. [3],
a schematic model was proposed to describe the equilibrium
state of a finite Fermi system. It was shown that the damping
time of such an excitation is determined by the kinetic coef-
ficients of the system and is given by tequ = 4D/ v2, where D
is the diffusion coefficient and v is the drift coefficient. The
equilibrium temperature of the system is likewise expressed
through a simple relation between these coefficients: Toq =
—D/v.

In Refs. [4,5], explicit expressions for the diffusion and
drift coefficients were obtained within the low-temperature
approximation. However, it was found that the assumption
of small transferred momenta in particle scattering near the
Fermi surface [6] is insufficient to yield physically consistent
results. Previously, the approximation of an isotropic nucleon
scattering probability had been considered satisfactory [6,7].
Nevertheless, when the kinetic coefficients are calculated un-
der this assumption, divergent values arise in the integral
expressions. The problem was resolved by imposing a short-
range constraint on the interparticle potential. In particular, for
a Gaussian potential, convergent expressions for the kinetic
coefficients were obtained, and their numerical values were
computed solely from phenomenological parameters of the
interparticle interaction—namely, the potential depth and its
effective range [5].

As is well known, within the framework of the Fermi-liquid
drop model, the diffusion coefficient is related to the two-
particle relaxation time 7., of a collective excitation, such
as the giant multipole resonances in atomic nuclei [8—11].
Calculations have shown that the typical two-particle relax-
ation time in a nucleus is 7o & 1073-1072% s. In Ref. [12],
a phenomenological method was proposed for evaluating the
effective relaxation time of an arbitrary initial excitation as
it approaches its equilibrium state. The relaxation time was
defined as the area under the equivalent exponential time
dependence of the root-mean-square deviation of the distri-
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bution function, normalized to its initial value. According to
this approach, for a steplike initial distribution, the relaxation
time was found to be teq &~ 1072* 5. The analysis showed that
the obtained relaxation time 74 is approximately 1 order of
magnitude smaller than the expected two-particle relaxation
time.

At the same time, it should be noted that the effective
relaxation time mentioned above characterizes the relaxation
processes in the system as a whole; i.e., it includes both the
relaxation of the single-particle excitation and that of the
background. In the present work, the two contributions are
separated, and the relaxation features of each component are
studied individually. In addition, I analyze how the values of
the kinetic coefficients affect the timescales of the distribution
function’s evolution and the effective relaxation time. This
makes it possible to assess how variations in the model pa-
rameters can alter the characteristic relaxation times in Fermi
systems.

II. DIFFUSION APPROXIMATION TO THE
KINETIC EQUATION

Consider the Landau-Vlasov kinetic equation with the col-
lision integral on the right-hand side:
af .
5 T L =S/}, )]
where f = f(7, p,t) is the Wigner distribution function in
phase space, St{f} is the collision integral, and the operator
L is defined as
. D = - .
L=_'Vr_[VrU]'Va (2)
m
where m is the mass of a particle. In the general case, the
single-particle potential U includes both self-consistent and
external fields.
For the collision integral, the expression obtained earlier
within the diffusion approximation is used [4,5]:

St{f} = _%p : |:Kpf(1 - f)% + f2§pr:| + ﬁi[po]'

3

Here, D, is the second moment with respect to the momen-
tum transfer § in the nucleon scattering process on the Fermi
surface, which defines the diffusion coefficient in momentum
space,

D,,:l/ 85 say @
6J) (2nh)’
and the quantity K, defines the drift coefficient as
K,,:T[ﬁﬁ,,p,,—fﬂﬁﬁw} ©)
p (2mh)?
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Here, g = 4 is the degeneracy factor of nucleons. In Eq. (6),
do (s?)/d is the differential cross section for nucleon scatter-
ing, and €, = p3/2m and €, = p}/2m are the single-particle
energies before and after scattering.

The study focuses on a Fermi system that models a spheri-
cal atomic nucleus in its ground state. To describe it, one uses
the approximation of infinite nuclear matter. In this case, the
distribution function does not depend on spatial coordinates,
f = f(p.t), and the action of the operator L on the distri-
bution function is zero, . f = 0. The distribution function in
momentum space is assumed to be spherically symmetric,
f(p,t) = f(p,t). For Egs. (4) and (5), the constant kinetic
coefficients [3-5,13,14] are used: D, = D, o and K, = K, .

Taking into account the above approximations for the col-
lision integral in Eq. (3), the kinetic equation in Eq. (1)
transforms into the following nonlinear diffusion equation:

K] of ]
m

5 P(1—2f)8—+3f(1—f)

o pop
which is solved numerically in Sec. I'V.

In this study, the values of D, and K, are treated as
model parameters and may be chosen arbitrarily. At the same
time, their selection is guided by the results of previous
studies, in particular, Ref. [14], in which these coefficients
were calculated at the Fermi surface at zero tempera-
ture: D (pp) ~ 3.38 x 10722 MeV? fm™* s and K" (pp) ~
—2.76 x 1073 MeV fm 2 s

In the constant-coefficient approximation, D, o = DE,O)( PF)
and K)o = Klgo)(pp), and their ratio, as is known [3,5,13,15],
determine the equilibrium temperature of the system:
D

= ®)

Kp,O

Pf 2
[ 29f } o

+Dp,0[

Teq:_

Using the numerical values of the kinetic coefficients given
above, one obtains Ty &~ 12 MeV. This value is approximately
three times higher than the equilibrium temperature reported
in Refs. [3,13]. Considering that the critical temperature of
nuclear matter is Tc = 18 MeV [16], it is evident that the
coefficients DE,O)( pr) and KISO)( pr) require refinement.

Following Refs. [3,13], in the subsequent calculations,
one uses Toq = 4 MeV as the equilibrium temperature. Then,
keeping the diffusion coefficient D;O)(pp) unchanged, a drift
coefficient renormalized by a factor of 3 is used in order to
satisfy Eq. (8): Ko ~ 3K}(,0)(pp).

III. RELAXATION TIME
OF SINGLE-PARTICLE EXCITATION

Consider the deviation of the distribution function from its
equilibrium value:

8f(p.1) = f(p.1) = feq(P). €))

It is clear that at time ¢ = 0, the distribution function corre-
sponds to the initial state

f(p.t =0) = fin(p). (10)
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In the case of a single-particle excitation, the initial distri-
bution can be represented as the sum of a steplike distribution,
fin.0(p), and an excitation, fi, 1(p), which describes the single-
particle peak (see Sec. IV)

Jin(P) = fino(P) + fin.1(p).- D

Let us introduce the notation for the initial deviation from
the equilibrium distribution:

Sf(P,t =0)= Sﬁn(p) = fin(p) - feq(p)- (12)

Similarly, for the steplike distribution function, one has

Sfin,O(p) = fin,O(p) - feq,O(p), (13)

where foq0(p) is the equilibrium value of the distribution
function to which the steplike initial distribution fi, o(p)
evolves. Note that feq 0(p) differs from the overall equilibrium
distribution feq(p) due to a different value of the Fermi energy.
Furthermore, it is clear that the evolution of the deviation from
the equilibrium of the initial steplike distribution is described
by the difference

3fo(p,t) = fo(p, 1) — feqo(p)-
Substituting Egs. (11) and (13) into Eq. (12) and perform-
ing several transformations, one obtains
8fin(p) = fin(p) — feq(P)
= fino(P) + fin1(P) — feq(P)
= 8fin0(P) + feq.0(P) + fin1(P) — feq(P)
= 8fin,0(P) + fin,1(p) — [feq(P) — feqo(p)]. (14)

The difference between the equilibrium functions, feq(p) —
feq,0(p), in Eq. (14) defines the contribution from the single-
particle excitation, i.e., its conditional equilibrium part. Let us
denote it as

feq,l(p) = feq(p) - feq,O(p)~ (15)

This distribution has meaning only against the background of
other equilibrium functions, and in their absence or if they are
identical, it equals 0.

Taking into account Eq. (15), Eq. (14) can be rewritten as

8 fin(P) = 8 fin0(P) + fin1(P) = feq1 (D). (16)

Similarly to Egs. (9) and (13), one can write the expression
for the deviation of the single-particle excitation from its
equilibrium part as

8fin,1(p) = fin,l(p) - feq,l(p)- (17
Then, taking into account Eq. (17), Eq. (16) takes the form
3fin(P) = 8 fin0(p) + & fin1(P). (13)

One assumes that, analogously, the time evolution of these
deviations behaves in the same way:

8f(p.t) =dfo(p. 1) +8f1(p.1). 19)

For the sake of unifying the subsequent notation, one in-
troduces the index tot (for “total”): 6 f(p, ) = § fioe(p, t) and
(Sfin (P) = 8ﬁn,t0t(p)~

Similarly to the approach used in Ref. [12], one considers
the root-mean-square deviation, but this time for each devia-
tion of the distribution function

An(t) = | f dp [8fu(p. 1% (20)

where n = tot, 0, and 1. The initial values are given by

A 0) = | f dp [8 finn(P)I. (21)

Let us assume that for each n the relaxation is described by
an exponential law,

afn(pvt) = Sfin,n(p)exp(_t/fn)v (22)

where 1o = 7 is the relaxation time of the entire system, 7
corresponds to the steplike distribution, and 7; corresponds to
the single-particle excitation.

Then, substituting Eq. (22) into Eq. (20) and taking into
account Eq. (21), one obtains

An(t) = An(0) exp (—1/Ty). (23)
Integrating over time,

/ ~ An(t)dt = A, (0) / Ooexp(—t/rn)dt. (24)
0 0

After performing the integration, this yields

1 [o¢]
T, = A, (t)dt. (25)
A, (0) /;
Substituting Eq. (23) into Eq. (25) yields an identity; how-
ever, if A,(t) is not purely exponential, Eq. (25) defines the
corresponding effective relaxation time.

IV. NUMERICAL CALCULATIONS

The diffusion equation, Eq. (7), must be supplemented with
an initial condition. As this condition, one first considers a
steplike distribution function,

f(p.t =0) = fino(p) = O(pi — p°). (26)

where pr is the Fermi momentum, which is determined from
the condition of nucleon number conservation

pal il /Ood 2 fino(p) = A @7)
anhy ), PP nop) =4

Here, V denotes the nuclear volume. The condition in Eq. (27)
can be rewritten in the form

drg [7F ’
d =p, 28
) /0 pp =p (28)

Here, p = A/V denotes the nuclear density. It is assumed
that the matter density equals the standard nuclear matter
density p = 0.16 fm 3. In this case, the Fermi momentum PF
obtained from the condition Eq. (28) corresponds to the Fermi
energy Er = pi/2m ~ 37.1 MeV.

Figure 1 shows a set of profiles of the distribution function
fo(p, t), calculated from the diffusion equation, Eq. (7), at
different moments in time. These profiles illustrate the time
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FIG. 1. Profiles of the distribution function fy(p,t) at the time
points indicated in the captions. The dashed curve represents the
initial steplike distribution function, Eq. (26), while the solid curve
shows the equilibrium Fermi distribution function, Eq. (29), at t =
3.0 x 1072 s.

evolution of the initial steplike distribution, Eq. (26). The
momentum is presented in units of the Fermi momentum
p/pPE, so that p/pg = 1 corresponds to the Fermi surface.
The figure emphasizes the region of momentum space with
the highest diffusivity, approximately covering the interval
0.75 < p/pr < 1.25. The dashed curve represents the ini-
tial steplike distribution [Eq. (26)]; the dash-dotted, dotted,
and dot-dash-dashed curves correspond to the profiles cal-
culated at times #; = 7.2 x 1072 s, 1, = 4.3 x 1072 s, and
t3 = 1.4 x 107 s, respectively. As seen in the figure, the
distribution function fy(p, t) becomes progressively smeared
with time and gradually approaches the equilibrium Fermi
distribution (solid curve for r > 3.0 x 10722 s)

2/2m — Epea T\
feq(p>=<1+exp[wb . @9
eq

where Ereq = 36.7 MeV is the Fermi energy, which is lower
than Ep for the steplike distribution due to the presence of
the diffusive region, and is determined from the condition of
nucleon number conservation

4 gV

W,[) dp pzfeq(P) =A. (30)

The calculation of the relaxation time according to Eq. (25)
for n = 0, based on the evolution of the distribution function
shown in Fig. 1, gives the value 19 ~ 8.9 x 1072*s. This
value is slightly larger than that obtained in Ref. [12], which
results from the choice of a different, more realistic value for
the nuclear matter density.

It should also be noted that, although in the present work
one employs values of the kinetic diffusion and drift coeffi-
cients that are close to those reported in Ref. [3] (see also
Ref. [14]), the resulting relaxation time 7y ~ 8.9 x 107 s
is approximately three times smaller than the corresponding
value 7o, = 3.05 x 10~23 5 obtained in Ref. [3].

Recall that in Refs. [3,13] exact analytical methods for
solving the diffusion equation in energy space were devel-
oped. Within this approach, the exponential decay law of the
initial excitation, characterized by the equilibrium relaxation
time Teqy = 4D/ v2, was obtained as the asymptotic behavior
of the exact solution in the limit r — oo.

The observed discrepancy can be explained as follows.
In my approach, according to Eq. (25), the relaxation time
is defined as the area under an equivalent exponential time
dependence of the normalized root-mean-square deviation of
the distribution function (see also Ref. [12]). In other words,
the actual time evolution of this deviation is effectively ap-
proximated by an exponential function.

At small times, the solution of the diffusion equation ex-
hibits a pronounced nonexponential behavior (see, e.g., Fig.
2 in Ref. [12]), as a result of which the relaxation time de-
fined in this way has the character of an effective quantity.
An advantage of the proposed approach is that the effective
relaxation time is sensitive to the configuration of the initial
state. This makes it possible to investigate the dependence
of the relaxation time on the parameters characterizing the
system, in particular, on the mass number and the energy of
the single-particle excitation.

With increasing time, the exact solution lies above the
corresponding exponential dependence but gradually acquires
an almost exponential character. Clearly, if the solution were
fitted by an exponential function in the limit ¢ — oo, one
would obtain not an effective but a more “physical” relaxation
time—this is precisely the situation realized in Wolschin’s
approach. In this case, the relaxation time entering Eq. (23)
would have to be chosen larger in order, figuratively speaking,
to raise the exponential curve to the numerically obtained time
dependence. Although such a procedure was not performed in
the present work, it is evident that under these conditions the
value of 7o would approach teqy.

In practice, due to the physical limitations of numerical
precision and the accumulation of numerical errors, the nor-
malized root-mean-square deviation of the exact solution at
large times gradually loses numerical accuracy and ceases to
decrease asymptotically, and in some cases may even begin to
increase. This leads to difficulties in the numerical time inte-
gration. Therefore, in Eq. (25) the upper limit of the numerical
integration was restricted to fya = 3 x 10722 s. Under these
conditions, the application of numerical procedures close in
spirit to Wolschin’s method is limited by the numerical stabil-
ity of the employed algorithm.

One now considers the case of a single-nucleon excitation
of the nucleus, described by the following initial distribution
function:

falp) = O(p5 — PP
+[1-0(p* =)o@ - e - pk).
(€29)

where the particle is located beyond the Fermi surface with
momentum p; > pg, and pf is the Fermi momentum deter-
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mined from the nucleon number conservation condition
4 gV
2mh)?

dmgV [ )
= d i =A—-1 32
QY /O p P fino(p) (32)
Note that the Fermi momentum py is marked with a prime
to emphasize its difference from pp used in the previous case
of a steplike distribution in infinite nuclear matter [Eq. (26)].
Dividing both sides of Eq. (32) by the nuclear volume, one
finds

P
/ dp p* fin(p)
0

g [PF 1
W/o dpp*fn(p) =p — v (33)

where the right-hand side includes a term inversely pro-
portional to the volume. Hence, the Fermi momentum pf
becomes dependent on the system size.

The width of the interval in momentum space correspond-
ing to the excited particle, Ap = p, — pi, is defined by the
following condition,

dmgV  [*® )
- d in
Q) /p; p P fiulp)
dmgV [
=_—° dp p*fin =1, 34
(2ﬂh)3/0 p P fin1(p) (34)

and is inversely proportional to the mass number and to the
square of the momentum (see Ref. [12], Appendix A):
p/ 3
~ _PF
P sap

(35)

Using the explanations and notations introduced in the
previous section, the distribution function in Eq. (31) can be
written as the sum of two components. The first component
describes a stepwise distribution,

fino(p) = O(PF = pP),

while the second component represents the single-particle
peak

fai() =[1-0(* - p3)]e( - e (r* - r}).

Figure 2 shows a set of profiles of the distribution func-
tion f(p, t), calculated from the diffusion equation Eq. (7) at
different times. These profiles illustrate the overall evolution
of the initial distribution, Eq. (31). All notations are the same
as those used in Fig. 1. As can be seen from the figure, the
distribution function f(p, t), similarly to the case of a steplike
distribution, gradually smooths out over time and approaches
the equilibrium Fermi distribution, Eq. (29). The correspond-
ing equilibrium Fermi energy E}’:’eq is higher than the Fermi

energy of the initial steplike distribution, Ef, = pgﬁ /2m. This
difference arises from the one-nucleon change in the atomic
number. It is also evident that, over time, the peak correspond-
ing to the single-particle excitation gradually smooths out and
eventually disappears.

Using Eq. (25) for the relaxation time at n = tot, one cal-
culates its dependence on the single-nucleon excitation energy

— — initial state
05 | 1.4x107s |
1.4x10™°

‘ ‘ 1 ‘ bl
0.8 0.9 1 1.1 1.2

FIG. 2. Profiles of the distribution function f(p,t) at different
times, as indicated in the legend. The dashed curve corresponds to the
initial distribution function, Eq. (31), while the solid curve represents
the equilibrium Fermi distribution function, Eq. (29).

E for three representative mass numbers, A = 50, 150, and
250. The results of these calculations are presented in Fig. 3.
The solid curve shows the result for the step distribution in the
case of infinite nuclear matter, whose profiles are presented in
Fig. 1. It is evident that the relaxation time 7( in this case
does not depend on E. For a finite-size Fermi system, an
inverse dependence of the relaxation time t on the excitation
energy emerges. As in my previous study, Ref. [12], it is seen
that, with increasing excitation energy, the system’s relaxation
time decreases nonlinearly. It is also noteworthy that, as the
mass number A increases, the relaxation time T grows and ap-
proaches the limiting value for infinite nuclear matter, which
is quite natural. At the same time, as in my previous work,
Ref. [12], the relaxation times obtained in this study are of the
order of T &~ 1072* s, which is too short and does not agree
with the typical two-particle relaxation time in the nucleus,
Toon &~ 10728-10722 s, Refs. [8—11].

Now, one studies the relaxation process of a single-
nucleon excitation. To this end, the single-particle excitation

9l ]
—_1 =TT T - ]
)
3
= 8l l
—
N—
e
step distribution
— = A=250
s A=150 .
- A=50
. ! . ! . ! . ! .
0 2 4 6 8 10

E., (MeV)

FIG. 3. Relaxation time of the nucleus, 7, as a function of the
single-nucleon excitation energy E.. Calculations are shown for
mass numbers A = 50, 150, and 250.
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Il

1
p/p,

FIG. 4. Profiles of the deviation of the distribution function
8fi(p,t) at the time moments indicated in the captions. The
dashed curve represents the initial difference fi,(p) — fin.0(p), while
the solid curve corresponds to the equilibrium Fermi distribution,
Eq. (29).

is separated from the overall distribution, and its individual
relaxation time is calculated according to Eq. (25) forn = 1.

For a clearer understanding of the particle’s behavior,
Fig. 4 shows a set of profiles of the deviation of the single-
nucleon distribution § f1(p, t), calculated using the diffusion
equation, Eq. (7), and constructed analogously to the previous
figures. For better visibility of the details in the figure, only the
lower part of the distribution, from 0 to 0.55 on the ordinate,
is shown. The initial state (dashed curve) corresponds to the
difference between the distributions fi,(p) and fino(p). As
seen in the figure, over time the peak of the deviation spreads
out, and its maximum gradually shifts to the left—toward
the Fermi surface. In the equilibrium state (solid curve), the
nucleon is localized near the Fermi surface. In other words,
it loses its initial energy and transitions to a thermodynamic
equilibrium with the other nucleons of the nucleus, with the
most probable momentum corresponding to the Fermi mo-
mentum. This process occurs over a characteristic time that
can be described by the relaxation time 7, defined according
to Eq. 25) forn = 1.

The results of this calculation are presented in Fig. 5.
As seen from the figure, unlike the behavior of the overall
relaxation time t, the single-nucleon relaxation time t; in-
creases with increasing excitation energy E.y. This result is
quite natural, since the farther the nucleon is from the Fermi
surface, the longer it takes to reach equilibrium. Moreover, the
dependence on the mass number A is opposite to that of the
overall relaxation time t: as A increases, the relaxation time
71 decreases. This can be easily explained by noting that the
width of the single-particle peak is inversely proportional to
the mass number [see Eq. (35)]. That is, as A increases, the
peak width decreases, and consequently, the relaxation time
shortens. As observed, 1, is smaller than the overall relaxation
time: 7; < . Hence, one can conclude that the relaxation time
of an individual single-nucleon excitation is shorter than that
of the nucleus as a whole. It is evident that the relaxation

3
~ 2
W
s
oL Ao ]
A=250
L | L | L | L | L
% 2 4 6 8 10

E.. (MeV)

FIG. 5. Relaxation time of a single-nucleon excitation, 7, as a
function of the excitation energy E.. Calculations are shown for
mass numbers A = 50, 150, and 250.

of the entire system occurs due to the faster single-particle
processes, and therefore the overall relaxation time must
exceed ;.

Thus, the only factor that can influence the different types
of relaxation times 7, is the variation in the values of the
kinetic coefficients, which determine the timescale of the evo-
lution of the distribution function. To investigate the effect
of this factor, one introduces a scaling divisor y, such that
D,o=D,o/y and K,o =K, o/y. At the same time, their
ratio, which determines the system temperature, is kept con-
stant: Dy, 0/Kp o = Dpo/Kpo = —Teq-

Figure 6 shows the dependence of the overall relaxation
time 7 and the single-particle relaxation time 7; on the intro-
duced parameter y. The calculation was performed for the
mass number A = 150 and the excitation energy E. = 10
MeV. As seen, with increasing the parameter y, both T and
71 also increase. This indicates that, as the diffusion and drift
coefficients decrease, the relaxation rate slows down. Already
with a 20-fold reduction of the kinetic coefficients, the value
of T reaches approximately 10722 s. The relaxation time of the
single-particle excitation, 7;, increases less steeply, but with

200

L L L L | L
O 50

1 ]
100 150 200
y

FIG. 6. Relaxation times of the system as a whole, 7, and of the
single-particle excitation, t;, as functions of the parameter y.
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a 200-fold reduction of the diffusion and drift coefficients,
it reaches the order of 5 x 10723 s. Thus, achieving larger
relaxation times is possible only by significantly reducing the
values of the diffusion and drift coefficients. However, such
values contradict the estimates obtained previously [5]. There-
fore, in this work, one notes the presence of a discrepancy
in determining the values of the diffusion and drift kinetic
coefficients. Undoubtedly, this discrepancy may be influenced
by the method of calculating the relaxation times; however, in
my opinion, such large values of the parameter y indicate that
the method itself is not the main cause of the disagreement.
Clearly, the explanation should be sought in other aspects of
the model.

V. CONCLUSIONS

In summary, it should be noted that the main goal of this
work was to investigate the timescales of single-particle ex-
citation relaxation in a Fermi system, considered within the
diffusion approximation of kinetic theory, in comparison with
the typical two-particle relaxation time in the nucleus. For this
purpose, the relaxation processes of a single-nucleon excita-
tion in an atomic nucleus were analyzed within the diffusion
approximation. The nucleus was modeled as a spherically
symmetric Fermi system in both momentum and coordinate
spaces. To describe the matter inside such a system, the
approximation of infinite nuclear matter was employed, ne-
glecting contributions from the system’s edge. The model was
described by a diffusion equation with constant kinetic diffu-
sion and drift coefficients, whose values were chosen based on
previous studies such that their ratio, determining the system’s
equilibrium temperature, remained physically reasonable.

The main idea of this work was to isolate the single-particle
excitation from the steplike initial state of the core, against
the background of which its relaxation occurs. In this context,
three characteristic timescales were considered: the relaxation
time of the entire system, the relaxation time of the step-
like core distribution, and the relaxation time of the isolated
single-particle excitation.

The calculations showed that, in all cases, the char-
acteristic relaxation time is of the order of v ~ 107,
which is too short and does not agree with the typical two-
particle relaxation time in the nucleus, t. ~ 1073-10"22 g
(Refs. [8—11]). Isolating the single-particle excitation alone
demonstrated that its relaxation occurs on the same timescale
as that of the system as a whole. Furthermore, the character-
istic time was found to be even shorter than in the case of

the steplike distribution, which is natural, since it is precisely
single-particle collisions that drive the relaxation of the sys-
tem’s core.

The obtained dependencies of the relaxation time on the
excitation energy reveal several characteristic patterns. In
particular, the relaxation time of the entire system, T = 7y,
decreases with increasing excitation energy E.y, whereas the
single-particle excitation exhibits the opposite behavior, with
71 increasing. In both cases, the characteristic relaxation time
grows with increasing mass number A; for the system as a
whole, it gradually approaches the value typical for infinite
nuclear matter, 1o ~ 8.9 x 1072%* s.

The relaxation time 7y obtained in this work is smaller
than the equilibrium time 7q, reported in Ref. [3]. This differ-
ence reflects the distinct definitions of the relaxation time: 7,
characterizes the system’s temporal evolution at finite times,
whereas T.q, corresponds to the asymptotic behavior of the
exact analytical solution of the diffusion equation in the limit
t — oQ.

It was shown that the timescale of the relaxation processes
is determined solely by the values of the diffusion and drift
coefficients. Varying these coefficients allows one to examine
the corresponding changes in the relaxation times. To this end,
a scaling divisor, y, was introduced, by which both coeffi-
cients were varied linearly while preserving their ratio. It was
found that, as y increases, the relaxation times t and t; also
increase. Hence, achieving longer relaxation times is possible
only through a substantial reduction of the kinetic coefficients,
although such values are inconsistent with previous estimates.

Thus, in this work, a discrepancy in the determination
of the diffusion and drift coefficients has been noted. This
inconsistency calls for further detailed analysis, in particular,
a refinement of the assumptions underlying the diffusion ap-
proximation and an examination of the potential influence of
quantum effects on the relaxation process.
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